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Policy Description

Streptococcus are Gram-positive, catalase-negative bacteria that are further divided into a-hemolytic,
such as S. pneumoniae and S. mutans; B-hemolytic, such as S. pyogenes (Group A), S. agalactiae (Group
B), and S. dysgalactiae subsp equisimilis (Groups C and G); and y-hemolytic, such as Enterococcus faecalis
and E. faecium (Wessels, 2022). Streptococcal infections can be manifested in a variety of pathologies,
including cutaneous infections, pharyngitis, acute rheumatic fever, pneumonia, postpartum endometritis,
and toxic shock syndrome to name a few. Streptococcal infections can be identified using bacterial
cultures obtained from blood, saliva, pus, mucosal, and skin samples as well as rapid antigen diagnostic
testing (RADT) and nucleic acid-based methodologies (Chow, 2023; Wessels, 2022).

For prenatal screening of Group B Streptococcus, please review policy AHS-G2035.

Related Policies

Policy Number Policy Title
AHS-G2035 Prenatal Screening (Nongenetic)

Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at the time of the
request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and
Federal Regulations” section of this policy document.
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1)

2)

3)

4)

5)

6)

7)

8)

For the detection of a streptococcal infection causing respiratory iliness, bacterial culture testing from
a throat swab MEETS COVERAGE CRITERIA when one of the following conditions is met:

a) When the individual has a modified Centor criteria score of 3 or greater (see Note 1 below).

b) When the individual is suspected of having bacterial pharyngitis in the absence of viral features,
(e.g., cough, oral ulcers, rhinorrhea).

C) Following a negative rapid antigen diagnostic test (RADT) in a symptomatic child or adolescent.

Blood culture testing for a streptococcal infection MEETS COVERAGE CRITERIA when one of the
following conditions is met:

a) For individuals who fail to demonstrate clinical improvement.

b) For individuals who have progressive symptoms or clinical deterioration after the initiation of
antibiotic therapy.

C) In cases of suspected prosthetic joint infection.

In cases of skin and/or soft tissue infections, bacterial culture testing for a streptococcal infection from
a skin swab or from pus MEETS COVERAGE CRITERIA.

For individuals with suspected acute rheumatic fever (ARF) or post-streptococcal glomerulonephritis
(PSGN), the following testing MEETS COVERAGE CRITERIA:

a) Serological titer testing.
b) Anti-streptolysin O immunoassay.
C) Hyaluronidase activity or anti-hyaluronidase immunoassay.

d) Streptokinase activity or anti-streptokinase immunoassay.

In cases of suspected viral pharyngitis, bacterial culture testing for streptococci from a throat swab
DOES NOT MEET COVERAGE CRITERIA.

Except in cases of asymptomatic children under the age of three years who have a mitigating
circumstance (including a symptomatic family member), RADT for a streptococcal infection DOES
NOT MEET COVERAGE CRITERIA in any of the following situations:

a) As a follow-up test for individuals who have had a bacterial culture test for a streptococcal
infection.

b) As a screening method in an asymptomatic patient.

C) Forindividuals with suspected viral pharyngitis.

For all situations not described above, serological titer testing DOES NOT MEET COVERAGE
CRITERIA.

Simultaneous ordering of both direct probe and amplification probe for the same organism in a
single encounter DOES NOT MEET COVERAGE CRITERIA.
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The following does not meet coverage criteria due to a lack of available published scientific literature
confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual's

illness.

9) For all situations not described above, testing with an anti-streptolysin O immunoassay, a

hyaluronidase activity or anti-hyaluronidase immunoassay, or a streptokinase activity or anti-

streptokinase immunoassay DOES NOT MEET COVERAGE CRITERIA.

10) For all situations, the following tests DO NOT MEET COVERAGE CRITERIA:

a) Panel tests that screen and identify multiple streptococcal strains (S. pyogenes [group A, S.
agalactiae [group B], S. dysgalactiae [groups C/G], * -hemolytic streptococcus, and/or = -hemolytic
streptococcus), using either immunoassay or nucleic acid-based assays (e.g., Solana Strep
Complete Assay, Lyra Direct Strep Assay).

b) MALDI-TOF identification of streptococcus.

C) The quantification of any strain of streptococcus using nucleic acid amplification, including PCR.

d) Nicotinamide-adenine dinucleotidase activity or anti-nicotinamide-adenine immunoassay.

NOTES:

Note 1: Centor criteria includes tonsillar exudates, tender anterior cervical lymphadenopathy, fever, and

absence of cough with each criterion being worth one point (Chow, 2023).

Table of Terminology

Term Definition

AAOS American Academy of Orthopaedic Surgeons
AAP American Association of Pediatrics

ACOG American College of Obstetricians and Gynecologists
ADB Anti-DNase B

AHA American Heart Association

ARF Acute rheumatic fever

ASK Anti-streptokinase

ASM American Society for Microbiology

ASO Anti-streptolysin O

ATS American Thoracic Society

C3 Complement component 3

CAP Community-acquired pneumonia

CDC Centers for Disease Control and Prevention
CMS Centers for Medicare and Medicaid Services
CNS Central nervous system

CSF Cerebrospinal fluid

DNA Deoxyribose nucleic acid

DNases Deoxyribonucleases
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EIA Enzyme immunoassays

EOS Early-onset bacterial sepsis

FDA Food and Drug Administration

GAS Group A Streptococcus

GBS Group B Streptococcus

GCS Group C Streptococcus

GGS Group G Streptococcus

HDA Helicase-dependent amplification

ICSI Institute for Clinical Systems Improvement
IDSA Infectious Diseases Society of America
LDTs Laboratory developed Tests

LR Likelihood ratio

MALDI-TOF | Matrix-assisted laser desorption/ionization-Time of flight
NAAT Nucleic acid amplification test

NADase Nicotinamide adenine dinucleotidase
NADTs Rapid antigen detection tests

NICE National Institute for Health and Care Excellence
OIA Optical immunoassays

PCR Polymerase chain reaction

PIDS Pediatric Infectious Diseases Society

PJI Prosthetic joint infection

POC Point of care

PSGN Post-streptococcal glomerulonephritis
PYR Pyrrolidonyl aminopeptidase

gPCR Quantitative PCR

RADT Rapid antigen diagnostic testing

RIDT Rapid in vitro diagnostic tests

RNA Ribonucleic acid

RNATs Rapid nucleic acid tests

rt-PCR Real-time polymerase chain reaction

SDSE Streptococcus dysgalactiae subspecies equisimilis
TSA Trypticase soy agar

Scientific Background

Bacterial acute pharyngitis is caused most often by a Group A Streptococcus (S. pyogenes or GAS),
accounting for 5-15% of all acute pharyngitis cases in adults. Group C or Group G Streptococcus (S.
dysgalactiae subsp equisimilis or GCS/GGS) is believed to be a causative agent in 5-10% of the cases of
pharyngitis; however, “pharyngitis cause group C or G Streptococcus is clinically indistinguishable from
GAS pharyngitis” but is more common in young adults and college students (Chow, 2023). “Diagnosis of
infection due to group C streptococci (GCS) and group G streptococci (GGS) depends on identification
of the organism in a culture from a clinical specimen. In general, a positive culture from a normally
sterile site, such as blood, synovial fluid, or cerebrospinal fluid (CSF), can be considered definitive
evidence of infection in the setting of a compatible clinical syndrome. The interpretation of positive
cultures for GCS or GGS from the pharynx or from cutaneous sites such as open ulcers or wounds is less
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straightforward since asymptomatic colonization of the upper airway and skin also occurs” (Wessels,
2022). GAS occurs most frequently in the very young and the elderly; although, GAS infections can occur
in any age-group. The rates of severe GAS infections have been increasing in the United States as well as
in other developed nations (Schwartz et al., 1990).

The Centor criteria can be used to gauge the likelihood of pharyngitis due to a GAS infection. The four
components of the Centor criteria are tonsillar exudates, tender anterior cervical lymphadenopathy,
fever, and absence of cough with each criterion being worth one point. Patients who score less than
three according to the Centor criteria are unlikely to have pharyngitis due to GAS and do not require
strep testing or antibiotics; patients scoring >3 can be tested for GAS pharyngitis (Chow, 2023)

Group A Streptococcus is associated with bacterial pharyngitis, scarlet fever, acute rheumatic fever, and
post-streptococcal glomerulonephritis. Group A strep pharyngitis presents as a sudden onset of sore
throat with odynophagia and fever; it is commonly referred to as “strep throat.” In children, additional
symptoms can include abdominal pain, nausea, and vomiting. Viral pharyngitis, which accounts for more
than 80% of pharyngitis, typically presents with cough, rhinorrhea, hoarseness, oral ulcers, and
conjunctivitis unlike GAS pharyngitis. Rare cases of mucopurulent rhinitis caused by GAS has been
reported in children under the age of three (CDC, 2022b). Scarlet fever can accompany strep throat.
Besides the typical erythematous rash that typically begins on the trunk before spreading outward,
scarlet fever can also present as a flushed face, “and the area around the mouth may appear pale (i.e,,
circumoral pallor).” “Strawberry tongue” can occur due to “yellowish white coating with red papillae”
(CDC, 2022d). Scarlet fever is more easily transmitted than asymptomatic carriers through saliva and
nasal secretions. Acute Rheumatic Fever (AFR), besides the characteristic fever, can affect the
cardiovascular system (carditis and valvulitis), the musculoskeletal system (arthritis), the integumentary
system (subcutaneous nodules and erythema marginatum), and the central nervous system (chorea).
“Inadequate or lack of antibiotic treatment of streptococcal pharyngitis increases the risk of someone
developing acute rheumatic fever. In approximately one-third of patients, acute rheumatic fever follows
subclinical streptococcal infections or infections for which medical attention was not sought” (CDC,
2022a). Post-streptococcal glomerulonephritis (PSGN) presents with edema, hypertension, proteinuria,
macroscopic hematuria, lethargy, and, at times, anorexia. “Laboratory examination usually reveals mild
normocytic normochromic anemia, slight hypoproteinemia, elevated blood urea nitrogen and creatinine,
elevated erythrocyte sedimentation rate, and low total hemolytic complement and C3 complement.”
Urine output is usually decreased, and urine examination “often reveals protein (usually <3 grams per
day) and hemoglobin with red blood cell casts” (CDC, 2022c).

The virulence factors of GAS include M proteins, a group of more than 80 known proteins that protein
the bacteria against phagocytosis; streptolysin O, a thiol-activated cytolysin; hyaluronidase, which
hydrolyzes hyaluronic acid within the host tissue; streptokinase, an enzyme that activates plasmin;
nicotinamide-adenine dinucleotidase (NADase), a glycohydrolase of uncertain function; and
deoxyribonucleases (DNases) A, B, C, and D. Streptolysin O bind to the eukaryotic membrane’s
cholesterol to facilitate the characteristic cellular lysis of a GAS infection. Cholesterol and anti-
streptolysis O (ASO) antibodies can mitigate streptolysin O damage, and ASO titers often increase
following an infection with the peak occurring around four to five weeks post-infection.
“Nonsuppurative complications such as rheumatic fever and poststreptococcal glomerulonephritis
generally develop during the second or third week of illness... About 80 percent of patients with acute
rheumatic fever or poststreptococcal glomerulonephritis demonstrate a rise in ASO titer; however, the
degree of ASO titer elevation does not correlate with severity of disease. In patients with suspected
rheumatic fever or glomerulonephritis but with an undetectable ASO titer, prompt testing for other
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antistreptococcal antibodies such as anti-DNase B (detectable for six to nine months following
infection), streptokinase, and antihyaluronidase should be performed” (Stevens & Bryant, 2022).

Acute rheumatic fever (ARF) can occur two to four weeks following GAS pharyngitis. The five major
manifestations of ARF are carditis and valvulitis (up to 70% of patients exhibit this condition with ARF),
arthritis (up to 66%), CNS system involvement (10-30%), subcutaneous nodules (0-10%), and erythema
marginatum (<6%) (Steer & Gibofsky, 2022). A diagnosis of ARF is not predicated by confirmation of a
preceding GAS infection; however, it is helpful, especially in diagnosing children and young adults with
arthritis and/or carditis. Evidence of GAS should include either a positive throat culture, a positive RADT,
or an elevated or rising titer of either ASO or anti-DNase B. These two antibodies are used frequently in
clinical practice due to their high sensitivity in diagnosing streptococcal infections (Steer & Gibofsky,
2022; Steer et al,, 2015). A study by Blyth and Robertson demonstrated that the sensitivity of using only
a single antibody in the diagnosis of streptococcus ranged from 70.5-72.7%; however, the combination
of ASO and anti-DNase B increased the specificity to 88.6% with a sensitivity of 95.5%. The addition of
anti-streptokinase (ASK) did not increase either the sensitivity or specificity of testing (Blyth &
Robertson, 2006).

A study in Norway in 2013 show that necrotizing soft tissue infections can be caused by GAS or
GGS/GCS. The mean annual incidence rate is 1.4 per 100,000. During the time period studied (2000-
2009), 61 cases of necrotizing soft tissue infections in Norway were due to GAS while nine cases were
due to GCS/GGS. "Our findings indicate a high frequency of streptococcal necrotizing fasciitis in our
community. GCS/GGS infections contribute to the disease burden but differ from GAS cases in frequency
and predisposing factors.” They note that “the GCS/GGS patients were older, had comorbidities more
often and had anatomically more superficial disease than the GAS patients” (Bruun et al., 2013). A review
in 2014 also noted the population most affected by GCS/GGS, but they note that “the case fatality in
bacteremia has been reported to be 15-18%" (Rantala, 2014).

Group B Streptococcus (GBS) is frequently found in human gastrointestinal tracts and genitalia and can
be spread to the upper respiratory tract of newborns. In neonates, a GBS infections can cause
bacteremia, pneumonia, meningitis, and sepsis. GBS can also cause complications in pregnancy, such as
urinary tract infections and chorioamnionitis. GBS, in pregnant and postpartum women, is of special
concern since it is implicated in up to 31% of cases of bacteremia without a focus, 8% of postpartum
endometritis, and 2% of pneumonia; moreover, if left unchecked, GBS can also result in preterm labor
and miscarriage. In the adult population at large, GBS infections can be manifest as soft tissue infections,
sepsis, and bacteremia (Barshak, 2022; Puopolo et al., 2022). “Invasive disease in infants is categorized
on the basis of chronologic age at onset. Early-onset disease usually occurs within the first 24 hours of
life (range, 0 through 6 days) and is characterized by signs of systemic infection, respiratory distress,
apnea, shock, pneumonia, and less often, meningitis (5%—-10% of cases). Late-onset disease, which
typically occurs at 3 to 4 weeks of age (range, 7 through 89 days), commonly manifests as occult
bacteremia or meningitis (approximately 30% of cases); other focal infections, such

as osteomyelitis, septic arthritis, necrotizing fasciitis, pneumonia, adenitis, and cellulitis, occur less
commonly. Nearly 50% of survivors of early- or late-onset meningitis have long-term neurologic
sequelae (encephalomalacia, cortical blindness, cerebral palsy, visual impairment, hearing deficits, or
learning disabilities). Late, late-onset disease occurs at 90 days of age and beyond, usually in very
preterm infants requiring prolonged hospitalization” (Pediatrics, 2018).

Type of Testing
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Test Description Rationale

Culture Cultures can be taken from a swab of | The CDC considers the throat culture
the affected tissue when possible, the ‘gold standard’ (4). This testing
such as the back of the throat and method can be time intensive. “Throat
tonsils (1). The Fultures are t.yplcally culture also can identify other bacteria
grown on a solid, complex rich .
medium such as Trypticase Soy Agar that cause pharyngitis less commonly
(TSA) supplemented with 5% sheep than GAS (eg, group C and group G
blood so that the zone of b-hemolysis | streptococci, Arcanobacterium
can easily be visualized (2). Culture haemolyticum). However, most
testing can be supplemented with laboratories do not routinely identify
additional conventional .|dent|f|c.at|on these pathogens in throat cultures
tests, such as the Lancefield antigen o ;
determination test and the PYR test unless specifically requested to do so
3). (5).

Serology Many possible serological tests can be | Anti-streptococcal antibody titers

performed, including a measurement
of the antibody titers associated with
a streptococcal infection. Virulence
factors that can be monitored include
hyaluronidase, streptokinase,
nicotinamide-adenine dinucleotidase,
DNase B, and streptolysin O. DNase B
and streptolysin O are more
frequently used in clinical practice (6).

represent past infections and should not
be used to routinely diagnose an acute
infection (7).

Antistreptolysin O (ASO) and/or anti-
DNase B (ADB) testing can be used to
determine prior streptococcal infection
associated with disorders such as
rheumatic fever and glomerulonephritis.
“An increase in titer from acute to
convalescent (at least two weeks apart)
is considered the best evidence of
antecedent GAS infection. The antibody
response of ASO peaks at approximately
three to five weeks following GAS
pharyngitis, which usually is during the
first to third week of ARF, while ADB
titers peak at six to eight weeks” (8).

Antibody titers are dependent on the
age of the patients with children having
considerably higher 'normal’ levels than
adults due to frequent exposure to S.
pyrogenes (3).
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Rapid Antigen
Diagnostic
Testing (RADT)

RADTs can be performed on a swab at
the point of care or can be
transported to a lab for testing (9).
Numerous RADTs directly detect
antigens through an agglutination
method or the use of immunoassays,
including enzyme-based assays,
optical assays, and liposome-based
assays that are commercially available

(3).

Many RADTSs are commercially available
but can vary considerably in specificity,
sensitivity, and ease of use. “In pediatric
patients, if the direct antigen test is
negative, and if the direct antigen test is
known to have a sensitivity of <80%, a
second throat swab should be examined
by a more sensitive direct NAAT or by
culture as a means of arbitrating
possible false-negative direct antigen
test results. This secondary testing is not
necessarily required in adults.

A convenient means of facilitating this
2-step algorithm of testing for
Streptococcus pyogenes in pediatric
patients is to collect a dual swab initially,
recognizing that the second swab will
be discarded if the direct antigen test is
positive” (9).

Nucleic Acid
Amplification
Tests (NAATS)

NAATs amplify DNA or RNA to detect
the presence of microorganisms.
Some are offered as point-of-care
(POC) rapid diagnostic tests while
others require special laboratory
equipment (9). Some NAATs utilize
real-time polymerase chain reaction
(rt-PCR), such as the Lyra Direct Strep
Assay, while others use a helicase-
dependent amplification (HDA)-based
methodology like the Solana Strep
Complete assay. NAATs are often
qualitative but specific NAATs can be
quantitative. NAATs can vary in their
selectivity, sensitivity, and ability to
differentiate between strains of
streptococci.

More sensitive than antibody-based
testing for streptococcus. Direct NAATs
usually require the use of enriched broth
cultures. "Negative direct NAAT results
do not have to be arbitrated by a
secondary test” (9).

Matrix-Assisted
Laser Desorption
lonization-Time

MALDI-TOF mass spectrometry can
be used to quickly identify both
gram-negative and gram-positive
bacteria once the organism is

"For less common organisms, the
MALDI-TOF result may not be
conclusive, and additional bench tests or
molecular tests may be required” (10).
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of Flight (MALDI- | available in a pure culture on solid
TOF) medium. The results of the MALDI-
TOF test are compared to a known
database of spectra of
microorganisms for identification (10).

(1) (AACC, 2021);(2) (Gera & Mclver, 2013); (3) (Spellerberg & Brandt, 2016); (4) (CDC, 2022b);
(5) (Wald, 2022); (6) (Stevens & Bryant, 2022); (7) (Shulman et al., 2012); (8) (Steer & Gibofsky,
2022); (9) (Miller et al., 2018); (10) (Freeman & Roberts, 2023)

Clinical Utility and Validity

Rapid in vitro diagnostic tests (RIDT), such as the Alere | Strep A, have been CLIA-waived by the FDA.
These tests provide results more quickly than the traditional “gold standard” bacterial culture testing. A
2018 study comparing rapid antigen GAS testing, the Alere | Strep A test—an RIDT using isothermal
nucleic acid amplification, and throat cultures. “The sensitivity and specificity of the molecular test were
98% and 100%, respectively, compared with culture. There was a 9% false-positive rate with the rapid
antigen-based testing.... The Alere test is sufficiently sensitive and specific for definitive GAS testing in a
pediatric urgent care setting” (Weinzierl et al.,, 2018). In Cohen et al. (2016)extensively reviewed the use
of rapid antigen detection tests (RADT) for GAS in children. They reviewed 98 unique studies consisting
of a total of 101,121 participants and compared both major types of RADTs—enzyme immunoassays
(EIA) and optical immunoassays (OIA). "RADT had a summary sensitivity of 85.6%...There was substantial
heterogeneity in sensitivity across studies; specificity was more stable. There was no trade-off between
sensitivity and specificity....The sensitivity of EIA and OIA tests was comparable (summary sensitivity
85.4% versus 86.2%)... Based on these results, we would expect that amongst 100 children with strep
throat, 86 would be correctly detected with the rapid test while 14 would be missed and not receive
antibiotic treatment” (Cohen et al.,, 2016). Another multicenter study using the Alere | Strep A test on
cultures obtained from 481 patients of all ages show that the RIDT had 96.0% sensitivity and 94.6%
specificity. The authors conclude that this “could provide a one-step, rapid, point-of-care testing method
for GAS pharyngitis and obviate backup testing on negative results” (Cohen et al,, 2015). This study did
note that there are newer tests available that have higher sensitivity, but these tests require more time
than the Alere | Strep A method.

Due to the time constraints of clinical laboratories and the variability of RADTSs, nucleic acid amplification
test (NAAT) use has been increasing in clinical settings. The FDA has approved multiple NAATSs for the
detection of Streptococcus. The Lyra Direct strep assay is an FDA-approved, NAAT that uses real-time
PCR to qualitatively detect the presence of GAS and GGS/GCS in throat swab samples. It should be
noted, though, that this assay does not distinguish between GGS and GCS. A study by Boyanton et al.
(2016) evaluated the efficacy of the Lyra Direct method as compared to the traditional, time-consuming
culture test for GAS and GGS/GCS. The sample sizes were not large (n = 19 for GAS and n = 5 for
GGS/GCS out of a total of 161 samples submitted); however, the Lyra Direct strep assay did correctly
detect “all b-hemolytic streptococci...” and “in batch mode, the Lyra assay reduced intra-laboratory
turnaround time by 60% (18.1 h versus 45.0 h) but increased hands-on time by 96% (3 min 16 s versus 1
min 40 s per specimen)” (Boyanton et al., 2016). The authors note that the RADTs "have largely
augmented bacterial culture (the gold standard). However, the performance of commercially available
[RADTSs] varies greatly depending upon the manufacturer, methodology used (i.e., optical immunoassay,
immunochromatographic, or enzyme immunoassay), and the patient population (i.e., pediatric versus
adult) being tested. Due to these limitations, nucleic acid amplification tests (NAATSs) are being
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implemented in clinical laboratories” (Boyanton et al., 2016). The Solana method is also an FDA-
approved NAAT, but it uses a rapid helicase-dependent amplification (HDA) methodology. Solana is
available for either GAS testing or as a panel testing for GAS, GCS, and GGS. A study by Uphoff et al.
(2016) compared the Solana GAS testing to that of conventional culture testing. Their research used
1082 throat swab specimens. The traditional culture tested positive in 20.7% of the samples as
compared to 22.6% positive values in the HDA-based methodology. The Solana assay in their results had
98.2% sensitivity and 97.2% specificity. “In 35 min, the HDA method provided rapid, sensitive GAS
detection, making culture confirmation unnecessary” (Uphoff et al., 2016). Recently, another study
compared an HDA-based method to the Simplex GAS Direct PCR-based method, which is another FDA-
approved diagnostic test. The Simplex GAS Direct method does not require initial DNA extraction from
the sample, a potential time-saving benefit. The study used 289 throat swabs. The HDA- based method
“compared to Simplexa qPCR had sensitivity, specificity, positive predictive value and negative predictive
value of 93.1% vs 100%, 100% vs. 100%, 100% vs. 100% and 98.31% vs. 100% respectively... Simplexa
gPCR has improved performance and diagnostic efficiency in a high-volume laboratory compared to
[HDA-based method] for GAS detection in throat swabs” (Church et al., 2018).

The Solana® Strep Complete Assay by Quidel received FDA clearance in 2016. According to Quidel’s
FDA application, it is defined as "a rapid in vitro diagnostic test, using isothermal amplification
technology (helicase-dependent amplification, HDA) for the qualitative detection and differentiation of
Streptococcus pyogenes (Group A B-hemolytic Streptococcus) and Streptococcus dysgalactiae
(pyogenic Group C and G B-hemolytic Streptococcus) nucleic acids isolated from throat swab specimens
obtained from patients with signs and symptoms of pharyngitis, such as sore throat” (Lollar, 2016). This
test must be performed using Quidel’s Solana proprietary equipment. According to the 510(k)
application, the Solana Strep Complete Assay panel has a clinical sensitivity and specificity for GAS of
98.8% and 98.9%, respectively, as compared to the Lyra Direct Strep Assay's reported 96.5% sensitivity
and 98.0% specificity for GAS. The Lyra Direct Strep Assay is a real-time PCR-based assay that cannot
differentiate between the pyogenic strains of streptococci. Concerning the pyrogenic GCS/GGS, the
Solana Strep Complete Assay panel has a clinical sensitivity of 100% with a specificity of 99.5% as
compared to Lyra Direct Strep Assay's reported 95.7% sensitivity and 98.3% specificity for GCS/GGS
strains. The reported testing time also varies between the two assays with Solana requiring 25 minutes
versus 60-70 minutes for the Lyra Direct Strep Assay (Lollar, 2016).

A recent study by Helmig and Gertsen (2017)evaluated the accuracy of PCR-based testing for GBS in
pregnant women. Their study used rectovaginal swabs from 106 women in gestational weeks 35-37. For
each, both a GBC culture and a PCR-based molecular GBS test (Xpert GBS of Cepheid Ltd) were
performed. Only one PCR test yielded no result, so the invalid PCR-based test rate is <1%. 25/106 of the
GBS cultures tested positive as compared to 27/105 of the PCR-based test. The specificity of the PCR-
based test was 97.5% with a 100% sensitivity and a 92.6% positive predictive value. The authors
conclude that "the PCR test has sufficient accuracy to direct intrapartum antibiotic prophylaxis for GBS
transmission during delivery” (Helmig & Gertsen, 2017). A preliminary study in France of 1416 mothers
with newborns compared swab cultures and GBS PCR assay for their predictive value of early-onset
bacterial sepsis (EOS) in newborns since GBS is the most common cause of EOS. The results show that
“the diagnostic values of the two tests highlighted a nonsignificant superiority of intrapartum GBS PCR
assay” but that “the negative predictive value was improved with intrapartum PCR assay (negative
likelihood ratio [LR]: 0.3 [0.1-0.9] vs. 0.6 [0.4-1.1]).... These results suggest that the intrapartum GBS PCR
assay offers a better predictive value of GBS EOS that the usual vaginal culture swab at the 9t month
but requires confirmation by large studies” (Raignoux et al., 2016).
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Luo et al. (2019) “evaluated the overall diagnosis and treatment of acute pharyngitis in the United States,
including predictors of test type and antibiotic prescription.” Five categories of tests were identified,
which were RADT [rapid antigen detection test], RADT plus culture, other tests, nucleic acid amplification
testing (NAAT), and no test. Pharyngitis events from 2011-2015 were examined and a total of 18.8
million pharyngitis events across 11.6 million patients were included. Overall, 68.2% of events were
found to occur once, with 29.1% requiring further follow-up. Furthermore, 43% of events were
diagnosed by RADT and 20% were diagnosed by RADT plus culture. NAAT testing also increased 3.5-
fold from 2011-2015 (going from 0.06% to 0.27%). Antibiotics were used in 49.3% of events as a whole.
For RADT plus culture, antibiotics were used 31.2% of the time, for NAAT alone, 34.5%, for RADT alone,
54.2%, for no test, 57.1%. The authors concluded that “Diagnostic testing can help lower the incidence
of inappropriate antibiotic use, and inclusion of NAAT in the clinical guidelines for GAS pharyngitis
warrants consideration” (Luo et al., 2019).

O. Luiz et al. (2019) evaluated the “prevalence and persistence of beta-haemolytic streptococci throat
carriage and type the bacterial population.” A total of 121 children and 127 young adult volunteers
contributed throat swabs (for culture), and these volunteers were screened quarterly for beta-haemolytic
bacterial species. Carriage was detected in 34 volunteers (13.7%). Seventeen children were found to
carry Group A Streptococcus, while seventeen young adults were found to carry four separate subspecies
(Streptococcus dysgalactiae subsp. equisimilis (SDSE), Streptococcus pyogenes, Streptococcus agalactiae
and the Streptococcus anginosus group). The authors also identified persistent carriage for as long as six
months in two children and for as long as one year in three young adults. The authors concluded that
“prevalence was slightly greater among children, but persistent carriage was greater among young
adults, with SDSE being the species most associated with persistence” (O. Luiz et al., 2019).

Fraser et al. (2020) performed a meta-analysis to assess the cost-effectiveness of point-of-care testing
for detection of Group A Streptococcus. The authors remarked that this type of testing has seen
increased use as an adjunct for managing care, such as for prescribing antibiotics. Thirty-eight studies of
clinical effectiveness were included, along with three studies of cost-effectiveness. Twenty-six articles
“reported on the test accuracy of point-of-care tests and/or clinical scores with biological culture as a
reference standard.” Overall, 21 point-of-care tests were evaluated. The authors identified two
populations of interest; “patients with Centor/Mclsaac scores of > 3 points or FeverPAIN scores of > 4
points.” Test sensitivity for these populations ranged from 0.829-0.946 while test specificity ranged from
0.849-0.991. However, the authors did note there was significant heterogeneity and expressed doubts
that any single study "accurately captured a test's true performance.” The authors developed an
economic model to explore the cost-effectiveness of this type of testing, and 14 of the 21 tests were
included in this model. Per the current National Institute for Health and Care Excellence's cost-
effectiveness thresholds, these tests were not found to be cost-effective. The authors acknowledged
significant uncertainties in the estimates, such as penalties for antibiotic over-prescriptions. The authors
concluded that "the systematic review and the cost-effectiveness models identified uncertainties around
the adoption of point-of-care tests in primary and secondary care settings. Although sensitivity and
specificity estimates are promising, we have little information to establish the most accurate point-of-
care test.” (Fraser et al., 2020; Kim et al., 2019)

Bilir et al. (2021) studied the cost-effectiveness of point of care (POC) nucleic acid amplification tests
(NAAT) for streptococcus in the US. Point of care NAAT was compared to rapid antigen detection tests
(RADT) and culture. Costs, clinical effects, antibiotic complications, number of patients treated, and
antibiotic utilization were studied. Analysis showed that the POC NAAT method would cost $44 per
patient while RADT and culture would cost $78 per patient. "Compared with RADT + culture, POC NAAT
would increase the number of appropriately treated patients and avert unnecessary use of antibiotics.”
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According to the results, “POC NAAT would be less costly and more effective than RADT + culture; POC
NAAT adoption may yield cost savings to US third-party payers. Access to POC NAAT is important to
optimize GAS diagnosis and treatment decisions in the United States" (Bilir et al., 2021).

In a metanalysis, Dubois et al. (2021) studied the diagnostic accuracy of rapid antigen detection tests
(NADTSs) vs rapid nucleic acid tests (RNATSs) for diagnosis of group A streptococcal pharyngitis. A total of
38 studies using RNAT were included, with a sensitivity of 97.5% and specificity of 95.1%. RADTs had a
sensitivity of 82.3%, but specificity was similar to the sensitivity of RNATs. Overall, RNATs were more
sensitive than RADTs. The authors conclude that "the high diagnostic accuracy of RNATs may allow their
use as stand-alone tests to diagnose group A streptococcus pharyngitis" (Dubois et al., 2021).

McCarty et al. (2022) studied the clinical utility on the GenMark Dx ePlex® blood culture identification
gram-positive panel. The panel results were evaluated and compared to MALDI-TOF mass spectrometry
and traditional antimicrobial susceptibility testing. One hundred Gram-Positive bacteria were
represented. “The positive percent agreement (PPA) was 97/97 with 2 false positives.” The study
included chart reviews of 80 patients. The average time for organism identification was 24.4 hours faster,
and the average time for optimization was 29.2 hours faster for the eight patients identified with
organisms such as streptococci. The authors “confirm high sensitivity and specificity of the FDA-cleared
GenMark Dx ePlex BCID-GP Panel compared to MALDI-TOF MS on bacterial isolates and identify
opportunities for earlier optimization of antimicrobial therapy that may also be accompanied by
potential cost savings (McCarty et al., 2022).

Guidelines and Recommendations

Centers for Disease Control and Prevention

Acute Pharyngitis (CDC, 2022b): Most cases of acute pharyngitis are viral. Only 20-30% of sore throats in
children and 5-15% in adults are due to group A Streptococcus (GAS). History and clinical examination
can be used to diagnosis viral pharyngitis when clear viral symptoms (e.g., cough, rhinorrhea,
hoarseness, oral ulcers, conjunctivitis) are present; these patients do not need testing for group A strep.
However, clinical examination cannot be used to differentiate viral and group A strep pharyngitis in the
absence of viral symptoms, even for experienced clinicians. The diagnosis of group A strep pharyngitis is
confirmed by either a rapid antigen detection test (RADT) or a throat culture. RADTs have high
specificity for group A strep but varying sensitivities when compared to throat culture, which is
considered the gold standard diagnostic test. Testing for group A strep pharyngitis is not routinely
indicated for children younger than three years of age or for adults. Clinicians can use a positive RADT
as confirmation of group A strep pharynagitis in children, though it also notes that a negative RADT
should be followed with a throat culture in children with symptoms of pharyngitis (CDC, 2022b).

The CDC also comments on asymptomatic Group A carriers, stating that these carriers usually do not
require treatment. The CDC defines carriers as having “positive throat cultures or are RADT positive, but
do not have clinical symptoms or an immunologic response to group A strep antigens on laboratory
testing” (CDC, 2022b).

Scarlet Fever (CDC, 2022d): Scarlet fever (scarlatina) consists of an erythematous rash caused by GAS and
can occur along with acute pharyngitis. “The differential diagnosis of scarlet fever with pharyngitis
includes multiple viral pathogens that can cause acute pharyngitis with a viral exanthema. Clinicians
need to use either a rapid antigen detection test (RADT) or throat culture to confirm scarlet fever with
pharyngitis. RADTs have high specificity for group A strep but varying sensitivities when compared to
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throat culture. Throat culture is the gold standard diagnostic test. Clinicians should follow up a negative
RADT in a child with symptoms of scarlet fever with a throat culture. Clinicians should have a mechanism
in place to contact the family and initiate antibiotics if the back-up throat culture is positive” (CDC,
2022d).

Post-Streptococcal Glomerulonephritis (PSGN) (CDC, 2022c): PSGN is primarily due to a GAS infection, but
rare cases of GCS-induced PSGN have been reported. Clinical features include edema, hypertension,
proteinuria, macroscopic hematuria, and lethargy. As such, “The differential diagnosis of PSGN includes
other infectious and non-infectious causes of acute glomerulonephritis. Clinical history and findings with
evidence of a preceding group A strep infection should inform a PSGN diagnosis. Evidence of preceding
group A strep infection can include

e Isolation of group A strep from throat
e  Skin lesions
e Elevated streptococcal antibodies” (CDC, 2022c).

Acute Rheumatic Fever (CDC, 2022a): “The differential diagnosis of acute rheumatic fever is broad due to
the various symptoms of the disease. The differential diagnosis may include but is not limited to:
rheumatoid arthritis, juvenile idiopathic arthritis, septic arthritis, systemic lupus erythematosus, serum
sickness, Lyme disease, infective endocarditis, viral myocarditis, Henoch-Schonlein purpura, gout,
sarcoidosis, leukemia, and Hodgkin's disease.” The CDC notes that no definitive diagnostic test exists for
acute rheumatic fever and recommends using the Jones criteria (endorsed by the American Heart
Association) to make a clinical diagnosis, which “n ow includes the addition of subclinical carditis as a
major criteria and stratification of the major and minor criteria based upon epidemiologic risk (e.g., low,
moderate, or high risk populations)” (CDC, 2022a).

American Association of Pediatrics (AAP)

The AAP has published the Red Book (Kimberlin et al., 2021) as guidance for infectious diseases in the
pediatric population. Their relevant comments and recommendations include:

e “Children with pharyngitis and obvious viral symptoms (eg, rhinorrhea, cough, hoarseness, oral
ulcers) should not be tested or treated for GAS [Group A Streptococcus] infection; testing also
generally is not recommended for children younger than 3 years.”

e “Several rapid diagnostic tests for GAS pharyngitis are available...Specificities of these tests
generally are high (very few false-positive results), but the reported sensitivities vary considerably
(ie, false-negative results occur).”

e “The US Food and Drug Administration (FDA) has cleared a variety of rapid tests for use in home
settings. Parents should be informed that home use is discouraged because of the risk of false-
positive testing that represents colonization.”

e “Because of the very high specificity of rapid tests, a positive test result does not require throat
culture confirmation. Rapid diagnostic tests using techniques such as polymerase chain reaction
(PCR), chemiluminescent DNA probes, and isothermal nucleic acid amplification tests have been
developed...Some studies suggest that these tests may be as sensitive as standard throat cultures
on sheep blood agar.”

e “Children with manifestations highly suggestive of viral infection, such as coryza, conjunctivitis,
hoarseness, cough, anterior stomatitis, discrete ulcerative oral lesions, or diarrhea, are very
unlikely to have true GAS pharyngitis and should not be tested.”
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e “Testing children younger than 3 years generally is not indicated. Although small outbreaks of
GAS pharyngitis have been reported in young children in child care settings, the risk of ARF is so
remote in young children in industrialized countries that diagnostic studies for GAS pharyngitis
generally are not indicated for children younger than 3 years.”

e “In contrast, children with acute onset of sore throat and clinical signs and symptoms such as
pharyngeal exudate, pain on swallowing, fever, and enlarged tender anterior cervical lymph
nodes, without concurrent viral symptoms and/or exposure to a person with GAS pharyngitis, are
more likely to have GAS infection and should have a rapid antigen test and a throat culture if the
rapid test result is negative, with treatment initiated if a test result is positive.”

e “Testing asymptomatic household contacts for GAS infection is not recommended except when
the contacts are at increased risk of developing sequelae of GAS infection, such as ARF or acute
glomerulonephritis; if test results are positive, such contacts should be treated.”

e "Testing asymptomatic household contacts usually is not helpful. However, if multiple household
members have pharyngitis or other GAS infections, simultaneous cultures of all household
members and treatment of all with positive cultures or rapid antigen test results may be of value.”

e "In suspected invasive GAS infections, cultures of blood and of focal sites of possible infection are
indicated.”

e “Laboratory evidence of antecedent GAS infection should be confirmed in all cases of suspected
ARF [acute rheumatic fever], and evidence includes an increased or rising ASO or anti-DNAase B
titer, or a positive rapid antigen or streptococcal throat culture. Because of the long latency
between GAS infection and presentation with chorea, such laboratory evidence may be lacking in
cases where chorea is the major criteria.”

e "Post-treatment throat swab cultures are indicated only for patients who are at particularly high
risk of ARF [acute rheumatic fever] (eg, those living in an area with endemic infection).”

Regarding the management of infants at risk of group B streptococcal disease, a list of
recommendations was provided. The relevant points are included below:

e “Early-onset GBS infection is diagnosed by blood or CSF culture. Common laboratory tests such as
the complete blood cell count and C-reactive protein do not perform well in predicting early-
onset infection, particularly among well-appearing infants at lowest baseline risk of infection.”

e "Evaluation for late-onset GBS disease should be based on clinical signs of illness in the infant.
Diagnosis is based on the isolation of group B streptococci from blood, CSF, or other normally
sterile sites. Late-onset GBS disease occurs among infants born to mothers who had positive GBS
screen results as well as those who had negative screen results during pregnancy. Adequate IAP
does not protect infants from late-onset GBS disease” (Puopolo et al., 2019).

American Heart Association (AHA)

The AHA published a revision to the Jones criteria for diagnosis of acute rheumatic fever in 2015. In it
they note the importance of identifying laboratory evidence of a group A streptococcal infection. The
AHA lists three clinical features that can serve as evidence for a preceding Group A Streptococcus
infection, which are as follows:

e “Increased or rising anti-streptolysin O titer or other streptococcal antibodies (anti-DNASE B). A
rise in titer is better evidence than a single titer result.”

e "A positive throat culture for group A B-hemolytic streptococci.”

e "A positive rapid group A streptococcal carbohydrate antigen test in a child whose clinical
presentation suggests a high pretest probability of streptococcal pharyngitis” (Gewitz et al., 2015).
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Institute for Clinical Systems Improvement (ICSI)

In 2017, the ICSI updated their guidelines titled Diagnosis and treatment of respiratory illness in children
and adults. They give the following consensus recommendation: “It is the consensus of the ICSI work
group to NOT test for Group A Streptococcal (GAS) pharyngitis in patients with modified Centor criteria
scores less than three or when viral features like rhinorrhea, cough, oral ulcers and/or hoarseness are
present. Testing should generally be reserved for patients when there is a high suspicion for GAS and for
whom there is intention to treat with antibiotics” (Short et al.,, 2017). The Centor criteria include age of
patient, physical state of the tonsils and lymph nodes, temperature, and presence or absence of cough
(Centor & Mclsaac, 2022).

American Thoracic Society (ATS) and Infectious Diseases Society of America (IDSA)

The ATS and IDSA published a joint guideline on the diagnosis and treatment of community-acquired
pneumonia in adults. The guideline notes that group A Streptococcus may be associated with influenza
pneumonia. Their relevant recommendations are listed below:

e "We recommend not obtaining sputum Gram stain and culture routinely in adults with CAP
managed in the outpatient setting (strong recommendation, very low quality of evidence).”

e "We recommend not obtaining blood cultures in adults with CAP managed in the outpatient
setting (strong recommendation, very low quality of evidence)” (Metlay et al.,, 2019).

Infectious Diseases Society of America (IDSA)

The 2014 update of the IDSA's guidelines concerning skin and soft tissue infections included a
recommendation (strong; moderate-quality evidence) of “Gram stain and culture of the pus or exudates
from skin lesions of impetigo and ecthyma are recommended to help identify whether Staphylococcus
aureus and/or - -hemolytic Streptococcus is the cause, but treatment without these studies is reasonable
in typical cases.” They make a similar recommendation in the cases of pus from carbuncles and
abscesses as well as pyomyositis; however, they do not recommend (strong, moderate) a “Gram stain
and culture of pus from inflamed epidermoid cysts.” As for erysipelas and cellulitis, “cultures of blood or
cutaneious aspirates, biopsies, or swabs are not routinely recommended (strong, moderate) ...cultures of
blood are recommended (strong, moderate), and cultures and microscopic examination of cutaneious
aspirates, biopsies, or swabs should be considered in patients with malignancy on chemotherapy,
neutropenia, severe cell-mediated immunodeficiency, immersion injuries, and animal bites (weak,
moderate)” (Stevens et al., 2014).

The IDSA and the American Society for Microbiology (ASM) published a guideline in 2018 titled "A
Guide to Utilization of the Microbiology Laboratory for Diagnosis of Infectious Diseases.” This guideline
includes items on the laboratory diagnosis of pharyngitis, which are as follows:

e For Streptococcus pyogenes, direct NAAT, nucleic acid probe tests, or a rapid direct antigen test
(followed by a culture or NAAT test if negative) may all be performed.

e For Groups C and G B-hemolytic streptococci, a NAAT may be performed, or a combination of
throat culture and antigen tests on isolates for groups C and G streptococci may be performed.

Other relevant comments include:

e “Arapid antigen test for Streptococcus pyogenes may be performed at the point of care by
healthcare personnel or transported to the laboratory for performance of the test...in pediatric
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patients, if the direct antigen test is negative, and if the direct antigen test is known to have a
sensitivity of <80%, a second throat swab should be examined by a more sensitive direct NAAT or
by culture as a means of arbitrating possible false-negative direct antigen test results...this
secondary testing is not necessarily required in adults”

e "Direct and amplified NAATs for Streptococcus pyogenes are more sensitive than direct antigen
tests and, as a result, negative direct NAAT results do not have to be arbitrated by a secondary
test.”

e "Detection of group C and G B-hemolytic streptococci is accomplished by throat culture in those
patients in whom there exists a concern for an etiologic role for these organisms. Only large
colony types are identified, as tiny colonies demonstrating groups C and G antigens are in the
Streptococcus anginosus (S. milleri) group” (Miller et al., 2018).

American Academy of Otolaryngology-Head and Neck Surgery Foundation

Although the focus of this guideline is the tonsillectomy procedure in children, there are some relevant
comments. The Academy notes that “In practice, streptococcal carriage is strongly suggested by positive
strep cultures or other strep tests when the child lacks signs or symptoms of acute pharyngitis.” (Mitchell
et al,, 2019) IDSA endorsed this guideline in February 2019 (IDSA, 2019a).

American Academy of Orthopaedic Surgeons

Although this guideline focuses on management of periprosthetic joint infections, there is a relevant
recommendation, which states that “synovial fluid aerobic and anaerobic bacterial cultures” have
moderate evidence to support their use to “aid in the diagnosis of prosthetic joint infection (PJI)" (AAOS,
2019). IDSA endorsed this guideline in March 2019 (IDSA, 2019b).

2011 Pediatric Infectious Diseases Society (PIDS) and Infectious Diseases Society of America
(IDSA)

The 2011 joint PIDS-IDSA guidelines concerning pediatric community-acquired pneumonia (CAP)
recommended (strong recommendation; moderate-quality evidence) that “blood cultures should not be
routinely performed in nontoxic, fully immunized children with CAP managed in the outpatient setting”
and that "blood cultures should be obtained in children who fail to demonstrate clinical improvement
and in those who have progressive symptoms or clinical deterioration after initiation of antibiotic
therapy.” Concerning inpatient services, they recommend (strong recommendation; low-quality
evidence) that “blood cultures should be obtained in children requiring hospitalization for presumed
bacterial CAP that is moderate to severe, particularly those with complicated pneumonia”; however, “in
improving patients who otherwise meet criteria for discharge, a positive blood culture with identification
or susceptibility results pending should not be routinely preclude discharge of that patient with
appropriate oral or intravenous antimicrobial therapy. The patient can be discharged if close follow-up is
assured (weak recommendation; low-quality evidence).” For pneumococcal bacteremia, they do not
recommend repeated blood cultures to document resolution (weak recommendation; low-quality
evidence), but they do recommend “repeated blood cultures to document resolution of
bacteremia...caused by S. aureus, regardless of clinical status (strong recommendation; low-quality
evidence).” With respect to sputum gram stain and culture, “sputum samples for culture and Gram stain
should be obtained in hospitalized children who can produce sputum” (weak recommendation; low-
quality evidence). They do not recommend using urinary antigen detection testing “for the diagnosis of
pneumococcal pneumonia in children; false-positive tests are common (strong recommendation; high-
quality evidence)” (Bradley et al., 2011).
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American College of Obstetricians and Gynecologists (ACOG)

The ACOG issued Committee Opinion #797 in 2020. ACOG recommends that “Regardless of planned
mode of birth, all pregnant women should undergo antepartum screening for GBS at 36 0/7-37 6/7
weeks of gestation, unless intrapartum antibiotic prophylaxis for GBS is indicated because of GBS
bacteriuria during the pregnancy or because of a history of a previous GBS-infected newborn” (ACOG,
2020). This committee opinion was reaffirmed in 2022.

American Society for Microbiology

The ASM endorsed the above ACOG recommendation, stating that “The recommended screening
interval has changed from 35-37 weeks (per CDC 2010 guidelines) to 36 0/7 to 37 6/7 weeks (ACOG
2019 recommendations).” Concerning identification of group B streptococcus, the ASM propounds the
following:

"Recommendation: Acceptable phenotypic and proteomic methods of identification of candidate
isolates include CAMP test, latex agglutination, and mass spectrometry.”

"Recommendation: Nucleic acid amplification-based identification of GBS from enrichment broth is
acceptable, but not sufficient for all patients.”

"Recommendation: Latex agglutination directly from enrichment broth and direct-from-specimen
immunoassays are unacceptable methods for GBS detection.”

The guideline also recommends performing “antimicrobial susceptibility testing on all GBS [Group B
Streptococcus] isolates from pregnant women with penicillin allergy”, and most recently the ASM
included options for vancomycin reporting (Filkins et al., 2021).

National Institute for Health and Care Excellence

The NICE published an update on “rapid tests for group A streptococcal infections in people with a sore
throat.” They stated that “Rapid tests for strep A infections are not recommended for routine adoption
for people with a sore throat. This is because their effect on improving antimicrobial prescribing and
stewardship, and on patient outcomes, as compared with clinical scoring tools alone, is likely to be
limited” (NICE, 2019).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for
a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations
(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to
make the determination. For the most up-to-date Medicare policies and coverage, please visit the
Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most
up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

The FDA approved the Lyra Direct Strep Assay (k133833) on 04/16/2014 and reclassified it on
07/11/2014. It is a "Real-Time PCR in vitro diagnostic test for the qualitative detection and differentiation
of Group A B -hemolytic Streptococcus (Streptococcus pyogenes) and pyogenic Group Cand G B -
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hemolytic Streptococcus nucleic acids isolated from throat swab specimens obtained from patients with
signs and symptoms of pharyngitis, such as sore throat. The assay does not differentiate between
pyogenic Groups C and G B-hemolytic Streptococcus” (Hojvat, 2014). The FDA has also approved the
Solana Strep Complete Assay by Quidel that is “an in vitro diagnostic test for the detection of Group A, C
and G beta- hemolytic Streptococcus in throat swab specimens from symptomatic patients” on
10/25/2016 (K162274) (FDA, 2016).

On 03/06/2019, the FDA approved GenePOC's Strep A assay to be performed using GenePOC's
Revogene instrument as a “single-use test for qualitative detection of Streptococcus pyogenes (group A
Streptococcus-GAS) nucleic acids from throat swab specimens obtained from patients with signs and
symptoms of pharyngitis” (FDA, 2019).

On November 9, 2020, the FDA approved Mesa Biotech, Inc.'s Accula™ Strep A Test, which is a semi-
automated, colorimetric polymerase chain reaction (PCR) nucleic acid amplification test “to qualitatively
detect Streptococcus pyogenes (Group A Bhemolytic Streptococcus, Strep A) bacterial nucleic acid from
unprocessed throat swabs that have not undergone prior nucleic acid extraction” (FDA, 2020).

Many labs have developed specific tests that they must validate and perform in house. These laboratory-
developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-
complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88). LDTs are
not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval
is not currently required for clinical use.

Applicable CPT/HCPCS Procedure Codes

CPT Code Description

86060 Antistreptolysin 0; titer

86063 Antistreptolysin 0; screen

86215 Deoxyribonuclease, antibody

86317 Immunoassay for infectious agent antibody, quantitative, not otherwise specified

86318 Immunoassay for infectious agent antibody(ies), qualitative or semiquantitative, single
step-method (eg, reagent strip);

87040 Culture, bacterial; blood, aerobic, with isolation and presumptive identification of isolates
(includes anaerobic culture, if appropriate)

87070 Culture, bacterial; any other source except urine, blood or stool, aerobic, with isolation and
presumptive identification of isolates

87071 Culture, bacterial; quantitative, aerobic with isolation and presumptive identification of
isolates, any source except urine, blood or stool

87077 Culture, bacterial; aerobic isolate, additional methods required for definitive identification,
each isolate

87081 Culture, presumptive, pathogenic organisms, screening only;

87430 Infectious agent antigen detection by immunoassay technique, (eg, enzyme immunoassay
[EIA], enzyme-linked immunosorbent assay [ELISA], fluorescence immunoassay [FIA],
immunochemiluminometric assay [IMCA]) qualitative or semiquantitative; Streptococcus,
group A

87650 Infectious agent detection by nucleic acid (DNA or RNA); Streptococcus, group A, direct
probe technigue
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87651 Infectious agent detection by nucleic acid (DNA or RNA); Streptococcus, group A,
amplified probe technique

87652 Infectious agent detection by nucleic acid (DNA or RNA); Streptococcus, group A,
quantification

87797 Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified; direct
probe technique, each organism

87798 Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified;
amplified probe technique, each organism

87799 Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified;
quantification, each organism

87880 Infectious agent antigen detection by immunoassay with direct optical (ie, visual)
observation; Streptococcus, group A

Current Procedural Terminology© American Medical Association. All Rights reserved.

Procedure codes appearing in Medical Policy documents are included only as a general reference tool for
each policy. They may not be all-inclusive.
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Revision History

Revision Date

Summary of Changes

09/06/2023

Reviewed and Updated: Updated the background, guidelines and recommendations,
and evidence-based scientific references. Literature review did not necessitate any
modifications to coverage criteria. The following edits were made for clarity:

All CC edited for clarity and consistency

Language that notes “except in these cases” does not match with general formatting of
our policies. The “Except in cases of suspected acute rheumatic fever (ARF) or post-
streptococcal glomerulonephritis (PSGN),” language that was seen in former CC6 and
CC8.c, 8.e, and 8.f. was moved into a new CC that addresses tests allowed for ARF and
PSGN and a new CC that notes that these tests aren't allowed in other situations. New
CC4: "4) For individuals with suspected acute rheumatic fever (ARF) or post-streptococcal
glomerulonephritis (PSGN), the following testing MEETS COVERAGE CRITERIA:

a) Serological titer testing.

b) Anti-streptolysin O immunoassay.

¢) Hyaluronidase activity or anti-hyaluronidase immunoassay.

d) Streptokinase activity or anti-streptokinase immunoassay.”
And new CC9: "9) For all situations not described above, testing with an anti-streptolysin
O immunoassay, a hyaluronidase activity or anti-hyaluronidase immunoassay, or a
streptokinase activity or anti-streptokinase immunoassay DOES NOT MEET COVERAGE
CRITERIA."
Former CC6, now CC7, now reads: "7) For all situations not described above, serological
titer testing DOES NOT MEET COVERAGE CRITERIA.”
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Policy Description

Alzheimer disease (AD) is a neurodegenerative disease defined by a gradual decline in memory,
cognitive functions, gross atrophy of the brain, and accumulation of extracellular amyloid plaques and
intracellular neurofibrillary tangles (Karch et al., 2014).

Related Policies

Policy Number Policy Title
AHS-M2038 Genetic Testing for Familial Alzheimer Disease

Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at the time of the
request. Specifications pertaining to Medicare and Medicaid can be found in “Applicable State and
Federal Regulations” section of this policy document.
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The following does not meet coverage criteria due to a lack of available published scientific literature
confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual's
illness.

1)

2)

3)

4)

Measurement of cerebrospinal fluid biomarkers of Alzheimer disease or dementia (e.g., tau protein,
amyloid beta peptides, a-synuclein, or neural thread proteins) DOES NOT MEET COVERAGE
CRITERIA.

Measurement of plasma and/or serum biomarkers of Alzheimer disease or dementia (e.g., tau protein,
amyloid beta peptides, neural thread proteins, ApoE, and ApoE4) DOES NOT MEET COVERAGE
CRITERIA.

Measurement of urinary biomarkers of Alzheimer disease or dementia (e.g., neural thread proteins,
amyloid beta peptides, and urinary extracellular vesicle analysis) DOES NOT MEET COVERAGE
CRITERIA.

The use of multianalyte assays, algorithmic analysis, and/or any other tests not mentioned above for
the prognosis, diagnosis, and/or management of Alzheimer disease or dementia DOES NOT MEET
COVERAGE CRITERIA.

Table of Terminology

Term Definition
AAN American Academy of Neurology
AD Alzheimer disease

AD7c-NTP | Alzheimer-associated neuronal thread protein

ADAD Autosomal dominant Alzheimer's disease
ALS Amyotrophic lateral sclerosis

aMCl Amnestic mild cognitive impairment

APOE Apolipoprotein E

APOJ Apolipoprotein J

AB40 Amyloid Beta 40

AB42 Amyloid Beta 42

AUC Area under the curve

AB 25-35 B-amyloid 25-35

CCCDTD Canadian Consensus Conference on the Diagnosis and Treatment of Dementia
CDC Centers For Disease Control and Prevention

CLIA '88 Clinical Laboratory Improvement Amendments Of 1988

CMS Centers For Medicare and Medicaid

CN Cognitively normal

CNT Carbon nanotubes

CSF Cerebrospinal fluid

CU Cognitively unimpaired

DLB Dementia with lewy bodies

EFNS European Federation of Neurological Societies
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EV Extracellular vesicle

FDA Food And Drug Administration

FDG Fluoro-deoxyglucose

GBSC Global Biomarker Standardization Consortium
GSEA gene set analysis

HD Huntington disease

IWG International Working Group

JPND Joint Program—Neurodegenerative Disease Research
LDT Laboratory-developed test

LP Lumbar puncture

MCI Mild cognitive impairment

MRI Magnetic resonance imaging

NFH Heavy chain

NFL Neurofilament light chain

NG Neurogranin

NIA National Institute on Aging

NINCDS National Institute of Neurological and Communicative Disorders and Stroke
NrCAM Neuronal cell adhesion molecule

NTP Neuronal thread protein

PD Parkinson disease

PET Positron emission tomography

PKCe Protein kinase c-epsilon

P-tau Phosphorylated tau

PTP Pancreatic thread protein

REM Rapid eye movement

SCD Subjective cognitive decline

sCJD Sporadic Creutzfeldt-Jakob disease

SNAP23 Synaptosomal-associated protein 23

SORL Sortilin-related receptor

T-tau Total tau

USPSTF United States Preventive Services Task Force

Scientific Background

Alzheimer disease (AD) is a devastating neurodegenerative disease with a strong genetic component
and is the predominant form of dementia (60-70%). In 2021, over 55 million people lived with dementia
worldwide, and this number is estimated to increase to 139 million by 2050 (WHO, 2021). The average
lifetime risk of developing AD is 10-12%; this risk at least doubles with the presence of a first-degree
relative with the disorder (Goldman et al., 2011). The genetic predisposition of AD, even for late-onset
AD patients, is estimated to be 60-80% (Gatz et al., 2006). According to the Centers for Disease Control
and Prevention (CDC), the total adjusted death rates in the U.S. varied according to ethnicity with white,
non-Hispanics having a rate of 70.8 per 100,000 individuals as compared to 65.0 and 46.0 per 100,000
for non-Hispanic black and Hispanic individuals (Kramarow & Tejada-Vera, 2019).
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Most patients develop clinical symptoms at or after the age of 65 (spontaneous or late-onset AD),
however 2-10% of patients have an earlier onset of disease (early-onset AD) (Shea et al., 2016). AD is
characterized by severe neuronal loss, aggregation of extracellular amyloid B plaques, and intraneuronal
tau protein tangles, resulting in progressive deterioration of memory and cognitive functions and
ultimately requiring full-time medical care (Frigerio & Strooper, 2016). There is an enormous burden on
public health due to the high costs associated with care and treatment. Aside from drugs that
temporarily relieve symptoms, no treatment exists for AD (Van Cauwenberghe et al., 2016).

Many genetic studies have recently identified that late-onset Alzheimer disease is associated with the
apolipoprotein E (APOE), apolipoprotein J (APOJ), and sortilin-related receptor (SORL) genes mainly
expressed by various types of glial cells such as microglia, oligodendrocytes, and astrocytes; this has
helped AD-related research stray from neurons and toward glial cells and neuroinflammation (Arranz &
De Strooper, 2019).

The pathological processes of AD and other degenerative dementias are likely well underway before
clinical symptoms manifest, therefore, biomarkers may have potential utility in the early diagnosis of
dementia (Peterson, 2021). Mild cognitive impairment (MCI) is an intermediate state between normal
cognition and dementia, recognizable as an early manifestation of dementia. MCl due to AD is the most
common type of MCI (Bennett et al., 2002).

Studies have examined the use of cerebrospinal fluid (CSF) markers for predicting conversion from MCI
to dementia. The most replicated CSF biomarkers include tau protein or phosphorylated tau protein and
amyloid beta 42 (AB42) peptide, which may be represented by a low ratio of AB42 to AB40 levels, or a
low ratio of AB42 to tau levels. However, these tests vary in sensitivity (36 to 100 percent) and specificity
(29 to 91 percent), and in the types of assays used. Recent research notes that the AB42/40 ratio should
be used over the measurement of AB42 alone, as this ratio gives a more accurate diagnosis when
analyzing CSF AD biomarkers (Hansson et al., 2019). Currently, these markers are of marginal clinical
utility and do not have an established role in the evaluation of patients in the clinical setting (Peterson,
2021; Wolk & Dickerson, 2021).

Other biomarkers in CSF such as cargo proteins (e.g. chromogranin-B, a-synuclein), carnosinase |,
chromogranin A, and NrCAM (neuronal cell adhesion molecule) have been proposed to provide clinical
value for assessment of AD. Levels of each of the above CSF proteins are found to be statistically
different among clinically defined patient groups with different degrees of cognitive impairment.
However, the absence of a clinical treatment makes this relatively invasive test of questionable clinical
utility (Schaffer et al., 2015; Wolk & Dickerson, 2021).

Plasma levels of the E4 variant of apolipoprotein E (ApoE4) may be a less invasive option for diagnosing
patients. ApoE facilitates the delivery of cholesterol and promotes neuronal functionality and decreased
apoE4 levels associated with neuronal degradation are suggestive of AD (Farrer et al., 1997). However,
results are inconsistent across various studies. The correlation between altered levels of ApoE and ApoE4
with AD pathology is still not definitive, and standardization of methods is needed (Schaffer et al., 2015).

Studies have been conducted comparing the telomere length of peripheral blood leukocytes with those
in the cerebellum (Patel et al., 2011). The shortening of telomere length is indicative of chronic stress on
the human body, common in AD patients. However, cerebellar telomere length is not considered a
diagnostic tool to evaluate the risk of inherited AD (Patel et al., 2011). Moreover, many other diseases
also contain pathologies that induce stress on the body, so results may be confounded with other
underlying health problems (Schaffer et al., 2015).
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High concentrations of neuronal thread protein (NTP), specifically AD-associated NTP (AD7c-NTP), in
urine is found to be representative of AD pathology (Patel et al., 2011). NTP is a brain protein that
interacts with antibodies produced against pancreatic thread protein (PTP), a protein that contains
structural components highly similar to the fibrils found in neuronal plaques in AD patients (Blennow et
al., 2012; Patel et al., 2011). Moreover, AD7c-NTP is reflective of neuronal cell dysfunction. Unfortunately,
NTP is more useful in determining the progression of the disease in patients who already have AD and
not for early diagnosis (Lonneborg, 2008; Schaffer et al., 2015).

Studies have also identified a potential relationship between nanoscale extracellular vesicles (exosomes)
and AD. Researchers note that exosomes may be an important factor in the progression of AD
pathogenesis, but first need to identify the underlying AD-related mechanisms (Jiang et al., 2019).

Other media, such as saliva, have been proposed to provide diagnostic information for AD. A total of
6,230 metabolites from saliva were tested, and 3 were found to differentiate between MCI, AD, and
cognitively normal patients (Huan et al., 2018).

None of these tests or biomarkers are valid as a stand-alone diagnostic test. The lack of standardized
techniques makes diagnostic accuracy across all scenarios difficult to achieve. Current AD diagnostic
standards using evaluation of clinical presentation have maintained a high level of accuracy, combined
with the lack of a clinical treatment make all early AD diagnostic tests and biomarkers of limited clinical
utility (Frangois et al., 2019; Schaffer et al., 2015). However, research criteria have incorporated both
molecular and topographic biomarker data into the research definitions of both symptomatic and pre-
symptomatic forms of AD, anticipating that once biomarkers become more standardized, they will be
incorporated into clinical diagnostic algorithms for AD (Morris et al., 2014; Wolk & Dickerson, 2021).

Proprietary Testing

Proprietary tests exist for assessment of AD biomarkers. C;N Diagnostics offers PrecivityAD™, a blood
test that measures the ratio of AB42 to AB40 and ApoE detection. C;N Diagnostics received a
“Breakthrough Device Designation” from the FDA in January 2019 for their test measuring the ratio of
AB42 to AB40 (C2N, 2019). Fujirebio Diagnostics offers the in vitro Lumipulse® G p-Amyloid Ratio (1-
42/1-40) test, which combines the results of the Lumipulse® G B-Amyloid 1-42 and Lumipulse® G (-
Amyloid 1-40 to create a ratio of beta-amyloid 1-42 and beta-amyloid 1-40 concentrations in CSF with
the LUMIPULSE G1200 system (Fujirebio, 2022). This is intended to predict the likelihood of amyloid
plaque formation in potential AD. This assay received the "Breakthrough Device Designation” from the
FDA in May 2022 (FDA, 2022).

Roche Diagnostics received 501(k) clearance from the FDA in 2022 for their Elecsys® beta-Amyloid (1-
42) CSF Il (Abeta42) and Elecsys® Phospho-Tau (181P) CSF (pTau181) assays in 2022 for adults 55 years
and older who are evaluated for the disease and other cognitive impairments to generate a
pTau181/Abetad? ratio value. The company cites that these assays “achieve 90% concordance with the
Amyloid PET scan imaging and have the potential to provide a more affordable and accessible routine
option to confirm the presence of amyloid in the brain.” They can also detect pathology in earlier stages
of disease due to the correlative changes in biomarkers (Roche, 2022). In June 2023, Roche Diagnostics
also received 501(k) clearance from the FDA for the Elecsys® beta-Amyloid (1-42) CSF Il (Abeta42) and
Elecsys® Total-Tau CSF assays (tTau) in the same population through the tTau/Abeta4?2 ratio, and will be
available in Q4 2023. The company endorses that these assays provide a cost-effective, more widely
available alternative to the recommended PET imaging option with minimal radiation exposure. The
ratio would be “consistent with a negative amyloid PET scan if the result is less than or equal to the
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cutoff (negative), and with a positive amyloid PET scan if the result is above the ratio cutoff (positive)
(Roche, 2023).

On July 6,2023, Quanterix® launched the LucentAD test, which measures serum levels of tau protein
phosphorylated at Thr181 (p-Tau 181), which is a marker of AD pathology. It is intended to assist in the
diagnostic evaluation of AD with other tools, but clues providers into a patient’s likelihood of amyloid-
related pathology. It is not currently approved by the FDA, but has been studied in conjunction with the
drug lecanemab in its effectiveness for treating AD therapy response (BusinessWire, 2023).

Clinical Utility and Validity

Dage et al. (2016) studied the correlation of tau protein levels (in plasma) with neuronal damage. A total
of 378 cognitively normal (CN) patients were examined, along with 161 patients with mild cognitive
impairment (MCI). Baseline plasma tau protein levels were measured. The authors found that plasma tau
levels were higher in MCl patients compared to CN patients (4.34 pg/mL for MCl compared to 41.4
pg/ML for CN, p = .078). The authors also performed a regression accounting for age, gender,
education, and ApoE, which suggested that higher plasma tau levels were associated with worse
memory loss and abnormal cortical thickness (Dage et al., 2016).

Lewczuk et al. (2017) compared the ratio of AB42/40 to just AB42 as measurements of clinical AD. A total
of 200 patients (150 PET-negative, 50 PET-positive for amyloid) were examined and compared to the
positron emission tomography (PET) results. The authors found that the ratio of AB42/40 agreed more
strongly with the PET results (89.4% concordance compared to 74.9% concordance for AB42 only). A
larger area under the curve was found for the AB42/40 measurement compared to just AB42 (0.936
compared to 0.814). The authors concluded that "the CSF AP42/40 ratio is superior to AP42 alone as a
marker of amyloid-positivity by PET” (Lewczuk et al., 2017).

Talwar et al. (2016) performed a meta-analysis on CSF ApoE levels in AD patients. Twenty-four studies,
including 1064 AD cases and 1338 healthy controls, were reviewed. The authors found that although the
total sample did not indicate a significant association between AD and ApoE levels, a subgroup analysis
controlling for sample size (n > 43) indicated significantly lower ApoE levels in AD patients compared to
controls. The authors considered CSF ApoE levels to have “potential” as an indicator of AD association
(Talwar et al., 2016).

Wang et al. (2018) evaluated the clinical value of a-synuclein in MCl and AD. The investigators added a-
synuclein and phosphorylated a-synuclein to a biomarker panel containing AB42, tau, and
phosphorylated tau and evaluated the new panel’'s performance. A total of 729 CSF samples were taken.
The phosphorylated version of a-synuclein was found to weakly associate with diagnosis at baseline, but
total a-synuclein was not. CSF a-synuclein was found to predict the Alzheimer Disease Assessment
Scale-Cognitive, memory, executive function, and progression from MCI to AD. Longitudinal biomarker
changes were not found to differ between groups. Overall, a-synuclein was found to potentially better
predict AD changes better than the classic biomarkers (Wang et al.,, 2018).

Zhang et al. (2014) performed a meta-analysis focusing on urinary Alzheimer-associated neuronal thread
protein (AD7c-NTP)'s diagnostic ability for AD. Nine studies were reviewed for probable and possible
AD, and the authors evaluated AD7c-NTP's sensitivity at 0.87, specificity at 0.89, positive likelihood ratio
at 8.13, and negative likelihood ratio at 0.15 (Zhang et al.,, 2014).

Wang et al. (2019) explored the potential of urinary extracellular vesicle (EV) biomarkers in neurological
disorders, including AD, Parkinson Disease (PD), and Huntington Disease (HD). A discovery cohort of 50
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individuals was used to create the initial set of EV proteins and a set of 108 individuals was used to
further develop the list of biomarkers. The authors identified “hundreds” of commonly expressed EV
proteins with stable expression. SNAP23 and calbindin were most elevated in PD cases, with an 86%
prediction of diagnostic success in the discovery cohort and 76% prediction of diagnostic success in the
replication cohort. Moreover, “Broad Gene set analysis (GSEA) further reveals a prominent link to
Alzheimer disease with 10.4% of the genes known to be down-regulated in the brains from patients with
Alzheimer disease identified in urinary EVs” (Wang et al.,, 2019).

Liu et al. (2018) examined the urinary metabolic profile of f-amyloid 25-35 (AR 25-35)-injected rats. This
was intended to establish AD in the rats, allowing the impairment of spatial learning and memory to be
tested in the rats after 8 weeks. The authors identified the characteristic AD symptoms after 8 weeks
(cognitive dysfunction, hippocampus damage, AB formation and tau phosphorylation) as well as 45
altered metabolites involving 8 metabolic pathways. The investigators concluded that “pathogenesis of
AD was mainly due to gut microbiome dysbiosis, inhibition of energy metabolism, oxidative stress injury
and loss of neuronal protective substances” (Liu et al.,, 2018).

Fossati et al. (2019) studied the correlation of plasma tau with cerebrospinal fluid (CSF) tau and
phosphorylated tau (P-tau). A total of 97 subjects were included (68 healthy controls and 29 AD
patients). Plasma tau was found to be higher in AD patients compared to healthy controls (area under
curve: 0.79). However, CSF tau and plasma tau were “poorly” correlated. The addition of plasma tau to
the receiver operating curve of CSF tau increased the area under curve to 0.82 from 0.80 and increased
the curve of P-tau to 0.88 from 0.87. The authors concluded that “adding plasma tau to CSF tau or P-tau
improves diagnostic accuracy, suggesting that plasma tau may represent a useful biomarker for AD”
(Fossati et al., 2019).

Tatebe et al. (2017) developed an immunoassay to quantify plasma p-tau181. Three cohorts were used
to validate the assay. In the first cohort (20 AD patients, 15 controls), the tau levels were found to be
higher in the AD patients (0.171 £ 0.166 pg/ml in AD versus 0.0405 + 0.0756 pg/ml in controls). In the
second cohort (20 Down Syndrome patients, 22 controls), the tau levels were higher in the Down
Syndrome patients (0.767 + 1.26 pg/ml in DS versus 0.0415 + 0.0710 pg/ml in controls). Finally, in the
third cohort (8 AD patients, 3 other neurological diseases), the tau levels were found to correlate well
with the CSF tau levels (r> = 0.4525). Overall, the authors suggested that “that the plasma p-tau181is a
promising blood biomarker for brain AD pathology” (Tatebe et al., 2017).

Shen et al. (2019) completed a meta-analysis review of 170 studies to research the role of inflammatory
markers in AD and MCI. Increased periphery levels, compared to controls, were found with many types
of biomarkers including high-sensitivity C reactive protein, p<0.05; interleukin-6, p<0.005; soluble
tumour necrosis factor receptor 1, p<0.005; soluble tumour necrosis factor receptor 2, p<0.005; alphat-
antichymotrypsin, p<0.005; IL-1B, p<0.05; soluble CD40 ligand, p<0.05; CSF levels of IL-10, p<0.05;
monocyte chemoattractant protein-1, p<0.005; transforming growth factor-beta 1, p<0.05; soluble
triggering receptor expressed on myeloid cells2, p<0.001; YKL-40, p<0.001; a1-ACT, p<0.001; nerve
growth factor, p<0.005; and visinin-like protein-1, p<0.005 (Shen et al.,, 2019). The authors conclude that
all the significant relationships found in this large meta-analysis help to support “the notion that AD and
MCI are accompanied by inflammatory responses in both the periphery and CSF” (Shen et al., 2019).

Palmquvist et al. (2019) analyzed two different, cross-sectional, multicenter studies (n=1079). The CSF
AB42/AB40 ratio was used to identify AD via Elecsys immunoassays from Roche Diagnostics; further,
plasma neurofilament light chain (NFL), heavy chain (NFH), and APOE genotype were also analyzed in
the first cohort of patients (n=842). “In cohort 1, plasma AB42 and AB40 predicted AP status with an area
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under the receiver operating characteristic curve (AUC) of 0.80 (95% Cl, 0.77-0.83). When adding APOE,
the AUC increased significantly to 0.85 (95% Cl, 0.82-0.88)" (Palmqyvist et al., 2019). Cohort 2 had similar
results with a slightly higher AUC (0.86; 95% Cl, 0.81-0.91). The authors conclude by stating that “Plasma
AB42 and AB40 measured using Elecsys immunoassays predict AB status in all stages of AD with similar
accuracy in a validation cohort. Their accuracy can be further increased by analyzing APOE genotype”
(Palmqvist et al., 2019).

Kim et al. (2020) studied the diagnostic utility of multiplexed sensing to detect multiple AD biomarkers
(t-tau, p-tau181, AB42, and AB40) in human plasma using densely aligned carbon nanotubes (CNT). The
CNT sensor assay exhibited superior sensitivity and precision, enabling the platform to accurately
quantify AD biomarkers despite the hundreds of other agents in the blood plasma. The densely aligned
CNT sensor array was 10-10° times more sensitive than the commercially available sandwich-type or
enzyme-linked immunosorbent assay. The authors conclude that "by measuring the levels of t-tau/Ap42,
p-tau181/AB42, and AB42/AB40 in clinical blood samples, the sensor array successfully discriminates the
clinically diagnosed AD patients from healthy controls with an average sensitivity of 90.0%, a selectivity
of 90.0%, and an average accuracy of 88.6%" (Kim et al., 2020).

Simrén et al. (2021) studied the diagnostic and prognostic potential of plasma biomarkers in Alzheimer
disease. Various biomarkers, including phosphorylated-tau181 (P-tau181), neurofilament light, amyloid-
B (AB42/40), total-tau and glial fibrillary acidic protein, were analyzed in 99 cognitively unimpaired (CU)
patients, 107 mild cognitive impairment (MCI) patients, and 103 Alzheimer disease (AD) patients.
According to the results, P-tau181 significantly outperformed all biomarkers in differentiating AD
dementia from CU. Higher P-tau181 value was associated with increased cognitive decline and gray
matter loss in temporal regions. The authors conclude that "these findings highlight the potential value
of plasma P-tau181 as a non-invasive and cost-effective diagnostic and prognostic biomarker in AD"
(Simrén et al., 2021).

Qu et al. (2021) performed a systematic review and meta-analysis of 150 studies aiming to evaluate the
effect of AD biomarkers on blood. The authors performed a “random-effects meta-analysis based on the
ratio of means method and multivariable-adjusted effect estimates.” The results demonstrated that T-
tau, P-tau and Nfl increased, and that ABPPR decreased from controls to amnestic MCI (aMIC) to AD.
AB42, AB42/40, and P-tau217 all had valid diagnostic accuracy. The authors conclude that the significant
changes in core blood biomarkers support that “biomarkers were strongly valid in identifying AD" (Qu et
al, 2021).

Chen et al. (2021) performed a meta-analysis of 17 studies aimed at calculating the diagnostic accuracy
of blood-based biomarkers. The authors compared the diagnostic odds ratio (DOR) of biomarkers
between controls, AD, and aMCl conditions. When comparing AD and control groups, the plasma AB42
DOR was 32.2 (sensitivity = 88 %, specificity = 81 %), the plasma AP oligomer DOR was 29.1 (sensitivity
= 80 %, specificity = 88 %), and the plasma tau DOR was 52.1 (sensitivity = 90 %, specificity = 87 %).
When comparing aMCl and controls, the plasma AB42 DOR was 60.4 (sensitivity = 86 %, specificity = 90
%), and the plasma tau DOR was 49.1 (sensitivity = 79 %, specificity = 94 %). The authors conclude that
blood-based biomarkers are “minimally invasive and cost-effective tools for detecting AD; however, the
evidence for detecting aMCl was still limited” (Chen et al., 2021).

Yoong et al. (2021) performed a systematic review and meta-analysis of 13 studies aiming to address the
prognostic utility of a new CSF biomarker: Neurogranin (Ng). Core CSF biomarkers such as Ap42, T-tau,
and P-tau can support AD diagnosis, but cannot predict AD progression. Ng has been shown to predict
cognitive decline. The authors found evidence that CSF Ng can predict Mini-Mental State Examination
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(MMSE) decline in AB* MCI patients and the decline of memory and executive function in MCl.
Additionally, CSF Ng/AB42 was also found likely to predict cognitive decline. The authors conclude that
CSF Ng may be an applicable AD biomarker, but more studies are required to validate 548309its use
(Yoong et al., 2021).

Nojima et al. (2022) investigated the clinical utility of measuring CSF biomarkers through the
LUMIPULSE® system in correlation with AR deposition status confirmed by amyloid PET. From 199 CSF
samples from patients with confirmed AD and underwent amyloid PET, measurements of AR 1-40
(AB40), AB 1-42 (AB42), total tau (t-Tau), and phosphorylated tau-181 (p-Tau181) using the LUMIPULSE
system were taken and analyzed with a multivariable logistic regression model. Through this, they were
able to determine that there was diagnostic agreement between the biomarker levels and amyloid PET
imaging, and that there was statistical significance in the association between amyloid PET status and
AB40 and AB42, with the ratios providing better diagnostic agreement than single biomarkers alone.
Researchers also determined that the statistically significant correlation between the Ap42/AB40 ratio
and p-Tau181 may render a plausible utility in predicting brain AB pathology. The CSF findings may also
potentially draw parallels to benefits with measuring blood plasma levels of the AD biomarkers with
high-sensitivity assays, but the “plasma biomarker levels could be affected by small measurement
variations caused by preanalytical handling and analytical performance, leading to misclassification (i.e.,
false-negative or false-positive for AR pathology).”

Guidelines and Recommendations

National Institute of Neurological and Communicative Disorders and Stroke (NINCDS) and the
Alzheimer’s Disease and Related Disorders Association (ADRDA)

In 1984, the NINCDS and ADRDA developed clinical criteria for the diagnosis of AD. While evidence to
date has used NINCDS/ADRDA'’s AD classification, in 2011, the National Institute on Aging and the
Alzheimer's Association workgroup revised diagnostic criteria for diagnosis of dementia due to
Alzheimer's disease (McKhann et al., 2011).

The biomarkers reviewed in this policy are included in a category among revisions to AD diagnostic
criteria- “probable AD dementia with evidence of the AD pathophysiological process”. However, the
diagnostic criteria workgroup publication noted "we do not advocate the use of AD biomarker tests for
routine diagnostic purposes at the present time. There are several reasons for this limitation: 1) the core
clinical criteria provide very good diagnostic accuracy and utility in most patients; 2) more research
needs to be done to ensure that criteria that include the use of biomarkers have been appropriately
designed, 3) there is limited standardization of biomarkers from one locale to another, and 4) access to
biomarkers is limited to varying degrees in community settings. Presently, the use of biomarkers to
enhance certainty of AD pathophysiological process may be useful in three circumstances:
investigational studies, clinical trials, and as optional clinical tools for use where available and when
deemed appropriate by the clinician” (McKhann et al.,, 2011).

Alzheimer’s Association

The Alzheimer's Association has initiated a quality control program for CSF markers, noting that
“Measurements of CSF AD biomarkers show large between laboratory variability, likely caused by factors
related to analytical procedures and the analytical kits. Standardization of laboratory procedures and
efforts by kit vendors to increase kit performance might lower variability, and will likely increase the
usefulness of CSF AD biomarkers” (Mattsson et al.,, 2011).
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In 2013, the Alzheimer's Association published recommendations for operationalizing the detection of
cognitive impairment in the primary care setting (Cordell et al., 2013). It stated that “the use of
biomarkers (e.g., CSF tau and beta amyloid proteins, amyloid tracer positron emission tomography
scans) was not considered as these measures are not currently approved or widely available for clinical

"

use.

In 2018, a multidisciplinary group of the Alzheimer's Association published criteria for lumbar puncture
and CSF testing in the diagnosis of AD. The committee recommends CSF biomarker testing for six
clinical indications deemed appropriate, as listed in the table below.

Table 1: Clinical indications for appropriate use of LP and cerebrospinal fluid testing in the diagnosis of
AD (Shaw et al., 2018)

No. Indication Ratings

1 Cognitively unimpaired and within normal range functioning for age as Inappropriate
established by objective testing; no conditions suggesting high risk and no
SCD [subjective cognitive decline] or expressed concern about developing AD

2 Cognitively unimpaired patient based on objective testing, but considered by | Inappropriate
patient, family informant, and/or clinician to be at risk for AD based on family
history

3 Patients with SCD (cognitively unimpaired based on objective testing) who Appropriate

are considered to be at increased risk for AD

4 Patients with SCD (cognitively unimpaired based on objective testing) who Inappropriate
are not considered to be at increased risk for AD

5 MCI that is persistent, progressing, and unexplained Appropriate
6 Patients with symptoms that suggest possible AD Appropriate
7 MCI or dementia with an onset at an early age (<65) Appropriate
8 Meeting core clinical criteria for probable AD with typical age of onset Appropriate
9 Symptoms of REM sleep behavior disorder Inappropriate
10 Patients whose dominant symptom is a change in behavior (e.g., Capgras Appropriate
Syndrome, paranoid delusions, unexplained delirium, combative symptoms,
and depression) and where AD diagnosis is being considered
1 Use to determine disease severity in patients having already received a Inappropriate
diagnosis of AD
12 Individuals who are apolipoprotein E (APOE) €4 carriers with no cognitive Inappropriate
impairment
13 Use of LP in lieu of genotyping for suspected ADAD mutation carriers Inappropriate
14 ADAD mutation carriers, with or without symptoms Inappropriate

Abbreviations: AD, Alzheimer's disease; LP, lumbar puncture; REM, rapid eye movement; SCD, subjective
cognitive decline; ADAD, autosomal dominant Alzheimer's disease; MCI, mild cognitive impairment.
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The workgroup has also identified several gray areas where more research is needed. The authors note
that “One question that will need further data is whether measuring a ratio of CSF AR42/40 yields better
diagnostic performance than measuring AB42 alone. Another question is how to characterize
neurodegeneration using CSF biomarkers, and whether neurodegeneration in the absence of positive
amyloid biomarkers predicts progression in persons with MCI” (Shaw et al., 2018). Further, the authors
also state that “much more work is needed to document the potential impact of CSF AD biomarker
testing on clinical outcomes in patients across the spectrum of AD” (Shaw et al., 2018).

Expert Working Group for the EU Joint Program—Neurodegenerative Disease Research (JPND)
BIOMARKAPD Program

An expert working group, comprised of 28 international members, was convened to develop
recommendations for CSF AD biomarkers in the diagnostic evaluation of dementia. “The working group
recommended using the CSF biomarkers in MCl as an add-on to clinical evaluation alone for predicting
functional decline or progression to AD dementia and, based on the available evidence, the
recommendation was strong. However, in comparison with the outcome of using hippocampal atrophy
as a biomarker, the working group issued a weak recommendation to incorporate CSF biomarkers in the
diagnostic workup compared with hippocampal atrophy. Because of insufficient evidence, the working
group could not recommend CSF biomarkers as an alternative to FDG-PET or amyloid-PET in predicting
future decline or conversion. The working group recommended using CSF biomarkers to inform future
disease management, but the strength of this recommendation was weak because of the small amount
of evidence” (Simonsen et al., 2017).

Six clinical questions were asked by Simonsen et al. (2017):

1. "In patients with MCI, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers identify or exclude AD as the cause of MCI?”
a. Final recommendation: N/A

2. "In patients with MCl, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers predict conversion to AD dementia within 3
years?”
a. Final recommendation: Yes, strong

3. "In patients with MCI, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers predict functional or cognitive decline?”
a. Final recommendation: Yes, strong

4. "In patients with MCI, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers change disease management?”
a. Yes, weak

5. "In patients with MCI, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers improve patient well-being?”
a. Yes, weak

6. “In patients with MCl, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers reduce health care costs?”
a. No, weak

Additional recommendations were made by Herukka et al. (2017) for CSF AD biomarkers in the
diagnostic evaluation of mild cognitive impairment. The same six clinical questions were asked as above
by Simonsen et al.:
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1. "In patients with MCl, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers identify or exclude AD as the cause of MCI?”
a. Final recommendation: N/A

2. "In patients with MCl, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers predict conversion to AD dementia within 3
years?”
a. Final recommendation: Yes, strong

3. "In patients with MCI, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers predict functional or cognitive decline?”
a. Final recommendation: Yes, strong

4. "In patients with MCI, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers change disease management?”
a. Yes, weak

5. "In patients with MCI, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers improve patient well-being?”
a. Yes, weak

6. “In patients with MCI, will CSF biomarkers (alone or in combination) compared with (A) clinical
measures alone and/or (B) other imaging biomarkers reduce health care costs?”
a. No, weak

National Institute on Aging (NIA, NIH) and Alzheimer’s Association

In 2011, the National Institute on Aging and Alzheimer's Association workgroups published guidelines
for the diagnosis of AD. The authors also note that “Two fundamental issues about individuals with MCl
may be answered by the use of biomarkers: (1) To establish support for the underlying etiology of the
clinical syndrome in an individual with MCI, which will have major importance for choosing the correct
therapy, when effective treatments are available. (2) To determine the likelihood of cognitive and
functional progression for an individual MCl patient to a more severe stage of MCl or to dementia, and
the likelihood that this progression will occur within a defined period” (Albert et al., 2011). The authors
also note that "in these recommendations, CSF tau is considered to be a strong marker of the neuronal
injury associated with AD. However, the two biomarkers in combination are extremely informative.
Together with low CSF AB42, elevated CSF tau provides a high likelihood of progression to AD in
patients with MCI;" however, because many biochemical events may be associated with AD, the authors
confirm that “Additional work in this area is needed to know how useful these markers will be” (Albert et
al, 2011).

In 2018, guidelines were published by the National Institute on Aging and Alzheimer's Association for
the preclinical, mild cognitive impairment, and dementia stages of AD, and are intended for use in
observational and interventional research, not routine clinical care. These guidelines state that “there is
now a growing consensus that application of biomarkers should be harmonized conceptually across the
disease continuum and that biomarkers of neurodegeneration are not equivalent to those reflecting
amyloid and pathologic tau accumulation” (Jack et al.,, 2018). Further, regarding the guidelines noted
above from 2011, the authors state that “Studies published since 2011 have reinforced the idea that
certain imaging and CSF biomarkers are valid proxies for neuropathologic changes of AD.... additional
research has highlighted the fact that measures of neurodegeneration or neuronal injury that are
commonly used in AD research—magnetic resonance imaging (MRI), fluoro-deoxyglucose (FDG) PET,
and CSF total tau (T-tau)—are not specific for AD but rather are nonspecific indicators of damage that
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may derive from a variety of etiologies, for example, cerebrovascular injury” (Jack et al., 2018). The
authors also state that the "data firmly establish that more advanced disease defined by biomarkers
predicts greater likelihood of and more rapid cognitive decline. Thus, a solid evidence base exists
proving that combinations of biomarker abnormalities are useful for staging the Alzheimer’s continuum”
(Jack et al., 2018).

Global Biomarker Standardization Consortium (GBSC)

The GBSC of the Alzheimer’s Association has noted that before biomarkers can be used in clinical
practice, they “must be standardized and validated on a global scale” (GBSC, 2019).

American Academy of Neurology (AAN)

In 2018 guideline was issued as an update to the 2001 AAN guideline on mild cognitive impairment
(MCI) and endorsed by the Alzheimer’s Association. This guideline was reaffirmed in 2021 (AAN, 2021).
The panel determined that the field of biomarkers is rapidly evolving. And, according to the panel, there
are no biomarkers that that could clearly predict progression in patients with MCI. They have provided
the following recommendations:

Recommendation A7a
"For patients and families asking about biomarkers in MClI, clinicians should counsel that there are no
accepted biomarkers available at this time (Level B).”

Recommendation A7b

“For interested patients, clinicians may discuss the option of biomarker research or refer patients or
both, if feasible, to centers or organizations that can connect patients to this research (e.g.,
subspecialty centers, Trial Match, ClinicalTrials.gov) (Level C).”

In 2001, the Quality Standards Committee of the American Academy of Neurology issued a “Practice
parameter: Diagnosis of dementia (an evidence-based review).” Relevant statements to the current
policy include the following:

“...no laboratory tests have yet emerged that are appropriate or routine use in the clinical evaluation of
patients with suspected AD. Several promising avenues genotyping, imaging and biomarkers are being
pursued, but proof that a laboratory test has value is arduous. Ultimately, the putative diagnostic test
must be administered to a representative sample of patients with dementia who eventually have
pathologic confirmation of their diagnoses. A valuable test will be one that increases diagnostic accuracy
over and above a competent clinical diagnosis."

“There are no CSF or other biomarkers recommended for routine use in determining the diagnosis of AD
at this time” (Knopman et al., 2001)

Dementia with Lewy Bodies (DLB) Consortium

The DLB Consortium published a consensus report on the diagnosis and management of dementia with
Lewy bodies, which are characteristic of Alzheimer’s Disease and other neurological conditions. The
Consortium states that “direct biomarker evidence of LB-related pathology is not yet available for clinical
diagnosis” (McKeith et al.,, 2017).
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Consensus of the Task Force on Biological Markers in Psychiatry of the World Federation of
Societies of Biological Psychiatry

The Federation published an update on cerebrospinal fluid (CSF) and blood biomarkers for
neurodegenerative dementias. The Federation considers blood-based biomarkers to “offer an ideal
complementary step to advanced CSF and neuroimaging biomarkers and can serve as the first-step in a
multi-stage process”, although these biomarkers still require validation and “a great deal of additional
work” (Lewczuk et al., 2018).

International Working Group (IWG)

Dubois et al. (2014) published a position paper which presents a new diagnostic algorithm for AD which
states: "AP1-42 and tau (T-tau or P-tau) should be used in combination, and the CSF AD signature,
which combines low AB1 and high T-tau or P-tau concentrations, significantly increases the accuracy of
AD diagnosis even at a prodromal stage. This combination reaches a sensitivity of 90-95% and a
specificity of about 90% in AD. CSF biomarkers cannot be used as standalone tests and should be
interpreted in a larger clinical context with confounding factors considered. An important concern is the
large variability in CSF measures between laboratories and across techniques, and the lack of agreement
on cutoff thresholds. These variations have made direct comparison of study results difficult. Several
programmes of standardisation, including the Alzheimer’s Association Quality Control programme for
CSF biomarkers, initiatives within the Joint Program for Neurodegenerative Diseases, and the Global
Biomarker Standardisation Consortium, and by industry, will minimise between-laboratory variations in
the future and allow identification of uniform cutoff levels.” In their 2021 IWG position paper, the group
states "Overall, evidence for the use of biomarkers in clinical practice remains highly disputed and
suffers from a dearth of evidence-based data to recommend biomarker assessments for cognitively
unimpaired individuals.” (Dubois et al., 2021).

The IWG describes specific biochemical evidence in their definitions of AD:
“In-vivo evidence of Alzheimer's pathology (one of the following):

e Decreased AP1-42 together with increased T-tau or P-tau in CSF
* Increased tracer retention on amyloid PET
e AD autosomal dominant mutation present (in PSEN1, PSEN2, or APP)” (Dubois et al., 2014).

In their updated proposed recommendations, the IWG included the following relevant information:

1. "The diagnosis of Alzheimer's disease is clinical-biological. It requires the presence of both a
specific clinical phenotype of Alzheimer's disease (phenotype positive) and biomarker evidence of
Alzheimer’s disease pathology (amyloid-positive and tau positive).

2. In people who have...common phenotypes, amyloid and tau biomarker positivity establishes an
Alzheimer’s disease diagnosis (table 2). The positivity of both amyloid and tau biomarkers is
required because an amnestic phenotype with only amyloid positivity is not specific to
Alzheimer's disease and is seen in other neurodegenerative diseases with amyloid copathology
(including LATE and dementia with Lewy bodies) or in patients with cerebral amyloid angiopathy
and amnestic vascular cognitive impairment. However, an isolated amnestic syndrome of the
hippocampal type with only tau biomarker positivity can occur in primary age-related tauopathy
or in atypical presentations of mixed 3 repeat or 4 repeat tau frontotemporal lobar degeneration.
Finally, uncommon phenotypes with positive Alzheimer’s disease biomarkers should not be a-
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priori classified as an established Alzheimer's disease (table 2); in such cases the clinician could
deem that Alzheimer’s disease is not the dominant pathology driving the clinical phenotype but
only a copathology.

3. Recommended biomarker measures for amyloid § pathology are low CSF AB42, increased CSF
AB40-AB42 ratio (which is, if possible, preferred to low CSF AR42) or high tracer retention in
amyloid PET. For tau pathology, we recommend high CSF phosphorylated tau (not total tau
because of low specificity) or increased ligand retention in tau PET. Recommendation of amyloid
PET and tau PET for use in clinical practice is conditional on regulatory approval and
reimbursement by payers in different countries.

4. CSF investigation is p15rioritized because it provides simultaneous information on the two types
of biomarkers (amyloid B and tau) and is less expensive than amyloid PET, tau PET, or both. If
lumbar puncture is contraindicated, PET investigations are an alternative.

5. Inclinical practice, plasma biomarkers for amyloid B and tau pathology are not currently
recommended. Although promising, plasma biomarkers require further 15tandardization and
validation before they can be broadly regarded as secure evidence of Alzheimer's disease
pathology (amyloid-positive and tau-positive).71,105

6. In clinical practice, the investigation of pathophysiological biomarkers in cognitively unimpaired
individuals is not recommended, given the current inability to predict reliable clinical trajectories
of people who are asymptomatic with biomarker positive status (amyloid-positive and tau-
positive). In the future, if therapies or prevention programmes show substantial efficacy in
delaying onset of disease, that will probably change the need for biomarker investigations in
these individuals, although the problem of the prediction of clinical trajectories in cognitively
unimpaired biomarker-positive individuals will still remain.

7. Physicians are recommended to evaluate the added-value of biomarker investigation for each
symptomatic patient objectively, according to the clinical situation (age, risk of comorbidity,
complexity of the phenotype), the life context, the wishes of the patient to know the most likely
diagnosis, the possibility of participation in a disease-modifying trial, and the appreciation of how
this information will change the management of the patient. Biomarker investigations can also be
limited by the availability, cost, and health-care payment coverage of biomarkers across countries,
centres, and clinical situations” (Dubois et al., 2021).

Table 2 (Dubois et al., 2021):

Likelihood of Alzheimer's disease as a Further investigation
primary diagnosis
Common Alzheimer’s disease phenotypes (amnestic variant, logopenic variant of primary progressive aphasia, and posterior cortical atrophy)
Amyloid positive, tau positive Highly probable-established None required
Amyloid positive, tau unknown  Probable Consider a tau measure (PET, CSF)
Amyloid positive, tau negative Probable . Consider an additional tau measure (PET, CSF)
Tau positive, amyloid unknown  Possible Consider an amyloid measure (PET, CSF)
Tau positive, amyloid negative Paossible Consider an additional amyloid measure (PET, CSF)
Amyloid negative, tau unknown  Unlikely Full investigation of cause and consider a tau measure (PET, CSF)
Amyloid unknown, tau negative  Unlikely Full investigation of cause and consider an amyloid measure (PET, CSF)
Amyloid negative, tau negative  Highly unlikely-excluded Full investigation of cause*
Amyloid unknown, tau Non-assessable Consider tau and amyloid measures (PET, CSF)
unknown
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Amyloid positive, tau positive

Amyloid positive, tau unknown
Amyloid positive, tau negative
Tau positive, amyloid unknown
Tau positive, amyloid negative
Amyloid negative, tau unknown
Amyloid negative, tau negative
Amyloid unknown, tau negative

Amyloid unknown, tau

kynknown

Probable

Possible
Possible
Unlikely
Unlikely
Highly unlikely-excluded
Highly unlikely-excluded
Highly unlikely-excluded

Non-assessable

Uncommon Alzheimer’s disease phenotypes (behavioural or dysexecutive variant, corticobasal syndrome, non-fluent variant of primary
progressive aphasia, and semantic variant of primary progressive aphasia)

None required; careful follow-up needed: an incongruent clinical
phenotype and neurodegeneration pattern should trigger a new

investigation
Consider a tau measure (PET, CSF)

Consider an additional tau measure (PET, CSF)

Full investigation of cause and consider an amyloid measure (PET, CSF)

Full investigation of cause
Full investigation of cause-*
Full investigation of cause—-

Full investigation of cause-*

Full investigation of cause and consider tau and amyloid measures (PET,

CSF)

Other phenotypes (eg, dementia with Lewy bodies, Richardson syndrome, Huntington’s disease, and amyotrophic lateral sclerosis)

Amyloid positive, or tau Unlikely Full investigation of cause

positive, or both

Amyloid negative, tau unknown  Highly unlikely-excluded Full investigation of cause

Amyloid unknown, tau negative  Highly unlikely-excluded Full investigation of cause-

Amyloid negative, tau negative  Highly unlikely-excluded Full investigation of cause

Amyloid unknown, tau Highly unlikely-excluded Full investigation of cause

unknown

United States Preventive Services Task Force (USPSTF)

In 2020, the USPSTF published a recommendation stating that “current evidence is insufficient to assess
the balance of benefits and harms of screening for cognitive impairment in older adults” (Owens et al.,
2020).

European Federation of Neurological Societies (EFNS)

The EFNS published updated guidelines in 2012 for the diagnosis and management of disorders
associated with dementia. These guidelines state that “Routine CSF analysis may help to rule out or rule
in certain infectious causes (Good Practice Point). CSF abeta 1-42/tau/p-tau assessment helps to
differentiate AD (Level B). Assessment of CSF total tau and 14-3-3 protein is recommended in rapidly
progressive dementia when sCJD is suspected (Good Practice Point)” (Sorbi et al., 2012).

Canadian Consensus Conference on the Diagnosis and Treatment of Dementia (CCCDTD)

In 2020, the CCCDTD released recommendations on the diagnosis and treatment of dementia. The
guidelines state that "CSF analysis is not recommended routinely, but it can be considered in dementia
patients with diagnostic uncertainty and onset at an early age (<65) to rule out Alzheimer’s disease (AD)
pathophysiology.” The guidelines also state that “CSF analysis can also be considered in dementia
patients with diagnostic uncertainty and predominance of language, visuospatial, dysexecutive, or
behavioral features to rule out AD pathophysiology” (Ismail et al., 2020).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for
a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations
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(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to
make the determination. For the most up-to-date Medicare policies and coverage, please visit the
Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most
up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

On February 15, 2018, the FDA released a statement concerning the advancement of the development
of novel treatments for neurological conditions, including Alzheimer disease. FDA Commissioner Scott
Gottlieb, M.D., states, “Symptoms and progression of neurological diseases can also vary significantly
across patients, and even within patients, and across organ systems. Some diseases, like Alzheimer's,
may progress invisibly for years. Once clinical symptoms become apparent, significant function may
already be lost. These issues can make drug development more challenging for companies and are
deeply frustrating for patients and caregivers living with these serious and life-threatening conditions.
The FDA recognizes the urgent need for new medical treatments for many serious conditions including
neurological disorders such as muscular dystrophies, amyotrophic lateral sclerosis (ALS), Alzheimer's
disease (AD), migraine and epilepsy. This requires us to become more nimble, collaborative and patient-
focused. As part of our ongoing efforts to expand access to safe and effective treatment options across
all disease areas and promote innovation, the FDA is modernizing multiple aspects of our drug
regulatory programs — including how we communicate scientific and regulatory guidance for drug
development” (Gottlieb, 2018). Concurrently, the FDA released a guidance for industry concerning AD
for public comment for 90 days. Within the guidance, the FDA states, “FDA supports and endorses the
use of diagnostic criteria that are based on a contemporary understanding of the pathophysiology and
evaluation of AD... Important findings applicable to the categorization of AD along its continuum of
progression include the presence of pathophysiological changes as measured by biomarkers, the
presence or absence of detectable abnormalities on sensitive neuropsychological measures, and the
presence or absence of functional impairment manifested as meaningful daily life impact the present
with subjective complaints or reliable observer reports” (FDA, 2018). The final draft of the guidance
should be released in the future after the public comment period has concluded.

In 2022, the FDA permitted marketing for the Fujirebio Diagnostics Lumipulse® G B-Amyloid Ratio (1-
42/1-40) test, which is administrated under a CMS laboratory certification process. It is intended to
measure the ratio of beta-amyloid 1-42 and beta-amyloid 1-40 concentrations in CSF, which can help
predict the likelihood of amyloid plaque formation in potential AD. This assay received the
"Breakthrough Device Designation” from the FDA in May 2022 (FDA, 2022).

Roche Diagnostics received 501(k) clearance from the FDA for their Elecsys® beta-Amyloid (1-42) CSF Il
(Abetad?2) and Elecsys® Phospho-Tau (181P) CSF (pTau181) assays in 2022 for adults 55 years and older
who are evaluated for the disease to generate a pTau181/Abeta4?2 ratio value. In June 2023, Roche
Diagnostics also received 501(k) clearance from the FDA for the Elecsys® beta-Amyloid (1-42) CSF Il
(Abetad?2) and Elecsys® Total-Tau CSF assays (tTau) in the same population through the tTau/Abeta42
ratio, and will be available in Q4 2023 (Roche, 2023).

Many labs have developed specific tests that they must validate and perform in house. These laboratory-
developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-
complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88). LDTs are
not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval
is not currently required for clinical use.
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Applicable CPT/HCPCS Procedure Codes

CPT

Code Description

83520

Immunoassay for analyte other than infectious agent antibody or infectious agent antigen;
quantitative, not otherwise specified

0206U

Neurology (Alzheimer disease); cell aggregation using morphometric imaging and protein
kinase C-epsilon (PKCe) concentration in response to amylospheroid treatment by ELISA,
cultured skin fibroblasts, each reported as positive or negative for Alzheimer disease
Proprietary test: DISCERN™

Lab/Manufacturer: NeuroDiagnostics

0207V

Quantitative imaging of phosphorylated ERK1 and ERK2 in response to bradykinin treatment
by in situ immunofluorescence, using cultured skin fibroblasts, reported as a probability
index for Alzheimer disease (List separately in addition to code for primary procedure)
Proprietary test: DISCERN™

Lab/Manufacturer: NeuroDiagnostics

0289U

Neurology (Alzheimer disease), mMRNA, gene expression profiling by RNA sequencing of 24
genes, whole blood, algorithm reported as predictive risk score

Proprietary test: MindX Blood Test™ - Memory/Alzheimer's

Lab/Manufacturer: MindX Sciences™ Laboratory/MindX Sciences™ Inc

0346U

Beta amyloid, AB40 and AB42 by liquid chromatography with tandem mass spectrometry
(LC-MS/MS), ratio, plasma

Protietary test: QUEST AD-Detect™, Beta-Amyloid 42/40 Ratio, Plasma
Lab/Manufacturer: Quest Diagnostics

0358U

Neurology (mild cognitive impairment), analysis of B-amyloid 1-42 and 1-40,
chemiluminescence enzyme immunoassay, cerebral spinal fluid, reported as positive, likely
positive, or negative

Proprietary test: Lumipulse® G B-Amyloid Ratio (1-42/1-40) Test

Lab/Manufacturer: Fujirebio Diagnostics, Inc

0393U

Neurology (eg, Parkinson disease, dementia with Lewy bodies), cerebrospinal fluid (CSF),
detection of misfolded a-synuclein protein by seed amplification assay, qualitative
Proprietary test: SYNTap® Biomarker Test

Lab/Manufacturer: Amprion Clinical Laboratory

0412U

Beta amyloid, AP42/40 ratio, immunoprecipitation with quantitation by liquid
chromatography with tandem mass spectrometry (LC-MS/MS) and qualitative ApoE
isoform-specific proteotyping, plasma combined with age, algorithm reported as presence
or absence of brain amyloid pathology

Proprietary test: PrecivityAD® blood test

Lab/Manufacturer: C2N Diagnostics LLC

Current Procedural Terminology© American Medical Association. All Rights reserved.

Procedure codes appearing in Medical Policy documents are included only as a general reference
tool for each policy. They may not be all-inclusive.
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Policy Description

Cardiac biomarkers are the biochemical markers released in blood from injured myocardial tissue in
both acute and chronic conditions, such as myocardial infarction or heart failure. They become elevated
in blood after a certain period and can be measured. Examples of cardiac biomarkers commonly used in
the acute clinical setting include troponin and creatine kinase MB isoenzyme (CKMB) (Thygesen et al,,
2007). Others, such as suppression of tumorigenicity 2 (ST2), can serve in long-term as markers of
cardiomyocyte stress and fibrosis for risk stratification of patients with a wide spectrum of cardiovascular
diseases (Bayes-Genis et al., 2015).

Related Policies

Policy Number Policy Title
AHS-G2050 Cardiovascular Disease Risk Assessment

Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at the time of the
request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and
Federal Regulations” section of this policy document.
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1) Forindividuals presenting with signs and symptoms of acute coronary syndrome (see Note 1),
quantitative measurement of cardiac troponin (troponin T or |) for the diagnosis of myocardial
infarction (MI) (when tested at an outpatient facility capable of performing an adequate clinical Ml
evaluation) MEETS COVERAGE CRITERIA up to four times within the first 72 hours following initial
presentation.

2) For individuals presenting with signs and symptoms of acute coronary syndrome (see Note 1),
measurement of following cardiac biomarkers for the diagnosis and/or prognosis of M| DOES NOT
MEET COVERAGE CRITERIA:

a) Aspartate aminotransferase (AST/SGOT).
b) Cardiac creatine kinase isoenzyme MB (CKMB).
C) Creatine kinase (CK).
d) Creatine kinase isoenzymes.
e) Lactate dehydrogenase (LD, LDH).
f) Myoglobin.
3) Measurement of B-type natriuretic peptide (BNP) or N-terminal proBNP (NT-proBNP) MEETS
COVERAGE CRITERIA in any of the following situations:
a) To diagnose heart failure in individuals presenting with dyspnea.

b) To establish disease severity in individuals with chronic heart failure (up to four times per year in
the outpatient setting).

4) For individuals presenting with signs and symptoms of acute coronary syndrome (see Note 1),
measurement of cardiac biomarkers in an outpatient setting which is not capable of performing
adequate clinical Ml evaluation (e.g., independent lab or physician’s office) DOES NOT MEET
COVERAGE CRITERIA.

5) In the outpatient setting, qualitative measurement of cardiac troponin (troponin T or ) DOES NOT
MEET COVERAGE CRITERIA.

The following does not meet coverage criteria due to a lack of available published scientific literature
confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s
illness.

6) For individuals presenting with signs and symptoms of acute coronary syndrome (see Note 1),
measurement of the following cardiac biomarkers for the diagnosis and/or prognosis of Ml DOES
NOT MEET COVERAGE CRITERIA:

a) Copeptin.

b) Troponin C.

C) C-reactive protein.

d) Heart-type fatty acid binding protein (H-FABP).

e) Any other cardiac biomarkers not listed above.
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7) For all situations in the outpatient setting, analysis of ST2 and/or its isoforms (e.g., Presage ST2) DOES
NOT MEET COVERAGE CRITERIA.

NOTES:

Note 1: Acute Coronary Syndrome/Myocardial Infarction Common Signs and Symptoms (Reeder, 2023):

e Ischemic chest pain with radiation to an upper extremity, radiation to both arms, and pain

associated with diaphoresis or with nausea and vomiting.
e Squeezing, tightness, pressure, constriction, crushing, strangling, burning, heartburn, fullness in the
chest, band-like sensation, knot in the center of the chest, lump in throat, ache, heavy weight on
chest and toothache (when there is radiation to the lower jaw).
e Ischemic pain often radiates to other parts of the body including the upper abdomen (epigastrium),
shoulders, arms (upper and forearm), wrist, fingers, neck and throat, lower jaw and teeth (but not

upper jaw), and not infrequently to the back (specifically the interscapular region).

e Shortness of breath, belching, nausea, indigestion, vomiting, diaphoresis, dizziness, lightheadedness,
clamminess, and fatigue.

Atypical Signs and Symptoms (Reeder, 2023):

Dyspnea alone, weakness, nausea and/or vomiting, epigastric pain or discomfort, palpitations, syncope, or

cardiac arrest.

Table of Terminology

Term Definition

AATS American Association for Thoracic Surgery
ACC American College of Cardiology

ACS Acute coronary syndrome Syndromes
ADH Antidiuretic Hormone

AHA American Heart Association

AMI Acute myocardial infarction

APACE Advantageous predictors of acute coronary syndrome evaluation
ASCP American Society for Clinical Pathology
ASE American Society of Echocardiography
ASNC American Society of Nuclear Cardiology
AST Aspartate aminotransferase

AUC Appropriate use criteria

AUC Area under the curve

AVP Arginine vasopressin

B Brain

BB Bundle branch

BMI Body mass index

B-NR Level B — nonrandomized

BNP Brain natriuretic peptide

CABG Coronary artery bypass grafting

CCS Canadian Cardiovascular Society
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Copeptin Helps in the Early Detection of Patients with Acute Myocardial

CHOPIN .
Infarction
CK Creatine kinase
CKMB Creatine Kinase MB isoenzyme
CKMB Cardiac Creatine Kinase isoenzyme MB
CKMM Creatine kinase — skeletal muscle
CLIA ‘88 Clinical Laboratory Improvement Amendments of 1988
CMP Cardiomyopathy
CMS Centers For Medicare and Medicaid
CPK Creatine phosphokinase
cTnl Cardiac troponin |
cTnT Cardiac troponin T
ECG Electrocardiogram
ED Emergency Department
ESC European Society of Cardiology
FDA Food and Drug Administration
GDF-15 Growth differentiation factor 15
HCPCS Healthcare common procedure coding system
H-FABP Heart-type fatty acid binding protein
HF Heart failure
HFSA Heart Failure Society of America
hs-cTn High-sensitivity cardiac troponin
IL-1R Interleukin 1 receptor
IL-2 Interleukin 2
IL-33 Interleukin 33
ILCOR International Liaison Committee on Resuscitation
LAMP Leicester acute myocardial infarction peptide gene
LBBB Left bundle branch block
LD or LDH Lactate dehydrogenase
LDTs Laboratory-developed tests
LOE Level of evidence
M Muscle
MACE Major adverse cardiovascular events
Ml Myocardial infarction
MINOCA Myocardial infarction in the absence of obstructive coronary artery
NICE National Institute for Health and Care Excellence
NSTE-ACS Non-ST-elevation acute coronary syndromes
NSTEMI Non-ST elevation myocardial infarction
NT-proBNP N-terminal pro-B-type natriuretic peptide
PA Prior authorization
PCl Percutaneous coronary intervention
POC Point of care
ROC Receiver operating characteristic
SCAI Society for Cardiovascular Angiography and Interventions
SCCT Society for Cardiovascular Computed Tomography
SGOT Serum glutamic-oxaloacetic transaminase
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sST2 Soluble suppression of tumorigenicity 2
ST2 Soluble interleukin 1 receptor-like 1
ST2L Transmembrane isoform of S2

STEMI ST-elevation myocardial infarction
STS Society of Thoracic Surgeons

ST-T ST-segment-T Wave

T Troponin

TIMI Thrombolysis in myocardial infarction
TnC Troponin C

Tnl Troponin |

nT Troponin T

ULN Upper limit of normal

URL Upper reference limit

WHF World Heart Federation

WHO World Health Organization

Scientific Background

Acute coronary syndromes (ACS) represent continuous events starting with angina, reversible injury, and
progressing to unstable angina; these syndromes are frequently associated with minor myocardial
damage, and myocardial infarction (MI) that results in extensive tissue necrosis (Thygesen et al., 2007).
Patients with ACS usually present with chest pain and associated signs and symptoms. These patients
are subdivided into two major categories based on the 12-lead electrocardiogram (ECG). If an ST-
segment elevation is observed on the ECG, it is indicative of acute ST-elevation myocardial infarction
(STEMI) type of ACS. If the ECG shows ST-segment depression, T-wave changes, or no ECG
abnormalities, it is indicative of non-ST elevation myocardial infarction (NSTEMI) and unstable angina.

ACS is complex. However, the most common cause is atherosclerotic coronary artery disease with
rupture of atherosclerotic plaque (Amsterdam et al., 2014). The first documented definition of acute Ml
was established in 1979 by the World Health Organization (WHO). It included in the criteria for Ml
diagnosis the recommendation to use the rise or fall patterns of cardiac biomarkers, such as creatine
kinase (CK), creatine kinase's MB isoenzyme (CK-MB), lactate dehydrogenase (LDH) or aspartate
aminotransferase (AST) activities (WHO, 1979). Since then, other societies have proposed their own
criteria for diagnosis. The third universal definition of Ml includes typical clinical symptoms, suggestive
ECG changes, or imaging evidence of new loss of viable myocardium or new regional wall abnormality
with a rise and/or fall of cardiac biomarkers (Thygesen et al., 2012). Nonetheless, the universal criteria
are being refined by cardiovascular societies and will likely change with scientific progress and better
understanding of M| pathophysiology.
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Myocardial infarction results in cardiac injury and extensive tissue necrosis. The cellular membranes
become compromised and release structural proteins and other macromolecules into cardiac interstitial
space. These released markers are called cardiac biomarkers. The levels of these cardiac biomarkers in
blood will rise and fall with time after MI (Thygesen et al., 2007). The first cardiac biomarker, aspartate
aminotransferase (AST), was used for Ml diagnosis in 1954. AST is present in human tissues as two
isoenzymes: cytoplasmic and mitochondrial. AST is a non-specific biomarker, and its activity could also
be elevated in other conditions, such as hepatic congestion secondary to congestive heart failure. Since
then, other cardiac biomarkers were used as an aid in diagnosis of M, but due to their non-specificity
and other reasons, many of them are no longer used in clinical practice or their use remains very limited
(Danese & Montagnana, 2016). The most common cardiac biomarkers and their characteristics are
summarized in the table from (Danese & Montagnana, 2016):

Table 1 Characteristics of AMI biomarkers

) _ Kinetics Sensitivity Specificity
. First assay Molecular ) »
Biomarker development, year weight, Da T IrSt detection, Maximum value, Retum to nomal for "TTGC_"!TE’ for ""f':'f'f"e
hours hours values, days necrosls Lol

AST 1954 105,000 -4 15-28 5 -+ +
LDH 1955 140,000 510 B0-144 i2 4 +
CK total enzyme 1960 853,000 3-8 10-20 3 ++ +
activity
CK-MB activity 1972 83,000 3-8 10-20 3 -+ -+
Myoglobin 1978 17.800 1-3 4-T 1-1.5 44 +
CK-MB mass 1985 853,000 312 12-18 2-3 +4 +4+4+
cTnl 1987 23,900 37 10-20 10 4+ +H4+4
cTnT 1989 37,000 3-8 15-120 14 +i44 -t

AST, aspartate aminotransferase; LDH, lactate dehydrogenase; CK, creatine kinase; CK-MB, creatine kinase MB isoenzyme; cTnl, cardiac
tropanin I; cTnT, cardiac troponin T.

Heart failure (HF) is a complex clinical syndrome resulting from any structural or functional impairment
of ventricular filling or ejection of blood, including disorders of the pericardium, myocardium,
endocardium, heart valves, great vessels, or certain metabolic abnormalities (Colucci, 2023). Most
patients with HF have symptoms due to impaired left ventricular (LV) myocardial function (Colucci &
Dunlay, 2022; Yancy et al., 2013). The most common symptoms of HF are dyspnea and fatigue, which
may limit exercise tolerance and fluid retention. Some patients have exercise intolerance but little
evidence of fluid retention, whereas others complain primarily of edema, dyspnea, or fatigue (Colucci &
Dunlay, 2022). Heart failure is often a progressive condition, beginning with predisposing factors and
leading to the development and worsening of clinical illness (Colucci, 2021; Colucci & Dunlay, 2022).

Lactate Dehydrogenase (LDH, also known as LD)

Lactate dehydrogenase is a cytoplasmic enzyme present in many different tissues, such as skeletal
muscle, liver, heart, kidney, and red blood cells. Five isoenzymes have been identified by gel
electrophoresis and other techniques (Marshall et al., 1991). The heart isoenzymes, LD1 and LD2, have
activity increases in blood five to ten hours after Ml symptoms onset and remains elevated for up to ten
days (Danese & Montagnana, 2016). LD has poor specificity for cardiac tissue and is generally not
recommended as a biomarker for the diagnosis of Ml (Amsterdam et al., 2014; Jaffe & Morrow, 2021).

Myoglobin
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Myoglobin is an oxygen-binding, cytoplasmic, heme protein. It is one of the first cardiac biomarkers
measurable in the serum that appears between one and three hours after Ml symptoms onset.
Myoglobin is present in skeletal and cardiac muscles and is cleared by the kidneys (Vaidya, 1994). Its
clinical utility is limited by its poor specificity. The main reason of using myoglobin in a clinical setting
was its sensitivity for Ml (Danese & Montagnana, 2016); but with appearance of sensitive troponin
assays, myoglobin use offers little advantage for the diagnosis of Ml (Eggers et al., 2004; Kavsak et al,,
2007). Currently, there are no recommendations for myoglobin to be used in the diagnosis of Ml
(Amsterdam et al., 2014), and its use as cardiac biomarker is discouraged (Amsterdam et al., 2014; Jaffe
& Morrow, 2021).

Creatine Kinase (CK) Isoenzymes and Isoform MB (CKMB)

The cytosolic enzyme creatine kinase (CK), formerly known as creatine phosphokinase (Danese &
Montagnana, 2016), is present as three cytosolic isoenzymes and one mitochondrial isoenzyme. These
isoenzymes are dimers of M (muscle) and B (brain) chains that exist in three combinations: MM, MB and
BB (Bessman & Carpenter, 1985). The CKMM is predominant in both heart and skeletal muscle, but
CKMB is more specific for the myocardium. The total CK activity could be detected in blood 3-9 hours
after MI, but it reaches the maximum levels in blood in 10-20 hours and returns to normal in about 72
hours (Penttila et al., 2000). The measurement of total CK activity is not specific to Ml because it also
increases in liver, biliary tract, kidneys, and skeletal muscle disease, and its measurement is problematic
in older individuals with lower muscle mass (Dillon et al., 1982; Heller et al., 1983; Yusuf et al., 1987).
CKMB mass (CKMB protein concentration measurements) was once the cardiac biomarker of the choice
that replaced CK, CKMB activity, AST, and LDH (Danese & Montagnana, 2016). However, with arrival of
cardiac troponin assays, the use of CKMB became less popular. Some clinicians advocate for the use of
CKMB for diagnosis and prognosis of MI, but cardiac troponins have shown either equally reliable or
superior results compared to CKMB; consequently, troponin is the recommended test for MI diagnosis
now (Amsterdam et al,, 2014; Jaffe & Morrow, 2021).

Engel and Rockson (2020) studied the use of CK-MB in early diagnosis of myocardial infarction within
the first nine hours of the hospital stay. The authors studied 528 patient charts of patients who had
complained of chest pain. An enzymatic diagnosis was assigned if CK-MB exceeded the normal values.
The diagnosis of each patient before nine hours (early diagnosis) was compared to the ultimate
diagnosis at 14-24 hours (final diagnosis). Of the 528 patients, 195 (36.9%) had an early MI diagnosis
within nine hours and 190 patients (97.4%) of these did have an ultimate diagnosis of MI. Therefore, the
authors conclude that "standard CK-MB measurements within 9 hours of arrival provided an accurate
clinical assessment in > 99% of the cases” (Engel & Rockson, 2020).

Troponins

The regulatory protein troponin in the troponin complex is composed of three isoforms. Troponin C
(TnC) is responsible for calcium binding and has no role to play as a cardiac biomarker. Troponin | (Tnl)
and Troponin T (TnT) are responsible for inhibition of ATPase activity and tropomyosin binding,
respectively (Greaser & Gergely, 1971). Contrary to all previously used cardiac biomarkers, cardiac
troponins have high specificity for cardiac tissue. The cardiac troponins have a specific pattern of
expression because they have different amino sequences encoded by different genes for skeletal and
cardiac muscles. Cardiac Tnl has an additional 31-amino acid residue compared to skeletal muscle. This
protein is not expressed in normal, regenerating, or diseased skeletal muscle from human or animal
origin (Bodor et al., 1995). Cardiac TnT has an additional 11-amino acid residue, but this protein was also
found in regenerating rat skeletal muscle, during human fetal development, and in diseased human
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skeletal muscle (Anderson et al.,, 1991; Bodor et al., 1997; Saggin et al., 1990). In addition, cardiac TnT
was also found in skeletal muscle specimens from patients with muscular dystrophy, polymyositis, and
chronic renal disease (Bodor et al., 1997; McLaurin et al., 1997).

Neumann et al. (2019) evaluated high-sensitivity troponin (troponin | and T)'s ability to predict
myocardial infarction and subsequent 30-day outcomes. The authors developed a risk assessment tool
based on patients presenting to the emergency department with “symptoms suggestive of myocardial
infarction.” Concentrations of troponin | or T were measured at presentation and after early or late serial
sampling. Cutoffs were then determined to create cutoffs for risk assessment. Among the 22651 patients
(9604 in derivation cohort, 13047 in validation cohort), the total prevalence of myocardial infarction was
15.3%. The authors found that “lower high-sensitivity troponin concentrations at presentation and
smaller absolute changes during serial sampling were associated with a lower likelihood of myocardial
infarction and a lower short-term risk of cardiovascular events” (Neumann et al., 2019).

Anand et al. (2019) evaluated the adoption rate of the universal definition of myocardial infarction and
the corresponding recommendations. A total of 1902 medical centers over 23 countries were surveyed,
and the authors obtained answers regarding the primary biomarker, diagnostic thresholds, and clinical
pathways used to identify myocardial infarction. The authors found that cardiac troponin was the
primary biomarker used at 96% of surveyed sites, with 41% of these sites using high-sensitivity
troponins. The sites using high-sensitivity assays were also more likely to use serial sampling (91% vs
78% using “contemporary” sensitivity troponin) and the 99% percentile diagnostic threshold (74% vs
66%). Use of creatine kinase-MB (CKMB) was “very limited” outside of Latin America (Anand et al., 2019).

In addition, other cardiac biomarkers, such as heart-type fatty acid binding protein (H-FABP) and
copeptin, have been reported in the scientific literature. However, they are not commonly used in clinical
settings (Jaffe & Morrow, 2021).

Boeddinghaus et al. (2020) compared the diagnostic accuracy of high-sensitivity cardiac troponin (hs-
cTn) TriageTrue assay in patients with suspected myocardial infarction (Ml) with other laboratory assays
including f hs-cTnTElecsys assay and hs-cTnl-Architect assay. A total of 1,261 patients with patients
suggestive of MI were enrolled in the study. The TriageTrue assay ruled out patients with troponin |
concentration < 3 ng/l and classified these patients as low risk of Ml and ruled in patients with a
troponin | concentration > 60 ng/l. Out of the 1,261 patients enrolled in the study, 178 were diagnosed
with Ml based on troponin | levels of > 60 ng/l using the TriageTrue assay. TriageTrue troponin |
concentrations were higher in patients with MI than in patients with other final diagnoses. Other
diagnosis included unstable angina in 13 of 1,261 (9%), tachyarrhythmia, Takotsubo syndrome, heart
failure, or myocarditis in 208 patients (17%), and noncardiac symptoms in 714 patients (57%). The AUC
of the TriageTrue assay was 0.95, the hs-cTnT-Elecsys assay AUC was 0.93, and hs-cTnl-Architect assay
AUC was 0.92. The TriageTrue algorithm allowed providers to make a triage decision after one hour in
401 of 545 patients. The efficacy for rule-out or rule-in was 43% for the TriageTrue, 25% in f hs-
cTnTElecsys, and 22% in hs-cTnl-Architect. Ruled-out patients had cumulative event rates of 0% at 30
days and 1.6% at two years. Overall, the authors conclude that "POC-hs-cTnl-TriageTrue assay provides
high diagnostic accuracy in patients with suspected Ml with a clinical performance that is at least
comparable to that of best-validated central laboratory assays” (Boeddinghaus et al., 2020).

Heart-type fatty acid binding protein (H-FABP)

Heart-type fatty acid binding protein, a small cytoplasmic protein present in cardiomyocytes, is believed
to have a function in myocardial lipid homeostasis (Glatz & van der Vusse, 1990). Because of its small
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size, this protein appears in the blood after Ml almost as early as myoglobin, but it has better specificity
than myoglobin for cardiac tissue (Van Nieuwenhoven et al., 1995). Seino et al compared the use of H-
FABP with rapid troponin in 371 patients with acute chest pain (Seino et al., 2003). Their study
demonstrated that H-FABP had significantly higher sensitivity (89%) than troponin T (22%) and
myoglobin (38%), but it has lower specificity (52%) than troponin (94%). Other studies were performed
to compare H-FABP to troponins; however, they were unable to demonstrate superior results compared
to troponins. H-FABP is not encouraged for assessment of Ml as troponins are generally superior (Jaffe
& Morrow, 2021).

In a prospective, cross-sectional study, Nguyen et al. (2020) studied the diagnostic utility of H-FABP in
the early diagnosis of acute Ml in comparison with troponin | and CK-MB. 216 patients enrolled in the
study with 179 of those diagnosed with acute MI. H-FABP, CK-MB, and troponin | levels were compared.
H-FABP reached its highest concentration in 6-12 hours after symptoms of chest pain, with a mean value
of 169 ng/mL in acute Ml patients. The cut-off value was 5.7 ng/ml with 90.5% sensitivity and 100%
specificity. The combination of H-FABP, CK-MB and troponin | together had the highest sensitivity of
97.2%. The AUC of H-FABP was observed to be 0.99, which was higher than CK-MB (0.92) and troponin |
(0.86). The authors conclude that "H-FABP can be used as a reliable diagnostic cardiac biomarker in the
early detection of AMI for patients who came to the emergency room within 12h of onset of chest pain”
(Nguyen et al., 2020).

Copeptin

Copeptin is the 39 amino acid C-terminal fragment cleaved from pro-arginine vasopressin (AVP). After
MI, copeptin levels increase rapidly and decline over the next two to five days (Khan et al., 2007). In the
Copeptin Helps in the Early Detection of Patients With Acute Myocardial Infarction (CHOPIN) 16-site
study involving 1,967 patients presenting within six hours of pain onset, copeptin was shown to have a
potential value in ruling out MI with a negative predictive value greater than 99% when combined with
Tnl measurements (Maisel et al., 2013). The Advantageous Predictors of Acute Coronary Syndrome
Evaluation (APACE) multicenter study, involving 1,439 patients presenting with Ml symptoms,
demonstrated no benefit in using copeptin as a an early rule-out cardiac biomarker for Ml (Hillinger et
al., 2015). Copeptin is not encouraged for assessment of Ml as troponins are generally superior (Jaffe &
Morrow, 2021).

s12

Part of the interleukin-1 receptor family with two isoforms, ST2 has two isoforms: soluble ST2 (sST2) and
ST2L. ST2 is the receptor of the IL-33 cytokine that can be secreted by living cells in response to cellular
stress and mechanical strain. IL-33 binds the receptor complex of ST2L and IL-1R accessory protein and
reduces myocardial fibrosis, prevents cardiomyocyte hypertrophy, reduces apoptosis, and improves
myocardial function. The cardioprotective effects of IL-33 are specifically through the ST2L receptor.
However, sST2 may also bind IL-33, blocking the interaction between IL-33/ST2L. This eliminates the
cardioprotective effects of the IL-33/ST2L interaction (Pascual-Figal & Januzzi, 2015). Experimentally, this
leads to cardiac hypertrophy, fibrosis, and ventricular dysfunction (Januzzi et al.,, 2015).

One of the main proprietary tests used to assess ST2 levels is the Presage Assay by Critical Diagnostics.
This assay was approved by the FDA on December 9, 2011. According to the FDA, “The Critical
Diagnostics Presage® ST2 Assay kit is an in vitro diagnostic device that quantitatively measures ST2 in
serum or plasma by enzyme-linked immunosorbent assay (ELISA) in a microtiter plate format. The
Presage® ST2 Assay is indicated to be used in conjunction with clinical evaluation as an aid in assessing
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the prognosis of patients diagnosed with chronic heart failure.” The manufacturer claims a measuring
range of 3.1 ng/mL of soluble ST2 to 200 ng/mL, and the data based on 1100 samples supports this
claim. These 1100 samples found coefficient of variation of under 5%, a linear curve, and a r>=0.99 (FDA,
2011).

By-type Natriuretic Peptide (BNP)

B-type natriuretic peptide (BNP) plays a role in salt and water management as well as pressure
regulation within the natriuretic peptide system. When the prohormone proBNP is cleaved, it produces
BNP and N-terminal pro-BNP; BNP is released mostly from the left ventricle in the heart. An increase in
the release of BNP may be indicative of heart failure and rapid measurement can establish or exclude
the diagnosis of heart failure in patients with acute dyspnea.

A number of clinical assays are available for plasma BNP. These range from rapid point-of-care tests to
lab tests that provide precise values for BNP. An NT-proBNP concentration greater than 900 pm/mL is
“roughly” the same as a BNP concentration that is greater than 100 pg/mL (Wilson S Colucci, 2023).

Natriuretic peptide biomarkers should be measured in patients who present with dyspnea to diagnose
heart failure, but these biomarkers must be considered as part of a complete patient evaluation and not
used in isolation. For prognosis, natriuretic peptide biomarkers can be used in patients with chronic HF
and used when patients are admitted to the hospital with acutely decompensated HF. Lastly, there may
be value in measuring natriuretic peptide biomarkers predischarge from the hospital (Wilson S Colucci,
2023).

N-terminal pro-B-type Natriuretic Peptide (NT-proBNP)

Measurement of NT-proBNP is of value in diagnosis and prognosis of heart failure and other
cardiovascular diseases. Studies show that the accuracy of diagnosing heart failure across various
settings improves with measurement of NT-proBNP values. Like BNP, NT-proBNP is helpful when used
with patients presenting with dyspnea. The "optimal” measurement value for differentiating between
heart failure and other causes of dyspnea varies with patient age.

BNP and N-terminal pro-BNP both fall in concentration after effective therapeutic treatment of chronic
heart failure, which means that serial measurements have shown some promise in therapeutic
management. However the effectiveness and use of serial BNP measurements in monitoring patient
response to acute heart failure treatment is still under investigation (Wilson S Colucci, 2023).

Proprietary Testing

Proprietary tests for various biomarkers are available in several clinical settings. Platforms including
Roche’s “"CARDIAC Trop T Sensitive test” and Responsebio’s battery of cardiac tests emphasize their
speed (on the scale of minutes) and versatility (ResponseBio, 2023; Roche, 2023).

No single diagnostic test for HF exists because it is largely a clinical diagnosis based on a careful history
and physical examination. However, biomarkers of cardiovascular diseases have been developed for
diagnosis and prognosis, and the use of several biomarkers is now considered the standard of care. ST2
is a marker of cardiomyocyte stress and fibrosis that adds additional value to natriuretic peptides,
resulting in a risk stratification of patients with a wide spectrum of cardiovascular diseases (Bayes-Genis
et al, 2015).
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Clinical Utility and Validity

Jeong et al. (2020) studied the diagnostic value of copeptin for early diagnosis of acute Ml in
comparison with troponin | and CK-MB. 271 patients complaining of chest pain within 6 hours of onset
were studied within the emergency department. The diagnostic performance of copeptin, troponin |,
and CK-MB was compared by assessing the AUC and ROC curve analysis. After comparing AUC,
copeptin had a significantly better diagnosis value than troponin | in patients with chest pain within two
hours of onset. In addition, troponin | and copeptin together had better diagnostic performance than
CK-MB and troponin | combination. Overall, the authors conclude that "the combination of troponin |
and copeptin improves AMI diagnostic performance in patients with early-onset chest pain in an ED
setting” (Jeong et al., 2020).

Ky et al. (2011) conducted a multi-center prospective study to evaluate whether plasma ST2 levels
predict adverse outcomes in 1,141 chronic heart failure outpatients. Patients in the highest ST2 tertile
(ST2 > 36.3 ng/mL) had a "markedly increased” risk (hazard ratio 3.2) of adverse outcomes compared to
the lowest tertile <22.3 ng/mL). The investigators concluded that “ST2 is a potent marker of risk in
chronic heart failure and when used in combination with NT-proBNP offers moderate improvement in
assessing prognosis beyond clinical risk scores” (Ky et al., 2011).

Wang et al. (2012) studied the prognostic value of three novel biomarkers induced by cardiovascular
stress. The investigators measured sST2, growth differentiation factor-15, and high-sensitivity troponin |
in 3,428 participants in the Framingham Heart Study. Multivariable-adjusted proportional hazards
models were performed to assess the individual and combined ability of the biomarkers to predict
adverse outcomes. The three new biomarkers were associated with death, major cardiovascular events,
and heart failure, but not with coronary events. The investigators concluded that the findings
demonstrated the prognostic value of the newer biomarkers in apparently healthy individuals (Wang et
al, 2012).

Wijk et al. (2014) provided a follow-up on the largest study of long-term results of intensified NT-
proBNP-guided versus symptom-guided management of elderly patients with heart failure. The TIME-
CHF study randomized 499 patients with heart failure that were ages 60 and older with left ventricular
ejection fraction; patients were provided either guided NT-proBNP treatment or symptom-guided
therapy over a period of 18 months. The results of the study showed “NT-proBNP-guided therapy did
not improve the primary end point compared with symptom-guided therapy but did improve HF
hospitalization-free survival” (Wijk et al., 2014).

Wang et al. (2018) investigated the possibility of using sST2 as a biomarker to distinguish between acute
aortic dissection and other causes of acute chest pain. Using an R&D Systems assay to measure plasma
concentrations of sST2 in 1360 patients with a cutoff of 34.6 ng/mL, the researchers found that “sST2
had a sensitivity of 99.1%, specificity of 84.9%, positive predictive value of 68.7%, negative predictive
value of 99.7%, positive likelihood ratio of 6.6, and negative likelihood ratio of 0.01.” Additionally, within
24 hours of symptom onset, sST2 levels were higher in those with acute aortic dissection in comparison
to those with acute myocardial infarction or pulmonary embolism. sST2 was also superior in overall
diagnostic performance to D-dimer and troponin | using the area under receiver operating characteristic
curves.

Januzzi et al. (2013) conducted a retrospective study to assess sST2 as a prognostic marker after
orthotopic heart transplantation (OHT) and as a test to predict acute cellular rejection. sST2
concentrations were measured in 241 patients following OHT. Elevated sST2 was associated with cellular
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rejection, with highest rates of cellular rejection in the 4th sST2 quartile. No significant association
between sST2 and antibody-mediated rejection or allograft vasculopathy was found. A sST2 level of > 30
ng/mL was found to independently predict death over the 7-year follow-up with a hazard ratio of 2.1.
The investigators concluded that sST2 levels are associated with the presence of cellular rejection and
predict long-term mortality following OHT (Januzzi et al., 2013).

Boman et al. (2018) assessed the prognostic value of ST2 on cardiovascular mortality. 159 patients were
evaluated, but ST2 was not found to be significantly associated with cardiovascular mortality or all-cause
mortality. Furthermore, no significant interaction of ST2 and N-terminal pro-hormone of brain natriuretic
peptide /N-terminal pro-B-type natriuretic peptide was found (Boman et al., 2018).

Dimitropoulos et al. (2020) investigated the association of soluble suppression of tumorigenesis-2 (sST2)
with endothelial function in patients with ischemic heart failure. A total of 143 patients with “table HF of
ischemic etiology and reduced left ventricular ejection fraction (LVEF)” were included along with 77
controls. The authors found an increased level of sST2 in HF patients compared to controls (15.8 ng/mL
compared to 12.5 ng/mL). Within the HF group, there was no association of LVEF with sST2. Overall,
sST2 levels were found to be increased and associated with functional capacity in "patients with chronic
HF of ischemic etiology.” Finally, the authors found an inverse association between flow-mediated
dilation and sST2 levels, which the authors stated "highlight[ed] the interplay between the dysfunctional
endothelium and HF pathophysiologic mechanisms” (Dimitropoulos et al., 2020).

Hou et al. (2020) aimed to investigate the association between sST2 levels and clinical outcomes of high-
risk heart failure. The primary endpoint was defined as all-cause mortality. A total of 150 patients were
included; all-cause mortality occurred in 16 of the patients over the course follow-up. The authors found
that all-cause mortality increased significantly above 34.98846 ng/mL by a factor of 16% to 5.33%. After
adjusting the model for certain co-factors (age, gender, et al.), and after adding NT-proBNP, “the risk of
all-cause death was increased by 2.5% and 1.9%, respectively, per ng/ml of sST2.” The authors identified
the best sST2 cut-off for predicting all-cause mortality to be 43.42671 ng/ml, with an area under the
curve of 0.72, sensitivity of 0.69, and specificity of 0.69. Risk of all-cause mortality was found to be 21.2%
above this cutoff and 5.1% below it, with a corresponding hazard ratio of 3.30. The authors concluded
that “Patients with sST2 levels more than 43.42671 ng/ml even after ICD implantation should therefore
be monitored carefully” (Hou et al., 2020).

Guidelines and Recommendations
2018 ESC/ACC/AHA/WHF Fourth Universal Definition of Myocardial Infarction

Both cTnl and cTnT are recommended for evaluation of myocardial injury, and high sensitivity cTn assays
are recommended for routine clinical use. An acute Ml is designated when a rising/falling pattern is seen
with cTn levels and if there is at least one measurement greater than the 99™ percentile of the upper
reference limit (URL) (Jaffe et al., 2018).

CKMB is considered less sensitive and specific than either troponin. However, in the absence of a cTn
assay, CK-MB is considered the best alternative. A measurement of CK-MB above the 99™ percentile of
the URL should be “designated as the decision level for the diagnosis of MIL." Sex-specific CK-MB values
should be used (Jaffe et al., 2018).

In the 2019 AHA guideline discussing the “Contemporary Diagnosis and Management of Patients With
Myocardial Infarction in the Absence of Obstructive Coronary Artery Disease [MINOCA]", the AHA notes
that the diagnostic criteria of MINOCA follows the “Fourth Universal Definition of Myocardial Infarction”
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above, specifically the rise or fall of cardiac troponin levels with at least one value above the 99
percentile of the reference limit. The guideline considers this definition “fundamental” to identifying and
defining MINOCA (Tamis-Holland Jacqueline et al., 2019).

2014 AHA/ACC Guideline for the Management of Patients with Non-ST-Elevation Acute Coronary
Syndromes (NSTE-ACS)

The American College of Cardiology (ACC) and the American Heart Association (AHA) have developed
clinical practice guidelines to provide recommendations applicable to patients with or at risk of
developing cardiovascular disease and to provide guidance to clinicians on optimal management of
patients with NSTE-ACS. In their comprehensive document, the AHA/ACC panel has provided
recommendations for initial evaluation and management of patients presenting with ACS symptoms, for
the early hospital care, myocardial revascularization, late hospital care, hospital discharge and
posthospital discharge care, special patient groups and quality of care and outcomes for ACS. The Task
Force recommended to stratify patients with suspected ACS based on the likelihood of ACS and those
with high-risk features should be referred immediately to the emergency department (ED). They have
provided specific recommendations for the use of cardiac biomarkers in the diagnosis and prognosis of
MI. They specifically recommended using troponin (troponin | or T when contemporary assay is used) for
the diagnosis of MI. According to AHA/ACC guidelines, the cardiac troponin is recommended and
should be measured at presentation and three to six hours after symptom onset in all patients who
present with ACS symptoms. The panelists recommended identifying rising and/or falling pattern of
troponin. In addition, they recommended measuring troponin levels beyond six hours after symptom
onset in patients with normal troponins on serial examination when ECG changes and/or clinical
presentation suggests ACS. If the onset of symptoms is not clearly identified, they recommended using
the time of presentation as the time of onset for measuring troponin. The AHA/ACC guideline clearly
highlighted that CKMB, or myoglobin should not be used for the diagnosis of ACS. All recommendations
for the use of cardiac biomarkers in the diagnosis of M| were level A evidence.

The AHA/ACC guideline considered all recommendations in the use of cardiac biomarkers for ACS
prognosis as level of evidence B. They considered the presence and magnitude of troponin elevations
useful for short- and long-term prognosis. The re-measurement of troponin once on day three or four in
patients with M| was considered reasonable to estimate the infarct size and dynamics of necrosis. Finally,
they considered the use of B-type natriuretic peptide to be reasonable for additional prognostic
information.
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The recommendations for the use of cardiac biomarkers in the diagnosis and prognosis of MI was well
summarized in Table from 2014 AHA/ACC guidelines p.2655 (Amsterdam et al.,, 2014):

m Summary of Recommendations for Cardiac Biomarkers and the Universal Definition of MI

Recommendations COR LOE

Diagnosis

Measure cardiac-specific troponin (troponin | or T) at presentation and 3—6 h after symptom
onset in all patients with suspected ACS to identify pattern of values

Obtain additional troponin levels beyond 6 h in patients with initial normal serial troponins with
electrocardiographic changes and/or intermediatef/high risk clinical features

Consider time of presentation the time of onset with ambiguous symptom onset for assessing
troponin values

With contemporary troponin assays, CK-MB and myoglobin are not useful for diagnosis of ACS
Prognosis
Troponin elevations are useful for short- and long-term prognosis

Remeasurement of troponin value once on d 3 or 4 in patients with M| may be reasonable
as an index of infarct size and dynamics of necrosis

BNP may be reasonable for additional prognostic information

ACS indicates acute coronary syndromes; BNP, B-type natriuretic peptide; CK-MB, creatine kinase myocardial isoenzyme; COR, Class of Recommendation; LOE, Level of Evidence; and
MI, myocardial infarction.

2013 (published 2014) Society for Cardiovascular Angiography and Interventions (SCAI)

In their expert consensus document titled “Consideration of a New Definition of Clinically Relevant
Myocardial Infarction After Coronary Revascularization,” the SCAI expert panel introduced a new
definition of clinically relevant Ml after coronary revascularization percutaneous coronary intervention
(PCl) or coronary artery bypass grafting (CABG). In their definition of clinically relevant Ml after both PCI
and CABG procedures, authors gave recommendations according to three different types of clinical
presentation. In the first case, when patient has a normal CKMB baseline: “The peak CK-MB measured
within 48 hours of the procedure rises to >10x the local laboratory ULN, or to >5x ULN with new
pathologic Q-waves in >2 contiguous leads or new persistent LBBB, OR in the absence of CK-MB
measurements and a normal baseline cTn, a cTn (I or T) level measured within 48 hours of the PCl rises
to >70x the local laboratory ULN, or >35x ULN with new pathologic Q-waves in >2 contiguous leads or
new persistent LBBB.” In the case when patients have elevated baseline CKMB (or cTn) with stable of
falling biomarkers levels, they issued the following recommendation: “The CK-MB (or cTn) rises by an
absolute increment equal to those levels recommended above from the most recent pre-procedure
level.” And, in patients with elevated CKMB (or cTn), but without stable or falling biomarkers level, the
recommendation was: “The CK-MB (or cTn) rises by an absolute increment equal to those levels
recommended above plus new ST-segment elevation or depression plus signs consistent with a clinically
relevant MI, such as new onset or worsening heart failure or sustained hypotension.” The authors have
expressed preference to use CKMB instead of cTn, but they have included cTn in their definition if CKMB
was not available (Moussa et al., 2013).

2015 AHA Guidelines Update for Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care
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In their review of previously issued guidelines, the expert panel introduced new recommendations for
diagnostic interventions in ACS regarding cardiac biomarkers. They still recommended to use Troponin
in following situations: “We recommend against using hs-cTnT and cTnl alone measured at 0 and 2
hours (without performing clinical risk stratification) to identify patients at low risk for ACS (Class III:
Harm, LOE B-NR). We recommend that hs-cTnl measurements that are less than the 99th percentile,
measured at 0 and 2 hours, may be used together with low-risk stratification (TIMI score of 0 or 1 or low
risk per Vancouver rule) to predict a less than 1% chance of 30-day MACE (Class lla, LOE B-NR). We
recommend that negative cTnl or cTnT measurements at 0 and between 3 and 6 hours may be used
together with very low-risk stratification (TIMI score of 0, low-risk score per Vancouver rule, North
American Chest Pain score of 0 and age less than 50 years, or low-risk HEART score) to predict a less
than 1% chance of 30-day MACE (Class lla, LOE B-NR).” They did not express a preference in cardiac
biomarkers to use, nor did they gave any recommendations regarding CKMB (O’Connor Robert et al.,
2015).

American College of Cardiology/American Heart Association/Heart Failure Society of America
(ACC/AHA/HFSA)

In 2017, the ACC/AHA/HFSA included information on BNP and NT-proBNP measurement for
establishing prognosis or disease severity in chronic HF. Their recommendations:

e For prevention:

o “Class lla recommendation (Level of Evidence: B-R) for utilizing natriuretic peptide biomarker-
based screening for those at risk of developing HF, followed by team-based care including a
cardiovascular specialist optimizing guideline-directed medical therapy (GDMT), to prevent
the development of left ventricular dysfunction (systolic or diastolic) or new-onset HF.z"

e For diagnosis:

o “Class | recommendation (Level of Evidence: A) for measurement of natriuretic peptide

biomarkers in patients presenting with dyspnea, to support a diagnosis or exclusion of HF.”
e For prognosis or added risk stratification:

o "Class | recommendation (Level of Evidence: A) for measurement of B-type natriuretic peptide
(BNP) or N-terminal (NT)-proBNP for establishing prognosis or disease severity in chronic HF.”

o "Class | recommendation (Level of Evidence: A) for measurement of baseline natriuretic
peptide biomarkers and/or cardiac troponin on admission to the hospital to establish a
prognosis in acutely decompensated HF.”

o "Class lla recommendation (Level of Evidence: B-NR) for measurement of a predischarge
natriuretic peptide level during a HF hospitalization, to establish a post-discharge prognosis.”

o "Class lla recommendation (Level of Evidence: B-NR) for measurement of other clinically
available tests, such as biomarkers of myocardial injury or fibrosis, in patients with chronic HF
for additive risk stratification (Yancy et al,, 2017)."

The full ACC/AHA article does not appear to support a standard of care that includes measuring
BNP/NT-BNP for purposes of serial monitoring or therapeutic management, noting that “Because of the
absence of clear and consistent evidence for improvement in mortality and cardiovascular outcomes,
there are insufficient data to inform specific guideline recommendations related to natriuretic peptide-
guided therapy or serial measurements of BNP or NT-proBNP levels for the purpose of reducing
hospitalization or deaths in the present document” (Yancy et al., 2017).

In 2022, the ACC/AHA/HFSA updated their 2017 guideline on the management of heart failure.
Regarding BNP and NT-proBNP assays, the authors emphasize that both tests can be used to establish
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the presence and severity of heart failure. However, they caveat that diagnostic sensitivity is impacted
when a patient Is overweight — patients who are obese sometimes measure as having low levels of BNP
and NT-proBNP.

Additional points of emphasis include:

e "Asubstantial evidence base supports the use of natriuretic peptide biomarkers for excluding HF
as a cause of symptoms in ambulatory and emergency department settings.”

e "Although a reduction in BNP and NT-pro-BNP has been associated with better outcomes, the
evidence for treatment guidance using serial BNP or NT-proBNP measurements remains
insufficient.”

e "Awidening array of biomarkers including markers of myocardial injury, inflammation, oxidative
stress, vascular dysfunction, and matrix remodeling have been shown to provide incremental
prognostic information over natriuretic peptides but remain without evidence of an incremental
management benefit.”

The recommendations for the use of biomarkers was summarized in the table provided by the
ACC/AHA/HFSA (Heidenreich, 2022):

Recommendations for Use of Biomarkers for Prevention, Initial Diagnosis, and Risk Stratification

Referenced studies that support the recommendations are summarized in the

COR LOE RECOMMENDATIONS

1. In patients presenting with dyspnea, measurement of B-type natriuretic peptide (BNP) or N-terminal
prohormone of B-type natriuretic peptide (NT-proBNP) is useful to support a diagnosis or exclusion of HF
(1-12).

. In patients with chronic HF, measurements of BNP or NT-proBNP levels are recommended for risk
stratification (11,13-29).

3. In patients hospitalized for HF, measurement of BNP or NT-proBNP levels at admission is recommended
to establish prognosis (11,13-19).

N

4. In patients at risk of developing HF, BNP or NT-proBNP-based screening followed by team-based care,

2a B-R including a cardiovascular specialist, can be useful to prevent the development of LV dysfunction or new-
onset HF (30,31).
5. In patients hospitalized for HF, a predischarge BNP or NT-proBNP level can be useful to inform the
2a B-NR

trajectory of the patient and establish a postdischarge prognosis (14,17,20-29).

American Heart Association (AHA)

The AHA notes sST2 as an “emerging” biomarker that supports diagnosis of HF with preserved ejection
fraction, a biomarker that may predict mortality and HF events, and a biomarker that correlates with left
ventricular end-diastolic pressure. The AHA states that sST2 has numerous advantages as a biomarker,
namely its concentration being unaffected by BMI, age, or renal function. SST2 is stated to correlate with
HF prognosis as well. Overall, AHA states that out of the newer biomarkers (SST2, ST2, Gal-3, and GDF-
15), "most appeal is driven by sST2" (Chow et al.,, 2017).

A Scientific Statement published in 2019 also considered ST2 as the most “promising clinically”, but also
mentioned the limitations in consistency and utility in most inflammatory mediators. The Statement
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notes several clinical studies focusing on sST2 that are in progress as of March 24, 2020 (Cresci et al.,
2019).

European Society of Cardiology (ESC)

The ESC notes measurement of cardiac troponins as “mandatory” in all patients with suspected non-ST-
elevation acute coronary syndromes. The guidelines assert that cardiac troponins are more sensitive and
specific biomarkers of cardiomyocyte injury than CK, CKMB, and myoglobin. However, if troponin
measurement is not possible, measurement of copeptin is recommended.

The ESC also acknowledges the natriuretic peptides (B-type natriuretic peptide, N-terminal pro-B-type
natriuretic peptide and midregional pro-A-type natriuretic peptide) as providing useful prognostic
information along with the troponins. The ESC mentions other biomarkers such as midregional pro-
adrenomedullin, growth differentiation factor 15 and copeptin, but they cannot recommend them at this
time as their added value in risk assessment seems “marginal” (Gencer et al., 2016).

The 2019 ESC guidelines focusing on chronic coronary syndromes states that for “clinical suspicion of
coronary artery disease instability...management should follow the Guidelines for ACS without persistent
ST-segment elevation”, which is discussed above (Knuuti et al.,, 2019).

The 2020 ESC guidelines focus on diagnosis of acute coronary syndrome. Regarding M, they
recommend that “the routine use of copeptin as an additional biomarker for the early rule-out of Ml
should be considered where hs-cTn assays are not available.” In addition, “CK-MB shows a more rapid
decline after Ml and may provide added value for detection of early reinfarction” (Collet et al.,, 2021).

In their 2016 guidelines on acute and chronic heart failure, the ESC states that “although there is
extensive research on biomarkers in HF (e.g. ST2, galectin 3, copeptin, adrenomedullin), there is no
definite evidence to recommend them for clinical practice” (Ponikowski et al., 2016).

However, in a 2021 update, ESC (with special contribution from the Heart Failure Association) lists the
key elements for HF and CMP diagnostic workups, and among the laboratory exams recommended
under Table 26 for the “Initial diagnostic assessment in patients with suspected cardiomyopathy”, they
include the use of ST2:

“Laboratory exams including cardiac and muscular enzymes, liver and renal function, haemoglobin,
white blood cell count (including differential white blood cell count to detect eosinophilia), natriuretic
peptides, thyroid function tests, iron status, and markers of systemic auto-immune disease (hsCRP, anti-
nuclear antibodies, soluble IL-2 receptor)” (McDonagh et al., 2021)

Heart Failure Association of the European Society of Cardiology

The Heart Failure Association of the European Society of Cardiology published a position statement on
Advanced Heart Failure which states: "Post-transplant patients should undergo a pre-defined regimen of
graft biopsies, titration of immunosuppressive and other therapies, rejection monitoring, assessment for
infections, transplant coronary artery disease and/or cardiac allograft vasculopathy, immunosuppression
side effects, and other potential complications including neoplasia, and co-morbidities that require
comprehensive treatment.” However, the guideline does not mention sST2 regarding prognosis of post-
transplant patients (Crespo-Leiro et al,, 2018).
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ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2016 Appropriate Use Criteria for Coronary
Revascularization in Patients With Acute Coronary Syndromes Guidelines

In 2016 The American College of Cardiology (ACC), Society for Cardiovascular Angiography and
Interventions (SCAI), Society of Thoracic Surgeons (STS), and American Association for Thoracic Surgery
(AATS), along with key specialty and subspecialty societies created an Appropriate Use Task Force with
the mission to revise the appropriate use criteria (AUC) for coronary revascularization. They have used
clinical scenarios to mimic patient presentations seen in everyday clinical practice and included
information on symptom status, presence of clinical instability or ongoing ischemic symptoms and other
characteristics. They follow 2014 AHA/ACC recommendations for the use of cardiac biomarkers
(Amsterdam et al., 2014).

American Society for Clinical Pathology (ASCP)

The ASCP recommends against testing CK-MB or myoglobin to diagnose an acute myocardial infarction.
Instead, they recommend testing either troponin | or T. They also assert that both troponins are specific
to cardiac injury and that there is much support for relying solely on troponin (ASCP, 2015).

National Institute for Health and Care Excellence (NICE)

NICE recommends diagnosis of MI using the “detection of rise and/or fall of cardiac biomarkers values
[preferably cardiac troponin (cTn)] with at least one value above the 99th percentile of the upper
reference limit and at least one of the following:

e symptoms of ischaemia

e new or presumed new significant ST-segment-T wave (ST-T) changes or new left bundle branch
block (LBBB)

e development of pathological Q waves in the ECG

e imaging evidence of new loss of viable myocardium or new regional wall motion abnormality

e identification of an intracoronary thrombus by angiography” (NICE, 2016).

Currently, the 2018 NICE recommendations on chronic heart failure do not mention the usage of ST2 as
a marker for diagnosing chronic heart failure. Instead, they recommend to “measure N-terminal pro-B-
type natriuretic peptide (NT-proBNP) in people with suspected heart failure” (NICE, 2018).

In 2020, NICE released recommendations on the use of high sensitivity troponin tests to help rule out
NSTEMI earlier in those presenting to an emergency department with chest pain and suspected acute
coronary syndrome. NICE recommends the use of the following assays: Access High-Sensitivity Troponin
| Assay, ADVIA Centaur High-Sensitivity Cardiac Troponin-I Assay, Alinity High Sensitive Troponin-|
assay, ARCHITECT STAT High Sensitive Troponin-I assay, Atellica IM High-Sensitivity Cardiac Troponin |
Assay, Dimension Vista High-Sensitivity Cardiac Troponin | Assay, Dimension EXL High-Sensitivity
Cardiac Troponin | Assay, Elecsys Troponin T-high sensitive assay, Elecsys Troponin T-high sensitive STAT
assay, VIDAS High sensitive Troponin | assay, and VITROS High Sensitivity Troponin | Assay. NICE
mentions that although the "TriageTrue test has the potential to be cost effective, its diagnostic accuracy
when used on whole blood is uncertain” (NICE, 2020). Regarding use of these assays, NICE recommends
using a threshold at or near the limit of detection, which varies depending on the assay used. If this
sample is positive, it should not be used to rule in NSTEMIL. If taking multiple samples, take a sample at
initial assessment followed by a second sample taken 30 minutes to three hours after. Use 99th
percentile thresholds or thresholds at or near the limit of detection of the assay (NICE, 2020).
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Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for
a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations
(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to
make the determination. For the most up-to-date Medicare policies and coverage, please visit the
Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most
up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in house. These laboratory-
developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-
complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88). LDTs are
not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval
is not currently required for clinical use.

Applicable CPT/HCPCS Procedure Codes

CPT Code Description

82550 Creatine kinase (CK), (CPK); total

82552 Creatine kinase (CK), (CPK); isoenzymes

82553 Creatine kinase (CK), (CPK); MB fraction only

82554 | Creatine kinase (CK), (CPK); isoforms

82725 | Fatty acids, nonesterified

83006 | Growth stimulation expressed gene 2 (ST2, Interleukin 1 receptor like-1)

83615 Lactate dehydrogenase (LD), (LDH);

83625 Lactate dehydrogenase (LD), (LDH); isoenzymes, separation and quantitation

83874 | Myoglobin

83880 | Natriuretic peptide

84450 | Transferase; aspartate amino (AST) (SGOT)

84484 | Troponin, quantitative

84512 | Troponin, qualitative

84588 | Vasopressin (antidiuretic hormone, ADH)

84999 | Unlisted chemistry procedure

86140 | C-reactive protein

Current Procedural Terminology© American Medical Association. All Rights reserved.

Procedure codes appearing in Medical Policy documents are included only as a general reference
tool for each policy. They may not be all-inclusive.
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Revision History

Revision Date

Summary of Changes

09/06/2023

Reviewed and Updated: Updated background, guidelines, and evidence-based scientific
references. Literature review necessitated the following changes in coverage criteria:
New CC3: “3) Measurement of B-type natriuretic peptide (BNP) or N-terminal proBNP
(NT-proBNP) MEETS COVERAGE CRITERIA in any of the following situations:

a) To diagnose heart failure in individuals presenting with dyspnea.

b) To establish disease severity in individuals with chronic heart failure (up to four times
per year in the outpatient setting).”

CC4 edited for clarity, “for all situations” changed to “In the outpatient setting”

Added CPT code 83880
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Policy Number: AHS - G2051 — Bone Turnover Prior Policy Name and Number, as applicable:
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arkers Testing e AHS - G2051 — Bone Turnover Markers for Diagnosis

and Management of Osteoporosis and Diseases
Associated with High Bone Turnover

Initial Presentation Date: 09/18/2015
Revision Date: 09/06/2023

POLICY DESCRIPTION

RELATED POLICIES

INDICATIONS AND/OR LIMITATIONS OF COVERAGE
NOTES:

TABLE OF TERMINOLOGY

SCIENTIFIC BACKGROUND

GUIDELINES AND RECOMMENDATIONS
APPLICABLE STATE AND FEDERAL REGULATIONS
APPLICABLE CPT/HCPCS PROCEDURE CODES
EVIDENCE-BASED SCIENTIFIC REFERENCES
REVISION HISTORY

Policy Description

Bone metabolism involves a continual, dynamic equilibrium between bone growth and resorption. Bone
turnover markers (BTMs) are biochemical markers for assessment of bone formation or bone resorption.
These markers may be useful in determining risk of fracture and bone loss (Rosen, 2021b).

Related Policies

Policy Number Policy Title
AHS-G2005 Vitamin D Testing
AHS-G2164 Parathyroid Hormone, Phosphorus, Calcium, and Magnesium Testing

Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at the time of the
request. Specifications pertaining to Medicare and Medicaid can be found in the “"Applicable State and
Federal Regulations” section of this policy document. Bone turnover markers are listed in Note 1.

1) Forindividuals treated with bisphosphonates, measurement of bone turnover markers to assess an
individual's compliance with bisphosphonate therapy or for fracture risk prediction MEETS
COVERAGE CRITERIA at the following intervals:
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a) To establish baseline levels before initiating bisphosphonate treatment

b) Every three months after initiation or change of therapy for the first year.

C) Every two years when no medication changes have occurred.

2) For individuals with osteoporosis, measurement of bone turnover markers to monitor teriparatide
treatment DOES NOT MEET COVERAGE CRITERIA.

The following does not meet coverage criteria due to a lack of available published scientific literature
confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s

illness.

3) As a diagnostic test for osteoporosis, measurement of bone turnover markers DOES NOT MEET
COVERAGE CRITERIA.

4) In the diagnosis and management of patients with other conditions associated with high rates of
bone turnover, measurement of bone turnover markers DOES NOT MEET COVERAGE CRITERIA.

NOTES:

Note 1: Bone turnover markers include (Rosen, 2021a, 2021b; Talwar, 2020):

1. Bone formation markers

a. Serum bone-specific alkaline phosphatase (BSAP/BALP)

b. Serum osteocalcin (OC)

C. Serum type 1 procollagen (C-terminal/N-terminal): CINP or P1NP
2. Bone resorption markers

S@ ~o a0 ooy

Urinary hydroxyproline (HYP)

Urinary total pyridinoline (PYD)

Urinary free deoxypyridinoline (DPD)

Urinary or serum collagen type 1 cross-linked N-telopeptide (NTX)
Urinary or serum collagen type 1 cross-linked C-telopeptide (CTX)
Bone sialoprotein (BSP)

Serum Tartrate-resistant acid phosphatase 5b (TRACP5b)
Cathepsin K

Table of Terminology

Term Definition

AACE American Association of Clinical Endocrinologists
ACE American College of Endocrinology

AFOS Asian Federation of Osteoporosis Societies

ALP Alkaline phosphatase

B-ALP Bone-specific alkaline phosphatase

BAP Bone-specific alkaline phosphatase

BMA Bone marker assays

BMD Bone mass density
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BMD Bone mineral density

BP Bisphosphonates

BSAP/BALP Bone-specific alkaline phosphatase specific to osteoblasts
BSP Bone sialoprotein

BTMs Bone turnover markers

C1NP or PINP Type 1 procollagen (C-Terminal/N-Terminal)

CKD Chronic kidney disease

CKD-MBD Chronic kidney disease-mineral and bone disorder
CLIA '88 Clinical Laboratory Improvement Amendments of 1988
CMS Centers for Medicare and Medicaid

CTX C-CT terminal telopeptide of type | collagen

cv Coefficient of variation

DEXA Dual energy x-ray absorptiometry

DPD Deoxypyridinoline

ELISA The enzyme-linked immunosorbent assay

ESCEO Economic aspects of osteoporosis and osteoarthritis
FDA Food and Drug Administration

FRAX Fracture Risk Assessment Tool

GR Gradient of risk

HYP Hydroxyproline

ICTP Serum c-terminal cross-linked telopeptide of type | collagen
IFCC International Federation of Clinical Chemistry and Laboratory Medicine
IOF International Osteoporosis Foundation

ISCD International Society for Clinical Densitometry

KDIGO Kidney disease improving global outcomes

LDTs Laboratory-developed tests

LSC Least significant change

NAMS North American Menopause Society

NOGG National Osteoporosis Guideline Group

NTX N-telopeptide

NTX Cross-linked n-telopeptides of type 1 collagen

0C Osteocalcin

PDB Paget's disease of bone

PHPT Primary hyperparathyroidism

P1CP Carboxy terminal propeptide

P1NP Procollagen type | n propeptide

PTH Parathyroid hormone

PYD Pyridinoline

RACGP Royal Australian College of General Practitioners

ROS Royal Osteoporosis Society

s-CTX Serum c-terminal cross-linking telopeptide of type | collagen
s-PINP Serum procollagen type | N propeptide

TH Total hip

TRACP-5b/TRAP-5B

Tartrate-resistant acid phosphatase 5b

USPSTF

United States Preventative Services Task Force
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Bone alkaline phosphatase for bone formation and c-terminal cross-linking
BCTX-I telopeptide of type | collagen

Scientific Background

The resorption and reformation of bone are normally tightly regulated and coupled so that bone mass
does not change. Bone disease occurs when these processes are uncoupled (Rosen, 2021a, 2021b).
Biomarkers involved in the processes of resorption or formation have been proposed as measures for
prediction of future bone loss, fracture risk, and more. Resorption markers include pyridinium crosslinks
(PYD, DPD), C- and N-telopeptides (CTX, ICTP, NTX), tartrate-resistant acid phosphatase (TRACP) 5b, and
cathepsin K, while formation markers include procollagen type | propeptides (PICP, PINP), osteocalcin,
and bone-specific alkaline phosphatase (BSAP, also known as BALP) (Rosen, 2021a, 2021b).

Formation markers are characteristic of bone formation rate. PICP and PINP are carboxy- and amino-
sides of the tropocollagen peptide, which is a precursor to type | collagen in bone. The serum
concentration of these peptides reflects synthesis of new collagen. Osteocalcin is a component of
osteoid, and BSAP is the alkaline phosphatase specific to osteoblasts. These biomarkers reflect the
activity of osteoblasts. Of these markers, BSAP and PINP are considered the most clinically useful (Rosen,
2021a, 2021b).

Resorption markers are characteristic of bone resorption rate (breakdown of bone). Pyridinium crosslinks
are components of bone collagen, C- and N- telopeptides are crosslinks between bone collagen
molecules, TRACP is anchored to the osteoclasts that initiate bone resorption, and cathepsin K is
involved in digestion of the organic matrix (Manolagas, 2022; Rosen, 2021a, 2021b). Of these markers,
urinary NTX and serum CTX are considered the most clinically useful (Rosen, 2021a, 2021b).

The measurement and use of these biomarkers remain complicated. Biologic variability between and
within patients is significant, as factors such as age, gender, body mass index, circadian rhythms,
menstruation, smoking, time of food consumption, exercise, and more may influence the levels of BTMs
(Rosen, 2021a, 2021b). Moreover, assays used to measure these biomarkers vary considerably, as both
urinary and serum samples have been used. Lack of standardization has limited the use of BTMs in the
clinical setting (Rosen, 2021a, 2021b).

Vitamin D supplementation has been used in the past for musculoskeletal diseases in both a prevention
and treatment capacity— but data on supplementation with vitamin D and any corresponding effects on
bone resorption and formation has been inconclusive. One study that investigated the effects of vitamin
D supplementation on bone turnover markers such as bone-specific alkaline phosphatase (bALP),
osteocalcin (OC), C-terminal telopeptide (CTX), and procollagen type 1 N-terminal propeptide (P1NP)
failed to show any significant impact of vitamin D on bone turnover markers (Schwetz et al., 2017), while
another study noted “a small, but significant, decrease in the bone formation marker procollagen of type
1 amino-terminal propeptide (P1NP)—in the vitamin D group as compared to the placebo group” (Jorde
et al.,, 2019).

Analytical Validity

Eastell et al. (2000) assessed the biological variability between serum and urinary N-telopeptides of type
| collagen (NTX). A total of 277 postmenopausal individuals were included, and urine and serum
specimens were included to identify short-term variability. Long-term variability was determined by
comparing NTX at baseline and at two months. The authors found the median short-term coefficient of

Page 4 of 18



variation (CV) was 13.1% for urinary NTX and 6.3% for serum NTX. Long-term CV% was found to be
15.6% for urinary NTX and 7.5% for serum NTX. The authors also observed that to be 90% confident that
a decrease in NTX after antiresorptive therapy was not caused by variability alone, a 31% decrease in
urinary NTX and a 14% decrease in serum NTX are needed (Eastell et al., 2000).

Seibel et al. (2001) described the results of an international proficiency testing program

for biochemical bone markers among clinical laboratories. The authors sent out two urinary and two
serum pools (both normal and increased concentrations of markers) to 79 laboratories. The CVs were as
follows: “serum bone-specific alkaline phosphatase (n = 47 laboratories), 16-48%; serum osteocalcin (n
= 31), 16-42%; urinary free deoxypyridinoline (n = 30), 6.4-12%; urinary total deoxypyridinoline and
pyridinoline (n = 29), 27-28%; urinary N-terminal cross-linked telopeptide of type | collagen (n = 10),
39%; serum C-terminal cross-linked telopeptide of type | collagen (ICTP; n = 8), 22-27%; urinary
hydroxyproline (n = 13), 12%". The authors concluded that “even with identical assays and methods,
results for most biochemical markers of bone turnover differ markedly among laboratories” (Seibel et al.,
2001).

Schafer et al. (2010) assessed the laboratory reproducibility of urine N-telopeptide (NTX) and serum
bone-specific alkaline phosphatase (BAP). The authors obtained serum and urine from five
postmenopausal individuals and sent specimens to six labs over eight months. They found that
"Longitudinal coefficients of variation (CVs) ranged from 5.4% to 37.6% for NTX and from 3.1% to 23.6%
for BAP. Within-run CVs ranged from 1.5% to 17.2% for NTX" (Schafer et al., 2010).

Hlaing and Compston (2014) notes that “although automated platforms have substantially improved the
analytical variability of bone turnover markers, reproducibility still varies substantially”. The National
Bone Health Alliance executed a project to standardize bone turnover marker collection procedures and
reduce pre-analytical variability (Bauer et al., 2012). The results of that project and the IOF and IFCC
Bone Marker Standards Working Group identification of PINP and CTX-I in blood to be the reference
markers of bone turnover for the fracture risk prediction and monitoring of osteoporosis treatment
(Vasikaran et al., 2011) have resulted in recommendations for standard sample handling and patient
preparation (Szulc et al., 2017). Standardization and harmonization of clinical assays for bone turnover
markers such as CTx and P1NP are ongoing (IFCC, 2020).

Clinical Utility and Validity

Johansson et al. (2014) performed a meta-analysis to “examine the performance characteristics of serum
procollagen type | N propeptide (s-PINP) and serum C-terminal cross-linking telopeptide of type |
collagen (s-CTX) in fracture risk prediction in untreated individuals in prospective cohort studies.” Six
studies were included. The authors identified a “significant” association between s-CTX and risk of
fracture (gradient of risk [GR] = 1.18). The hazard ratio per standard deviation increase in s-PINP was
found to be 1.23 and was unadjusted for bone mineral density. The association between s-CTX and
fracture risk was found to be 1.23. The authors concluded that “there is a modest but significant
association between BTMs and risk of future fractures” (Johansson et al., 2014).

Marques et al. (2016) “assessed whether circulating bone formation and resorption markers (BTM) were
individual predictors for trabecular and cortical bone loss, periosteal expansion, and fracture risk in older
adults aged 66 to 93.” A total of 1069 participants were included in the study. Bone formation was
assessed by serum procollagen type | N propeptide (PINP) and osteocalcin, and bone resorption was
assessed by C-terminal cross-linking telopeptide of type | collagen (CTX). Inter-assay coefficients of
variation were <3% for all BTM. A total of 236 participants sustained a fracture during the median

Page 5 of 18



follow-up of 11.7 years. The authors found that “increase in BTM levels was associated with faster
cortical and trabecular bone loss at the femoral neck and proximal femur. Higher BTM levels were
positively related with periosteal expansion rate at the femoral neck in men. Markers were not
associated with fracture risk” (Marques et al., 2016).

Mederle et al. (2018) investigated the correlation between bone mass density (BMD) and “serum levels
of BTMs (tartrate-resistant acid phosphatase-5b [TRAP-5b]), bone-specific alkaline phosphatase (BSAP),
in postmenopausal osteoporotic individuals as compared to healthy postmenopausal subjects.” A total
of 132 postmenopausal individuals with osteoporosis were included along with 81 healthy
postmenopausal individuals. BSAP was found to have a sensitivity of 76.5% and specificity of 84.3% at a
cutoff of 21.27 U/L, and TRAP-5b was found to have a sensitivity of 86.3% and specificity of 90.6% at a
cutoff of 3.45 U/L. The authors concluded that “our study showed that BMD correlates negatively with
BTMs and TRAP-5b presents a good specificity in identifying patients with postmenopausal
osteoporosis” (Mederle et al.,, 2018).

Tian et al. (2019) performed a meta-analysis “to explore whether bone turnover biomarkers (BTMs), i.e.,
C-terminal telopeptide of type | collagen (CTX) and procollagen type | aminoterminal propeptide (PINP),
are associated with fracture.” Nine studies were included. PINP had a “significant” positive association
with fracture (adjusted gradient risk [GR] = 1.28) after adjusting for confounders. CTX was also seen to
associate with fracture (GR = 1.20). The authors concluded, "Our results indicate a statistically significant
but modest association between BTMs (s-PINP or s-CTX) and future fracture risk after adjusting for BMD
and clinical risk factors. The causal relationship between the two clinical conditions requires future
validation with more standardized studies” (Tian et al., 2019).

Naylor et al. (2019) evaluated bone turnover markers (BTMs) ability to monitor “offset of treatment with
bisphosphonates (BP) in osteoporosis.” This was done by comparing the changes in BTMs and total hip
(TH) bone mineral density (BMD). CTX and PINP were the BTMs analyzed, and offset was defined by “an
increase greater than the least significant change (LSC) and an increase above the reference mean
value.” Fifty individuals were included, and at 48 weeks after stopping BPs, “CTX was greater than the
LSC for 66% of the participants and PINP 72%; CTX was above the reference mean for 64% of the
participants and PINP 42%."” The authors also found that the decrease in TH-BMD was greater for those
with the largest increases in BTMs, compared to those with “continued suppression.” The authors
concluded that “The measurement of BTM after withdrawal of BPs is potentially useful to evaluate
patients that are taking a pause from treatment. An increase in BTMs more than the LSC and/or
reference mean reflects loss of treatment effect and identifies patients that are likely to have a decrease
in BMD" (Naylor et al.,, 2019).

Massera et al. (2019) evaluated the associations of osteocalcin (OC) and C-telopeptide of type | collagen
(CTX) with "long-term incidence of hip fracture” in post-menopausal individuals. A total of 1680
individuals from the population-based Cardiovascular Health Study were included, and over a median
follow-up period of 12.3 years, 288 hip fractures occurred. The authors found that increasing levels of
CTX up to the middle-upper range (hazard ratio = 1.52 per standard deviation increase), with increases
past this range only incrementally increasing risk (hazard ratio = 0.8). The authors identified an “inverted
U-shaped relationship with incident fracture after adjustment” when comparing quartiles to each other,
and an association was only seen for the quartile three to quartile one comparison (hazard ratio = 1.63).
In a subset with "available measures,” both OC and CTX were “inversely associated with bone mineral
density of the hip.” The authors concluded that “CTX, but not OC, levels were associated with incident
hip fracture in post-menopausal individuals, a relationship characterized by an inverted U-shape”
(Massera et al., 2019).
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Migliorini et al. (2021) performed a systematic review of clinical trials reporting data on biomarkers for
postmenopausal osteoporosis. A total of 36,706 patients were included from randomized trials. Data on
biomarkers and clinical outcomes such as BMD, t-score, rate of fractures and adverse events were
analyzed. Authors found that greater values of bone alkaline phosphatase (bALP) were associated with
more vertebral and non-vertebral fractures. Greater values of urinary cross-linked N-telopeptides of type
| collagen (NTx) at baseline were linked with an increase in adverse events at the last follow-up, and
greater values of C-telopeptide of type | collagen at baseline were associated with more adverse events
leading to discontinuation, gastrointestinal adverse events, musculoskeletal adverse events, and
mortality. The authors concluded that the review “supports the adoption of BMTs during
pharmacological therapy setting of patients suffering from osteoporosis” (Migliorini et al., 2021).

Wei et al. (2021) explored the relationship of procollagen type one N-terminal peptide (P1NP) and

B cross-linked C-telopeptide of type one collagen (8-CTX) with bone mineral density (BMD) in
postmenopausal individuals. All postmenopausal subjects “were selected from a community-based case-
control study and P1NP and 3-CTX were also collected and tested. The main correlation analysis was
applied to explore the relationships of BMD, P1NP, and 3-CTX.” The results indicated that of the 1055
post-menopausal participants that were enrolled, “the BMD at all sites kept a decrease continually with
age (P < 0.01). In addition, the level of B-CTX increased significantly from 45 to 50 years old and
remained at a high level in the later stage, while the level of PTINP changed little or even decreased with
age. Logistic regression model showed that 3-CTX has better ability to predict BMD than P1NP, as
demonstrated by an area under the curve (AUC) of 0.63.” In conclusion, P1NP and B-CTX are important
markers to monitor bone metabolism (Wei et al., 2021).

Guidelines and Recommendations
The Bone Health and Osteoporosis Foundation

In 2022, The Bone Health and Osteoporosis Foundation updated their guideline for the prevention and
treatment of osteoporosis. Regarding biochemical markers of bone turnover, the guideline states:

Biochemical markers of bone turnover may:

e Predict rapidity of bone loss in untreated postmenopausal individuals.

e “Predict extent of fracture risk reduction when repeated after 3—6 months of treatment with FDA-
approved therapies.

e Predict magnitude of BMD increases with FDA-approved therapies.

e Characterize patient compliance and persistence with osteoporosis therapy using a serum CTX for
an antiresorptive medication and P1NP for an anabolic therapy (least significant change [LSC] is
approximately a 40% reduction in CTX).

e Potentially be used during a bisphosphonate holiday to suggest when medication should be
restarted, although more data are needed to support this recommendation”(LeBoff et al., 2022).

The North American Menopause Society (NAMS)

In 2021, the North American Menopause Society (NAMS) issued an updated position on the
management of osteoporosis in postmenopausal individuals. NAMS stated:
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“Bone turnover markers cannot diagnose osteoporosis and have varying ability to predict fracture risk in
clinical trials. Bone turnover markers have been used primarily in clinical trials to demonstrate group
responses to treatment” (NAMS, 2021).

“Although used by some osteoporosis specialists, the routine use of bone turnover markers in the
evaluation of patients with osteoporosis is not recommended” (NAMS, 2021).

"Although changes in bone turnover markers are used by some specialists to assess adherence and
effectiveness of therapy, routine use of bone markers is not recommended” (NAMS, 2021).

International Osteoporosis Foundation (IOF) and the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC)

In 2021, the IOF/IFCC published “Practical Considerations for the Clinical Application of Bone Turnover
Markers in Osteoporosis”(Vasikaran et al., 2023). The authors concluded, “Serum PINP and -CTX are
useful for monitoring oral therapy in osteoporosis. Further studies for their application in managing
offset of drug action after cessation of antiresorptive therapies with bisphosphonates and denosumab
would be useful. Large-scale fracture risk prediction studies of PINP and f-CTX in various untreated
population groups to assess how they interact with established risk factors used in risk calculators such
as FRAX may help to include BTMs in such algorithms.

The B-ALP and TRACP-5b are least affected by renal failure and may be of potential use in assessment
for osteoporosis in patients with CKD and monitoring such patients when treated. Studies of utility of
TRACP-5b and B-ALP in fracture risk assessment as well as monitoring therapy and assessing offset of
treatment effect in osteoporosis patients with CKD stages 3a-5D is warranted.

From an analytical point of view, standardization or harmonization of commercial assays for BTMs is
important for collation of data from different studies and uniform application of decision limits and

treatment targets in clinical guidelines. IOF-IFCC C-BM is pursuing these activities” (Vasikaran et al,,

2023).

American Association of Clinical Endocrinologists and American College of Endocrinology

An update to the 2016 Guidelines for the Diagnosis and Treatment of Postmenopausal Osteoporosis
was published in 2020. In it, the AACE/ACE state "Consider using bone turnover markers in the initial
evaluation and follow-up of osteoporosis patients. Elevated levels can predict more rapid rates of bone
loss and higher fracture risk”, which is identical to the 2016 statement, but the 2020 edition is graded at
an “A”, up from “B" in 2016.

Similarly, the statement “Consider using bone turnover markers (BTMs) for assessment of patient
compliance and efficacy of therapy. Significant reductions in BTMs are seen with antiresorptive therapy
and have been associated with fracture reduction, and significant increases indicate good response to
anabolic therapy” remains unchanged from the 2016 version, which was given a grade B.

Other relevant recommendations include:

e “Consider bone turnover markers at or below the median value for premenopausal [individuals] as
a target for response to therapy for patients taking antiresorptive agents. Consider significant
increases in bone formation markers as a pharmacologic response to anabolic therapy.”
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e "The ending of a bisphosphonate holiday should be based on individual patient circumstances
such as... an increase in bone turnover markers.”

Overall, although the joint guidelines acknowledge that BTMs cannot diagnose osteoporosis, they note
that “elevated levels can predict more rapid rates of bone loss” and “are associated with increased
fracture risk independent of BMD [bone mineral density] in some studies”. Further, automated
immunoassays have improved BTMs’ reproducibility, and “changes in markers have been associated with
bone response to therapy and reduction of fracture risk”. Despite the numerous analytical issues with
BTM assessment (lack of standardization, high cost, et al.), the guidelines note that some experts
routinely use BTMs in clinical practice. They also note that the preferred bone turnover markers are PINP
for bone formation and CTX for bone resorption. And, in the situations when patients might experience
renal insufficiency or when there are insurance issues, then bone-specific alkaline phosphatase may be
used. The guidelines conclude that “BTMs are useful in certain situations, such as assessment of fracture
risk and to provide early feedback to patients that their drug is or is not working, which leads to
discussions pertaining to medication compliance, drug absorption, and/or therapeutic efficacy. BTMs do
not need to be assessed in all osteoporosis patients” (Camacho et al., 2020).

Consensus Group Report, managed by Scientific Advisory Board of European Society on Clinical
and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases

This working group was intended to “to provide guidance to clinicians on how to use BTMs in patient
evaluation in postmenopausal osteoporosis, in fracture risk prediction and in the monitoring of
treatment efficacy and adherence to osteoporosis medication.” Their conclusions are listed below
(Lorentzon et al., 2019):

e "“The bone formation marker serum PINP [N-terminal collagen type | extension propeptide] and
resorption marker serum BCTX-I [bone alkaline phosphatase for bone formation and C-terminal
cross-linking telopeptide of type | collagen] are the preferred markers for evaluating bone
turnover in the clinical setting.”

e "“Bone turnover markers cannot be used to diagnose osteoporosis but can be of value in patient
evaluation and can improve the ability to detect some causes of secondary osteoporosis.”

e “Serum BCTX-I and PINP correlate only moderately with bone loss in postmenopausal
[individuals] and with osteoporosis medication-induced gains in BMD. Therefore, the use of bone
turnover markers cannot be recommended to monitor osteoporosis treatment effect in individual
patients.”

e "Adding data on serum BCTX-I and PINP levels in postmenopausal [individuals] can only improve
fracture risk prediction slightly in addition to clinical risk factors and BMD and therefore has
limited value.”

e "Bisphosphonates are the most commonly used osteoporosis medications, but adherence to oral
bisphosphonates falls below 50% within the first year of treatment. Monitoring PINP and BCTX-l is
effective in monitoring treatment adherence and can be defined as the sufficient suppression of
these markers (by more than the LSC or to the lower half of the reference interval for young and
healthy premenopausal [individuals]).”

The guideline remarks “It is possible that monitoring the bone marker response may aid in the use of
bisphosphonate treatment frequency and dosing when denosumab treatment is stopped.”
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The guideline also notes that a “systematic review of the present evidence concluded that there is
insufficient evidence to recommend the use of monitoring bone turnover markers for predicting the
effect of teriparatide treatment effect” (Lorentzon et al., 2019).

U.S. Preventative Services Task Force (USPSTF)

The 2018 USPSTF recommendation on screening to prevent osteoporotic fractures address clinical risk
assessment and bone density measurement but do not mention bone turnover markers (Viswanathan et
al., 2018).

Endocrine Society

The Endocrine Society released a guideline concerning pharmacological management of osteoporosis in
postmenopausal individuals, which noted, “Monitoring bone turnover markers (serum C-terminal
crosslinking telopeptide for antiresorptive therapy or procollagen type 1 N-terminal propeptide for bone
anabolic therapy) is an alternative way of identifying poor response or nonadherence to therapy” (Eastell
et al.,, 2019).

The Endocrine Society published an update to the above guideline in 2020, and the above statement
concerning monitoring of bone turnover markers remained in the 2020 edition (Shoback et al., 2020).

The Endocrine Society also released guidelines regarding the management of Paget’s Disease. They
recommended “that in patients with increased bone turnover, biochemical follow-up should be used as
a more objective indicator of relapse than symptoms” (Singer et al., 2014).

"For most patients, measurement of total alkaline phosphatase or other baseline disease activity markers
at six to 12 weeks, when bone turnover will have shown a substantial decline, is an acceptable and cost-
effective option” (Singer et al., 2014).

National Osteoporosis Guideline Group

The NOGG notes bone turnover markers (e.g., CTX, P1NP) as a possible measure to evaluate during
investigation of osteoporosis/ fragility fractures (NOGG, 2021).

Kidney Disease Improving Global Outcomes (KDIGO): Mineral and bone disorder
The KDIGO released guidelines pertaining to bone turnover related to CKD.

e “In patients with CKD [stages] G3a-G5D, we suggest that measurements of serum PTH or bone-
specific alkaline phosphatase can be used to evaluate bone disease because markedly high or low
values predict underlying bone turnover.”

e "In patients with CKD [stages] G3a—G5D, we suggest not to routinely measure bone-derived
turnover markers of collagen synthesis (such as procollagen type | C-terminal propeptide) and
breakdown (such as type | collagen cross-linked telopeptide, cross-laps, pyridinoline, or
deoxypyridinoline)” (KDIGO, 2017).

The Renal Association also published a “commentary” on the KDIGO guidelines in 2018. In it, they
remarked that "Although iPTH, whole PTH, and bALP levels were associated with bone turnover, no
biomarker singly or in combination was sufficiently robust to diagnose low, normal, and high bone
turnover in an individual patient [on dialysis]” (Burton et al., 2018).
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Fourth International Workshop on the Management of Asymptomatic Primary
Hyperparathyroidism

This workshop published guidelines regarding management of asymptomatic primary
hyperparathyroidism (PHPT). They note bone turnover markers as an optional measurement of
asymptomatic PHPT, listing “bone-specific alkaline phosphatase activity, osteocalcin, P1NP [select one];
serum CTX, urinary NTX [select one]” (Bilezikian et al., 2014).

International Osteoporosis Foundation and European Society for Clinical and Economic Aspects of
Osteoporosis and Osteoarthritis

The IOF/ESCEQ issued joint guidelines stating the following (Kanis et al., 2018):

“Bone markers (serum procollagen type | N propeptide (s-PINP) and serum C-terminal cross-linking
telopeptide of type | collagen (s-CTX) as markers of bone formation and bone resorption, respectively)
have some prognostic significance for fracture in situations where bone mineral density (BMD) is
unavailable.”

The joint guidelines also note that if harmonization efforts for other bone turnover markers are
successful, these markers may see use for fracture risk. Procollagen | N-terminal peptide (P1NP) and C-
telopeptide breakdown products (especially serum CTX) are considered the most informative
biochemical markers for monitoring of osteoporosis (Kanis et al., 2018).

International Osteoporosis Foundation (IOF), Asian Federation of Osteoporosis Societies (AFOS),
and the International Society for Clinical Densitometry (ISCD)

The IOF Capture the Fracture program facilitates the establishment of Fracture Liaison Services (FLS) with
a goal “properly identify and treat patients with fragility fractures, improve quality of post-fracture care,
adherence, and prevention of secondary fractures worldwide, including the [Asia-Pacific] region.” In
2021, the IOF, AFOS, and ISCD endorsed a consensus statement on the use of BTMs in the Asia-Pacific
region. They made the following consensus statements (Wu et al., 2021):

e "Endorse the use of BTMs, especially CTX and P1NP, as short-term monitoring tools for
osteoporosis treatment, consistent with recommendations of the AACE/ACE, IOF, IFCC, JOS, NOF,
TOA, and associated organizations.

e BTMs can be used to differentiate patients with relatively higher or lower bone turnover rates and
thereafter, helping clinicians to choose an appropriate anti-osteoporosis treatment regimen.

e BTMs can reflect the therapeutic responses to anti-osteoporosis therapies earlier than BMD and
are therefore of help both in selecting osteoporosis treatment and in assessing its responses to
therapies.

e Absolute values or the degree of change from baseline for BTMs can be used to monitor the
efficacy of osteoporosis therapies clinically.

e CTX and/or P1NP can be used to evaluate patient adherence and drug responses to anti-
resorptive agents, with measurements suggested at baseline, three months, six months, and 12
months after starting treatment.

e P1NP can be used to evaluate patient adherence and drug responses to anabolic agents, with
measurements at baseline, one to three months, six months, and 12 months after starting
anabolic treatment.

e Encourage reimbursement of BTMs by different health insurance programs in the Asia-Pacific to
improve patient adherence and treatment outcomes.
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e Recommend appropriate use of BTMs as a short-term monitoring tool for improving the use of
therapeutic regimens in osteoporosis care programs, such as fracture liaison service (FLS).”

They conclude that “the use of BTMs can be incorporated in treatment algorithms of osteoporosis care
programs to improve patient adherence and treatment outcomes” (Wu et al., 2021).

The International Federation of Clinical Chemistry and Laboratory Medicine

In the most recent review of bone turnover markers for the journal of the International Federation of
Clinical Chemistry and Laboratory Medicine the author Bhattoa (2018) found that “Although quite
sensitive to a multitude of exogenous and endogenous pre-analytical factors, bone markers are best
used in monitoring anti-osteoporosis therapy efficacy and compliance. Combination of BMD
measurement by DEXA with biochemical markers of bone turnover levels, at least one bone resorption
and one bone formation marker, may potentially improve early detection of individuals at increased risk
for bone loss and eventually non-traumatic bone fracture. Furthermore, they have widespread clinical
utility in osteoporosis, renal osteodystrophy, certain oncological conditions and rheumatic diseases”
(Bhattoa, 2018).

International Society for Clinical Densitometry (ISCD)

The ISCD includes a comment on bone turnover markers in their guideline titled "Official Positions”,
stating that “Serial BMD [bone mineral density] testing in combination with clinical assessment of
fracture risk, bone turnover markers and other factors...can be used to determine whether treatment
should be initiated in untreated patients, according to locally applicable guidelines” (ISCD, 2019).

Royal Australian College of General Practitioners (RACGP)

In 2013, the RACGP released a series of “Tests and results” aimed at providing information about
common tests that general practitioners order regularly. The series focused on areas such as indications,
what to tell the patient, what the test can and cannot tell you, and interpretation of the results. As an
assessment of fracture risk, they note that “Bone turnover markers increase in proportion to fracture risk,
independent of bone mineral density (BMD). In general, turnover markers also tend to be higher in
patients with low bone density. However, this correlation is not absolute in individuals and this
application of the test is most useful in population studies. Very high marker levels (more than 1.5 times
the upper reference limit) are not typical of postmenopausal osteoporosis and should prompt a search
for another cause. For example, after a fracture, markers may remain increased for up to six months.
Other causes could include high turnover states such as hyperparathyroidism or hyperthyroidism, Paget
disease, malignancy including myeloma, or advanced renal failure” (Coates, 2013).

As a method of monitoring the efficacy of osteoporosis treatment, BMD “is a common surrogate marker
of osteoporosis treatment efficacy. However, due to the relatively small effect of treatment relative to
the precision of the test, it is not practical to repeat BMD at intervals shorter than two years. Also,
fracture risk reduction on treatment is far greater than would be predicted by the BMD increase
achieved. Fewer than half of patients prescribed a bisphosphonate are taking the medication after 1
year. For these reasons, it is helpful to assess the effects of, and compliance with, treatment within a few
months. Some studies show improved adherence to treatment when turnover marker results were
provided to patients, although this finding is not universal” (Coates, 2013).
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Overall, the RACGP’s guideline for osteoporosis management recognizes “the response of bone turnover
markers to treatment, particularly in the first few months after initiating bisphosphonates or teriparatide,
but does not yet recommend their routine use” (Coates, 2013).

Paget's Association, Guideline Development Group

This Guideline Development Group published a guideline titled “Diagnosis and Management of Paget's
Disease of Bone in Adults”. The relevant remarks include (Ralston et al., 2019):

e “Serum total ALP [total alkaline phosphatase] is widely available and considerably cheaper than
other biochemical markers that have been assessed in PDB [Paget's Disease of Bone].”

e "If total ALP values are normal and clinical suspicion of metabolically active PDB is high,
measurement of BALP, PINP, or uNTX may be considered to screen for metabolically active
disease.”

e “.elevations in markers of bone turnover occur in many disease states and cannot be used in
isolation for the diagnosis of PDB.”

e "Measurement of PINP is recommended to predict lesion extent, as defined by scintigraphy, after
bisphosphonate therapy.”

e "Measurement of biochemical markers of bone turnover are not recommended a means of
predicting the response of bone pain to osteoclast inhibitors in PDB” (Ralston et al., 2019).

Royal Osteoporosis Society (ROS)

In 2021, the ROS updated a 2018 a statement on the use of bone markers and osteoporosis. In it, they
included three reasons as to why bone markers may be used (Royal Osteoporosis Society, 2021):

"a) To measure bone turnover as part of an assessment of bone strength and fracture risk. There
haven’t been many research trials to prove how effective this is, so other methods are usually used to
assess bone strength, including a bone density scan to measure your bone density, along with your
other risk factors.

b) To monitor the effectiveness of osteoporosis drug treatments. Most treatments work by slowing
the rate of bone resorption. The rate of bone formation also slows, but the overall effect is that the
two processes come back into balance, leading to improved bone strength. The effect of a drug
treatment on bone turnover can be assessed using bone markers within six months of starting
treatment.

) In research trials, to assess osteoporosis drugs in development. Although there is evidence to
suggest the value of bone marker tests as outlined above, expert opinion is divided on how useful or
necessary they are, and further research is required to establish how they should be best used in the
management of osteoporosis.”

As to the recommendation on the use of bone markers, they noted that a "UK independent review in
2014, which looked at whether bone markers should be used to see if a drug treatment is working,
concluded there was insufficient evidence available to make recommendations. International expert
guidance, however, says that although more research is needed, bone markers can be useful in some
situations” (Royal Osteoporosis Society, 2021).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for
a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations
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(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to
make the determination. For the most up-to-date Medicare policies and coverage, please visit the
Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most
up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

Several tests for bone turnover markers have been cleared by the U.S. Food and Drug Administration
(FDA) using the 510(k) process including the collagen cross-links tests: Osteomark® NTX Urine ELISA
test from Abbott which measures cross-linked N-telopeptides of type 1 collagen (NTx), and Serum
Crosslaps One-step ELISA test which measures hydroxyproline. Other bone turnover marker tests cleared
through the FDA 510(k) process tests include: Access Ostase from Beckman Coulter which measures
bone-specific alkaline phosphatase (B-ALP), N-MID Osteocalcin One-step ELISA from Osteometer Bio
Tech (merged with Osteopro and now called Nordic Biotech) which measures osteocalcin (OC), and
Elecsys® N-MID Osteocalcin Immunoassay (Roche Diagnostics).

Many labs have developed specific tests that they must validate and perform in house. These
laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as
high-complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA

’88). LDTs are not approved or cleared by the U. S. Food and Drug Administration; however, FDA
clearance or approval is not currently required for clinical use.

Applicable CPT/HCPCS Procedure Codes

CPT Code Description

82523 Collagen cross links, any method
83500 Hydroxyproline; free

83505 Hydroxyproline; total

83937 Osteocalcin (bone gla protein)
84080 Phosphatase, alkaline; isoenzymes

Current Procedural Terminology® American Medical Association. All Rights Reserved.

Procedure codes appearing in Medical Policy documents are included only as a general reference tool for
each policy. They may not be all-inclusive.
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Revision History

Review Date Summary of Changes

09/06/2023 Reviewed and Updated: Updated the background, guidelines and recommendations,
and evidence-based scientific references. Literature review necessitated the following
changes to coverage criteria:

Removal of CC1: “1) For osteoporosis patients, measurement of bone turnover markers
MEETS COVERAGE CRITERIA for the following situations:

a) In initial evaluation and management

b) In fracture risk prediction”
BTM is recommended for fracture risk prediction in individuals who are receiving
treatment for their osteoporosis.
Adjustment of former CC2, now CC1, to address frequency of testing in individuals
receiving bisphosphonate treatment. “1) For individuals treated with bisphosphonates,
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measurement of bone turnover markers to assess an individual's compliance with
bisphosphonate therapy MEETS COVERAGE CRITERIA at the following intervals:

a) To establish baseline levels before initiating bisphosphonate treatment
b) Every three months after initiation or change of therapy for the first year.
c) Every two years when no medication changes have occurred.”

All other CC except no CC3 edited for clarity and consistency.
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Policy Description

Cardiovascular risk assessment comprises the means and processes to predict the probability of
developing a cardiovascular disease. These are a group of tests and health factors that have been
proven to indicate a person's chance of having a cardiovascular event such as a heart attack or stroke.

Tests typically used to assess cardiovascular risk include lipid profiles or panels, biomarkers, and
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cardiovascular risk panels.

For guidance concerning lipid screening in individuals under 18 years of age, please refer to AHS-
G2042-Pediatric Preventive Screening.

For guidance concerning homocysteine testing for indications other than cardiovascular disease, please
refer to AHS-M2141-Testing of Homocysteine Metabolism-Related Conditions and AHS-G2014-Vitamin
B12 and Methylmalonic Acid Testing.

Terms such as male and female are used when necessary to refer to sex assigned at birth.

Related Policies

Policy Number | Policy Title

AHS-G2014 Vitamin B12 and Methylmalonic Acid Testing

AHS-M2141 Testing of Homocysteine Metabolism-Related Conditions
AHS-M2180 Genetic Markers for Cardiovascular Disease Risk Assessment

Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at the time of the
request. Specifications pertaining to Medicare and Medicaid can be found in the “"Applicable State and
Federal Regulations” section of this policy document.

1) Forindividuals 18 years of age or older, lipid panel testing (see Note 1) MEETS COVERAGE CRITERIA
under any of the following conditions:
a) To screen for cardiovascular disease (CVD) risk:
i) Every 4 to 6 years for individuals ages 18 to 79 years.

ii) Annually for individuals at increased risk for cardiovascular disease (as defined by 2013
ACC/AHA Pooled Cohort Equations (PCEs) to calculate 10-year risk of CVD events [see Note

2]).

b) Annually for individuals at an increased risk of dyslipidemia due to any of the following
conditions:

i) Obesity or metabolic syndrome
ii) Nephrotic syndrome

iii) Hypothyroidism

iv) Hyperthyroidism

v) Pancreatitis

vi) Diabetes

vii) Chronic kidney disease

viii) Cushing syndrome

ix) Pregnancy

x) Cholestatic liver disease
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xi) Lipid metabolism disorders, such as Gaucher disease in adults

¢) Forindividuals who are about to begin or who are currently receiving statin therapy, at the
following intervals:

i) To establish baseline levels before initiating statin therapy.
ii) Every four to twelve weeks after initiation or change of therapy.
iii) Annually when no medication changes have occurred.

d) Forindividuals on a long-term drug therapy that requires lipid monitoring (e.g., Accutane, anti-
psychotics).

e) For HIV positive individuals who are about to begin or who are currently receiving antiretroviral
therapy (ART), at the following intervals:

i) To establish baseline levels before initiating ART.
ii) Every one to three months after initiation or change of therapy.
iii) Every six to twelve months when no medication changes have occurred.
2) Measurement of apolipoprotein B (apoB) MEETS COVERAGE CRITERIA for any of the following
situations:
a) Forindividuals with hypertriglyceridemia.
b) For individuals with diabetes mellitus.
c) Forindividuals with obesity or metabolic syndrome.
d) For individuals with other dyslipidemias (such as very low LDL-C).
e) For individuals who are on lipid therapy.
f) For individuals who are suspected to have familial dysbetalipoproteinemia or familial combined

hyperlipidemia.

3) For individuals 18 years of age or older, measurement of lipoprotein a (Lp(a)) once per lifetime MEETS
COVERAGE CRITERIA.

4) For individuals for whom a risk-based treatment decision is uncertain (after quantitative risk
assessment using ACC/AHA PCEs to calculate 10-year risk of CVD events [see Note 2]), testing for C-
reactive protein with the high-sensitivity method (hs-CRP) MEETS COVERAGE CRITERIA at the
following frequency:

a) For initial screening, two measurements at least two weeks apart.

b) If the initial screen was abnormal, follow-up screening is allowed up to once per year.

The following does not meet coverage criteria due to a lack of available published scientific literature
confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual's
illness.

5) For all other cardiovascular disease risk assessments not described above, testing for CRP DOES NOT
MEET COVERAGE CRITERIA.

6) For CVD risk assessment and stratification in the outpatient setting, measurement of high-sensitivity
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cardiac troponin T (hs-cTnT) DOES NOT MEET COVERAGE CRITERIA.

7) For CVD risk assessment screening, evaluation, and management, homocysteine testing DOES NOT
MEET COVERAGE CRITERIA.

8) For CVD risk assessment, measurement of novel lipid and non-lipid biomarkers (e.g., apolipoprotein
Al, apolipoprotein E, B-type natriuretic peptide, cystatin C, fibrinogen, leptin, LDL subclass, HDL
subclass) DOES NOT MEET COVERAGE CRITERIA.

9) Other than simple lipid panels (see Note 1), CVD risk panels consisting of multiple individual
biomarkers intended to assess CVD DO NOT MEET COVERAGE CRITERIA.

10) For CVD risk assessment, measurement of serum intermediate density lipoproteins DOES NOT MEET
COVERAGE CRITERIA.

11) For CVD risk assessment, measurement of lipoprotein-associated phospholipase A2 (Lp-PLA2) DOES
NOT MEET COVERAGE CRITERIA.
12) For all situations, measurement of long-chain omega-3 fatty acids in red blood cell membranes, DOES

NOT MEET COVERAGE CRITERIA.
13) All other tests for assessing CVD risk DO NOT MEET COVERAGE CRITERIA.

NOTES:

Note 1: A simple lipid panel is generally composed of the following lipid markers:

e Total cholesterol
e HDL cholesterol
e LDL cholesterol
e Triglycerides

Certain calculated ratios, such as the total/HDL cholesterol may also be reported as part of a simple lipid
panel.

Other types of lipid testing (i.e., apolipoproteins, lipid particle number or particle size, lipoprotein [a]) are
not considered to be components of a simple lipid profile.

Note 2: 2013 ACC/AHA Guideline on the Assessment of Cardiovascular Risk (Goff et al., 2014):

Risk factors include gender, age, race, smoking, hypertension, diabetes, total cholesterol, high- and low-
density lipoprotein cholesterol. A race- and sex-specific PCE ASCVD Risk Estimator is available at:
https://tools.acc.org/ldl/ascvd_risk_estimator/index.html#!/calulate/estimator/.

The 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the
Management of Blood Cholesterol affirms that “the PCE is a powerful tool to predict population risk, but it
has limitations when applied to individuals.” Hence a clinician-patient risk discussion can individualize risk
status based on PCE, but with the inclusion of additional risk-enhancing factors. These additional factors
may include:

e A family history of premature ASCVD (males, age <55 y; females, age <65 y)

e Primary hypercholesterolemia (LDL-C, 160-189 mg/dL [4.1-4.8 mmol/L); non-HDL-C 190-219
mg/dL [4.9-5.6 mmol/L])

e Metabolic syndrome (increased waist circumference, elevated triglycerides [>150 mg/dL],

Page 4 of 48



elevated blood pressure, elevated glucose, and low HDL-C [<40 mg/dL in men; <50 in women
mg/dL] are factors; tally of 3 makes the diagnosis)
e  Chronic kidney disease (eGFR 15-59 mL/min/1.73 m2 with or without albuminuria; not treated
with dialysis or kidney transplantation)
e Chronic inflammatory conditions such as psoriasis, RA, or HIV/AIDS

e History of premature menopause (before age 40 y) and history of pregnancy-associated

conditions that increase later ASCVD risk such as preeclampsia
e High-risk race/ethnicities (eg, South Asian ancestry)
e Lipid/biomarkers: Associated with increased ASCVD risk
e Persistently elevated, primary hypertriglyceridemia (=175 mg/dL)
e Elevated high-sensitivity C-reactive protein (2.0 mg/L)
e Elevated Lp(a): A relative indication for its measurement is family history of premature ASCVD. An
Lp(a) 250 mg/dL or >125 nmol/L constitutes a risk-enhancing factor especially at higher levels of

Lp(a)

e Elevated apoB >130 mg/dL: A relative indication for its measurement would be triglyceride 2200
mg/dL. A level 2130 mg/dL corresponds to an LDL-C >160 mg/dL and constitutes a risk-
enhancing factor

e ABI <09

Table of Terminology

Term Definition

AA Arachidonic acid

AACE American Association of Clinical Endocrinologists
AACVPR American Association of Cardiovascular and Pulmonary Rehabilitation
AAPA American Academy of Physician Assistants
ABC Association of Black Cardiologists

ABI Ankle-brachial index

ACC American College of Cardiology

ACCF American College of Cardiology Foundation
ACE American College of Endocrinology

ACPM American College of Preventive Medicine
ADA American Diabetes Association

ADMA Asymmetric dimethylarginine

AGS American Geriatrics Society

AHA American Heart Association

Anti-CCP Anti—cyclic citrullinated peptide

APhA American Pharmacists Association

Apo A- Apolipoprotein A-l

Apo B Apolipoprotein B

Apo C-lll Apolipoprotein C-llI

Apo E Apolipoprotein E

APs Antipsychotics

ART Antiretroviral therapy
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ASCP American Society for Clinical Pathology
ASCVD Atherosclerotic cardiovascular disease

ASH American Society of Hypertension

ASPC American Society for Preventive Cardiology
BMI Body mass index

BNP Brain natriuretic peptide

CAC Coronary artery calcium

CAD Coronary artery disease

CCS Canadian Cardiovascular Society

CDC Centers for Disease Control and Prevention
CHARGE Cohorts for Heart and Aging Research in Genomic Epidemiology
CHD Coronary heart disease

CIMT Carotid intima media thickness

CK Creatine kinase

CKD Chronic kidney disease

CRP C reactive protein

cTnl Cardiac troponin |

cInT Cardiac troponin T

CVD Cardiovascular disease

DHA Docosahexaenoic acid

DM Diabetes mellitus

DoD Department of Defense

DPA Docosapentaenoic acid

EACPR European Association for Cardiovascular Prevention & Rehabilitation
EAS European Atherosclerosis Society

EASD European Association for the Study of Diabetes
EEG Electroencephalography

ELISA Enzyme-linked immunosorbent assay

EPA Eicosapentaenoic acid

ES Endocrine Society

ESC European Society of Cardiology

FDA Food and Drug Administration

FH Familial hypercholesterolemia

Fix Family history

GDMT Guideline-directed medical therapy

GFR Glomerular filtration rate

GGT Gamma-glutamyltransferase

GlycA Glycoprotein acetyls

HDL High-density lipoprotein

HDL-C High-density lipoprotein cholesterol

HF Heart failure
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HIV Human immunodeficiency virus

HRs Hazard ratios

hsCRP High-sensitivity C reactive protein

hs-cTnl High-sensitivity cardiac troponin i

hs-cTnT High-sensitivity cardiac troponin t

IDL Intermediate density lipoproteins

LDL Low-density lipoprotein

LDL-C Low-density lipoprotein cholesterol

LDTs Laboratory developed tests

Lp(a) Lipoprotein A

LPA Apolipoprotein(a) locus

Lp-PLA2 Lipoprotein-associated Phospholipase A2
LSP Lipids Standardization Program

MACE Major adverse cardiovascular event

NICE National Institute for Health and Care Excellence
NLA National Lipid Association

NMA National Medical Association

Non-HDL-C | Non-high-density lipoprotein cholesterol
NT-proBNP | Amino-terminal pro-B-type natriuretic peptide
PAD Peripheral artery disease

PCEs Pooled cohort equations

PCNA Preventive Cardiovascular Nurses Association
proBNP Pro-B-type natriuretic peptide

RR Risk ratio

sdLDL Small dense low-density lipoprotein

SDMA Symmetric dimethylarginine

SIGN Scottish Intercollegiate Guidelines Network
SMC™ Single Molecule Counting

T1DM Type 1 diabetes mellitus

T2DM Type 2 diabetes mellitus

TC Total cholesterol

TG Triglyceride

USPSTF U.S. Preventive Services Task Force

VA Veterans Affairs

VLDL Very low-density lipoprotein

Scientific Background

Statistics show that cardiovascular disease (including coronary heart disease, stroke, and hypertension) is
America's leading health problem, and the leading cause of death. According to the 2022 update of the
heart disease and stroke statistics report released by the American Heart Association (AHA, 2022):

e Approximately 126.9 million people in this country suffer from some form of cardiovascular
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disease (encompassing coronary heart disease, heart failure, hypertension, and stroke).

e The direct and indirect costs of cardiovascular disease and stroke are about $378.0 billion and
increasing every year.

e An estimated 121.5 million U.S. adults have high blood pressure, and 28.2 million have diabetes.

e Heart disease remains the number one cause of death in the U.S.

e On average, someone in the U.S. dies of a stroke every 3 minutes and 30 seconds.

e Women have a higher lifetime risk of stroke than men.

* Approximately 14 percent of U.S. adults smoke cigarettes “some days” or "every day".

e An estimated 42.4 percent of U.S. adults are obese

Cardiovascular Risk Assessment

Traditionally, the most important indicators for cardiac risk are those of a person's health history. These
include factors such as family history, age, weight, exercise, and cigarette smoking status (Wilson, 2023).

Tests typically used to assess cardiovascular risk include:

1. Lipid profile or panel, which is the most important blood test for cardiac risk assessment
2. Biomarkers
3. Cardiovascular Risk Panels

Lipid Profile or Panel

A lipid profile or lipid panel is a panel of blood tests that serves as an initial broad medical screening
tool for abnormalities in lipids, such as cholesterol and triglycerides. The results of this test can identify
certain genetic diseases and can determine approximate risks for cardiovascular disease and other
diseases. The lipid profile typically includes measurements of low-density lipoprotein (LDL), high-density
lipoprotein (HDL), triglycerides, and total cholesterol. Using these values, a laboratory may also calculate
the very low-density lipoprotein (VLDL) and total cholesterol/HDL cholesterol ratio (Rosenson, 2022b).

Biomarkers

Traditional risk algorithms may miss up to 20% of cardiovascular disease (CVD) events (MacNamara et
al., 2015). Numerous biomarkers have been proposed as potential risk markers for CVD. These
biomarkers include but are not limited to several apolipoproteins (A, B, Al, E, LDL, HDL), B-type
natriuretic peptide, and C-reactive protein. These biomarkers have been proposed as an alternative or
addition for risk stratification in CVD or as treatment targets for lipid-lowering therapy (Rosenson,
2022a; Rosenson et al., 2023; Wilson, 2022). However, even the most promising biomarkers have only
demonstrated modest associations and predictive ability.

Antonopoulos et al. (2022) investigated the added prognostic value of biomarkers of vascular
inflammation for stable patients without known coronary heart disease on top of clinical risk factors. The
biomarkers—"C-reactive protein, interleukin-6 and tumor necrosis factor-a, arterial positron emission
tomography/computed tomography and coronary computed tomography angiography—derived
biomarkers of vascular inflammation, including anatomical high-risk plaque features and perivascular fat
imaging"—were evaluated against the main endpoint of the difference in c-index (A[c-index]) with the
use of inflammatory biomarkers for major adverse cardiovascular events (MACEs) and mortality, finding
that the "Biomarkers of vascular inflammation provided added prognostic value for the composite
endpoint and for MACEs only (pooled estimate for A[c-index]% 2.9, 95% CI: 1.7-4.1 and 3.1, 95% Cl: 1.8-
4.5, respectively).” Coronary computed tomography angiography-related biomarkers are noteworthy as
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they produced the highest added prognostic benefit for MACEs, the biomarkers of which included
"high-risk plaques 5.8%, 95% Cl: 0.6 to 11.0, and perivascular adipose tissue (on top of coronary
atherosclerosis extent and high-risk plaques): 8.2%, 95% CI: 4.0 to 12.5).” Though this may appear to be
the case, the study remarked that the net clinical benefit and cost-effectiveness of using these
biomarkers are still underreported and understudied (Antonopoulos et al.,, 2022).

Since low-grade inflammation has been linked to early development of cardiovascular disease in the
young, Chiesa et al. (2022) evaluated whether circulating levels of glycoprotein acetyls (GlycA) were
better able to predict the development of adverse cardiovascular disease risk profiles when compared
with the more commonly used biomarker high-sensitivity CRP (C-reactive protein). Using data from a
total of 3306 adolescents and young adults from the Avon Longitudinal Study of Parents and Children
(mean age, 15.4 + 0.3; n=1750) and Cardiovascular Risk in Young Finns Study (mean age, 32.1 + 5.0;
n=1556), the authors found that not only did “GlycA showed greater within-subject correlation over 9-
to-10-year follow-up [for hypertension and metabolic syndrome] in both cohorts compared with CRP,
particularly in the younger adolescent group (r=0.36 versus 0.07),” but GlycA was associated with
multiple lifestyle-related cardiovascular disease risk factors, cardiometabolic risk factor burden, and
vascular dysfunction. Moreover, in both cohorts, “only GlycA predicted future risk of both hypertension
(risk ratio [RR], =1.1 per z-score increase for both cohorts) and metabolic syndrome (RR, =1.2-1.3 per z-
score increase for both cohorts) in 9-to-10-year follow-up,” suggesting that GlycA “may capture distinct
sources of inflammation in the young and may provide a more sensitive measure than CRP for detecting
early cardiovascular risk” (Chiesa et al., 2022).

Apolipoprotein B (Apo B)

Apo B is a major protein in the construction and regulation of lipids. There are two forms of apo B, apo
B-48 and apo B-100. Apo B-100 is the major protein found in LDL and VLDL. Each LDL particle has one
molecule of Apo B-100 per particle. Therefore, the apo B concentration may represent the amount of
LDL well (Rosenson, 2022a). Increased levels of apo B have been associated with atherosclerosis
development in several large-scale studies; however, apo B levels have yet to become routinely
measured in clinical practice (Morita, 2016; Trompet et al., 2018).

Researchers have hypothesized that lowering apo B levels in young or middle-aged individuals will
reduce the number of atherosclerosis cases later in life (Robinson et al., 2018). Further, atherosclerotic
changes in retinal arteries have been associated with coronary artery disease (CAD) as well as apo B, TG,
TC, and LDL-C levels (Tedeschi-Reiner et al.,, 2005). Lamprea-Montealegre et al. (2020) have analyzed
data from 9270 participants with chronic kidney disease to determine if triglyceride-rich lipoproteins
contribute to a greater CVD risk in this population; it was determined that increased apo B along with
other triglyceride and cholesterol-related concentrations were associated with an increased risk for
atherosclerotic CVD risk in chronic kidney disease patients. A second study (n=8570) has researched the
relationship between apo B levels relative to LDL-C and non-LDL-C, as well as how these levels affect
subclinical atherosclerotic cardiovascular disease (ASCVD) (Cao et al.,, 2019). Results showed that higher
apo B levels were associated with an increase in coronary artery calcium (CAC) levels among adults older
than 45 years who were not taking statins, “but provided only modest additional predictive value of apo
B for CAC prevalence, incidence, or progression beyond LDL-C or non-HDL-C" (Cao et al., 2019). An
equation to predict major cardiovascular events based on apo B levels has even been developed, and
when studied, this equation showed major cardiovascular event “risk prediction comparable to directly-
measured apo B in high risk patients with previous coronary heart disease” (Hwang et al., 2017).

The 2019 European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS) published
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guidelines for the management of dyslipidaemias. These guidelines stated that “ApoB analysis is
recommended for risk assessment, particularly in people with high TG [triglycerides], Diabetes mellitus
(DM), obesity or metabolic syndrome, or very low LDL-C" (Mach et al., 2019). The ESC and EAS justify
these recommendations by stating that the measurement of LDL-C levels in patients with dyslipidaemia
may be inaccurate due to high DM or TG levels. “Because apo B provides an accurate estimate of the
total concentration of atherogenic particles under all circumstances, it is the preferred measurement to
further refine the estimate of ASCVD risk that is modifiable by lipid-lowering therapy” (Mach et al,,
2019).

Apolipoprotein A-I (Apo-A-1)

Apo A-lis a lipid-binding protein which comprises HDL molecules. HDL contains two associated
apolipoproteins, A-l and A-Il, and together they are the primary components of the HDL molecules. Due
to Apo A-I's role as a primary structural protein for HDL, it significantly factors into the density ranges of
HDL, which ultimately contribute to their overall measurement (Rosenson, 2022a).

Direct measurement of apo A-l has been proposed as more accurate than the traditional use of HDL
level. Low levels of apo A-I may be associated with an increased risk for CVD. Testing for apo A-l is often
performed with apolipoprotein B and reported as a ratio (apo B: apo A-l), thus providing a measure of
atherogenic to antiatherogenic lipoprotein particles (Sandhu et al.,, 2016).

Apolipoprotein E (Apo E)

Apo E is the primary apolipoprotein found in VLDLs and chylomicrons. Apo E is essential in the
metabolism of cholesterol and triglycerides and helps to clear chylomicrons and VLDL. Apo E
polymorphisms have functional effects on lipoprotein metabolism. Some Apo E genotypes are more
atherogenic than others, and their measurement could provide additional information of risk of
coronary artery disease (Rosenson, 2022a).

B-type or Brain Natriuretic Peptide (BNP)

BNP is a hormone released by the ventricles of the heart when pressure to the cardiac muscles increases
or there is volume overload. BNP is now an established biochemical marker for heart failure, as the level
of BNP in plasma increases proportionally based on disease severity (Kuwahara et al., 2018). Further,
BNP has been accepted as an “independent surrogate marker of rehospitalization and death” for heart
disease (Li & Wang, 2005), and exhibits both diagnostic and prognostic capabilities (Tomcsanyi et al.,
2018).

While BNP has shown great promise for diagnostic congestive heart failure purposes, a BNP guided
heart failure treatment strategy seems to be controversial; some report that this type of treatment has
led to greater health-related costs and does not increase patient outcomes (Mark et al., 2018). Still,
many drugs, such as beta blockers, amiodarone, spironolactone, and angiotensin converting enzyme
inhibitors, have been beneficial in reduction of circulating BNP during the management of chronic heart
failure (Li & Wang, 2005). A major limitation of BNP is that a wide range of values are observed in
patients with and without heart failure; for example, obese individuals tend to have lower levels of this
hormone than healthy individuals (Colucci & Chen, 2022).

Januzzi et al. (2019) used data from the GUIDing Evidence Based Therapy Using Biomarker Intensified

Treatment in Heart Failure (GUIDE-IT) trial to develop a greater understanding of the prognostic
capabilities of amino-terminal pro-B-type natriuretic peptide (NT-proBNP) following heart failure. A total
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of 638 individuals participated in the study. The authors concluded that “Patients with heart failure with
reduced ejection fraction whose NT-proBNP levels decreased to <1,000 pg/ml during GDMT [guideline-
directed medical therapy] had better outcomes” (Januzzi et al., 2019). These results highlight the
potential for NT-proBNP to be used as a prognostic tool following heart failure.

High Density Lipoprotein (HDL)

Apart from apolipoprotein content (Al and All), HDL can be classified by size (small and large), by
density (HDL2, HDL3), and by electrical charge (pre-beta, alpha and pre-alpha). There has been
substantial interest in evaluating whether HDL subclass testing can be used to provide additional
information on cardiovascular risk compared to HDL alone. HDL levels have been noted to be inversely
related to CVD risk and possibly even protective against CVD. However, there are still many questions
about the relationship between HDL and CVD risk, such as whether HDL levels are causative of lower
CVD risk (Rosenson, 2022a; Rosenson & Durrington, 2021).

Low Density Lipoprotein (LDL)

LDL proteins are a significant risk factor in predicting atherosclerosis. The mechanism of how LDL
subclass particles impact risk of CVD has not been determined although many mechanisms have been
proposed. Even though LDL cholesterol levels may be normal, an elevation of small, dense LDL particles
may be associated with CVD. One theory is that the small LDL particles can be more easily deposited
into the intima, lead to atherosclerosis, and eventually CVD. Another is that LDL particles may upregulate
the angiotensin Il receptor, thereby promoting atherosclerosis (Rosenson, 2022a).

Lipoprotein(a)

Lipoprotein(a) (Lp[a]) is a low-density lipoprotein and has been determined to have atherogenic
potential. Lp(a) has been proposed as an independent risk factor for coronary artery disease (CAD).
Although research has shown it accumulates in atherosclerotic lesions, the actual process remains
unclear. Serum levels of Lp(a) are highly determined by genetic polymorphisms, and the 90th percentile
of Lp(a) levels was estimated at about 39 mg/dL. The overall degree of risk associated with Lp(a) levels
appears to be modest, and the degree of risk may be mediated by other factors such as LDL levels
and/or hormonal status. The standard method for measuring Lp(a) is density gradient
ultracentrifugation. Although enzyme-linked immunosorbent assay (ELISA) techniques are available; they
unable to distinguish between apo(a) isoforms, leading to inaccurate results (Rosenson et al.,, 2023).
Lp(a) may have prognostic value in certain situations, such as in women with hypercholesterolemia
(Grundy et al., 2019).

A study focusing on the possible role of Lp(a) in CVD was performed by Willeit et al. (2018); 26069
subjects were analyzed, and the authors found a linear relationship between elevated Lp(a) levels and
CVD risk at a baseline of 230 mg/dL and an on-statin level of 250 mg/dL. The baseline hazard ratios
were 1.13 and 1.36 for 30-50 mg/dL and >50 mg/dL respectively, and the hazard ratios for patients on
statins were 1.08 and 1.42 respectively (Willeit et al., 2018).

Mehta et al. (2020) investigated “independent and joint associations of Lp(a) and FHx [family history of
coronary heart disease] with atherosclerotic cardiovascular disease (ASCVD) and CHD [coronary heart
disease] among asymptomatic subjects.” A total of 12149 patients were included and observed over 21
years, with Lp(a) levels measured at the first visit and remeasured at the fourth visit, nine years later, to
confirm. The median age of this cohort was 54 years, and 44% of these patients had FHx. A total of
3114 ASCVD events were observed. Both FHx and elevated Lp(a) were independently associated with
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ASCVD, with a hazard ratio of 1.17 for FHx and a hazard ratio of 1.25 for elevated Lp(a). Patients with
both FHx and elevated Lp(a) were found to have a hazard ratio of 1.43. Similar findings were found for
CHD. The authors also noted that ASCVD and CHD risk reclassification and discrimination indices had
improved accuracy with both FHx and Lp(a) included. The authors concluded that “elevated plasma Lp(a)
and FHx have independent and additive joint associations with cardiovascular risk and may be useful
concurrently for guiding primary prevention therapy decisions” (Mehta et al., 2020).

Cystatin C

Cystatin C is a protease inhibitor protein that plays a role in inflammation and obesity. Serum testing has
been proposed to diagnose impaired kidney function, which in turn may be a risk factor for coronary
heart disease (Rule, 2022). There is no published literature proving the effectiveness of Cystatin C as a
biomarker for predicting cardiovascular risk and other confounding factors such as inflammation levels
still need to be parsed out from Cystatin C. Overall, Cystatin C is not routinely used as a CVD biomarker
(Sarnak, 2021).

Fibrinogen

Fibrinogen is a circulating glycoprotein that plays an important role in platelet aggregation and blood
viscosity. Fibrinogen has been suggested as a possible indicator of inflammation that accompanies
atherosclerosis. The independent predictive power, impact on management strategies, and clinical utility
of fibrinogen measurement have shown conflicting results. One study of 150000 subjects demonstrated
a log-linear relationship of fibrinogen and cardiovascular events, but another study of 90000 subjects
did not find a relationship; therefore further research is required (Wilson, 2023). A recent study has
reported that higher fibrinogen levels increased the risk of a stroke in large arteries or small vessels but
decreased the risk of cardioembolic stroke (Maners et al., 2019).

Pieters et al. (2020) investigated the contribution of fibrinogen, as well as other biomarkers, on
cardiovascular disease (CVD) mortality. A total of 4487 patients were evaluated over a period of 14 years.
The authors noted that 551 patients had CVD at baseline and over the time period investigated, 321
CVD deaths occurred. Fibrinogen was found to associate (“cluster”) with C-Reactive protein only and was
associated with both baseline CVD and CVD mortality at follow-up. Both fibrinogen and gamma-
glutamyl transferase were found to be mediators between CVD status and all-cause mortality, as well as
between CVD status and CVD mortality (Pieters et al., 2020).

Leptin

Leptin is a protein secreted by fat cells and plays a role in fat metabolism. As leptin increases with
obesity, it is thought to be associated with CVD. Leptin may play a role in regulating blood pressure,
insulin sensitivity, inflammatory vascular responses, and more. However, a meta-analysis covering 13
studies, 4257 CVD patients, and 26710 controls indicated no significant relationship between leptin and
CVD, or stroke once other cardiovascular risk factors were controlled. The authors recommend further
research to evaluate the effectiveness of leptin as a predictor of CVD (Wilson, 2023; Yang et al.,, 2017). A
recent study found that, in a Chinese cohort, serum leptin levels were identified as a marker for patients
with first-ever acute ischemic stroke and were also associated with stroke size and severity (Liu et al.,
2019).

Drug Therapies Requiring Lipid Monitoring

Lipid-lowering Therapy with Statins
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Statins, such as ezetimibe, are a type of drug often prescribed to lower lipid levels or cholesterol.
Pignone (2022) has reported that statins may reduce CVD risk by 20 to 30%, regardless of initial LDL-C
levels. Statins are also beneficial for the treatment of arterial stiffness, independent of their
hypolipidemic effect; treatment with a high dosage of statins will decrease LDL-C levels and improve
arterial stiffness levels (Reklou et al., 2020). Kongpakwattana et al. (2019) report that the use of statin
therapy in combination with non-stain lipid-modifying agents is more beneficial to reduce CVD risk than
using only one treatment method.

A meta-analysis of statin trials completed by Boekholdt et al. (2014) analyzed data from 38,153 patients.
During the follow-up of only 5,387 patients, it was found that 6,286 major cardiac events occurred. Great
variability was recorded in LDL-C, apo B and non-HDL-C levels based on fixed statin levels over a one-
year period. “Among trial participants treated with high-dose statin therapy, >40% did not reach an LDL-
C target <70 mg/dl,” suggesting that high-dose statin therapy effectiveness may depend on the
individual (Boekholdt et al., 2014).

Antipsychotics

Several atypical antipsychotic medications, such as risperidone, sertindole and olanzapine, have been
FDA approved for the treatment of psychiatric disorders, including bipolar disorder, depression, and
schizophrenia; unfortunately, these medications may lead to a plethora of side effects, including
dyslipidemia, hypertension, increased CVD risk, obesity, sudden cardiac death, and insulin resistance
(Beauchemin et al., 2019; Polcwiartek et al., 2016). Specifically, antipsychotic-induced corrected QT
prolongation may increase the risk of Torsades de Pointes (a form of polymorphic ventricular
tachycardia), leading to sudden cardiac death (Polcwiartek et al., 2016). While newer antipsychotics have
been improved to lessen the pro-arrhythmic impact of their predecessors, they may contribute to
cardiac death in a new way: by worsening the metabolic profile (Howell et al., 2019). It is recommended
that any individuals in need of antipsychotics seriously consider the risks of these medications before
accepting this type of treatment.

A ten-year study compared the CVD risk of patients with schizophrenia taking antipsychotics with
healthy controls. The overall CVD risk was 5.16% in patients with schizophrenia, and 3.02% in the healthy
control group; further, risk scores were significantly higher and HDL levels were significantly lower in
patients taking multiple antipsychotics (Kilicaslan et al., 2019). A recent meta-analysis by Rotella et al.
(2020) aimed to identify the long-term metabolic and cardiovascular effects of antipsychotic drugs. A
total of 3013 studies were screened, and 92 were used for data analysis. The researchers have found a
significantly higher risk of CVD death for sertindole users compared to risperidone users and state that
"Long-term cardiovascular effects of APs [antipsychotics] deserve to be studied more extensively”
(Rotella et al., 2020).

Accutane

Accutane, also known as isotretinoin, is a synthetic vitamin A derivative and oral medication often
prescribed for the treatment of severe acne; it was approved by the FDA in 1982 to treat resistant,
nodular acne that has not responded to conventional therapeutic measures such as systemic antibiotics
(Pile & Sadiq, 2019). Unfortunately, isotretinoin therapy may cause various cardiac events, including
congenital heart disease, atrial tachycardia, and cardiac remodeling (Guler et al., 2015). Akcay and Yuksel
(2019) have reported that isotretinoin use may have been related to the development of Kounis
syndrome (acute coronary syndrome due to a reduction of blood flow to the heart) in one patient. Alan
et al. (2016) reported that isotretinoin use may have triggered premature ventricular contractions in a
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33-year-old woman. Karadag et al. (2012) completed a study comprised of 70 patients who were being
treated with 0.5-1.0 mg/kg per day of isotretinoin; in each patient, heart rate, blood pressure, EEG,
biochemical and hematologic parameters were all measured. "We found that isotretinoin did not affect
P- and QT-wave measurement” (Karadag et al., 2012).

Isotretinoin may also affect serum lipid levels. Zane et al. (2006) studied 13772 patients with acne
currently receiving oral isotretinoin therapy. Results showed that 31% of isotretinoin users had high
cholesterol levels, 11% had high liver transaminase levels, and 44% had high triglyceride levels (Zane et
al., 2006). In a more recent study, Lee et al. (2016) completed a systematic review and meta-analysis
from 1960-2013 which studied the effects of oral isotretinoin use. Data was only admitted if 40 mg/day
of isotretinoin was used for at least four weeks. The authors stated that “This meta-analysis showed that
(1) isotretinoin is associated with a statistically significant change in the mean value of several laboratory
tests (white blood cell count and hepatic and lipid panels), yet (2) the mean changes across a patient
group did not meet a priori criteria for high-risk and (3) the proportion of patients with laboratory
abnormalities was low” (Lee et al., 2016; Zane et al., 2006). The authors concluded by stating that these
results do not support monthly laboratory testing for patients taking standard isotretinoin doses for
acne purposes.

Other Cardiovascular Markers

C Reactive Protein (CRP)

Data from numerous studies have shown an association between elevated serum or plasma
concentrations of CRP and atherosclerotic vascular disease, risk of recurrent cardiovascular events, and
the incidence of initial cardiovascular events among individuals not known to have atherosclerosis (Crea,
2023).

CRP can be measured using either traditional assays or high sensitivity CRP (hs-CRP) assays. Traditional
assays have limited use when screening for cardiovascular disease due to their limit of detection (3-5
mg/L). On the other hand, hs-CRP assays can detect concentrations of CRP down to 0.3 mg/L and below.
These hs-CRP assays are used to assess cardiovascular risk because they can detect and quantify CRP
within the range normally seen in asymptomatic patients (<3 mg/L). Elevated CRP levels, either alone or
in combination with other cardiovascular risk factors, have been associated with a higher risk of future
cardiovascular events. Studies evaluating CRP in asymptomatic populations have shown that the
baseline level of CRP predicts the long-term risk of a first myocardial infarction (Ml), ischemic stroke,
hypertension, peripheral vascular disease, sudden cardiac death, and all-cause mortality (Crea, 2023).

Homocysteine

Homocysteine is an amino acid that is produced by the body. Elevated levels of homocysteine may
result in damage to the walls of the artery, increase the potential for thrombosis and lead to advanced
atherosclerosis. Hence, elevated homocysteine levels have been demonstrated to increase the risk of
CVD. However, the testing of homocysteine levels is not consistently recommended because, based on
current research, the lowering of plasma homocysteine levels does not necessarily lower the risk of CVD.
Further research is required to support the clinical utility of lowering homocysteine levels (Rosenson,
2021).

Intermediate Density Lipoproteins (IDL)

Intermediate Density Lipoproteins (remnant cholesterol or lipoproteins) are the cholesterol content of
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triglyceride-rich lipoproteins, which is composed of VLDL and IDL in the fasting state, and is a
combination of VLDL, IDL, and chylomicron remnants in the non-fasting state. It can be estimated by
triglyceride (TG) levels in the absence of advanced lipoprotein testing. Elevated non-fasting plasma
triglyceride is associated with increased risk for CVD (Varbo et al., 2013). Triglycerides are unlikely to
directly cause CVD, thus VLDL and IDL are more commonly identified as the source of this increased risk
for CVD (Jepsen et al., 2016). VLDL and IDL have been shown to be proatherogenic with both
proinflammatory and prothrombotic effects (Joshi et al., 2016).

Genetic case studies have shown that elevated levels of remnant cholesterol are causally associated with
both low-grade inflammation and CVD. Elevated levels of LDL cholesterol are associated with CVD, but
not with low-grade inflammation. This indicates that elevated LDL cholesterol levels cause
atherosclerosis without inflammation, whereas elevated remnant cholesterol levels lead to both
atherosclerosis and inflammation (Varbo et al.,, 2014; Varbo et al., 2013).

Another measure which includes IDL is Non-HDL-C, which is derived from the simple calculation of total
cholesterol minus HDL-C. The Emerging Risk Factors Collaboration concluded that apoB and non-HDL-C
predicted risk similar to directly measured LDL-C and that fasting did not affect the hazard ratios (HRs)
(Di Angelantonio et al., 2009).

Lipoprotein-associated Phospholipase A2 (Lp-PLA2)

Lipoprotein-associated phospholipase A2 (Lp-PLA2) is an inflammatory enzyme expressed in
atherosclerotic plaques. It has been proposed that Lp— PLA2 testing may aid in detecting CVD risk due
to its association with other biomarkers, such as LDL. The rationale for Lp-PLA2 as a key inflammatory
biomarker is attractive because this enzyme is produced in atherosclerotic plaques with elevated
expression found in CVD patients (Rosenson & Stafforini, 2012).

Numerous studies evaluate Lp-PLA2 as a predictor of cardiovascular risk (Garg et al., 2015; LPSC, 2010;
Sudhir, 2006). These studies demonstrate that Lp-PLA2 is an independent predictor of CVD. Preliminary
clinical trials of Lp-PLA2 inhibitors showed some improvements in physiologic measures, such as
reduction in hs-CRP (Sudhir, 2006). However, further clinical trials of Lp-PLA2 inhibitors failed to
demonstrate significant improvements in patient outcomes (Mohler et al.,, 2008). Although Lp-PLA2 does
not appear to have any predictive power with apparently healthy individuals, it may have utility for
symptomatic patients. The link between the enzyme and LDL is found in the enzyme’s plasma activity,
which tends to vanish with treatment (Rosenson & Stafforini, 2012). De Stefano et al. (2019) stated that
Lp-PLA2 may be considered as a new vascular specific biomarker to predict CVD in a population of
patients with metabolic diseases.

Long-Chain Omega-3 Fatty Acids

Omega-3 fatty acids, a specific group of polyunsaturated fatty acids containing a double bond three
carbons from the methyl terminus, are main building blocks of many fats and oils. Long-chain omega 3
fatty acids (>C20, LC) include eicosapentaenoic acid (EPA, 20:5w3), docosapentaenoic acid (DPA,
22:5w3) and docosahexaenoic acid (DHA, 22:6w3) and are thought to be beneficial in the prevention of
coronary heart disease (CHD) (Mozaffarian, 2021). Circulating blood levels of EPA and DHA are inversely
and significantly associated with reduced CHD event risk (de Oliveira Otto et al., 2013). Blood levels of
omega-3 fatty acids may be more related to CVD benefit than the daily dose of fish oil supplements
(Superko et al., 2014). The blood EPA/arachidonic acid (AA) ratio may be a clinically relevant
measurement as AA has atherogenic and thrombogenic metabolites. Although this ratio has substantial
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individual variability, an EPA/AA ratio >0.75 has been associated with a significantly lower number of
major coronary events in a Japanese population (Itakura et al,, 2011). Determination of blood omega-3
levels may help guide the appropriate use of dietary fish or omega-3 supplements in a personalized
heart disease prevention strategy.

The relationship of fish and dietary omega-3 fatty acids and cardiovascular disease (CVD) has been
investigated in numerous studies and comprehensive reviews and recommendations exist, but guidance
on blood concentrations is missing. Some prospective fish oil treatment investigations report a
significant reduction in CVD events, but others do not (Bosch et al., 2012; Itakura et al., 2011). A meta-
analysis did not find a statistically significant relationship between omega-3 consumption and CVD
mortality (Rizos et al., 2012). A science advisory from the AHA stated that for individuals with prevalent
CHD such as a recent Ml event, treatment with omega-3 PUFA supplements is reasonable; further, for
patients with prevalent heart failure without preserved left ventricular function, fish oil treatment is
recommended, while treatment is not recommended for patients with diabetes mellitus, prediabetes or
as a method for stroke prevention (Siscovick et al., 2017).

Troponins (I, T)

Troponins are specific biomarkers for cardiac injury and are often used to diagnose myocardial
infarctions. These proteins control the calcium-mediated interaction of actin and myosin in the muscle,
and the cardiac versions of these proteins are unique to the heart. There are two primary categories of
tests for troponins; “sensitive or contemporary” and “high-sensitive.” The high-sensitive version is
preferred due to its superior accuracy (Gibson, 2022; Jaffe, 2022, 2021).

Elevated levels of troponins are proposed to predict CVD risk. Ford et al. (2016) performed a study
evaluating troponin levels in 3318 men in relation to CVD risk. A hazard ratio of 2.3 for the highest
quartile of troponin (>5.2 ng/L) compared to the lowest quartile (<3.1 ng/L) was found. The authors also
found a 5-fold reduction in coronary events when troponin levels decreased by a quarter (Ford et al.,,
2016).

Tang et al. (2020) evaluated the ability of high-sensitivity cardiac troponin | (hs-cTnl) to assess
cardiovascular risk and mortality. A total of 5876 patients ages 66-90 years were included. A total of
1053 deaths (321 CVD-related) occurred, within a median follow-up of 6.3 years. Patients with an
elevated hs-cTnl and without history of CVD had a similar mortality risk to patients with a CVD history
but without an elevated hs-cTnl. However, after adjustment, elevated hs-cTnl was found to be
associated with mortality risk, by a hazard ratio of 2.38 over low hs-cTnl and no CVD. Elevated hs-cTnl
was found to be independently associated with incident CVD by a hazard ratio of 3.41, ASCVD (HR =
2.02) and heart failure (HR = 6.16). The authors concluded that “Hs-cTnl improves mortality and CVD risk
stratification in older adults beyond traditional risk factors and improved model discrimination more
than hs-cTnT for certain outcomes” (Tang et al., 2020).

Suthahar et al. (2020) "evaluate[d] associations of high-sensitivity cardiac troponin-T (cTnT) with
cardiovascular disease (CVD), heart failure (HF), and mortality in community-dwelling women and men.”
A total of 8226 adults were included in the study. The authors detected cTnT levels in 1102 women and
2396 men. The authors found these baseline levels to be associated with a greater risk of developing
CVD in women compared to men (women hazard ratio = 1.48, men hazard ratio = 1.20). Similar sex-
related differences were found for heart failure and mortality. Women at 6 ng/L were also found to have
significantly increased risk for CVD, HF, and mortality whereas men were only found to have significantly
increased risk for CVD at the same level of cTnT (Suthahar et al., 2020).
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Proprietary Testing
Cardiovascular Risk Panels/Profiles

Cardiovascular risk panels refer to combinations of cardiac markers that are used for the risk assessment
of developing cardiovascular disease, major adverse cardiovascular events, or ischemic cerebrovascular
events. Commercially available risk panels use different combinations of lipids, inflammatory, genetic,
and metabolic markers. Risk panels report the results of multiple individual tests, whereas quantitative
risk scores generally use proprietary algorithms to combine the results of multiple markers into one
score. The clinical utility of risk panels is lacking as the impact of results on patient management is
unknown.

Examples of commercially available cardiovascular risk panels include, but are not limited to:

1. Genova Diagnostics Cardio Check™ Panel:
e Lipid markers (LDL; total cholesterol; HDL; triglycerides; lipoprotein (a); total cholesterol/HDL
ratio; triglycerides/HDL ratio)
¢ Independent risk factors (hs-CRP; homocysteine)
e Insulin
e Sex hormone markers (testosterone, total; sex hormone binding globulin) (Genova
Diagnostics, 2023).
2. Cleveland HeartLab CVD Inflammation Testing Profile
e F2-isoprostanes; oxidized LDL; hs-CRP; ADMA/SDMA; microalbumin; myeloperoxidase; Lp-
PLA2 activity (HeartLab, 2023).
3. WellnessFX various packages:
e Basic offerings include panels with markers such as Apo A-1 and Apo-B; the e-checkup comes
with markers such as total cholesterol, HDL, LDL and Triglycerides, the basic panel adds
additional biomarkers and the “premium” panel assesses 92 markers (WellnessFX, 2023).

Guidelines and Recommendations

American College of Cardiology (ACC) and the American Heart Association (AHA)

The 2019 ACC and AHA guidelines state that “Adults who are 40 to 75 years of age and are being
evaluated for cardiovascular disease prevention should undergo 10-year atherosclerotic cardiovascular
disease (ASCVD) risk estimation and have a clinician—patient risk discussion before starting on
pharmacological therapy, such as antihypertensive therapy, a statin, or aspirin. In addition, assessing for
other risk-enhancing factors can help guide decisions about preventive interventions in select
individuals, as can coronary artery calcium scanning” (Arnett et al., 2019).

Laboratory testing was not addressed in this update.

The ACC and AHA published joint guidelines on the assessment of cardiovascular risk in asymptomatic
patients in 2010 (Greenland et al., 2010), and updated in 2013 (Goff et al., 2014).

In adults between the ages of 20 and 79 who are free from CVD, the ACC/AHA state that it is reasonable
to assess risk factors (smoking, hypertension, diabetes, total cholesterol, high density lipoprotein
cholesterol) every four to six years so as to calculate 10-year CVD risk (Goff et al., 2014).

ACC/AHA also made the following recommendations on reclassification or contribution to risk
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assessment when high-sensitivity C-reactive protein (hs-CRP), apolipoprotein B (ApoB), glomerular
filtration rate (GFR), microalbuminuria, family history, cardiorespiratory fitness, ankle-brachial index (ABI),
carotid intima-media thickness (CIMT), or coronary artery calcium (CAC) score are considered in addition
to the variables that are in the traditional risk scores:

1. If, after quantitative risk assessment, a risk-based treatment decision is uncertain, assessment of
one or more of the following—family history, hs-CRP, ABI or CAC may be considered to inform
treatment decision making.

2. CIMT is not recommended for routine measurement in clinical practice for risk assessment for a
first ASCVD event.

3. The contribution to risk assessment for a first ASCVD event using ApoB, chronic kidney disease,
albuminuria, or cardiorespiratory fitness is uncertain at present (Goff et al., 2014).

The 2010 guidelines contained the following statement concerning testing for Lp-PLA2: Lipoprotein-
associated phospholipase A2 might be reasonable for cardiovascular risk assessment in intermediate-
risk asymptomatic adults. However, the 2013 guidelines on the assessment of cardiovascular risk do not
mention Lp-PLA2 testing (Goff et al., 2014; Greenland et al., 2010).

The updated guidelines do not address arterial compliance, lipoprotein-associated phospholipase, long-
chain omega-3 fatty acids, or endothelial function assessment as methods to assess initial CVD risk (Goff
et al.,, 2014; Greenland et al., 2010).

The ACC notes cutoffs of certain biomarkers for increased ASCVD risk, which are as follows: persistently
elevated, primary hypertriglyceridemia 2175 mg/dL, 22 mg/L hs-CRP, 250 mg/dL or 2125 nmol Lp(a),
>130 mg/dL Apo B (corresponding to >160 mg/dL LDL-C), and <0.9 ankle-brachial index (ABI) (ACC,
2018; Grundy et al., 2019).

The ACC and AHA also released joint guidelines with the AAPA, ABC, ACPM, AGS, APhA, ASH, ASPC,
NMA, and PCNA, stating that screening and management of dyslipidemia/hypercholesterolemia is
recommended in adults with hypertension (defined as >130/80 mmHg) (Whelton et al.,, 2018).

2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the
Management of Blood Cholesterol: A Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines

This joint report discusses management of blood cholesterol. The report addresses treatments,
populations of interest, and serum assessments of relevant cardiovascular biomarkers such as Apo B and
lipoprotein A. The relevant recommendations are listed below:

The report notes that although measurement of Apo B may be “unreliable,” persistent elevation of Apo
B may be considered a risk factor. The report remarks that a level of >130 mg/dL Apo B should be
considered a risk-enhancing factor [of ASCVD], as it corresponds to an LDL-C level of >160 mg/dL.

The report also remarks that Lp(a) is considered a risk factor for ASCVD at levels of “>50 mg/dL or 2125
nmol/L." However, the authors write that it should be “considered in women only in the presence of
hypercholesterolemia and with the understanding that the improvement in risk prediction in adult
women in a large clinical trial was minimal.”

non

The power of these risk factors can be seen in the “pooled cohort equation”, “the single most robust
tool for estimating 10-year risk in US adults 40 to 75 years of age.” These algorithms have strong
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representative power for larger populations. However, a notable limitation of these algorithms is that
they are not as accurate for individuals. Hence a clinician-patient risk discussion can individualize risk
status based on PCE, but with the inclusion of additional risk-enhancing factors. These additional factors
may include:

“A family history of premature ASCVD (males, age <55 y; females, age <65 y)

Primary hypercholesterolemia (LDL-C, 160-189 mg/dL [4.1-4.8 mmol/L); non-HDL-C 190-219
mg/dL [4.9-5.6 mmol/L])

Metabolic syndrome (increased waist circumference, elevated triglycerides [>150 mg/dL],
elevated blood pressure, elevated glucose, and low HDL-C [<40 mg/dL in men; <50 in women
mg/dL] are factors; tally of 3 makes the diagnosis)

Chronic kidney disease (eGFR 15-59 mL/min/1.73 m2 with or without albuminuria; not treated
with dialysis or kidney transplantation)

Chronic inflammatory conditions such as psoriasis, RA, or HIV/AIDS

History of premature menopause (before age 40 y) and history of pregnancy-associated
conditions that increase later ASCVD risk such as preeclampsia

High-risk race/ethnicities (eg, South Asian ancestry)

Lipid/biomarkers: Associated with increased ASCVD risk

Persistently elevated, primary hypertriglyceridemia (2175 mg/dL)

Elevated high-sensitivity C-reactive protein (2.0 mg/L)

Elevated Lp(a): A relative indication for its measurement is family history of premature ASCVD. An
Lp(a) 250 mg/dL or >125 nmol/L constitutes a risk-enhancing factor especially at higher levels of
Lp(a)

Elevated apoB 2130 mg/dL: A relative indication for its measurement would be triglyceride >200
mg/dL. A level 2130 mg/dL corresponds to an LDL-C >160 mg/dL and constitutes a risk-
enhancing factor

ABI <0.9" (Grundy et al., 2019)

American Diabetes Association (ADA)

The updated ADA Standards of Medical Care in Diabetes document also includes a section focused on
cardiovascular disease and risk management. Relevant guidelines and notes are captured below.

"Blood pressure should be measured at every routine clinical visit. When possible, patients found
to have elevated blood pressure (=140/90 mmHg) should have blood pressure confirmed using
multiple readings, including measurements on a separate day, to diagnose hypertension. Patients
with blood pressure >180/110 mmHg and cardiovascular disease could be diagnosed with
hypertension at a single visit.”

"All hypertensive patients with diabetes should monitor their blood pressure at home.”

“In asymptomatic patients, routine screening for coronary artery disease is not recommended as it
does not improve outcomes as long as atherosclerotic cardiovascular disease risk factors are
treated.”

"Consider investigations for coronary artery disease in the presence of any of the following:
atypical cardiac symptoms (e.g., unexplained dyspnea, chest discomfort); signs or symptoms of
associated vascular disease including carotid bruits, transient ischemic attack, stroke, claudication,
or peripheral arterial disease; or electrocardiogram abnormalities.”

“Candidates for advanced or invasive cardiac testing include those with 1) typical or atypical
cardiac symptoms and 2) an abnormal resting electrocardiogram (ECG). Exercise ECG testing
without or with echocardiography may be used as the initial test. In adults with diabetes >40
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years of age, measurement of coronary artery calcium is also reasonable for cardiovascular risk
assessment. Pharmacologic stress echocardiography or nuclear imaging should be considered in
individuals with diabetes in whom resting ECG abnormalities preclude exercise stress testing (e.g.,
left bundle branch block or ST-T abnormalities). In addition, individuals who require stress testing
and are unable to exercise should undergo pharmacologic stress echocardiography or nuclear
imaging.”

“The screening of asymptomatic patients with high ASCVD risk is not recommended, in part
because these high-risk patients should already be receiving intensive medical therapy—an
approach that provides benefit similar to invasive revascularization.”

“In adults not taking statins or other lipid-lowering therapy, it is reasonable to obtain a lipid
profile at the time of diabetes diagnosis, at an initial medical evaluation, and every 5 years
thereafter if under the age of 40 years, or more frequently if indicated.”

“...risk scores and other cardiovascular biomarkers have been developed for risk stratification of
secondary prevention patients (i.e., those who are already high risk because they have ASCVD) but
are not yet in widespread use.”

“The American College of Cardiology/American Heart Association ASCVD risk calculator (Risk
Estimator Plus) is generally a useful tool to estimate 10-year risk of a first ASCVD event...The 10-
year risk of a first ASCVD event should be assessed to better stratify ASCVD risk and help guide
therapy, as described below.”

“Obtain a lipid profile at initiation of statins or other lipid-lowering therapy, 4-12 weeks after
initiation or a change in dose, and annually thereafter as it may help to monitor the response to
therapy and inform medication adherence” (ADA, 2020, 2021a).

Also, for children and adolescents, the following recommendations were given for dyslipidemia testing:

“Initial lipid testing should be performed when initial glycemic control has been achieved and age
is 22 years. If initial LDL cholesterol is <100 mg/dL (2.6 mmol/L), subsequent testing should be
performed at 9-11 years of age. Initial testing may be done with a nonfasting non-HDL
cholesterol level with confirmatory testing with a fasting lipid panel.

If LDL cholesterol values are within the accepted risk level (<100 mg/dL [2.6 mmol/L]), a lipid
profile repeated every 3 years is reasonable” (ADA, 2020, 2021b).

National Lipid Association (NLA)

The NLA published a scientific statement for lipid measurements in the management of cardiovascular
disease, and their recommendations (with evidence rating of "B” or higher) are included below:

"It is recommended to follow up abnormal screening lipid measurements with fasting lipid
measurement (Strength: lla. Evidence: B-NR)

LDL-C in adults > 190 mg/dL (2160 mg/dl in children) is recommended to be reported as possible
Familial Hypercholesterolemia (Strength: I. Evidence: B-NR)

Non-HDL-C in adults > 220 mg/dL is recommended to be reported as possible inherited
hyperlipidemia (Strength: I. Evidence: B-NR)

Triglyceride concentration 500 mg/dL is recommended to be reported as severe
hypertriglyceridemia (Strength: I. Evidence: B-NR)

Lipid measurements are recommended at 3-12 months for those on a stable medication regimen
(Strength: I. Evidence: B-NR)

Lipid measurements are recommended 4-12 weeks after a change in lipid treatment (Strength: |.
Evidence: B-NR)
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LDL-C measurement is recommended for screening (Strength: I. Evidence: B-NR)

LDL-C measurement is recommended on lipid therapy (Strength: I. Evidence: B-NR)

Non-HDL-C measurement is recommended for screening (Strength: I. Evidence: B-NR)
Non-HDL-C measurement is recommended on lipid therapy (Strength: I. Evidence: B-NR)
Apolipoprotein B measurement may be reasonable for initial evaluation (Strength: llb. Evidence:
B-NR)

Apolipoprotein B measurement is reasonable on lipid therapy (Strength: lla. Evidence: B-NR)
Apolipoprotein B measurement is recommended to facilitate diagnosis of Familial
Dysbetalipoproteinemia and Familial Combined Hyperlipidemia (Strength: Ilb. Evidence: B-NR)
Lipoprotein (a) measurement is reasonable for initial evaluation in those with premature ASCVD,
family history of premature ASCVD or of elevated Lp(a), history of LDL-C >190 mg/dL or
suspected FH, or those with very high ASCVD risk (Strength: lla. Evidence: B-NR)

Lipoprotein (a) measurement may be reasonable on lipid therapy to determine those who may
benefit from PCSK9 therapy who are already on maximal dose statin therapy + ezetimibe, whose
LDL-C remains above 70 mg/dl (Strength: llb. Evidence: B-NR)"

Wilson et al. (2019) published a scientific statement to provide an update on the use of lipoprotein A
[Lp(a)] in the clinical setting, particularly for atherosclerotic cardiovascular disease (ASCVD).

The Association lists the following recommendations for Lp(a) testing in clinical practice:

For adults over 20 years old, “Measurement of Lp(a) is reasonable to refine risk assessment for ASCVD
events in:

Individuals with a family history of first-degree relatives with premature ASCVD (<55 y[ears] of
age in men, 65y of age in women)

Individuals with premature ASCVD (males aged <55 y and females aged <65 y), particularly in the
absence of traditional risk factors

Individuals with primary severe hypercholesterolemia (LDL 2190 mg/dL) or suspected FH [familial
hypercholesterolemia]

Individuals at very high** risk of ASCVD to better define those who are more likely to benefit from
PCSK9 inhibitor therapy.”

**Very high risk is defined as “Individuals with a history of multiple major ASCVD events or 1
major ASCVD event and multiple high-risk conditions.”

The guidelines further remark that “Measurement of Lp(a) may be reasonable with:

Intermediate (7.5%—-19.9%) 10-y ASCVD risk when the decision to use a statin is uncertain, to
improve risk stratification in primary prevention.

Borderline (5%—7.4%) 10-y ASCVD risk when the decision to use a statin is uncertain, to improve
risk stratification in primary prevention.

Less-than-anticipated LDL-C lowering, despite good adherence to therapy.

A family history of elevated Lp(a).

Calcific valvular aortic stenosis.

Recurrent or progressive ASCVD, despite optimal lipid-lowering therapy.”

Finally, the guidelines list recommendations for “youth” (<20 years old), stating that “Measurement of
Lp(a) may be reasonable with:

Clinically suspected or genetically confirmed FH.
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e Individuals with a family history of first-degree relatives with premature ASCVD (<55 y of age in
men, 65 y of age in women)

e An unknown cause of ischemic stroke

e A parent or sibling found to have an elevated Lp(a)” (Wilson et al., 2019).

A 2021 update was published, focused on practical and analytical recommendations (Wilson et al., 2021):
“Highlights include the following:

e ltis acceptable to screen with nonfasting lipids.

¢ Non-high-density lipoprotein HDL-cholesterol (non-HDL-C) is measured reliably in either the
fasting or the nonfasting state and can effectively guide ASCVD prevention.

e Low density lipoprotein cholesterol (LDL-C) can be estimated from total cholesterol, high density
lipoprotein cholesterol (HDL-C), and triglyceride (TG) measurements. For patients with LDL-C>100
mg/dL and TG <150 mg/dL it is reasonable to use the Friedewald formula. However, for those
with TG 150-400 mg/dL the Friedewald formula for LDL-C estimation is less accurate. The
Martin/Hopkins method is recommended for LDL-C estimation throughout the range of LDL-C
levels and up to TG levels of 399 mg/dL. For TG levels 2400 mg/dL LDL-C estimating equations
are currently not recommended and newer methods are being evaluated.

e When LDL-C or TG screening results are abnormal the clinician should consider obtaining fasting
lipids.

e Advanced lipoprotein tests using apolipoprotein B (apoB), LDL Particle Number (LDL-P) or
remnant cholesterol may help to guide therapeutic decisions in select patients, but data are
limited for patients already on lipid lowering therapy with low LDL-C levels. Better harmonization
of advanced lipid measurement methods is needed. Lipid measurements are recommended 4-12
weeks after a change in lipid treatment. Lipid laboratory reports should denote desirable values
and specifically identify extremely elevated LDL-C levels (2190 mg/dL at any age or 2160 mg/dL
in children) as severe hypercholesterolemia. Potentially actionable abnormal lipid test results,
including fasting triglycerides (TG) =500 mg/dL, should be reported as hypertriglyceridemia.
Appropriate use and reporting of lipid tests should improve their utility in the management of
persons at high risk for ASCVD events.”

Centers for Disease Control and Prevention (CDC)

The CDC highlights the importance of cardiovascular disease biomarkers and has developed a reference
laboratory and clinical standardization program to provide reference measurements for HDL-C, LDL-C,
TG and total cholesterol (TC). The accuracy of the labs that analyze these biomarkers is also monitored
by the CDC (CDC, 2023a).

The CDC notes that several health conditions increase the risk of heart disease including smoking,
diabetes mellitus, obesity, high blood pressure, excessive alcohol use, physical inactivity, and unhealthy
blood cholesterol levels. It is stated that “"High blood cholesterol usually has no signs or symptoms. The
only way to know whether you have high cholesterol is to get your cholesterol checked. Your health care
team can do a simple blood test, called a “lipid profile,” to measure your cholesterol levels (CDC, 2023b).

The CDC has also developed the Lipids Standardization Program (LSP). This program ensures that the
measurements reported in research studies and clinical laboratories are accurate. Blinded samples
traceable to the CDC Reference Laboratory are provided to participants. The samples will be measured
for total cholesterol (TC), glycerides (TG), high-density lipoprotein cholesterol (HDL-C), apolipoprotein A-
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| (apo A-l), and apolipoprotein B (apo B). LSP participants report their results from the provided samples
back to the CDC where these results are then analyzed; if results are accurate, those laboratories receive
a certificate and are considered CDC-certified (CDC, 2023c¢).

Centers for Disease Control and Prevention (CDC)/American Heart Association (AHA)

In 2002, the CDC and AHA held the “CDC/AHA Workshop on Inflammatory Markers and Cardiovascular
Disease: Applications to Clinical and Public Health Practice” and released these recommendations in
2003. In this workshop, they looked at evidence surrounding multiple inflammatory markers and based
on all considerations, they stated that “it is most reasonable to limit current assays of inflammatory
markers to hs-CRP, measured twice, either fasting or nonfasting, with the average expressed in mg/L, in
metabolically stable patients.” More specifically, they indicate that the two measurements of hs-CRP
should optimally occur two weeks apart. If results are abnormal, hs-CRP testing should be repeated and
the patient should be examined for sources of infection or inflammation. Furthermore, they provide the
following recommendation specific to hs-CRP: “On the basis of the available evidence, the Writing
Group recommends against screening of the entire adult population for hs-CRP as a public health
measure. The Writing Group does conclude that it is reasonable to measure hs-CRP as an adjunct to the
major risk factors to further assess absolute risk for coronary disease primary prevention. At the
discretion of the physician, the measurement is considered optional, based on the moderate level of
evidence (Evidence Level C). In this role, hs-CRP measurement appears to be best employed to detect
enhanced absolute risk in persons in whom multiple risk factor scoring projects a 10-year CHD risk in
the range of 10% to 20% (Evidence Level B). However, the benefits of this strategy or any treatment
based on this strategy remain uncertain. The finding of a high relative risk level of hs-CRP (>3.0 mg/L)
may allow for intensification of medical therapy to further reduce risk and to motivate some patients to
improve their lifestyle or comply with medications prescribed to reduce their risk. Individuals at low risk
(<10% per 10 years) will be unlikely to have a high risk (>20%) identified through hs-CRP testing.
Individuals at high risk (>20% risk over 10 years) or with established atherosclerotic disease generally
should be treated intensively regardless of their hs-CRP levels, so the utility of hs-CRP in secondary
prevention appears to be more limited” (Pearson et al., 2003).

American Heart Association (AHA)

In 2022, the AHA published a scientific statement to highlight the history, biology, pathophysiology, and
emerging clinical evidence in the lipoprotein a (Lp[a]) field, where they addressed the "key knowledge
gaps and future directions required to mitigate the atherosclerotic cardiovascular disease risk
attributable to elevated Lp(a) levels.” In this statement, they noted that "levels of Lp(a) have not been
shown to substantially change across the life course, although some variability occurs, as documented
by intraindividual temporal variability in serial measurements from placebo-treated subjects in clinical
trials.” They also note that “various organizations have proposed to obtain a level once in every adult”
(Reyes-Soffer et al.,, 2022).

American Association of Clinical Endocrinologists (AACE) and American College of Endocrinology
(ACE)

The 2017 AACE and ACE Guidelines for Management of Dyslipidemia and Prevention of Cardiovascular
Disease recommend:

e Screening guidelines for dyslipidemia vary by age group;
e Although ASCVD risk in young adults is low, adults older than 20 years should be evaluated for
dyslipidemia every 5 years as part of a global risk assessment
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Middle-aged individuals (Men 45-65 years, Women 55-65 years) should be screened for
dyslipidemia at least every one to two years.

All individuals with diabetes should be screened with a lipid profile at the time of diagnosis and
annually thereafter. Some individuals with diabetes can be screened less frequently based on
clinical considerations

Annual screen for dyslipidemia for adults over 65 is recommended

In children at risk for FH (e.g., family history of premature cardiovascular disease or elevated
cholesterol), screening should be at 3 years of age, between 9 and 11, and at age 18

Screen adolescents older than 16 years every 5 years or more frequently if they have ASCVD risk
factors, have overweight or obesity, have other elements of the insulin resistance syndrome, or
have a family history of premature ASCVD

Direct measurement of LDL-C should be used to assess LDL-C in certain high-risk individuals, such
as those with fasting TG concentrations greater than 250 mg/dL or those with diabetes or known
vascular disease

Apolipoproteins, Apo B and/or an apo B/apo A1 ratio calculation and evaluation may be useful in
at-risk individuals.

hsCRP is recommended to stratify ASCVD risk in individuals with a standard risk assessment that
is borderline, or in those with an intermediate or higher risk with an LDL-C concentration <130
mg/dL.

Lp-PLA2 measurement, is recommended when it is necessary to further stratify an individual’s
ASCVD risk, especially in the presence of hsCRP elevations.

The routine measurement of homocysteine, uric acid, plasminogen activator inhibitor-1, or other
inflammatory markers is not recommended because the benefit of doing so is not sufficiently
proven.

Coronary artery calcification measurement has been shown to be of high predictive value and is
useful in refining risk stratification

Carotid intima media thickness (CIMT) may be considered to refine risk stratification (Jellinger et
al, 2017).

The AACE/ACE published an updated algorithm in 2020. This algorithm focuses on “management of
dyslipidemia and prevention of cardiovascular disease” and “complements” the above guidelines but
includes information not available in 2017. Their relevant recommendations are listed below:

The guideline lists Apo B, LDL, Lp(a), and hs-CRP as biomarkers that may be “considered” in assessment
of ASCVD risk for patients. The guideline also remarks that “measurement of apo B is useful in assessing
the success of lipid-lowering therapy, since apo B may remain above goal after achieving the LDL-C
goal.” Apo B is listed as a component of treatment goals, alongside LDL-C, Non-HDL-C, and TG
[triglycerides].

The guideline recommends “considering” measurement of Lp(a) (lipoprotein A) in the following settings:

"All patients with clinical ASCVD, especially premature or recurrent ASCVD despite LDL-C
lowering;

Individuals with a family history of premature ASCVD and/or increased Lp(a);

Individuals with South Asian or African ancestry, especially with a family history of ASCVD or
increased Lp(a);

Individuals with a 10-year ASCVD risk >10% (primary prevention setting), in order to stratify risk;
Patients with a personal or family history of aortic valve stenosis;

Patients with refractory elevations of LDL-C despite aggressive LDL-C-lowering therapy (i.e., statin
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resistance)” (AACE, 2021).

The AACE also published a “consensus statement” on the “comprehensive type 2 diabetes management
algorithm”. The guideline includes a set of PowerPoint slides at the bottom, which recommend
measuring Lp(a) in the following settings: presence of family history of premature ASCVD and/or
increased Lp(a), and all patients with premature or recurrent ASCVD despite LDL-C lowering (Garber et
al., 2020).

European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS) Guidelines for
the Management of Dyslipidaemias

The ESC published 2021 guidelines on cardiovascular disease prevention in clinical practice. Their
recommendations for CVD risk assessment are included below (Visseren et al., 2021):
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Recommendations

Systematic global CVD risk assessment is recom-
mended in individuals with any major vascular
risk factor (i.e. family history of premature CVD,
FH, CVD risk factors such as smoking, arterial
hypertension, DM, raised lipid level, obesity, or
comorbidities increasing CVD risk).

Systematic or opportunistic CV risk assessment
in the general population in men >40 years of
age and in women >50 years of age or postme-
nopausal with no known ASCVD risk factors
may be considered.”

In those individuals who have undergone CVD
risk assessment in the context of opportunistic
screening, a repetition of screening after 5 years
(or sooner if risk was close to treatment thresh-
olds) may be considered.

Opportunistic screening of BP in adults at risk
for the development of hypertension, such as
those who are overweight or with a known fam-
ily history of hypertension, should be
considered.'”

Systematic CVD risk assessment in men <40
years of age and women <50 years of age with
no known CV risk factors is not recommended.”

©ESC 2021

The authors include additional recommendations for CVD risk estimation and modification that are
tabulated in the full guideline.

2019 guidelines from the ESC and EAS provided the following recommendations:

“Lp(a) measurement should be considered at least once in each adult person'’s lifetime to identify
those with very high inherited Lp(a) levels >180 mg/dL (>430 nmol/L) who may have a lifetime
risk of ASCVD equivalent to the risk associated with heterozygous familial hypercholesterolemia.
"Persons with documented ASCVD, type 1 or type 2 DM (T1DM and T2DM, respectively), very
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high levels of individual risk factors, or chronic kidney disease (CKD) are generally at very-high or
high total CV risk. No risk estimation models are needed for such persons...”

e ApoB analysis is recommended for risk assessment, particularly in people with high TG, DM,
obesity or metabolic syndrome, or very low LDL-C. It can be used as an alternative to LDL-C, if
available, as the primary measurement for screening, diagnosis, and management, and may be
preferred over non-HDL-C in people with high TG, DM, obesity, or very low LDL-C.

e CAC score assessment with CT may be helpful in reaching decisions about treatment in people
who are at moderate risk of ASCVD. Obtaining such a score may assist in discussions about
treatment strategies in patients where the LDL-C goal is not achieved with lifestyle intervention
alone and there is a question of whether to institute LDL-C-lowering treatment. Assessment of
arterial (carotid or femoral) plaque burden on ultrasonography may also be informative in these
circumstances” (Mach et al., 2019).

Total cholesterol may be used to estimate total cardiovascular risk. LDL-C is recommended to be used as
the primary lipid analysis for diagnosis, management, screening, and risk estimation. HDL-C and Non-
HDL-C are also strong, independent risk factors (Catapano et al,, 2016).

Apo B, Lp(a), Apo B/Apo A-l, and Non-HDL-C/HDL-C may all be used as alternative markers for
cardiovascular risk. The guidelines note that measuring Apo B and Apo A-l is convenient, accurate, does
not require fasting, and is not susceptible to TG levels. The guidelines also recommend against routine
measurement of Apo C-lll as its use is unknown (Catapano et al,, 2016).

In the 2021 ESC Guidelines on cardiovascular disease prevention, the authors stated that “New studies

confirm that C-reactive protein has limited additional value. There is renewed interest in lipoprotein(a),

but it too provides limited additional value in terms of reclassification potential. Cardiac biomarkers are
promising, but further work is needed” (Visseren et al., 2021).

European Society of Cardiology (ESC) and the European Association for the Study of Diabetes
(EASD)

This joint guideline was published for "diabetes, pre-diabetes, and cardiovascular diseases”. Their
specific recommendations relating to cardiovascular risk assessment in patients with diabetes and pre-
diabetes are as follows:

e "Routine assessment of microalbuminuria should be carried out to identify patients at risk of
developing renal dysfunction and/or CVD."

e "Aresting electrocardiogram (ECG) is indicated in patients with DM and hypertension, or if CVD is
suspected.”

e "Other tests, such as transthoracic echocardiography, coronary artery calcium (CAC) score, and
ankle-brachial index (ABI), may be considered to test for structural heart disease or as risk
modifiers in those at moderate or high risk of CVD."

e "Routine assessment of novel biomarkers is not recommended for CV risk stratification.”

The guideline noted that “the addition of circulating biomarkers for CV risk assessment has limited
clinical value” and stated that “in patients with DM [diabetes mellitus] without known CVD,
measurement of C-reactive protein or fibrinogen (inflammatory markers) provides minor incremental
value to current risk assessment”. Cosentino et al. (2020) guideline also noted high-sensitivity cardiac
troponin T as not adding incremental “discriminative power” for patients with DM without known CVD,
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although elevated high-sensitivity cardiac troponin T was noted as an independent predictor of renal
decline and CV events in patients with type 1 diabetes (Cosentino et al., 2020)

Endocrine Society (ES)

This guideline was published with the intent to assess and treat dyslipidemia in patients with endocrine
disorders. Their relevant recommendations are listed below:

e “In adults with endocrine disorders, we recommend a lipid panel for the assessment of
triglyceride levels and for calculating low-density lipoprotein cholesterol.”

e “In adults with endocrine disorders, we recommend conducting a cardiovascular risk assessment
by evaluating traditional risk factors, including the calculation of 10-year atherosclerotic
cardiovascular disease risk using a tool such as the Pooled Cohort Equations.”

e “In adults with endocrine disorders at borderline or intermediate risk (10-year atherosclerotic
cardiovascular disease risk 5%—-19.9%), particularly those with additional risk-enhancing factors, in
whom the decision about statin treatment and/or other preventive interventions is uncertain, we
suggest measuring coronary artery calcium to inform shared decision making.”

The guideline also remarks that certain “advanced” lipid testing (assessment of markers such as Apo B,
lipid fractionation, and Lp(a)) may be helpful in “characterizing” lipid abnormalities, but “add little” to
risk prediction beyond the standard lipid profile.

The guideline goes on to discuss Lp(a), noting that the marker can be helpful in assessing familial risk,
but adds “little” in terms of global risk assessment across the general population. The guideline
acknowledges other evidence supporting Lp(a)’s use as a marker to manage treatment. Other serum
biomarkers and biomarker panels were also considered to add “little” to global risk assessment. Finally,
the guideline recommends the use of hs-CRP as a “risk-enhancing factor that may drive more aggressive
treatment or the need for advanced risk assessment” (Newman et al., 2020).

Rosenzweig et al. (2019) published on the Primary Prevention of ASCVD and T2DM in Patients at
Metabolic Risk. A summary of the recommendations is included below (Rosenzweig et al., 2019):

e “Inindividuals aged 40-75 years in the office setting, we suggest providers screen for all five
components of metabolic risk at the clinical visit. The finding of at least three components should
specifically alert the clinician to a patient at metabolic risk (at higher risk for atherosclerotic
cardiovascular disease and type 2 diabetes mellitus).

e Inindividuals aged 40-75 years in the office setting who do not yet have atherosclerotic
cardiovascular disease or type 2 diabetes mellitus and already have at least one risk factor, we
advise screening every 3 years for all five components of metabolic risk as part of the routine
clinical examination.

e To establish metabolic risk in the general population, we recommend that clinicians measure
waist circumference as a routine part of the clinical examination.

e Inindividuals previously diagnosed with prediabetes, we suggest testing at least annually for the
presence of overt type 2 diabetes mellitus.

e We recommend that all individuals at metabolic risk in the office setting have their blood pressure
measured annually and, if elevated, at each subsequent visit.

e Forindividuals with elevated blood pressure above 130 mmHg systolic and/or 80 mmHg diastolic
who are not documented as having a history of hypertension, we recommend confirmation of
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elevated blood pressure on a separate day within a few weeks or with a home blood pressure
monitor.”

Components of “metabolic risk” are defined as:

e elevated blood pressure

e increased waist circumference

e elevated fasting triglycerides

e low high-density lipoprotein-cholesterol, and
e elevated glycemia

American Society for Clinical Pathology

The ASCP recommends against routinely ordering expanded lipid panels (such as particle sizing or
nuclear magnetic resonance) as screening for cardiovascular disease (ASCP, 2016).

In 2022, the ASCP published a set of clinical recommendations aiming to provide the guidance and the
tools for assessment of ASCVD risk with the goal of appropriately targeting treatment approaches for
prevention of ASCVD events, as shown below:

“1 Assessing a patient's risk for ASCVD is the foundation of preventive cardiology and the initial step for
determining the appropriateness and intensity of preventive treatment.

2 In primary prevention, global risk scoring is the initial stage for ASCVD risk assessment, providing a
calculation of ASCVD risk from a set of standard office-based risk factors for a specified duration (e.g.,
10 years) of time, from which a clinician-patient risk discussion is used to discuss the best ways to
reduce CVD risk.

3 The presence, quantity, and/or extent of one or more risk enhancing factors, including premature
family history, persistently elevated LDL-C, or CKD, as well as severity of certain inflammatory factors
such as hsCRP and laboratory measures such as Ip(a), can further inform the treatment decision.

4 In women, it is important to take a comprehensive reproductive history from menarche to menopause,
including preeclampsia, premature menopause, and autoimmune disease as "risk-enhancing” factors.

5 Race/ethnicity may have a significant impact on the validity of current risk assessment tools and
certain higher risk race/ethnic groups may further inform the use of preventive therapy.

6 Social determinants of health may exert independent effects beyond race/ethnicity and need also to
be part of the clinician-patient discussion when discussing the most appropriate ways to optimize
ASCVD risk.

7 Among subclinical atherosclerotic disease screening tests, CAC is probably the most useful, providing
substantial improvement of risk reclassification over global risk scoring in most primary prevention
groups, including diabetes. In addition to the consideration of risk enhancing factors (discussed earlier),
CAC testing can be used to further inform treatment decisions for preventive therapy, including statin
and aspirin use in particular.

8 The use of ABI for assessment of PAD is also valuable and can improve risk reclassification beyond
global risk scoring.
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9 Carotid ultrasound imaging, if accompanied by carotid plaque assessment may also be useful for risk
assessment, especially as an option when CAC scoring is not available.

10 In patients with pre-existing ASCVD, stratification into those at highest risk (e.g., very high risk ASCVD
status) for more aggressive treatment is based on the history of multiple major ASCVD events or one
major event and multiple high-risk conditions. Moreover, those with recurrent ASCVD events in the
short-term define an extreme risk condition warranting even more aggressive risk factor management”
(Wong et al., 2022).

National Institute for Health and Care Excellence (NICE)

A baseline lipid profile should be taken before treatment. This should include total cholesterol, HDL
cholesterol, non-HDL, and triglyceride levels. Total and HDL cholesterol should be measured for best
estimate of CVD risk.

Omega-3 compounds have “no evidence” to help prevent CVD and NICE recommends against
distribution of these compounds for CVD treatment (NICE, 2023).

US Preventive Services Task Force (USPSTF)

The USPSTF Task Force Recommendations include periodic assessment of cardiovascular risk factors
from ages 40 to 75 years, including measurement of total cholesterol, LDL-C, and HDL-C levels. The
optimal intervals for cardiovascular risk assessment are uncertain. Based on other guidelines and expert
opinion, reasonable options include annual assessment of blood pressure and smoking status and
measurement of lipid levels every 5 years. Shorter intervals may be useful for persons at higher risk, and
longer intervals are appropriate for persons who are regularly at average risk (Bibbins-Domingo et al.,
2017).

The USPSTF found insufficient evidence that screening for dyslipidemia in younger adults influences
cardiovascular outcomes, and no studies that evaluated the effects of screening vs no screening,
treatment vs no treatment, or delayed vs earlier treatment in adults in this age group. Thus, the USPSTF
recommends neither for nor against screening for dyslipidemia in this age group. The USPSTF also
noted there was insufficient evidence to assess the balance of benefits and harms of screening for
dyslipidemia in children and adolescents (Chou et al,, 2016).

The USPSTF states that “current evidence is insufficient to assess the benefits and harms of adding
ankle-brachial index (ABI), high-sensitivity C-reactive protein (hsCRP) level, or coronary artery calcium
(CAQ) score to traditional risk assessment for cardiovascular disease (CVD) in asymptomatic adults to
prevent CVD events” (USPSTF, 2018a). However, the USPSTF recommends screening for abnormal blood
glucose for adults aged 40-70 who are overweight or obese (USPSTF, 2015).

For adults at low risk of CVD events, “The USPSTF recommends against screening with resting or
exercise electrocardiography (ECG) to prevent cardiovascular disease (CVD) events” (recommendation
grade D, discouraging the use of the service). Moreover, "The USPSTF concludes that the current
evidence is insufficient to assess the balance of benefits and harms of screening with resting or exercise
ECG to prevent CVD events in asymptomatic adults at intermediate or high risk of CVD events”
(recommendation grade |, insufficient evidence) (USPSTF, 2018b).

The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits and
harms of screening for primary hypertension in asymptomatic children and adolescents to prevent
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subsequent cardiovascular disease (Moyer, 2013). A 2020 recommendation statement by the USPSTF
confirmed that the current evidence is insufficient to assess the balance of benefits and harms of
screening for high blood pressure in children and adolescents (in general) (USPSTF, 2020). In adults,
however, The USPSTF recommends screening for hypertension (persons 18 years or older) with office
blood pressure measurement (OBPM). The USPSTF recommends obtaining blood pressure
measurements outside of the clinical setting for diagnostic confirmation before starting treatment
(USPSTF, 2021).

Finally, screening for obesity in children 6 years or older is recommended (Bibbins-Domingo et al., 2017).

Canadian Cardiovascular Society (CCS)

In 2021, the CCS published updated their recommendations on the management of dyslipidemia for the
prevention of cardiovascular disease in adults. A summary of the society’s recommendations that are
relevant to CVD risk assessment is provided below:

"Among women whose pregnancy was complicated by the hypertensive disorders of pregnancy --
gestational hypertension and/or preeclampsia -- or a preterm birth before 34 weeks' gestation, a
stillbirth and/or a placental abruption, we recommend screening with a comprehensive lipid panel
at least 12 weeks postpartum. These women have a higher risk of premature CVD and stroke
within 10-15 years after the affected pregnancy (Strong Recommendation, Moderate Quality
Evidence).

To assist with decisions about initiating lipid-lowering pharmacotherapy in a nonpregnant woman
who had one or more of these pregnancy complications, we recommend referral to a specialized
postpartum cardiovascular health clinic or specialized lipid clinic, if locally available. If such
resources are not locally available, we recommend using standard risk assessment tools to decide
about lipid-lowering pharmacotherapy. However, when interpreting their 10-year CVD risk using a
risk calculator, it is important to note that most women in this group will be found to have a low
calculated absolute risk of CVD, short-term, which may give a false sense of reassurance to both
the patient and her health care provider. (Weak Recommendation; Low-Quality Evidence).

For any patient with triglycerides > 1.5mM, use non-HDL-C or apoB instead of LDL-C as the
preferred lipid parameter for initial screening and treatment target (< 2.6 mM for non-HDL-C or <
0.8 g/L for apoB) in intermediate or high risk individuals (Strong Recommendation, High-Quality
Evidence).

We recommend measuring lipoprotein (a) level once in a person’s lifetime as a part of the initial
lipid screening (Strong Recommendation; High-Quality Evidence).

We suggest that CAC [coronary artery calcium] screening using computed tomography imaging
might be considered for asymptomatic adults 40 years or older and at intermediate risk (FRS
10%-20%) for whom treatment decisions are uncertain (Strong Recommendation, Moderate-
Quality Evidence).

We recommend that CAC screening using computed tomography imaging not be undertaken for:
(1) high-risk individuals; (2) patients receiving statin treatment; or (3) most asymptomatic, low-risk
adults (Strong Recommendation; Moderate-Quality Evidence).

We suggest that CAC screening might be considered for a subset of low-risk individuals 40 years
or older (Weak Recommendation; Low-Quality Evidence).” (Pearson et al.,, 2021).

The 2021 guidelines affirmed those from 2016, stating that “Screening should be repeated every 5 years
for men and women aged 40-75 years using the modified FRS or Cardiovascular Life Expectancy Model
(CLEM) to guide therapy to reduce major CV events.”
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A revision of the 2016 recommendation is the role of Lp(a): “Lp(a) is not currently considered a
treatment target and repeat measures are therefore not indicated.” Moreover, non-fasting lipid testing is
recommended during the CV risk assessment, and “It is now generally preferable to follow non-HDL-C
or ApoB levels over LDL-C when interpreting lipid results, particularly when TG are > 1.5 mmol/L"
(Pearson et al., 2021).

HIV Medicine Association of the Infectious Diseases Society of America

HIV-infected patients commonly develop dyslipidemia after starting antiretroviral therapy (ART). The
lipid abnormalities developed in HIV-infected patients are associated with increased cardiovascular risk.
HIV Medicine Association of the Infectious Diseases Society of America have updated their guidelines in
2013 to include a new section on metabolic comorbidities. They recommend obtaining a fasting lipid
profile prior to and within 1-3 months after starting ART and every 6-12 months in all patients. The 2020
update affirms this, as under the workup for routine healthcare maintenance considerations for persons
with HIV, they recommend the following steps: “Lipid profile: perform every 5 years if normal; more
frequently if abnormal or other cardiovascular risk factors present (every 6-12 months); if abnormal,
repeat fasting” and ask that clinicians “Follow the atherosclerotic cardiovascular disease risk calculator.
Consider testing 1-3 months after starting or changing ART" (Thompson et al., 2020).

The Association also notes that HbA1c may be tested or used for screening and states that a lower

cutoff of 5.8% for diabetes may be used for patients on ART instead of the higher 6.5%. Finally, the

Association recommends measuring HbA1c every six months in patients with diabetes (Aberg et al.,
2014; Thompson et al., 2020).

According to the Association, an initial evaluation and an immediate follow-up for persons with HIV
includes “A comprehensive present and past medical history that includes HIV-related information,
medication/social/family history..., review of systems, and physical examination... should be obtained for
all patients upon initiation of care, ideally at the first visit or, if not feasible, as soon as possible
thereafter,” and this includes testing for “Cardiovascular disease and risk factors, including
hyperlipidemia, hypertension, diabetes mellitus, smoking” (Thompson et al.,, 2020).

U.S. Department of Veterans Affairs (VA) and U.S. Department of Defense (DoD)

The United States VA and DoD published a joint guideline regarding management of dyslipidemia for
reducing CVD risk in adults. Their relevant recommendations are listed below:

e "For primary prevention in patients over age 40 and not on statin therapy who have not
developed new cardiovascular risk factors (e.g., diabetes, hypertension, tobacco use), we suggest
against offering a cardiovascular disease risk assessment more frequently than every five years.”

e "For primary prevention in patients not on statin therapy, we suggest against routinely ordering a
lipid panel more frequently than every 10 years.”

e "For cardiovascular risk assessment in primary prevention, we suggest using a 10-year risk
calculator.”

e “We suggest against the routine use of coronary artery calcium testing.”

¢ "We suggest against the routine use of additional risk markers (e.g., high-sensitivity C-reactive
protein, ankle-brachial index, coronary artery calcium) when assessing cardiovascular risk.”

The guideline also remarks that several other markers, such as “coronary artery calcium (CAC), high-
sensitivity C-reactive protein, ankle—brachial index, and apolipoprotein evaluations” have been proposed
as useful tools to determine risk. However, these markers have been deemed “limited in further refining
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risk.” Although CAC was considered to best of the markers listed, the guideline still recommended
against routine CAC testing.

The guideline also recommends against “routine lipid level testing for risk assessment and monitoring,
unless it is specifically intended to guide decision making” (O'Malley et al., 2020).

2021 European Society of Cardiology (ESC) and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice

In 2021, the Seventh Joint Task Force of the ESC and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice published guidelines on cardiovascular disease prevention in clinical
practice.

The 2021 update has the same goals and targets for LDL-C, BP, and glycemic control in patients with
diabetes mellitus as the previous 2016 guideline.

The authors state that routine assessment of circulating or urinary biomarkers is still not recommended
for CVD risk stratification. The Task Force states that there is conflicting data on the utility of these
biomarkers (such as hsCRP, various apolipoproteins, etc.) and that new studies confirm that C-reactive
protein has “limited additional value.” The authors concede that there is renewed interest in lipoprotein
a, but that it doesn’t add additional value in risk stratification. While cardiac biomarkers show promise,
additional clinical studies are necessary.

The Task Force recommends repeating risk assessment every 5 years, and more often for higher risk

patients. However, the Task Force only recommends this screening procedure for men >40 years and
women >50 years, declaring that, though it is not cost-effective, a systematic CVD risk assessment is
shown to “increase detection of CV risk factors” (Visseren et al., 2021).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for
a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations
(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to
make the determination. For the most up-to-date Medicare policies and coverage, please visit the
Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most
up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in house. These laboratory-
developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-
complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88). LDTs are
not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval
is not currently required for clinical use.
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Applicable CPT/HCPCS Procedure Codes

CPT Code Description
Lipid panel This panel must include the following: Cholesterol, serum, total (82465)
Lipoprotein, direct measurement, high density cholesterol (HDL cholesterol) (83718)

80061 Triglycerides (84478)

81599 | Unlisted multianalyte assay with algorithmic analysis

82172 Apolipoprotein, each

82465 | Cholesterol, serum or whole blood, total

82610 Cystatin C

83090 Homocysteine

83695 Lipoprotein (a)

83698 | Lipoprotein-associated phospholipase A2 (Lp-PLA2)

83700 Lipoprotein, blood; electrophoretic separation and quantitation
Lipoprotein, blood; high resolution fractionation and quantitation of lipoproteins including

83701 lipoprotein subclasses when performed (eg, electrophoresis, ultracentrifugation)
Lipoprotein, blood; quantitation of lipoprotein particle number(s) (eg, by nuclear magnetic

83704 resonance spectroscopy), includes lipoprotein particle subclass(es), when performed

83718 Lipoprotein, direct measurement; high density cholesterol (HDL cholesterol)

83719 Lipoprotein, direct measurement; VLDL cholesterol

83721 Lipoprotein, direct measurement; LDL cholesterol

83722 Lipoprotein, direct measurement; small dense LDL cholesterol

83880 | Natriuretic peptide

84478 | Triglycerides

84484 | Troponin, quantitative

84512 Troponin, qualitative

84999 Unlisted chemistry procedure

85384 Fibrinogen; activity

85415 Fibrinolytic factors and inhibitors; plasminogen activator

86141 C-reactive protein; high sensitivity (hsCRP)
Cardiovascular disease, plasma, analysis of protein biomarkers by aptamer-based microarray
and algorithm reported as 4-year likelihood of coronary event in high-risk populations
Proprietary test: SOMAmer®

0019M | Lab/Manufacturer: Somalogic
Lipoprotein, blood, high resolution fractionation and quantitation of lipoproteins, including
all five major lipoprotein classes and subclasses of HDL, LDL, and VLDL by vertical auto
profile ultracentrifugation
Proprietary test: VAP Cholesterol Test

0052U Lab/Manufacturer: VAP Diagnostics Laboratory, Inc
Cardiology (coronary artery disease [CAD]), analysis of 3 proteins (high sensitivity [hs]
troponin, adiponectin, and kidney injury molecule-1 [KIM-1]), plasma, algorithm reported as
a risk score for obstructive CAD
Proprietary test: HART CAD®

0308U Lab/Manufacturer: Prevencio, Inc
Cardiology (cardiovascular disease), analysis of 4 proteins (NT-proBNP, osteopontin, tissue
inhibitor of metalloproteinase-1 [TIMP-1], and kidney injury molecule-1 [KIM-1]), plasma,

0309U | algorithm reported as a risk score for major adverse cardiac event
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CPT Code Description

Proprietary test: HART CVE®
Lab/Manufacturer: Prevencio, Inc

Cardiovascular disease (acute coronary syndrome [ACS]), IL-16, FAS, FASLigand, HGF,
CTACK, EOTAXIN, and MCP-3 by immunoassay combined with age, sex, family history, and
personal history of diabetes, blood, algorithm reported as a 5-year (deleted risk) score for
ACS

Proprietary test: SmartHealth Vascular Dx™

0415U | Lab/Manufacturer: Morningstar Laboratories, LLC

Current Procedural Terminology© American Medical Association. All Rights reserved.
Procedure codes appearing in Medical Policy documents are included only as a general reference
tool for each policy. They may not be all-inclusive.
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Revision History

Revision Date | Summary of Changes

10/01/2023 Added CPT codes 0415U and 0019M

05/31/2023 Reviewed and Updated: Updated the background, guidelines and recommendations,
and evidence-based scientific references. Literature review necessitated the following
changes to coverage criteria:
All CC edited for clarity and consistency.
Addition of frequency to CC1.b., now allowing lipid panel screening on an annual basis
for those with increased risk of dyslipidemia. Addition of “i) Obesity or metabolic
syndrome” as a risk factor for annual lipid screening.
Changed from Lp(a) screening only for those with risk factors to allowing once per
lifetime screening of Lp(a): “3) For individuals 18 years of age or older, measurement of
lipoprotein a (Lp(a)) once per lifetime MEETS COVERAGE CRITERIA.”
Addition of frequency for hs-CRP measurement, now reads: "4) For individuals for whom
a risk-based treatment decision is uncertain (after quantitative risk assessment using
ACC/AHA PCEs to calculate 10-year risk of CVD events [see Note 2]), testing for C-
reactive protein with the high-sensitivity method (hs-CRP) MEETS COVERAGE CRITERIA
at the following frequency:

a) For initial screening, two measurements at least two weeks apart.

b) If the initial screen was abnormal, follow-up screening is allowed up to once per
year.”
CC5, changed “situations” to “cardiovascular disease risk assessments”, “hs-CRP”
changed to CRP, as no form of CRP (conventional or hs-CRP testing) should be allowed
for situations not described in CC4.

New Note to define a simple lipid panel.

06/14/2022 Off-cycle review: Policy split into two policies to separate genetic and nongenetic
cardiovascular disease risk assessment. CC6, 13, and 14 moved to new policy, M2180-
Genetic Markers for Assessing Risk of Cardiovascular Disease

Addition of “For guidance concerning lipid screening in individuals under 18 years of
age, please refer to Avalon Policy AHS-G2042-Pediatric Preventive Screening.” to
“Coverage Criteria 1, regarding lipid panels, is only intended for adult (18 years or older)
patients. For guidance concerning lipid screening in individuals under 18 years of age,
please refer to Avalon Policy AHS-G2042-Pediatric Preventive Screening."

Removed CPT code 81402, 81403, 81404, 81405, 81406, 81407, 81408, 81479, 81493 (all
genetic codes moved to M2180)

Added ICD-10 E75.00 - E75.09, E75.10 - E75.19, E75.21, E75.22, E75.23,
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E75.26, E75.29, E78.00 - E78.9, 116.0 - 116.9, 152, K74.1, K74.2, K75.81, K76.0, K76.1, K76.5,
K76.81, K76.89, K76.9, K77, K83.09, R73.01 - R73.9, R79.82, Z79.810 - Z79.818, 783.42,
783.430, Z83.438, 783.49

Removed ICD-10 E79.0

03/09/2022

Annual review: Updated background, guidelines, and evidence-based scientific
references. The following change was made:

Changed the age in CC1ai to: Every 4 to 6 years in patients ages 18 to 79 years.
Reworded CC1aii for clarity: Annually for patients at increased risk for cardiovascular
disease as defined by 2013 ACC/AHA Pooled Cohort Equations (PCEs) to calculate 10-
year risk of CVD events (see Note 1).

Reworded CC1b for clarity: A lipid panel MEETS COVERAGE CRITERIA when evaluating an
individual at increased risk of dyslipidemia due to the following conditions

Added the word "and” to CCT1fii for clarity: Within one to three months after starting or
modifying ART and every 6 to 12 months thereafter

Addition to CC2:
CC2e. On lipid therapy

CC2f. To facilitate diagnosis of Familial Dysbetalipoproteinemia and Familial
Combined Hyperlipidemia

Added “or elevated Lp(a)” to CC3a: Family history of first-degree relatives with
premature atherosclerotic cardiovascular disease (ASCVD) (less than 55 years of age in
men; less than 65 years of age in women) or elevated Lp(a)

Reworded CC7 for clarity: Homocysteine testing for cardiovascular disease risk
assessment screening, evaluation and management DOES NOT MEET COVERAGE
CRITERIA. Homocysteine testing for indications other than CVD is addressed in Avalon
Policy AHS-M2141-Testing of Homocysteine Metabolism-Related Conditions and AHS-
G2014-Vitamin B12 and Methylmalonic Acid Testing.

Updated Note 1: 2013 ACC/AHA Guideline on the Assessment of Cardiovascular Risk
(Goff et al., 2014):

Risk factors include gender, age, race, smoking, hypertension, diabetes, total cholesterol,
high and low density lipoprotein cholesterol. A race- and sex-specific PCE ASCVD Risk
Estimator is available at:
https://tools.acc.org/ldl/ascvd_risk_estimator/index.html#!/calulate/estimator/.

The 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
Guideline on the Management of Blood Cholesterol affirms that “the PCE is a powerful
tool to predict population risk, but it has limitations when applied to individuals.” Hence
a clinician-patient risk discussion can individualize risk status based on PCE, but with the
inclusion of additional risk-enhancing factors. These additional factors may include:

. A family history of premature ASCVD (males, age <55 y; females, age <65y)

. Primary hypercholesterolemia (LDL-C, 160-189 mg/dL [4.1-4.8 mmol/L); non-
HDL-C 190-219 mg/dL [4.9-5.6 mmol/L])

. Metabolic syndrome (increased waist circumference, elevated triglycerides [>150

mg/dL], elevated blood pressure, elevated glucose, and low HDL-C [<40 mg/dL in men;
<50 in women mg/dL] are factors; tally of 3 makes the diagnosis)

. Chronic kidney disease (eGFR 15-59 mL/min/1.73 m2 with or without
albuminuria; not treated with dialysis or kidney transplantation)
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. Chronic inflammatory conditions such as psoriasis, RA, or HIV/AIDS

. History of premature menopause (before age 40 y) and history of pregnancy-
associated conditions that increase later ASCVD risk such as preeclampsia

. High-risk race/ethnicities (eg, South Asian ancestry)

. Lipid/biomarkers: Associated with increased ASCVD risk

. Persistently elevated, primary hypertriglyceridemia (=175 mg/dL)

. Elevated high-sensitivity C-reactive protein (2.0 mg/L)

. Elevated Lp(a): A relative indication for its measurement is family history of

premature ASCVD. An Lp(a) 250 mg/dL or 2125 nmol/L constitutes a risk-enhancing
factor especially at higher levels of Lp(a)

. Elevated apoB >130 mg/dL: A relative indication for its measurement would be
triglyceride 2200 mg/dL. A level 2130 mg/dL corresponds to an LDL-C >160 mg/dL and
constitutes a risk-enhancing factor

. ABI <0.9

CPT Changes —Added: 0308U and 0309U (CC9)
ICD-10 Changes — Added: E88.81 (Note 1)

10/01/2021 Off-cycle Review: Annual ICD-10 code update.
Added: E75.244, I5A

03/03/2021 Annual review: Updated background, guidelines, and evidence-based scientific
references. The following change was made:
Regarding CC5, the phrase “in the outpatient setting” was added for clarity, so that the
CC now reads: "Measurement of High-sensitivity cardiac troponin T (hs-cTnT) DOES NOT
MEET COVERAGE CRITERIA for cardiovascular risk assessment and stratification in the
outpatient setting.”
“Diabetes, Chronic Kidney Disease, Cushing Syndrome, Pregnancy, Cholestatic Liver
Disease, Lipid Metabolism Disorders, such as Gaucher disease in adults” were added to
CC1-b concerning lipid panels per 2020 Endocrine Society. Phrase “including but not”
removed.
A disclaimer indicating that this policy is only intended for adult (18 years old and
above) patients was added. Corresponding age range in CC1-ai concerning lipid panels
was also changed.

09/08/2020 Off-cycle review: Updated background information on BNP. For clarity and enforcement
purposes, the following changes were made to CC8:
“and management” wording removed for clarity

05/26/2020 Off-cycle review: Updated background and guidelines. Literature review did necessitate

the following modifications: Coverage Criteria were updated for clarity based on the
latest 2019 ACC/AHA guideline.
CC1.a.ii. reworded for clarity and increased risk factors were replaced by the definition
for increased factors to state the following:
e Annual screening for patients of all ages at increased risk for cardiovascular
disease as defined by 2013 ACC/AHA Pooled Cohort Equations to calculate 10-
year risk of CVD events (see Note 1).
Addition of Note 1:
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e 2013 ACC/AHA Guideline on the Assessment of Cardiovascular Risk (Goff et al.,
2014):

Risk factors include gender, age, race, smoking, hypertension, diabetes, total cholesterol,
high and low density lipoprotein cholesterol and calculators are available at: "A web-
based application enabling estimation of 10-year and lifetime risk of ASCVD is available
at http://my.americanheart.org/cvriskcalculator and
http://www.cardiosource.org/en/Science-And-Quality/Practice-Guidelines-and-Quality-
Standards/2013-Prevention-Guideline-Tools.aspx”.

CC3 Addition of Lipoprotein (a) CC as MCC per 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASP and 2019 National Lipid
Association:

e Measurement of lipoprotein a (Lp(a)) MEETS COVERAGE CRITERIA in adult
individuals with one of the following:

o Family history of first-degree relatives with premature atherosclerotic
cardiovascular disease (ASCVD) (less than 55 years of age in men; less
than 65 years of age in women)

o Individuals with premature ASCVD (less than 55 years of age in men; less
than 65 years of age in women), particularly in the absence of traditional
risk factors

o Individuals with primary severe hypercholesterolemia (LDL-C greater
than or equal to 190 mg/dL) or suspected familial hypercholesterolemia
(FH)

o Individuals at very high risk of ASCVD to better define those who are
more likely to benefit from PCSK9 inhibitor therapy.

CC4 per 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASP hsCRP
coverage criteria were re-worded for clarity to state the following:

e High-sensitivity C-Reactive Protein (hs-CRP)
Testing for high-sensitivity C-reactive protein (hs-CRP) MEETS COVERAGE CRITERIA if,
after quantitative risk assessment using ACC/AHA Pooled Cohort Equations to calculate
10-year risk of CVD events (see Note 1), a risk-based treatment decision is uncertain

CC6: Corus CAD was removed from CC because this test no longer exists, and CC was
reworded to state the following:

e Gene expression testing to predict coronary artery disease

Gene expression testing to predict coronary artery disease (CAD) DOES NOT MEET
COVERAGE CRITERIA for all indications, including but not limited to prediction of the
likelihood of CAD in stable, nondiabetic patients.

CC8 Lipoprotein (a) was removed from CC about Novel Cardiovascular Biomarkers to
prevent contradiction with new CC:

e Novel Cardiovascular Biomarkers

Measurement of novel lipid and non-lipid biomarkers (eg., apolipoprotein Al,
apolipoprotein E, B-type natriuretic peptide, cystatin C, fibrinogen, leptin, LDL subclass,
HDL subclass) DOES NOT MEET COVERAGE CRITERIA as an adjunct to LDL cholesterol
in the risk assessment and management of cardiovascular disease.

Removed “Avalon considers measurement” from CC

03/10/2020

Annual review: Updated background, guidelines, and evidence-based scientific
references. Change previous E&I CCs to DNMCC with a preceding statement regarding
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lack of published scientific literature. Added in CC stating that lipid testing MCC for
individuals on long-term drug therapies (such as Accutane, anti-psychotics). Changed
coverage of apoB to MCC based on 2019 ESC/EAS and 2020 ADA guidelines for
individuals with one of the following: hypertriglyceridemia, diabetes mellitus, obesity,
metabolic syndrome, or dyslipidemia (very low LDL-C).

03/01/2019

Annual review: Updated background, guidelines, and evidence-based scientific
references. Per AHS protocol, the pre-existing CCs were reordered and placed in outline
format for clarity. No change in intent or coverage to policy.

Added PLA code 0052U.

11/12/2018

Off cycle review: Per 2019 CPT changes, added CPT 83722.

6/11/2018

Off cycle review: Reworded CC5 on Corus CAD because it was pointing to the Corus CAD
policy that will be archived.

03/16/2018

Annual Review: Background, Applicable Federal Regulations, Guidelines and
Recommendations and Evidence-based Scientific References were updated. Literature
review did not necessitate any modification to coverage criteria.

CCé: reworded and removed homocysteine testing for other indications because it is
stated in AHS-M2141-Homocystinuria and AHS-G2014-Vitamin B12 and Methylmalonic
Acid Testing.

CC12: consolidation with Avalon Policy AHS-M2090-Genotyping for 9P21 Single
Nucleotide Polymorphisms.

CC13: consolidation with Avalon Policy AHS-M2102-KIF6 Genotyping for Predicting
Cardiovascular Risk and/or Effectiveness of Statin Therapy.

Added CPT code 81479 and 81599 per CC 12 & 13.

1/12/2018

Off cycle review: Added CPT codes: 82725, 83584 and 0111T as not covered

9/28/2017

Off cycle review: Guidelines and Recommendations and Evidence-based Scientific
References were reviewed only for Lipid testing in HIV-infected individuals. Literature
review did necessitate change in CC1 based on IDSA 2013 Update guidelines

5/15/2017

Revised lipid screening content to align with 2017 AACE guidelines and CAB agreed to
modify the Adult Preventive policy content to point to the CVD policy for guidance re:
lipid screening

2/17/2017

Off cycle review: Incorporated 3 additional policies: Measurement Of Serum
Intermediate Density Lipoproteins, Measurement of Lipoprotein, Associated
Phospholipase A2, and Measurement of Long-Chain Omega-3 Fatty Acids

9/19/2016

Initial presentation: Consolidated policy replacing Lipid panel, Novel Biomarker and
Cardiovascular Risk panel policies presented to May 2016 CAB meeting. Homocysteine
coverage criteria incorporated from AHS — G2096 — Homocysteine policy.
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Policy Number: AHS — G2043 — Celiac Disease Prior Policy Name and Number, as applicable:
Testing

Initial Presentation Date: 09/18/2015
Revision Date: 09/06/2023

POLICY DESCRIPTION

RELATED POLICIES

INDICATIONS AND/OR LIMITATIONS OF COVERAGE
TABLE OF TERMINOLOGY

SCIENTIFIC BACKGROUND

GUIDELINES AND RECOMMENDATIONS
APPLICABLE STATE AND FEDERAL REGULATIONS
APPLICABLE CPT/HCPCS PROCEDURE CODES
EVIDENCE-BASED SCIENTIFIC REFERENCES
REVISION HISTORY

Policy Description

Celiac disease is a hereditary, chronic autoimmune disorder triggered by the ingestion of gluten, a
protein found in wheat, rye, and barley. When an individual with celiac disease ingests gluten, the body
mounts an immune response that attacks the small intestine. These attacks lead to damage on the villi
within the small intestine, inhibiting nutrient absorption (CDF, 2018).

Related Policies

Policy Number Policy Title
AHS-G2121 Laboratory Testing for the Diagnosis of Inflammatory Bowel Disease
AHS-G2155 General Inflammation Testing

Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at the time of the
request. Specifications pertaining to Medicare and Medicaid can be found in in the "Applicable State and
Federal Regulations” section of this policy document.

1) Forindividuals who have been diagnosed with celiac disease and who are IgA sufficient, serologic
testing with IgA anti-tissue transglutaminase (TTG) MEETS COVERAGE CRITERIA at the following
intervals:

a) At the first follow-up visit 3-6 months after diagnosis.
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2)

3)

4)

5)

6)

7)

8)

9)

b) Every 6 months until normalization of anti-TTG levels has occurred.

C) Every 12-24 months thereafter.

For individuals who have been diagnosed with celiac disease and who are IgA deficient, testing for
IgG endomysial antibodies, IgG deamidated gliadin peptide, or IgG TTG MEETS COVERAGE
CRITERIA at the following intervals:

a) At the first follow-up visit 3-6 months after diagnosis.
b) Every 6 months until normalization of IgG levels has occurred.
C) Every 12-24 months thereafter.

For individuals with signs and symptoms of celiac disease (see Note 1), serologic testing with the IgA
anti-TTG and the total IgA test for the diagnosis of celiac disesase MEETS COVERAGE CRITERIA.

For individuals at risk for celiac disease (see Note 1), when IgA anti-TTG is negative or weakly positive,
testing for IgA endomysial antibodies MEETS COVERAGE CRITERIA.

For individuals with clinical suspicion of celiac disease (see Note 1) with an IgA deficiency, testing for
IgG endomysial antibodies, IgG deamidated gliadin peptide, or IgG TTG MEETS COVERAGE
CRITERIA.

Testing for IgA and 1gG antibodies to deamidated gliadin peptides MEETS COVERAGE CRITERIA in
any of the following situations:
a) For individuals under 2 years of age with a clinical suspicion of celiac disease (see Note 1).

b) For individuals over 2 years of age as a substitute for anti-TTG testing.

Genetic testing for HLA DQ2 and DQ8 MEETS COVERAGE CRITERIA in any of the following
situations:

a) For symptomatic individuals for whom other testing is undiagnostic.

b) For symptomatic individuals with positive serology tests who are unable to undergo a biopsy
evaluation.

For confirmation of celiac disease in individuals at high risk for celiac disease, regardless of the result
of celiac disease serology testing, pathological examination of tissue obtained from a biopsy of the
small intestine MEETS COVERAGE CRITERIA.

Rapid antigen point-of-care testing for anti-TTG DOES NOT MEET COVERAGE CRITERIA.

10) Panel testing, multiplex testing, or multi-analyte testing (for more than two analytes) for the diagnosis

or evaluation of celiac disease DOES NOT MEET COVERAGE CRITERIA.

11) For asymptomatic individuals not at an increased risk for developing celiac disease (see Note 1),

testing for celiac disease DOES NOT MEET COVERAGE CRITERIA.

The following does not meet coverage criteria due to a lack of available published scientific literature
confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s
illness.
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12) For the diagnosis of celiac disease, testing for anti-reticulin antibodies DOES NOT MEET COVERAGE
CRITERIA.

13) For the evaluation of celiac disease, testing of stool or saliva samples DOES NOT MEET COVERAGE
CRITERIA.

14) Serologic testing using an HLA-DQ-gluten tetramer-based assay, including flow cytometry-based
HLA-DQ-gluten tetramer assays, DOES NOT MEET COVERAGE CRITERIA.

NOTES:

Note 1: Signs and symptoms of celiac disease may include, but are not limited to, the following:
unexplained chronic or intermittent diarrhea; unexplained weight loss; unexplained chronic or intermittent
abdominal pain or bloating; recurrent nausea or vomiting; unexplained iron deficiency anemia;
unexplained vitamin B12 or folate deficiency; unexplained liver transaminase elevations; autoimmune
hepatitis; dermatitis herpetiformis; type 1 diabetes; intestinal blockages; unexplained subfertility or
miscarriage; unexplained osteoporosis, osteomalacia, or low bone density; and/or primary biliary cirrhosis.
Individuals with Down syndrome, Turner syndrome, or Williams-Beuren syndrome are also at high risk for
celiac disease. Additionally, in pediatric patients, fatty stools, delayed puberty, amenorrhea, failure to
thrive, stunted growth, and/or short stature may also be associated with celiac disease (Husby et al., 2020;
NICE, 2022; NIDDK, 2016).

Table of terminology

Term Definition

AAFP American Academy of Family Physicians

ACG American College of Gastroenterology

AGA American Gastroenterological Association

ANG Anti-native gliadin antibodies

BSG British Society of Gastroenterology

BSPGHAN British Society of Pediatrics Gastroenterology, Hepatology, and Nutrition
CcD Celiac disease

CMS Centers for Medicare and Medicaid Services

DGP Deamidated gliadin peptides

DTC Direct to consumer

ELISA Enzyme-linked immunosorbent assay

EMA Endomysial antibodies

ESP-GHAN | European Society for Pediatric Gastroenterology, Hepatology, and Nutrition
ESsCD European Society for the Study of Coeliac Disease

GFD Gluten-free diet

HLA Human leukocyte antigen

HLA-DQAT | Major histocompatibility complex, class I, DQ alpha 1 gene

HLA-DQBT1 | Major histocompatibility complex, class I, DQ beta 1 gene
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IgA Immunoglobulin A

LDTs Laboratory-developed tests

NASPGHAN [ North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition
SSCD Society for the Study of Celiac Disease

NCGS Non celiac gluten sensitivity

NICE National Institute for Health and Care Excellence

NIDDK National Institute of Diabetes and Digestive and Kidney Diseases
slgE Specific immunoglobulin-E

SSOP Sequence-specific oligonucleotide probe

TIDM Type | diabetes mellitus

TG Tissue transglutaminase

ULN Upper limit of normal

USPSTF United States Preventative Services Task Force

WA Wheat allergy

WGO World Gastroenterology Organization

ZED1227 Oral transglutaminase 2 inhibitor

Scientific Background

Celiac disease (CD) is an autoimmune disease which occurs due to the body’s unfavorable response after
the ingestion of gluten. In particular, the body’s immune system attacks the small intestine, leading to
damage and inhibiting nutrient absorption (CDF, 2018). The clinical presentation of CD is varied and age
dependent. In children, failure to thrive, malnutrition, diarrhea, abdominal pain, and distension are
common. In adults, abdominal pain, diarrhea or constipation, bloating, and excessive gas are frequent
symptoms. Other gastrointestinal symptoms include unexpected weight loss and distension (Kelly,
2023). A high prevalence of CD cases are often found in first degree relatives of CD patients,

highlighting genetic aspects of the disease (Nellikkal et al., 2019). Currently, the only treatment for CD is
to maintain a gluten-free diet to ameliorate symptoms and improve the quality of life (Caio et al., 2019).

The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK, 2020) provides the
following statistics for CD:

e About 2 million Americans have CD

e About 1% of people worldwide have CD

e The majority of people are undiagnosed

e (D can affect all races, but is present at a higher rate in Caucasians

e (D can affect both genders

e CDis more common among people with chromosomal disorders like Down syndrome, Turner
syndrome, and Williams syndrome

e Patients with CD are at risk for Addison’s disease, Hashimoto's disease, selective IgA deficiency,
primary biliary cholangitis, and type 1 diabetes

CD has a strong genetic component. The two primary genetic factors for CD susceptibility are the
human leukocyte antigen (HLA)-DQZ2 and DQ8 alleles (Brown et al., 2019). These genes highlight the role
of T cells and the immune response in CD (Tye-Din et al., 2018). Approximately 90-95% of CD patients
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have the HLA-DQ2 protein encoded by the HLA-DQAT*05 and DQB1*02 alleles. The remaining CD
patients have mutations in the HLA-DQ8 protein encoded by the HLA-DQAT1*03 and DQBT1*03:02 alleles.
Stankovic et al. (2014) noted that the absence of susceptible HLA-DQ genotypes makes CD "very
unlikely, close to 100%.” However, the use of genotyping in diagnosing CD is not without controversy.
Paul et al. (2017) report that 25-40% of white Caucasians are positive for the HLA-DQ2/DQ8 haplotype
but that only 0.1-1% of the population will develop CD. They also note that the European guidelines
released in 2012 recommend genotyping for HLA-DQ2/DQ8 in children with very high anti-TTG titers,
but the authors recommend that "HLA-DQ2/DQ8 testing must not be done to 'screen’ or ‘diagnose’
children” with CD (Paul et al., 2017).

Antibodies for the assessment of CD generally fall into one of two categories: autoantibodies (tTG-IgA,
anti-endomysial antibody [EMA-IgA]) or antibodies targeting gliadin (DGP-IgA or IgG, antigliadin
antibody (AGA)-IgA or IgG). Endomysial antibodies bind to tissue transglutaminase and produce a
characteristic staining pattern. Similarly, anti-endomysial antibodies bind to tTG-2, another tissue
transglutaminase. The other category of celiac antibodies involve gliadin, which is a component of
gluten. Traditional antigliadin antibody tests (AGA-IgA, AGA-IgG) yielded a false positive rate of up to
20%, so they have been replaced with a deamidated gliadin peptide (DGP) (Kelly, 2023).

Genetic testing for HLA DQ2 and DQ8 may also be used to confirm a CD diagnosis. Serologic and
histologic HLA-DQ testing requires the patient to be on a gluten-containing diet, which can be a
disadvantage to testing. Recently, testing methods for HLA-DQ-gluten tetramer-based assays using
flow-cytometry have been developed; these tests can accurately determine whether the patient is on a
gluten-containing or gluten-free diet. The assay has a reported 97% sensitivity and 95% specificity for
patients on a gluten-free diet as compared to controls (patients without CD) (Sarna et al., 2018). The
authors conclude, “This test would allow individuals with suspected celiac disease to avoid gluten
challenge and duodenal biopsy, but requires validation in a larger study” (Sarna et al., 2018).

Point of care tests, such as the Simtomax®, have been developed, which detects IgA and IgG antibodies
against deamidated gliadin peptides (DGP) and provides a response in just ten minutes (Arenda, 2020).
There are also direct-to-consumer (DTC) tests for CD. The FDA-approved 23andme panel includes CD.
This test detects a single nucleotide polymorphism in HLA-DQA1 (FDA, 2017).

Clinical Utility and Validity

Olen et al. (2012) evaluated the diagnostic performance and actual costs in clinical practice of
immunoglobulin (Ig)G/IgA DGP (deamidated gliadin peptide antibodies) as a complement to IgA-TTG
for the diagnosis of pediatric CD. The authors identified 278 children with CD that received a duodenal
biopsy. Sensitivity and specificity for tTG were 94% and 86% respectively, but corresponding values for
DGP were 91% and 26%. Positive predictive values were 88% for tTG and 51% for DGP. The authors
concluded that for diagnosing CD, tTG is superior to DGP, even in children younger than 2

years. Further, combining tTG and DGP does not provide a better trade-off between number of missed
cases of CD, number of unnecessary duodenal biopsies, and cost than utilizing tTG alone (Olen et al.,
2012).

Sakly et al. (2012) evaluated the usefulness of anti-DGP antibodies (a-DGP) in the diagnosis of CD. The
study included 103 untreated CD patients of all ages and 36 CD patients under a gluten-free diet. The
specificity of a-DGP was 93.6% for IgG and 92% for IgA as compared to the 100% for each by anti-
endomysium antibodies (AEA) and tTG. The authors concluded that the findings of this study showed

Page 5 of 29



“that a-DGP increases neither the sensitivity nor the specificity of AEA and AtTG [anti-tissue
transglutaminase antibodies]” (Sakly et al., 2012).

Bufler et al. (2015) evaluated the diagnostic performance of three serological tests for CD. A total of 91
children with CD contributed 411 sera samples and were compared to 98 healthy controls.
Transglutaminase type 2(TG2)-IgA, deamidated gliadin peptide (DGP)-IgG, and DGP-IgA were measured.
The sensitivity for diagnosis was high for TG2-IgA and DGP-IgG (>90%) but lower for DGP-IgA.
Specificity was >97% for all three. Non-adherence to a gluten-free diet was best indicated by positive
TG2-IgA. The authors concluded that “combined testing for TG2-IgA and DGP-IgG does not increase the
detection rate of CD in IgA competent children compared to TG2-IgA only” (Bufler et al.,, 2015).

Silvester et al. (2017) performed a meta-analysis to evaluate the “sensitivity and specificity of tTG IgA
and EMA [endomysial antibody] IgA assays in identifying patients with celiac disease who have
persistent villous atrophy despite a gluten-free diet (GFD).” The authors identified 26 studies for
inclusion. The assays were found to have high specificity for identifying patients with persistent villous
atrophy (0.83 for tTG IgA, 0.91 for EMA IgA, but with low sensitivity (0.50 for tTG IgA, 0.45 for EMA IgA).
No significant difference was seen between pediatric and adult patients. The authors concluded that “we
need more-accurate non-invasive markers of mucosal damage in children and adults with celiac disease
who are following a GFD” (Silvester et al., 2017).

A report by Selleski et al. (2018) shows that only some of the DQ2/DQ8 alleles were significantly
different between pediatric CD patients and pediatric non-CD patients. A total of 97% of the CD patients
were positive for at least either DQ2 or DQ8; however, 29.9% of the non-CD patients were also positive
for DQ2. In fact, “No significant association was found between DQZ2.2 variant and celiac disease in the
studied population (Selleski et al., 2018).” Previously, high regard had been given to DQ2.2 variant as
being a predisposing variant for CD (Mubarak et al., 2013). Finally, a rapid nucleic acid amplification test
using multiplex ligation-dependent probe amplification (MLPA) to detect HLA-DQ2.2, HLA-DQ2.5, and
HLA-DQ8 has been developed with a reported 100% specificity for those particular genotypes (Vijzelaar
et al.,, 2016), but this test has not been FDA-approved for use in the United States.

Bajor et al. (2019) performed a meta-analysis focusing on the association between the HLA-DQB1*02
gene doses and the characteristics of CD. The authors identified 24 studies for inclusion in the review
and observed that homozygosity of the DQBT*02 allele led to more frequent classical CD (odds ratio
[OR] 1.758). The gene dosing effect was more prominent in children (OR: 2.082). Atrophic histology
(Marsh grade 3) was more prevalent with a double dose compared to a zero dose (OR: 2.626). No gene
dosing effect was seen with diarrhea, age at diagnosis, severity of villous atrophy, or type 1 diabetes. The
authors concluded that “A double dose of HLA-DQB1*02 gene seems to predispose patients to
developing classical CD and villous atrophy. Risk stratification by HLA-DQB1*02 gene dose requires
further clarification due to the limited available evidence” (Bajor et al., 2019).

Tangermann et al. (2019) completed a prospective study which included 1055 patients all tested for CD
with the Simtomax point of care test. The Simtomax detects IgA and IgG antibodies against deamidated
gliadin peptides (DGP). All results were compared to the gold standard: histologic analysis of duodenal
biopsies. Of all patients who participated in this study, the overall CD prevalence was identified at 4.1%;
the Simtomax identified CD with a 79% sensitivity, 94% specificity, 37% positive predictive value, and
99% negative predictive value (Tangermann et al.,, 2019). When the adult (n=888) and pediatric (n=167)
patients were analyzed separately, the Simtomax was found to identify CD with 100% sensitivity and
95% specificity in adults, and 72% sensitivity in children; the authors note that the Simtomax test
detected CD with a lower sensitivity than expected (Tangermann et al., 2019).
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Profaizer et al. (2020) conducted a study to "evaluate the feasibility of using NGS-based [next-
generation sequencing] HLA-B and DQ genotyping for clinical HLA disease association testing and
provide direct comparison with the currently used clinical tests, including SSOP [sequence-specific
oligonucleotide probe] genotyping, and real-time PCR [polymerase chain reaction] with melting chain
analysis.” The researchers focused on HLA alleles related to celiac disease, ankylosing spondylitis,
abacavir hypersensitivity, carbamazepine hypersensitivity, and allopurinol hypersensitivity. With regards
to CD and from 24 samples tested, there was a discrepancy with the DQB7*03:40 allele with SSOP, real-
time PCR, and NGS, but overall, with the different HLA-correlations the data has shown “HLA typing by
NGS is superior to the existing clinical methods for identifying HLA alleles associated with disease or
drug hypersensitivity and offers a viable approach for high volume clinical diagnostic laboratories,”
continuing to demonstrate the clinical utility of NGS and HLA-testing for CD (Profaizer et al., 2020).

Gould et al. (2021) evaluated CD serologic testing in asymptomatic patients with type 1 diabetes using
immunoglobulin A anti-tissue transglutaminase, as there is an increased risk of type 1 diabetes among
CD and vice versa. From screening 2,353 patients, the assay with IgA anti-tissue transglutaminase had a
positive predictive value of 85.9% when referenced upper limit of normal and had a sensitivity and
specificity of 100% and 38%, respectively. This study indicated the need for thresholds for diagnostic
evaluation to be population-specific (i.e. to type 1 diabetics), and not taken from the overall population
due to the increased risk (Gould et al.,, 2021).

Schuppan et al. (2021) assessed the efficacy and safety of a 6-weel treatment with ZED1227, a selective
oral transglutaminase 2 inhibitor, at three dose levels compared with placebo, in adults with well-
controlled celiac disease who underwent a daily gluten challenge. Their primary endpoint was the
attenuation of gluten-induced mucosal damage, measured by the ratio of villus height to crypt death.
For this study, 41 patients were assigned to the 10-mg ZED1227 group, 41 patients were assigned to the
100-mg group, and 40 patients were assigned to the placebo group. Each had adequate duodenal-
biopsy samples for the assessment of the overall endpoint. “The estimated difference from placebo in
the change in the mean ratio of villus height to crypt depth from baseline to week 6 was 0.44 (95%
confidence interval [Cl], 0.15 to 0.73) in the 10-mg group (P = 0.001), 0.49 (95% Cl, 0.20 to 0.77) in the
50-mg group (P<0.001), and 0.48 (95% Cl, 0.20 to 0.77) in the 100-mg group (P<0.001). The estimated
differences from placebo in the change in intraepithelial lymphocyte density were -2.7 cells per 100
epithelial cells (95% Cl, -7.6 to 2.2) in the 10-mg group, -4.2 cells per 100 epithelial cells (95% Cl, -8.9 to
0.6) in the 50-mg group, and -9.6 cells per 100 epithelial cells (95% Cl, -14.4 to -4.8) in the 100-mg
group.” The authors concluded that treatment with ZED1227 attenuated gluten-induced duodenal
mucosal damage in patients with celiac disease. (Schuppan et al., 2021).

Guidelines and Recommendations
American College of Gastroenterology (ACG)
The ACG recommends testing for CD in the following scenarios (Rubio-Tapia et al.,, 2013):

1. "Patients with symptoms, signs, or laboratory evidence suggestive of malabsorption, such as
chronic diarrhea with weight loss, steatorrhea, postprandial abdominal pain and bloating, should
be tested for CD. (Strong recommendation, high level of evidence)”

2. "Patients with symptoms, signs, or laboratory evidence for which CD is a treatable cause should
be considered for testing for CD. (Strong recommendation, moderate level of evidence)”
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3. "Patients with a first-degree family member who has a confirmed diagnosis of CD should be
tested if they show possible signs or symptoms or laboratory evidence of CD. (Strong
recommendation, high level of evidence)”

4. "Patients with type | diabetes mellitus should be tested for CD if there are any digestive
symptoms, or signs, or laboratory evidence suggestive of celiac disease. (Strong recommendation,
high level of evidence)”

5. "Celiac disease should be sought among the explanations for elevated serum aminotransferase
levels when no other etiology is found, (Strong recommendation, high level of evidence)”

6. "Consider testing of asymptomatic relatives with a first-degree family member who has a
confirmed diagnosis of CD (Conditional recommendation, high level of evidence)”

The ACG guidelines indicate that “Immunoglobulin A (IgA) anti-tissue transglutaminase (TTG) antibody is
the preferred single test for detection of CD in individuals over the age of 2 years.” Also, if there is "a
high probability of CD wherein the possibility of IgA deficiency is considered, total IgA should be
measured.” Additionally, "an alternative approach is to include both IgA and IgG-based testing, such as
IgG-deamidated gliadin peptides (DGPs), in these high-probability patients.” In those patients with low
or deficient IgA, the ACG recommends "“lgG-based testing (IgG DGPs and I1gG TTG).” The guidelines also
indicate that all serological testing should be done while the individual is on a gluten-containing diet.

Intestinal biopsy is recommended by the ACG for individuals with positive serology testing and for those
with a clinical presentation consistent with CD, “even if the serologies are negative.”

Although antibodies directed against native gliadin are not recommended for the primary detection of
CD,” the ACG notes that “when screening children younger than 2 years of age for CD, the IgA TTG test
should be combined with DGP (IgA and IgG).”

With regard to HLA-DQ2 / DQ8 genotype testing, the ACG recommends that it “should not be used
routinely in the initial diagnosis of CD" but rather “should be used to effectively rule out the disease in
selected clinical situations” such as, “equivocal small-bowel histological finding (Marsh I-1l) in
seronegative patients; evaluation of patients on a GFD in whom no testing for CD was done before GFD;
patients with discrepant celiac-specific serology and histology; patients with suspicion of refractory CD
where the original diagnosis of celiac remains in question; or patients with Down'’s syndrome... Because
HLA-DQ? is present in approximately 25%-30% of the white population, testing for CD with either HLA-
DQ type is not useful because the PPV is only about 12%.” Concerning HLA typing, “"HLA typing, and
histological response may help to rule out or confirm the diagnosis of CD in patients with sero-negative
CD."

The ACG does not recommend stool or salivary testing, indicating that are not validated for use in the
diagnosis of CD.

The ACG advocates monitoring of adherence to a gluten-free diet, based on “a combination of history
and serology.” Additionally, “upper endoscopy with intestinal biopsies is recommended for monitoring
in cases with lack of clinical response or relapse of symptoms despite a GFD.”
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Celiac Disease Diagnostic Testing Algorithm (Rubio-Tapia et al., 2013)
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Figure 1. Celiac disease (CD) diagnostic testing algorithm. DGP, deamidated gliadin peptide; HLA, human leukocyte
antigen; Ig, immunoglobulin; TTGA,
tissue transglutaminase antibody

A 2023 update from ACG focused on the diagnosis and management of celiac disease expands upon
their previous guidelines:

"1A. We [ACG] recommend EGD with multiple duodenal biopsies for confirmation of diagnosis in both
children and adults with suspicion of CD (strong recommendation, moderate quality of evidence; dissent
1).

1B. We suggest a combination of high-level TTG IgA (>10x upper limit of normal) with a positive
endomysial antibody (EMA) in a second blood sample as reliable tests for diagnosis of CD in children. In
symptomatic adults unwilling or unable to undergo upper Gl endoscopy, the same criteria may be
considered after the fact, as a diagnosis of likely CD (conditional recommendation, moderate quality of
evidence; dissent 0).”

ACG explains the above recommendations by citing key concepts:

“1. Multiple biopsies of the duodenum (1 or 2 from bulb and 4 from distal duodenum) are necessary for
diagnosis of CD.

2. EGD and duodenal biopsies can also be useful for the differential diagnosis of other malabsorptive
disorders or enteropathies.

3. Lymphocytic duodenosis (225 intraepithelial lymphocytes per 100 epithelial cells) in the absence of
villous atrophy is not specific for CD, and other causes should be considered” (Rubio-Tapia et al., 2023).

Moreover, in the case of screening procedures, ACG states that
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“7A. We recommend case finding to increase detection of CD in clinical practice (strong
recommendation, low quality of evidence; dissent 0).

7B. We recommend against mass screening for CD in the community (strong recommendation, low
quality of evidence; dissent 0)", on the basis that

“1. Patients with symptomes, signs, or laboratory evidence suggestive of malabsorption, such as chronic
diarrhea with weight loss, steatorrhea, abdominal pain, and bloating, should be tested for CD.

2. Patients with symptoms, signs, or laboratory evidence for which CD is a treatable cause should be
considered for testing for CD.

3. Patients with a first-degree family member who has a confirmed diagnosis of CD should be tested
whether they show possible signs or symptoms or laboratory evidence of CD.

4. Consider testing of asymptomatic relatives with a first-degree family member who has a confirmed
diagnosis of CD" (Rubio-Tapia et al., 2023).

Although they note that there is controversy surrounding the best serology approach for children
younger than 2 years, ACG

"8A. We recommend the immunoglobulin IgA anti-TTG antibody (TTG-IgA) as the preferred single test
for the detection of CD in children younger than 2 years who are not IgA-deficient (strong
recommendation, moderate quality of evidence; dissent 0).

8B. We recommend that testing for CD in children with IgA deficiency be performed using IgG-based
antibodies (DGP-1gG or TTG-IgG) (strong recommendation; moderate quality of evidence; dissent 0)"
because

"1. TTG-IgA and EMA-IgA are reported to be less accurate in children younger than 2 years.

2. Current guidelines recommend that testing for CD in children younger than 2 years include both TTG-
IgA and DGP-IgG” (Rubio-Tapia et al., 2023).

American Gastroenterological Association (AGA)

Relative to ongoing monitoring of individuals with celiac disease, the AGA recommends periodic
serologic testing.

The AGA published an update on CD testing in 2019. Their new “best practice advice” is as follows:

e “Best Practice Advice 1: Serology is a crucial component of the detection and diagnosis of CD,
particularly tissue transglutaminase-immunoglobulin A (TG2-1gA), IgA testing, and less frequently,
endomysial IgA testing.”

e "Best Practice Advice 2: Thorough histological analysis of duodenal biopsies with Marsh
classification, counting of lymphocytes per high-power field, and morphometry is important for
diagnosis as well as for differential diagnosis.”

e "Best Practice Advice 2a: TG2-IgA, at high levels (> x10 upper normal limit) is a reliable and
accurate test for diagnosing active CD. When such a strongly positive TG2-IgA is combined with a
positive endomysial antibody in a second blood sample, the positive predictive value for CD is
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virtually 100%. In adults, esophagogastroduodenoscopy (EGD) and duodenal biopsies may then
be performed for purposes of differential diagnosis.”

e "Best Practice Advice 3: IgA deficiency is an infrequent but important explanation for why patients
with CD may be negative on IgA isotype testing despite strong suspicion. Measuring total IgA
levels, IgG deamidated gliadin antibody tests, and TG2-IgG testing in that circumstance is
recommended.”

e "Best Practice Advice 4: IgG isotype testing for TG2 antibody is not specific in the absence of IgA
deficiency.”

e "Best Practice Advice 5: In patients found to have CD first by intestinal biopsies, celiac-specific
serology should be undertaken as a confirmatory test before initiation of a gluten-free diet
(GFD)."

e "Best Practice Advice 6: In patients in whom CD is strongly suspected in the face of negative
biopsies, TG2-IgA should still be performed and, if positive, repeat biopsies might be considered
either at that time or sometime in the future.”

e "Best Practice Advice 7: Reduction or avoidance of gluten before diagnostic testing is
discouraged, as it may reduce the sensitivity of both serology and biopsy testing.”

e "Best Practice Advice 8: When patients have already started on a GFD before diagnosis, we
suggest that the patient go back on a normal diet with 3 slices of wheat bread daily preferably for
1 to 3 months before repeat determination of TG2-IgA.”

e "Best Practice Advice 9: Determination of HLA-DQ2/DQ8 has a limited role in the diagnosis of CD.
Its value is largely related to its negative predictive value to rule out CD in patients who are
seronegative in the face of histologic changes, in patients who did not have serologic
confirmation at the time of diagnosis, and in those patients with a historic diagnosis of CD;
especially as very young children before the introduction of celiac-specific serology” (Husby et al.,
2019).

The AGA'’s best advice statements for evaluating refractory celiac disease is recorded below.
Best Practice Advice 1

In patients believed to have celiac disease who have persistent or recurrent symptoms or signs, the
initial diagnosis of celiac disease should be confirmed by review of prior diagnostic testing, including
serologies, endoscopies, and histologic findings.

Best Practice Advice 2

In patients with confirmed celiac disease with persistent or recurrent symptoms or signs (nonresponsive
celiac disease), ongoing gluten ingestion should be excluded as a cause of these symptoms with
serologic testing, dietitian review, and detection of immunogenic peptides in stool or urine.
Esophagogastroduodenoscopy with small bowel biopsies should be performed to look for villous
atrophy. If villous atrophy persists or the initial diagnosis of celiac disease was not confirmed, consider
other causes of villous atrophy, including common variable immunodeficiency, autoimmune
enteropathy, tropical sprue, and medication-induced enteropathy.

Best Practice Advice 3

For patients with nonresponsive celiac disease, after exclusion of gluten ingestion, perform a systematic
evaluation for other potential causes of symptoms, including functional bowel disorders, microscopic
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colitis, pancreatic insufficiency, inflammatory bowel disease, lactose or fructose intolerance, and small
intestinal bacterial overgrowth.

Best Practice Advice 4

Use flow cytometry, immunohistochemistry, and T-cell receptor rearrangement studies to distinguish
between subtypes of refractory celiac disease and to exclude enteropathy-associated T-cell lymphoma.
Type 1 refractory celiac disease is characterized by a normal intraepithelial lymphocyte population and
type 2 is defined by the presence of an aberrant, clonal intraepithelial lymphocyte population.
Consultation with an expert hematopathologist is necessary to interpret these studies.

Best Practice Advice 5

Perform small bowel imaging with capsule endoscopy and computed tomography or magnetic
resonance enterography to exclude enteropathy-associated T-cell ymphoma and ulcerative jejunoileitis
at initial diagnosis of type 2 refractory celiac disease.

Best Practice Advice 6

Complete a detailed nutritional assessment with investigation of micronutrient and macronutrient
deficiencies in patients diagnosed with refractory celiac disease. Check albumin as an independent
prognostic factor. (Green et al., 2022)

European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN)

Updated and expanded evidence-based guidelines for diagnosing CD were published in 2020 by the
ESPGHAN. The following recommendations were included (Husby et al., 2020).

e "We recommend considering testing for CD in children and adolescents with symptoms, signs and
conditions shown in Table 2"
o Signs and symptoms in Table 2 include:
= “Gastrointestinal: chronic or intermittent diarrhea, chronic constipation not responding to
usual treatment, chronic abdominal pain, distended abdomen, recurrent nausea, recurrent
vomiting
= Extraintestinal symptoms: weight loss, failure to thrive, stunted growth/short stature,
delayed puberty, amenorrhea, irritability, chronic fatigue, neuropathy, arthritis/arthralgia,
chronic iron-deficiency anemia, decreased bone materialization
(osteopenia/osteoporosis), repetitive fractures, recurrent aphthous stomatitis, dermatitis
herpetiformis-type rash, dental enamel defects, abnormal liver biochemistry
» Specific conditions: first degree relatives with CD, autoimmune conditions: TIDM, thyroid
disease, liver disease, Down syndrome, Turner syndrome, Williams-Beuren syndrome, IgA
deficiency”

e "HLA- typing does not add to the certainty of the diagnosis if the other criteria for CD diagnosis
are fulfilled. Testing for HLA DQ2 and DQ8 may be useful in other circumstances. If no risk alleles
are found, CD is unlikely. We recommend that HLA typing is not required in patients with positive
TGA-IgA, if they qualify for CD diagnosis with biopsies or if they have high serum TGA-IgA (>10x
ULN) and EMA-IgA positivity. If a patient tests negative for HLA DQ2 and DQ8, the risk of CD is
very low, while a positive result does not confirm the diagnosis”

e "Recent studies suggest that the no-biopsy approach to diagnose CD can be applied in
asymptomatic children. In asymptomatic children, however, the PPV of high TGA-IgA >10x ULN
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may be lower than in symptomatic children, which needs to be considered during the decision-
making process. We give a conditional recommendation that, taking available evidence into
account, CD can be diagnosed without duodenal biopsies in asymptomatic children, using the
same criteria as in patients with symptoms. We recommend that the decision whether or not to
perform diagnostic duodenal biopsies should be made during a shared decision-making process
together with the parent(s) and, if appropriate, with the child”

e "The three specific coeliac antibodies (TGA-IgA, EMA-IgA, DGP-1gG) show different performance.
TGA-IgA scored highest by a comparison of assay accuracy and is therefore regarded as the most
appropriate primary test for CD in the diagnostic work up of children with suspected CD. We
recommend that in subjects with normal serum IgA values for age, TGA-IgA should be used as the
initial test regardless of age”

e “We recommend testing for total IgA and TGA-IgA as initial screening in children with suspected
CD. In patients with low total IgA concentrations, an IgG-based test (DGP, EMA, or TGA) should be
performed as a second step. Testing for EMA, DGP or AGA antibodies (IgG and IgA) as initial
screening in clinical practice is not recommended”

e “We recommend that for CD diagnosis without biopsies, TGA-IgA serum concentration of at least
10x ULN should be obligatory. Only antibody tests with proper calibrator curve-based calculation,
and having the 10x ULN value within their measurement range, should be used. We recommend
against omitting biopsies in IgA-deficient cases with positive |gG-based serological tests”

e “We recommend that in children with TGA >10X ULN, and parents/patient agreement to the no-
biopsy approach, the CD diagnosis should be confirmed by a positive EMA-IgA test in a second
blood sample”

e "Atleast 4 biopsies from the distal duodenum and at least 1 from the duodenal bulb should be
taken for histology assessment during a gluten-containing diet. Reading of biopsies should be
performed on optimally orientated biopsies. A villous to crypt ratio of <2 indicates mucosal
lesions. In cases of discordant results between TGA-IgA results and histopathology, re-cutting of
biopsies and/or second opinion from an experienced pathologist should be requested (Husby et
al., 2020)"

A 2022 position paper on the management and follow-up of children and adolescents with celiac
disease stated that

“3.1 The first follow-up visit should be scheduled 3-6 months after CD diagnosis, but with easy access to
the celiac service if earlier advice is needed, and sooner review if there are concerns regarding how the
family is coping with the diet, if there are ongoing issues with growth or persistent symptoms or a need
to repeat bloodwork earlier. Subsequent visits should be every 6 months until normalization of TGA
levels, and every 12-24 months thereafter.”

“3.2. During follow-up patients should be evaluated for:
3.2.l. Gastrointestinal and extraintestinal signs and symptoms.
3.2.1l. Anthropometric measurements and growth parameters.

3.2.1ll. IgA-TGA using the same assay as at diagnosis as a surrogate marker for improvement/healing of
the small-bowel mucosa. IgG based tests and RIA based IgA-TGA measurements are not suitable for
follow-up in IgA sufficient patients. IgA insufficient patients with CD should be followed with IgG based
tests.
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3.2.IV. A complete blood cell count, micronutritional status (e.g., hemoglobin, iron, vitamin B12, and
vitamin D levels) and ALT measurements, should be performed after clinical evaluation at time of
diagnosis. Any abnormality should be followed and deficiencies corrected until normalization. If
abnormalities persist, additional diagnoses should be considered and appropriately investigated.

3.2.V. Screening for thyroid disease with TSH and thyroxine (and autoantibodies if indicated) may be
considered during follow-up after clinical evaluation at the discretion of the clinician.

3.2.VI. Routine bone-density screening is not recommended.

3.2.VIl. HBV antibody levels may be measured in previously immunized patients if this is considered
important in the population. A booster dose should be given if inadequate levels are present” (Mearin et
al, 2022).

A few specific issues of note that may come up during follow-up and management include

“6.1. How to approach persistent high serum levels of antibodies against tissue-transglutaminase
(TGA)?

Lack of decreasing IgA-TGA levels after 6-12 months on a GFD or persisting positive IgA-TGA levels
should be assessed by carefully reviewing dietary compliance and testing IgA-TGA using the same test
from the same manufacturer.

6.2. When is it necessary to (re)biopsy?

Routine assessment of mucosal healing by small-bowel biopsies is not recommended in children with
CD following a GFD. We recommend considering (re) biopsy only in selected CD cases; based on specific
clinical grounds, for example, when doubts about the original diagnosis or suspicion of occurrence of an
additional condition.

6.3. Refractory celiac disease in children: does it exist?

We recommend properly investigating other causes of an apparent “refractory CD" in children, including
ongoing inadvertent ingestion of gluten and other possible concomitant enteropathies, such as Crohn's
disease, autoimmune enteropathy, small-bowel bacterial overgrowth, cow’s milk protein allergy and
pancreatic insufficiency” (Mearin et al., 2022).

ESPGHAN suggests that “In cases of uncertain CD diagnosis, HLA typing should be performed before
gluten-challenge to detect children in whom the occurrence of CD is unlikely.” Moreover, they
“recommend the same frequency and follow-up tests in children with CD and T1D as inchildren with
isolated CD, with (additional) special attention to test for thyroid involvement and diabetic retinopathy”
and that “developing the follow-up plan in conjunction with an endocrinologist/diabetologist and a
dietitian, also considering the need for psychological and social support” (Mearin et al., 2022).

In 2012, ESPGHAN recommended that CD testing be considered for “children and adolescents with the
otherwise unexplained symptoms and signs of chronic or intermittent diarrhoea, failure to thrive, weight
loss, stunted growth, delayed puberty, amenorrhoea, iron-deficiency anaemia, nausea or vomiting,
chronic abdominal pain, cramping or distension, chronic constipation, chronic fatigue, recurrent
aphthous stomatitis (mouth ulcers), dermatitis herpetiformis—like rash, fracture with inadequate
traumas/osteopenia/osteoporosis, and abnormal liver biochemistry.” Testing should also be offered to
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“asymptomatic children and adolescents with an increased risk for CD such as type 1 diabetes mellitus
(T1DM), Down syndrome, autoimmune thyroid disease, Turner syndrome, Williams syndrome, selective
immunoglobulin A (IgA) deficiency, autoimmune liver disease, and first-degree relatives with CD" (Husby
et al.,, 2012).

ESPGHAN recommends that “the initial test be IgA class anti-TG2 from a blood sample. If total serum
IgA is not known, then this also should be measured.” If the individual has humoral IgA deficiency, “at
least 1 additional test measuring IgG class CD-specific antibodies should be done (IgG anti-TG2, IgG
anti-DGP or IgG EMA.” They also note that "tests measuring antibodies against DGP may be used as
additional tests in patients who are negative for other CD-specific antibodies but in whom clinical
symptoms raise a strong suspicion of CD, especially if they are younger than 2 years,” and “tests for the
detection of IgG or IgA antibodies against native gliadin peptides (conventional gliadin antibody test)
should not be used for CD diagnosis.” They also indicate that “tests for the detection of antibodies of
any type in faecal samples should not be used.”

For individuals with “severe symptoms and a strong clinical suspicion of CD" and negative serology
testing, “small intestinal biopsies and HLA-DQ testing are recommended.”

Regarding the evaluation of asymptomatic children and adolescents with CD-associated conditions,
ESPGHAN recommends HLA testing “should be offered as the first line test,” due to its high negative
predictive value. “If the patient is DQ8 and/or DQ2 positive, homozygous for only the b chains of the
HLA-DQ2 complex (DQB1_0202), or HLA testing is not done, then an anti-TG2 IgA test and total IgA
determination should be performed, but preferably not before the child is 2 years old. If antibodies are
negative, then repeated testing for CD-specific antibodies is recommended” (Husby et al., 2012).

ESPGHAN also recommends that in asymptomatic individuals at increased genetic risk for CD “duodenal
biopsies with the demonstration of an enteropathy should always be part of the CD diagnosis.” As an
initial step, “it is recommended that the more specific test for EMA be performed. If the EMA test is
positive, then the child should be referred for duodenal biopsies. If the EMA test is negative, then
repeated serological testing on a normal gluten-containing diet in 3 to 6 monthly intervals is
recommended” (Husby et al,, 2012). Testing of infants, as with all serologic testing for CD, should be
done only when the individual is on a gluten-containing diet.

North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN)

NASPGHAN updated their recommendations in 2015 (published in 2016) for gluten-related disorders,
including CD, wheat allergy (WA), and nonceliac gluten sensitivity (NCGS). Concerning who should be
tested for gluten-related disorders, “Children with symptoms consistent with gluten-related disorders, or
who have self-identified relief of symptoms when avoiding gluten, should undergo testing for CD and/or
WA before the elimination of dietary gluten. CD should be an early consideration in those with typical
gastrointestinal symptoms such as chronic diarrhea, abdominal pain, distension, and weight loss.” The
table below outlines their recommendations for considering CD testing:
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TABLE 2. Indications to consider CD testing

Symptoms Associated conditions
Abdominal pain First-degree relatives of those with CD
Abdominal distension Type | diabetes

Diarrhea Autoimmune thyroid disease
Constipation Autoimmune liver disease

Growth failure or deceleration Trisomy 21

Weight loss Williams syndrome

Arthralgia Turner syndrome

Elevated hepatic transaminases  IgA deficiency

Iron deficiency anemia Juvenile chronic arthritis

Unexplained osteopenia
Dental enamel defects
Recurrent aphthous stomatitis
DH

CD = celiac disease; DH = dermatitis herpetiformis; IgA = immunoglobulin
Al

“Children belonging to groups known to be at increased risk for CD may initially have no symptoms, or
very minor symptoms, despite having intestinal histologic changes that are characteristic for CD.
Included in these groups are first-degree relatives of an index case, people with trisomy 21, Turner
syndrome, Williams syndrome, and IgA deficiency, and those with other autoimmune conditions” (Hill et
al, 2016).

For initial testing, they recommend the TTG-IgA antibody test due to its reliability and cost-effectiveness.
They note that co-testing for serum IgA can be performed to “identify those who have selective IgA
deficiency”; however, “use of a panel of antibodies instead of a single tTG-IgA test is not recommended.
Although this approach may be associated with a marginal increase in the sensitivity of the test, it
decreases the specificity and significantly increases the costs” (Hill et al., 2016). Testing for serum
antibodies against gliadin is less sensitive, reliable, and specific as compared to TTG and EMA.

They do not recommend genetic testing for HLA variants as an initial diagnostic test or screening for CD
since up to 40% of the general population contains one of the variant alleles. “Testing for HLA-DQ2/8 is
best reserved for patients in whom there is a diagnostic dilemma, such as when there is a discrepancy
between the serological and histologic findings or when a GFD [gluten-free diet] has been started
before any testing” (Hill et al., 2016).

They do not recommend the use of rapid, point-of-care tests for TTG since these tests do not allow for
the quantitative analysis of the antibody.

National Institute for Health and Care Excellence (NICE)

In 2022, NICE published guidance on diagnosing CD. These guidelines state that serological testing
should be offered to “people with any of the following: persistent unexplained abdominal or
gastrointestinal symptoms, faltering growth, prolonged fatigue, unexpected weight loss, severe or
persistent mouth ulcers, unexplained iron, vitamin B12 or folate deficiency, type 1 diabetes, at diagnosis,
autoimmune thyroid diseases, at diagnosis, irritable bowel syndrome (in adults), [and] first-degree
relatives of people with celiac disease” (NICE, 2022).

"Any test is accurate only if a gluten-free containing diet is eaten during the diagnostic process and
advise the person not to start a gluten-free diet until diagnosis is confirmed by a specialist, even if the
results of a serological test are positive” (NICE, 2022).
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Further, serological testing for CD could be considered in patients with “metabolic bone disorder
(reduced bone mineral density or osteomalacia), unexplained neurological symptoms (particularly
peripheral neuropathy or ataxia), unexplained subfertility or miscarriage, persistently raised liver
enzymes with unknown cause, dental enamel defects, Down’s syndrome, and Turner syndrome” (NICE,
2022).

Finally, regarding serological testing:

e "Test for total IgA and IgA tTG as the first choice

e Use IgA EMA if IgA tTG is weakly positive

e Consider using IgG EMA, IgG DGP or IgG tTG if IgA is deficient (IgA deficiency is defined as total
IgA less than 0.07 g per litre) (NICE, 2022).”

In 2015, the National Institute for Health and Care Excellence (NICE) recommended CD serologic testing
in symptomatic young people and adults with the following algorithm (NICE, 2015):

e  First test for total serum IgA and TTG
e Next test for IgA endomysial antibodies (EMA) if TTG is inconclusive (i.e., weakly positive)
e “Consider using IgG EMA, 1gG deamidated gliadin peptide (DGP) or IgG tTG if IgA is deficient”

For children with suspected CD, they recommend:

e  First test for total serum IgA and TTG
e “Consider using IgG EMA, IgG DGP or IgG tTG if IgA is deficient”

NICE also recommends offer CD testing for people with any of the following:

e Autoimmune thyroid disease

e Persistent unexplained abdominal or gastrointestinal symptoms

e lIrritable bowel syndrome

e Type 1 diabetes

e First-degree relatives (parents, siblings, or children) with coeliac disease

e Other symptoms indicative of possible CD, including faltering growth in children, prolonged
fatigue, unexpected weight loss, severe or persistent mouth ulcers, unexplained dietary
deficiencies

NICE also recommends considering CD testing for people with the following:

e Metabolic bone disorder

e Unexplained neurological symptoms

e Unexplained subfertility or recurrent miscarriage

e Down’s syndrome or Turner’'s syndrome

e Dental enamel defects

e Persistent elevated hepatic enzymes of unknown etiology

They do note that "People who are following a normal diet (containing gluten) should be advised to eat
gluten in more than 1 meal every day for at least 6 weeks before testing for coeliac disease” (NICE,
2016).

Page 17 of 29



NICE indicates that HLA testing should not be done as part of the initial testing. Also, “Only consider
using HLA DQ2 (DQ2.2 and DQ2.5)/DQ8 testing in the diagnosis of coeliac disease in specialist settings
(for example, in children who are not having a biopsy, or in people who already have limited gluten
ingestion and choose not to have a gluten challenge)” (NICE, 2015).

United States Preventive Services Task Force (USPSTF)

The United States Preventative Services Task Force (Bibbins-Domingo et al., 2017) recently published
guidelines on the screening of asymptomatic populations for celiac disease and found that

“The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits and
harms of screening for celiac disease in asymptomatic persons. Evidence is lacking, and the balance of
benefits and harms cannot be determined.” However, it was noted that: “Persons at increased risk for
celiac disease include those who have a positive family history (eg, a first- or second-degree relative),
with an estimated prevalence of 5% to 20%, and persons with other autoimmune diseases (eg, type 1
diabetes mellitus, inflammatory luminal gastrointestinal disorders, Down syndrome, Turner syndrome,
IgA deficiency, and IgA nephropathy). Several specialty societies recommend screening in these
populations.”

World Gastroenterology Organisation (WGO) Global Guidelines

The WGO published guidelines on CD testing in 2017. A cascade with “resource-sensitive” options is
listed.

The "Gold Standard” lists the following items for diagnosis of CD:

o Celiac disease—specific antibodies: assessment and intestinal biopsy

e Anti-tTG IgA or anti-EMA IgA, and total IgA to exclude IgA deficiency

e In case of selective IgA deficiency, IgG-based tests should be used: anti-DGP, anti-tTG, or EMA
(the latter 2 are highly sensitive, but with lower specificity)

e Symptomatic patients with a positive serological test or a titer just below the cut-off (borderline)
should be referred for endoscopy with multiple duodenal biopsies to confirm or exclude the
diagnosis of celiac disease. Pitfalls in histologic diagnosis are common, and findings are
characteristic, but not specific

e Asymptomatic patients with a positive serological test should be retested after consuming a
gluten-containing diet for 3 months, to confirm persistent seropositivity before referral for
endoscopy

The following items are listed for management of CD:

e Follow-up monitoring, including antibody tests (anti-tTG IgA or DGP-IgG in case of IgA
deficiency): after 3 to 6 months in the first year and once a year thereafter in stable patients
responding to the gluten-free diet

The WGO also notes that although the presence of HLA risk alleles is “necessary” for celiac disease, it is
insufficient for CD development. However, it does have a high negative predictive value, in that absence
of those risk alleles excludes CD as a diagnosis.

The WGO notes two main groups of serological markers for untreated CD:
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e Autoantibodies targeting the auto-antigen: EMA and anti-tTG antibodies
e Antibodies targeting the offending agent (gliadin): anti- bodies against synthetic deamidated
gliadin peptides (anti-DGPs)

A summary of the characteristics of CD antibody tests is listed below:

TABLE 8. Sensitivity and Specificity and General Characteristics of Celiac Disease—specific Antibody Tests

Test Methods Sensitivity Specificity Comments
Autoantibodies  Commercial ELISA, in-house Very good Very good Autoantibody against auto-
against tissue ELISA, RIA, and other antigen in celiac disease.
transglutami- methods; cut-ofl given in Considered by most guidelines
nase (anti-tTG)  arbitrary units, which differ as the first-line test for
IgA from test to test screening, but should be

combined with a test based on
total IgA or total IgG

Autoantibodies  Commercial ELISA, in-house Very good in IgA- — Should be used in case of IgA
against Lissue ELISA. RIA, and other deficient deficiency; combined IgA and
transglutami- methods, can be combined with  patients Lower IgG-based tests are available
nase (anti-tTG)  an IgA-based test; cut-off given  in IgA-
1eG in arbitrary units, which differ competent

from test to test patients

Autoantibodies  Immunofluorescence on tissue Less sensitive in ~ Most specific test; should Requires an immunofluorescence
against slides; commercially available, comparison therefore be used as a microscope and experienced
endomysium results are given in serum with anti-tTG confirmatory test if celiac laboratory technician; more
(EMA) IgA dilution with the first positive IgA disease diagnosis is made expensive

signal (1:2.5, 1:5, 1:10, etc.) or without duodenal biopsies
as positive/negative only

Autoantibodies  See EMA IgA Only used in Confirmatory test in patients  See EMA IgA
against patients with with IgA deficiency
endomysium IgA deficiency
(EMA) IgG

Antibodies Various commercial or in-house  Lower in Lower in comparison with May detect patients who are
against ELISA or other methods; cut- comparison anti-ITG IgA negative for ITG
deaminated off given in arbitrary units, with anti-tTG
ghadin peptide  which differ from test to test IgA
(anti-DGP )

IgA

Antibodies Various commercial or in-house Very good. Slightly lower in comparison A high rate of false-positive
against ELISA or other methods; cut- Alternative test with anti-tiTG IgA results has been reported in
deaminated off given in arbitrary units, to anti<tTG infants; may detect patients
gliadin peptide  which differ from test to test IgG in patients negative for TG
(anti-DGP) with IgA
IeG deficiency

Anti-DGP indicates antibodies to deaminated gliadin peptides; anti-tTG. antibodies to tissue transgl 2; ELISA, enzyme-linked immunosorbent

assay; EMA, endomysial antibodies; IgA, immunoglobulin A; IgG, immunoglobulin G: RIA, radioimmunoassay.

The WGO also lists several conditions associated with a higher risk of CD. Those conditions are as
follows:

e Type 1 diabetes mellitus

e Autoimmune thyroid disease

e Autoimmune liver disease

¢ Down syndrome

e Turner syndrome

e  Williams syndrome

e Selective IgA deficiency

e Unexplained elevated serum aminotransferase levels

The WGO also recommends that first-degree relatives of index (affected) patients to be screened for CD.
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Finally, WGO recommends against use of urine, stool, or saliva measurements in clinical practice, as they
have a “lower performance” than blood-based tests (Bai & Ciacci, 2017).

European Society for the Study of Coeliac Disease (ESsCD)

The ESsCD published guidelines on CD, including recommendations on serological and genetic testing.
These recommendations are listed below:

“Adult patients with symptoms, signs or laboratory evidence suggestive of malabsorption should
be tested with serology for CD. (Strong recommendation, high level of evidence)”

“Screening of asymptomatic first-degree family member of CD patient is recommended. If
available, HLA-typing may be offered as the first-line test; if negative, no further work-up is
needed. (Conditional recommendation, high level of evidence)”

"CD should be excluded in patients with unexplained elevation of serum aminotransferase levels.
(Strong recommendation, high level of evidence)”

"T1DM should be screened regularly for CD. (Strong recommendation, high level of evidence)”
“IgA-TG2 antibody is the preferred single test for detection of CD at any age. (Strong
recommendation, high level of evidence)”

"Total IgA level needs to be measured concurrently with serology testing to determine whether
IgA levels are sufficient. (Strong recommendation, moderate level of evidence)”

“In patients with selective total IgA-deficiency, IgG-based testing (IgG-DGPs or IgG-TG2) should
be performed at diagnosis and follow-up. (Strong recommendation, moderate level of evidence)”
"All diagnostic serologic testing should be done while patients on a gluten-containing diet.
(Strong recommendation, high level of evidence)”

“Antibodies directed against native gliadin (AGA) are not recommended for the primary detection
of CD. (Strong recommendation, high level of evidence)”

“Intestinal-permeability tests are neither sensitive nor specific and are not recommended for CD
diagnosis. (Strong recommendation, moderate level of evidence)”

“Serum |-FABP might be useful in identifying dietary non-adherence and unintentional gluten
intake. (Strong recommendation, moderate level of evidence)”

“A newly diagnosed adult CD patient should undergo testing to uncover deficiencies of essential
micronutrient, e.g. iron, folic acid, vitamin D and vitamin B12. (Strong recommendation, moderate
level of evidence)”

"CD diagnosis may be made without duodenal biopsy in symptomatic children with high TG2
levels (>10 times ULN) and EMA in the presence of HLA-DQ2/8. The diagnosis is confirmed by an
antibody decline and preferably a clinical response to a GFD". (Conditional recommendation,
moderate level of evidence)

The ESsCD also lists recommendations for HLA-DQ2/8 typing, which are as follows:

“A negative HLA test is helpful to exclude the possibility of CD. This is especially helpful in those
already on a GFD before testing.”

“When diagnosis of CD is uncertain, e.g., negative serology, but histology suggestive of CD.”
“To distinguish siblings who can be reassured that it is unlikely that they will develop CD from
those who need to be monitored. Furthermore, the data on the quality of life on a GFD in those
patients detected by screening are conflicting, but there is a trend towards improvement. Also,
the lack of understanding of the natural history of undiagnosed CD may justify screening
asymptomatic persons.”
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e "In subjects with other autoimmune diseases and some genetic disorders who should be
investigated for CD."

¢ "HLA-DQ2/DQ8 testing should not be used routinely in the initial diagnosis of CD. It is
recommended that the results of such testing should be included along with a caution that
patients at risk should be serologically tested for CD without changing their diet. (Strong
recommendation, moderate level of evidence)” (Al-Toma et al., 2019).

British Society of Gastroenterology (BSG)

In 2014, the BSG published guidelines for the diagnosis and management of adult CD. The following
guidelines were included:

e “Diagnosis of CD requires duodenal biopsy when the patient is on a gluten-containing diet and
for the vast majority of adult patients also positive serology. (Grade B)

e Biopsy remains essential for the diagnosis of adult CD and cannot be replaced by serology.
Follow-up should aim at strict adherence to a gluten-free diet. (Grade B)

¢ Inindividuals undergoing an upper endoscopy in whom laboratory tests or symptoms or
endoscopic features suggest CD, duodenal biopsy should be considered. (Grade C)

e HLA typing should be used to rule out CD. A positive DQ2.5 or DQ8 can never confirm the
diagnosis. (Grade B)

e HLA typing should be used in individuals who are self-treated on a GFD and never had
appropriate testing for CD before changing their diet. (Grade B)

e HLA typing can be used to rule out CD, and minimise future testing, in high-risk individuals with
CD, for example, first-degree relatives. (Grade B)

e The diagnosis of CD requires duodenal biopsy when the patient is on a gluten-containing diet
and for the vast majority of adult patients also positive serology. (Grade B)

e Duodenal biopsy should be retained as the mainstay for the diagnosis of adult CD and cannot be
replaced by serology. (Grade B)

e At endoscopy, if there is suspicion of CD, then at least four biopsy specimens should be obtained,
including a duodenal bulb biopsy. (Grade C)

e In serologically negative patients showing signs of malabsorption (such as anaemia or diarrhoea)
or a family history of CD, a duodenal biopsy should be considered. (Grade C)

e Follow-up biopsies may be considered in patients with CD, and are potentially helpful in
identifying patients at increased risk of lymphoma. (Grade B)" (Ludvigsson et al.,, 2014)

British Society of Paediatric Gastroenterology, Hepatology, and Nutrition (BSPGHAN) and Coeliac
UK

In 2013, the BSPGHAN and Coeliac UK published joint guidelines for the management of CD in children.
These guidelines note that “Anti-tTG antibody positivity alone is insufficient for diagnosis. Therapeutic
trials of GFD are NOT indicated if CD is suspected.” Further, if the patient is symptomatic, IgA and IgA
tTG should be checked first” (Murch et al., 2013).

e "If tTG negative and IgA normal, CD unlikely: If IgA low, then further testing (eg, IgG tTG and
possible biopsy) is required.

e IftTG raised—but less than 10xupper limit of normal for assay: Duodenal biopsy is required. At
endoscopy, take four biopsies from D2 or lower and 1-2 from duodenal bulb (as patchy changes
may be present). Ensure adequate gluten intake prior to testing with advice from dietician if
necessary
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If tTG raised—and greater than 10xupper limit of normal for assay: Take further blood sample to
check IgA-EMA and determine HLA-DQ2/HLA-DQ8 typing. If EMA+ and patient either DQ2 or
DQ8, the diagnosis is confirmed without the need for a duodenal biopsy. If EMA antibody testing
is not locally available, a second strongly positive tTG antibody may be substituted and serum
saved for later EMA testing” (Murch et al.,, 2013).

Society for the Study of Celiac Disease (SSCD)

In 2017, the NASSCD uploaded a guideline for celiac disease diagnosis in adults, along with a diagram
detailing the algorithm for a positive celiac disease diagnosis with presenting Gl and/or extraintestinal
symptoms and signs. They state:

"Celiac disease (CD) may be suspected in

1.

Symptomatic patients with

e Gastrointestinal symptoms/signs: diarrhea, weight loss, gas/bloating, constipation (more
commonly in children), hypertransaminasemia

e Extraintestinal symptoms/signs: iron deficiency anemia, dermatitis herpetiformis, osteoporosis
and neuropsychiatric conditions, such as neuropathy or ataxia

Patients with associated conditions

e Type 1 diabetes mellitus

e Autoimmune thyroiditis

e  Other autoimmune conditions

e Down syndrome

First-degree family members of celiac patients®”

Gl and/or Extraintestinal Symptoms/Signs®

CD-specific serology Consider other diagnoses
while on a gluten- or IgA deficiencys¢
containing diet®
Immunoglobulin 4
A (IgA) anti-tissue
transglutaminase
(tTG) antibody~*
Duodenal biopsies®’
(at least 4-6 samples from -Q-» HLA DQ2/DQ8?
23 portionl® | couvocal

(+ve indicates positive, -ve indicates negative)
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The NASSCD has also included the following comments with regards to its algorithm and suspicion of
CD:

a. “Screening for celiac disease in high-risk asymptomatic populations is controversial due to
unknown natural history and potential benefits.

b. If patient self-started a gluten-free diet, consider testing after challenge with >3g of gluten per
day (equivalent to 1-2 slices of bread per day) for at least two weeks.

c. The addition of total IgA is useful to detect IgA deficiency.

d. An alternative approach is to include both IgA and IgG-based testing, such as IgG-deamidated
gliadin peptides (DGPs).

e. There is scarce data using serology alone for diagnosis of CD. Combined use of biopsy and
serologic analyses for diagnosis of celiac disease is recommended in adults.

f.  Current guidelines recommend 1-2 biopsies from the bulb in addition to at least 4 biopsies from

distal duodenum. However, the advantages, (increased sensitivity) and disadvantages (reduced

specificity) of bulb biopsies are under scrutiny.

HLA DQ2/DQ8 negative excludes CD in majority of cases.

Other reasons for discrepant serology and biopsies include reduced gluten in the diet, inadequate

biopsy sampling, and lack of expert histopathology reporting.

i. Celiac disease diagnosis is confirmed after clinical and/or histology improvement after gluten-free
diet” (SSCD, 2017).

> @

American Academy of Family Physicians (AAFP)

In January 2014, the AAFP released a set of recommendations regarding the diagnosis and management
of celiac disease. Based on “consensus, disease-oriented evidence, usual practice, expert opinion, or case
series (Evidence Rating: C),” the AAFP stated the following:

e “Immunoglobulin A tissue transglutaminase should be used as the first-line test for serologic
diagnosis of suspected celiac disease.

e Small bowel biopsy should be used to confirm the diagnosis of celiac disease in most patients”
(Pelkowski & Viera, 2014).

A 2017 the AAFP adduces the USPSTF guidelines in their recommendation statement for the screening
of celiac disease. The table the AAFP included from the USPSTF is shown below.
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Recommendation

Table 1. Screening for Celiac Disease: Clinical Summary of the USPSTF
Recommendation

Population Asymptomatic adults, adolescents, and children
Recommendation No recommendation.
Grade: | (insufficient evidence)

Risk assessment Persons at increased risk for celiac disease include those who have a positive
family history (e.g., a first- or second-degree relative) and persons with other
autoimmune diseases (e.g., type 1 diabetes mellitus, inflammatory luminal
gastrointestinal disorders, Down syndrome, Turner syndrome, IgA deficiency,
and IgA nephropathy).

Screening tests Screening for celiac disease is typically not performed in average-risk persons. The
standard method of diagnosing celiac disease is the tissue transglutaminase IgA
test, followed by intestinal biopsy for histologic confirmation.

Treatment Treatment of celiac disease is lifelong adherence to a gluten-free diet, which
reverses disease manifestations in a majority of patients.

Balance of benefits  The USPSTF concludes that the current evidence is insufficient to assess the

and harms balance of benefits and harms of screening for celiac disease in asymptomatic
persons.

NOTE: For a summary of the evidence systematically reviewed in making this recommendation, the full recommen-
dation statement, and supporting documents, go to http://www.uspreventiveservicestaskforce.org/.

USPSTF = U.S. Preventive Services Task Force.
R ——————“—n—n—"~—<—“—“—~—n“——————"—————————————————————————™

(AAFP, 2017)

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for
a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations
(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to
make the determination. For the most up-to-date Medicare policies and coverage, please visit the
Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most
up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

The Quanta Lite Celiac Screen ELISA test for tissue transglutaminase/gliadin and the Quanta Lite Celiac
DGP Screen by Inova Diagnostics, Inc. were approved by the FDA on 01/28/1999 and 12/13/2006,
respectively. Quanta Plex Celiac IgA and IgG profiles by Inova Diagnostics, Inc. were approved on
03/14/2007 and 06/20/2007.

EliA Celikey IgG for use with the EliA Celikey IgG Immunoassay by Phadia US, Inc. was approved by the
FDA on 12/26/2006.

The FIDIS Celiac on the FIDS Analyser and FIDIS CELIAC kit by Biomedical Diagnostics S.A. were
approved by the FDA on 09/24/2004 and 03/29/2006, respectively.

The IMMULISA CELIAC ELISA testing systems for gliadin IgA/IgG and TTG IgA/IgG by IMMCO
Diagnostics, Inc. were approved on 02/04/2010 and 03/10/2010. IMMCO'’s IMMULISA enhanced celiac
fusion (TTG/DGP) IgA/IgG antibody ELISA system was approved on 10/25/2013.
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Bio-Rad Laboratories’ Bioplex 2200 Celiac IgA IgG kits were approved on 09/19/2013. The IgX Plex Celiac
qualitative assay and Ig Plex Celiac DG panel by SQI diagnostics systems, Inc. were approved by the FDA
on 06/02/2011 and 11/06/2014, respectively.

SQI Diagnostics received FDA clearance for the Ig plex Celiac DGP which detects IgA and IgG antibodies
to deamidated gliadin peptide (DGP) and tissue transglutaminase (tTG) in human serum. This was
approved by the FDA on Nov 06, 2014 (FDA, 2014).

Inova Diagnostics received FDA clearance on June 16, 2021, for the Aptiva Celiac Disease IgA Reagent,
which is an “immunoassay utilizing particle-based multi-analyte technology for the semi-quantitative
determination of anti-tissue transglutaminase IgA autoantibodies and anti-deamidated gliadin peptide
IgA antibodies in human serum.” It can be used to diagnose celiac disease and dermatitis herpetiformis
(FDA, 2021).

No nucleic acid-based test solely for celiac disease has been approved by the FDA as of July 2019. The
FDA has approved the direct-to-consumer panel test by 23andme that includes a single nucleotide
polymorphism in HLA-DQA1 (FDA, 2017).

Many labs have developed specific tests that they must validate and perform in house. These laboratory-
developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-
complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88). LDTs are
not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval
is not currently required for clinical use.

Applicable CPT/HCPCS Procedure Codes

CPT Code Description
HLA Class Il typing, low resolution (eg, antigen equivalents); one locus (eg, HLA-DRB1, -
81376 | DRB3/4/5, -DQB1, -DQA1, -DPB1, or -DPA1), each
81377 | HLA Class Il typing, low resolution (eg, antigen equivalents); one antigen equivalent, each
HLA Class Il typing, high resolution (ie, alleles or allele groups); one locus (eg, HLA-DRB1, -
81382 | DRB3/4/5, -DQB1, -DQA1, -DPB1, or -DPA1), each
HLA Class Il typing, high resolution (ie, alleles or allele groups); one allele or allele group
81383 | (eg, HLA-DQB1*06:02P), each
82784 | Gammaglobulin (immunoglobulin); IgA, IgD, 1gG, IgM, each
Immunoassay for analyte other than infectious agent antibody or infectious agent antigen;
83516 | qualitative or semiquantitative, multiple step method
86231 Endomysial antibody (EMA), each immunoglobulin (Ig) class
86255 Fluorescent noninfectious agent antibody; screen, each antibody
86256 | Fluorescent noninfectious agent antibody; titer, each antibody
86258 Gliadin (deamidated) (DGP) antibody, each immunoglobulin (Ig) class
86364 | Tissue transglutaminase, each immunoglobulin (Ig) class
88305 Level IV - Surgical pathology, gross and microscopic examination, colon biopsy
Current Procedural Terminology© American Medical Association. All Rights reserved.

Procedure codes appearing in Medical Policy documents are included only as a general reference
tool for each policy. They may not be all-inclusive.
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Revision History

Revision Date

Summary of Changes

09/06/2023

Reviewed and Updated: Updated the background, guidelines and recommendations,
and evidence-based scientific references. Literature review necessitated the following
changes to coverage criteria:

All CC except CC9 and CC14 edited for clarity and consistency.

Addition of new CC1 and CC2: “1) For individuals who have been diagnosed with celiac
disease and who are IgA sufficient, serologic testing with IgA anti-tissue
transglutaminase (TTG) MEETS COVERAGE CRITERIA at the following intervals:

a) At the first follow-up visit 3-6 months after diagnosis.
b) Every 6 months until normalization of anti-TTG levels has occurred.
) Every 12-24 months thereafter.

2) For individuals who have been diagnosed with celiac disease and who are IgA
deficient, testing for IgG endomysial antibodies, IgG deamidated gliadin peptide, or
IgG TTG MEETS COVERAGE CRITERIA at the following intervals:

a) At the first follow-up visit 3-6 months after diagnosis.

b) Every 6 months until normalization of IgG levels has occurred.

c) Every 12-24 months thereafter.”
Former CC4, now CC6, broken into subcriteria for clarity. Now reads:
"6) Testing for IgA and IgG antibodies to deamidated gliadin peptides MEETS
COVERAGE CRITERIA in any of the following situations:

a) For individuals under 2 years of age with a clinical suspicion of celiac disease (see
Note 1).

b) For individuals over 2 years of age as a substitute for anti-TTG testing.”
New CC11: "11) For asymptomatic individuals not at an increased risk for developing

celiac disease (see Note 1), testing for celiac disease DOES NOT MEET COVERAGE
CRITERIA.”
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Policy Description

Cervical cancer screening detects cervical precancerous lesions and cancer through cytology, human
papillomavirus (HPV) testing, and if needed, colposcopy (Feldman et al., 2023). The principal screening
test to detect cancer in asymptomatic individuals with a cervix is the Papanicolaou (Pap) smear. It
involves cells being scraped from the cervix during a pelvic examination and spread onto a slide. The
slide is then sent to an accredited laboratory to be stained, observed, and interpreted (Feldman & Crum,
2022).

Human papilloma virus (HPV) has been associated with development of cervical intraepithelial neoplasia,
and FDA approved HPV tests detecting the presence of viral DNA from high risk strains have been
developed and validated as an adjunct primary cancer screening method (Feldman & Crum, 2022).

For additional information on testing for HPV, please refer to AHS-G2157-Diagnostic Testing of
Common Sexually Transmitted Infections.

Terms such as male and female are used when necessary to refer to sex assigned at birth.

Related Policies

Policy Number Policy Title
AHS-G2157 Diagnostic Testing of Common Sexually Transmitted Infections
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Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at the time of the
request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and
Federal Regulations” section of this policy document.

The criteria below are based on recommendations by the U.S. Preventive Services Task Force, The National

Cancer Institute, NCCN, The American Society for Colposcopy and Cervical Pathology, The American
Cancer Society, The American Society for Clinical Pathology, and the American College of Obstetricians
and Gynecologists. Within these coverage criteria, “individual(s)” is specific to individuals with a cervix.

1) For immunosuppressed individuals, any one of the following cervical cancer screening techniques

2)

3)

4)

5)

6)

7)

8)

MEETS COVERAGE CRITERIA:
a) Annual cervical cytology testing for individuals less than 30 years of age.
b) Co-testing (cervical cytology and HPV) once every 3 years for individuals 30 years of age or older.

For individuals 21 to 29 years of age, cervical cancer screening once every 3 years using conventional
or liquid-based Papanicolaou (Pap) smears MEETS COVERAGE CRITERIA.

For individuals 30 to 65 years of age, any one of the following cervical cancer screening techniques
MEETS COVERAGE CRITERIA:

a) Conventional or liquid-based Pap smear once every 3 years.

b) Cervical cancer screening using the high-risk HPV test alone once every 5 years.

C) Co-testing (cytology with concurrent high-risk HPV testing) once every 5 years.

For individuals who are over 65 years of age and who are considered high-risk (individuals with a
high-grade precancerous lesion or cervical cancer, individuals with in utero exposure to

diethylstilbestrol, or individuals who are immunocompromised), cervical cancer screening at the
frequency described in coverage criterion 3 MEETS COVERAGE CRITERIA.

For individuals who are HPV positive and cytology negative, testing for high-risk strains HPV-16 and
HPV-18 MEETS COVERAGE CRITERIA.

Annual cervical cancer screening by Pap smear or HPV testing MEETS COVERAGE CRITERIA in any of
the following situations:

a) For individuals who had a previous cervical cancer screen with an abnormal cytology result and/or
who was positive for HPV.

b) For individuals at high risk for cervical cancer (organ transplant, exposure to the drug DES,
immunocompromised individuals).

For all situations not addressed above, cervical cancer screening (cervical cytology, HPV testing) for
individuals less than 21 years of age DOES NOT MEET COVERAGE CRITERIA.

For individuals over 65 years of age who are not considered high-risk and who have an adequate

screening history, routine cervical cancer screening DOES NOT MEET COVERAGE CRITERIA.
Adequate screening history is defined as either:
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a) Having three consecutive negative Pap smears.

b) Having two consecutive negative HPV tests within 10 years before cessation of screening, with the
most recent test occurring within 5 years.

9) For individuals who have undergone surgical removal of the uterus and cervix and who have no
history of cervical cancer or pre-cancer, cervical cancer screening (at any age) DOES NOT MEET
COVERAGE CRITERIA.

The following does not meet coverage criteria due to a lack of available published scientific literature
confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s
illness.

10) The following DO NOT MEET COVERAGE CRITERIA:

a) Inclusion of low-risk strains of HPV in co-testing.

b) Other technologies for cervical cancer screening.

Table of Terminology

Term Definition
ACOG American College of Obstetricians and Gynecologists
ACS American Cancer Society
AIS Adenocarcinoma in situ
ASCCP American Society for Colposcopy and Cervical Pathology
ASC-H Atypical squamous cells, cannot exclude high-grade squamous intraepithelial lesion
ASCO American Society of Clinical Oncology
ASCP American Society of Clinical pathology
ASCUS Atypical squamous cells of undetermined significance
CIN (2, 3, 3+) | Cervical intraepithelial neoplasia (Grade 2, 3, 3+)
CLIA '88 Clinical Laboratory Improvement Amendments Of 1988
CMS Centers For Medicare and Medicaid Services
DES Diethylstilbestrol
DNA Deoxyribonucleic acid
FDA Food and Drug Administration
GvHD Graft versus/against the host disease
HGSIL/HSIL High-grade squamous intraepithelial lesion
HIV Human immunodeficiency virus
HPV Human papillomavirus infection
HSCT Hematopoietic stem cell transplantation
IPD Individual participant data
JAMA Journal of the American Medical Association
LDTs Laboratory developed tests
LEEP Loop electrosurgical excision procedure
LGSIL/LSIL Low-grade squamous intraepithelial lesion
mRNA Messenger ribonucleic acid
NAAT Nucleic acid amplification test
NCCN National Comprehensive Cancer Network
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NCI National Cancer Institute

Pap Papanicolaou

PCR Polymerase chain reaction

RNA Ribonucleic acid

SGO Society of Gynecologic Oncology

STls Sexually transmitted infections

USPSTF U.S. Preventive Services Task Force

VAT Visual assessment for treatment

VIA Visual inspection with acetic acid

VIAC Visual inspection with acetic acid and digital cervicography

Scientific Background

The American Cancer Society estimates that 13,960 new cases of cervical cancer will be diagnosed in
2023 and approximately 4,310 of these individuals will die from the disease (ACS, 2023). To screen for
cervical cancer, a Papanicolaou (Pap) test or human papillomavirus (HPV) test is performed. Co-testing
with both is also a common clinical practice. To obtain the cell sample for cytology, cells are scraped
from both the ectocervix (external surface) and endocervix (cervical canal) during a speculum exam to
evaluate the squamocolumnar junction where most neoplasia occur.

Cytological examination can be performed as either a traditional Pap smear where the swab is rolled
directly on the slide for observation or as a liquid-based thin layer cytology examination where the swab
is swirled in a liquid solution so that the free cells can be trapped and plated as a monolayer on the
glass slide. One advantage of the liquid cytology assay is that the same sample can be used for HPV
testing whereas a traditional Pap smear requires a second sample to be taken. HPV testing is typically a
nucleic acid-based assay that checks for the presence of high-risk types of HPV, especially types 16 and
18. HPV testing can be performed on samples obtained during a cervical exam; furthermore, testing can
be performed on samples obtained from a tampon, Dacron or cotton swab, cytobrush, or cervicovaginal
lavage (Feldman & Crum, 2022).

Cervical cancer screening recommendations for average-risk individuals generally fall into categories
based on an individual's age (William R Robinson, 2023b):

e Age < 21 -ltis suggested to not screen for cervical cancer in asymptomatic and
immunocompetent patients (as observational studies show a low incidence and benefits may
outweigh the harms of false positives).

e Age 21 to 29 - In average patients that are asymptomatic and immunocompetent, the age at
which to initiate screening is contested and the ideal testing method varies by guideline. Opinions
for expert groups also vary. A preference for cytology (rather than HPV testing) for this subgroup
is based on a meta-analysis of randomized trials that revealed higher false positive rates for HPV
testing.

e Age 30 to 65 — It is recommended that cervical cancer screening continues in all
immunocompetent and asymptomatic individuals with a cervix. The methods range from primary
HPV testing every 5 years to co-testing (Pap and HPV testing) every five years; or a Pap test alone
every three years.

e Age >65 years — The decision to halt cervical cancer screening in asymptomatic and
immunocompetent patients can depend on factors such as prior screening results, life expectancy,
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and patient preference, but it is suggested to discontinue screening for this subgroup if there has
been adequate prior screening.

The above recommendations do not account for special populations such as patients with HIV,
immunosuppression, and in utero exposure to diethylstilbestrol (DES). These populations are at greater
risk for developing cervical cancer (William R Robinson, 2023b).

The following are the initial screening recommendations for individuals with HIV (William R Robinson,
2023a):

e Initial screening for HIV should occur when HIV is first diagnosed (but at no earlier than 21 years
of age).

e Age 21 to 29 - Cervical cytology is the preferred method for screening.

e Age 30 years or older — Cervical cytology or co-testing are both appropriate. However, the use of
HPV testing alone (i.e., without co-testing) is NOT recommended for this subgroup.

For patients with HIV in whom initial screening is normal, subsequent screening is categorized based
upon method (i.e., cervical cytology, co-testing, colposcopy)(William R Robinson, 2023a):

e Cervical cytology: Those screened with cervical cytology (patients 21 to 29 years and those 30 and
older) should have cervical cytology performed every 12 months for a total of three years. If
results of three consecutive cytology tests are normal, a follow-up test can occur every three
years.

e Co-testing: Those screened with co-testing (30 years and older) should have this co-testing occur
every three years.

e Colposcopy: Should not be performed routinely at follow-up visits.

e Screening in the HIV population should occur throughout a patient’s lifetime and should not stop
at 65 years old (contrasted against the general average patient recommendations, which suggest
discontinuing at 65 years old) .

Analytical Validity

A study by Marchand et al. (2005) explored the optimal collection technique for Pap testing. Their study
occurred in two different cytology labs and 128 clinicians participated in the study over the course of
one year. The authors discovered that in conventional Pap testing the sequence of collection—the
cytobrush for the endocervix and the spatula for the ectocervix—had no effect on the quality of the
assay. Further, 47% of the clinicians who had high levels of absent endocervical cells on their samples
used the cytobrush method alone. The authors concluded, “The combination of the Cytobrush
(endocervix) and spatula (ectocervix) is superior for a quality Pap smear. The sequence of collection was
not important in conventional Pap smears. The broom alone performs poorly” (Marchand et al., 2005).

Urine-based HPV DNA testing as a screening tool would be a less invasive method than cervical
examinations and swabs. A study by Mendez et al. (2014) using both urine samples and cervical swabs
from 52 patients, however, showed that there was only 76% agreement between the two
methodologies. The urine testing correctly identified 100% of the uninfected individuals but only 65% of
the infected as compared to the cervical swab controls (Mendez et al., 2014). An extensive meta-analysis
of 14 different studies using urinary testing, on the other hand, reported an 87% sensitivity and 94%
specificity of the urine-based methodology for all strains of HPV, but the sensitivity for high-risk strains
alone was only 77%. The specificity for the high-risk strains alone was reported to be higher at 98%.
“The major limitations of this review are the lack of a strictly uniform method for the detection of HPV in
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urine and the variation in accuracy between individual studies. Testing urine for HPV seems to have
good accuracy for the detection of cervical HPV and testing first void urine samples is more accurate
than random or midstream sampling. When cervical HPV detection is considered difficult in certain
subgroups, urine testing should be regarded as an acceptable alternative” (Pathak et al., 2014).

Clinical Utility and Validity

The National Cancer Institute (NCI) reports that “Regular Pap screening decreases cervix cancer
incidence and mortality by at least 80%" (NCI, 2023). They also note that Pap testing can result in the
possibility of additional diagnostic testing, especially in younger individuals, when unwarranted,
especially in cases of possible low-grade squamous intraepithelial lesions (LSILs); however, even though
50% of individuals undergoing Pap testing required additional, follow-up diagnostic procedures, only
5% were treated for LSILs. The NCI also reports that “HPV-based screening provides 60% to 70% greater
protection against invasive cervical carcinoma, compared with cytology” (NCI, 2023).

A study by Sabeena et al. (2019) measured the utility of urine-based sampling for cervical cancer
screening in low-resource settings. The researchers compared 114 samples to determine the accuracy of
HPV detection (by polymerase chain reaction (PCR)) in paired cervical and urine samples. Samples were
taken from patients previously diagnosed with cervical cancer through histological methods. Of the 114
samples, “"HPV DNA was tested positive in cervical samples of 89 (78.1%) and urine samples of 55
(48.2%) patients. The agreement between the two sampling methods was 66.7%" (Sabeena et al., 2019).
HPV detection in urine samples had a sensitivity of 59.6% and a specificity of 92%. The authors
concluded, "Even though not acceptable as an HPV DNA screening tool due to low sensitivity, the urine
sampling method is inexpensive and more socially acceptable for large epidemiological surveys in
developing countries to estimate the burden” (Sabeena et al,, 2019).

Cervical cancer guidelines published by the National Comprehensive Cancer Network (NCCN) (NCCN,
2023) state that, although the rates of both incidence and mortality of squamous cell carcinoma of the
cervix have been declining over the last thirty years, "adenocarcinoma of the cervix has increased over
the past 3 decades, probably because cervical cytologic screening methods are less effective for
adenocarcinoma.” A study in the United Kingdom supports this increase in adenocarcinoma findings
because the risk-reduction associated with three yearly screenings was reduced by 75% for squamous
carcinoma and 83% for adenosquamous carcinoma, but adenocarcinoma was reduced only by 43%
(Sasieni et al., 2009). Another extensive study of more than 900,000 individuals in Sweden showed that
PCR-based HPV testing for the high-risk types 16 and 18 is better at predicting the risk of both in situ
and invasive adenocarcinoma. The authors conclude, “infections with HPV 16 and 18 are detectable up
to at least 14 years before diagnosis of cervical adenocarcinoma. Our data provide prospective evidence
that the association of HPV 16/18 with cervical adenocarcinoma is strong and causal” (Dahlstrom et al,,
2010).

A report by Chen et al. (2011) reviewed HPV testing and the risk of the development of cervical cancer.
Of the 11,923 individuals participating in the study, 86% of those who tested positive for HPV did not
develop cervical cancer within ten years. The authors concluded, "HPV negativity was associated with a
very low long-term risk of cervical cancer. Persistent detection of HPV among cytologically normal
[individuals] greatly increased risk. Thus, it is useful to perform repeated HPV testing following an initial
positive test” (Chen et al.,, 2011).

In 2018, the results of a multi-year cervical cancer screening trial (FOCAL) were published. This
randomized clinical trial tested the use of HPV testing alone for detection of cervical intraepithelial
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neoplasia (CIN) grade 3 or worse (CIN3+). More than 19,000 individuals participated in the study—split
between the intervention group (HPV testing alone) and the control group (liquid-based cytology).
Among individuals who underwent cervical cancer screening, the use of primary HPV testing as
compared with cytology testing resulted in a significantly lower likelihood of CIN3+ at 48 months.
“Further research is needed to understand long-term clinical outcomes as well as cost-effectiveness”
(Ogilvie et al., 2018). In a commentary concerning the findings of this trial, the author noted that
“multiple randomized trials have shown that primary HPV screening linked to subsequent identification
and treatment of cervical precancer is more effective than Pap testing in reducing the incidence of
cervical cancer and precancer, at the cost of lower specificity and more false-negative subsequent
colposcopic assessments” (Massad, 2018). The author did not address the limitations of the FOCAL
study, including that the study concluded prior to seeing what effects, if any, those vaccinated against
HPV 16 and HPV 18 would have since the adolescents vaccinated upon FDA approval of the vaccine
would not have necessarily been included within the study. They also state that a limitation of the
FOCAL trial is "the use of a pooled HPV test for screening, incorporating all carcinogenic HPV types in a
single positive or negative result” (Massad, 2018).

Melnikow et al. (2018) performed a review for the USPSTF regarding cervical cancer screening through
high-risk (hr) HPV testing. The authors reviewed the following studies: “8 randomized clinical trials

(n =410556), 5 cohort studies (n =402615), and 1 individual participant data (IPD) meta-analysis

(n = 176464).” Primary hr-HPV testing was found to detect cervical intraepithelial neoplasia (CIN) 3+ at
an increased rate (relative risk rate ranging from 1.61 to 7.46) in round 1 screening. False positive rates
for primary hr-HPV testing ranged from 6.6% to 7.4%, compared with 2.6% to 6.5% for cytology,
whereas in cotesting, false-positives ranged from 5.8% to 19.9% in the first round of screening,
compared with 2.6% to 10.9% for cytology. Overall, the authors concluded that “primary hrHPV
screening detected higher rates of CIN 3+ at first-round screening compared with cytology. Cotesting
trials did not show initial increased CIN 3+ detection” (Melnikow et al., 2018).

Bonde et al. (2020) performed a systematic review on the clinical utility of HPV genotyping as a form of
cervical cancer screening. Through 16 studies, the researchers concluded that "HPV genotyping can
refine clinical management” for individuals “screened through the primary HPV paradigm and the co-
testing paradigm by stratifying genotype-specific results and thereby assign those at highest risk for
cervical disease to further testing (i.e., colposcopy) or treatment, while designating those with lowest risk
to retesting at a shortened interval.” After deeming low risk of bias, the review also stated “the overall
quality of evidence for CIN 3 or worse risk with negative for intraepithelial lesions or malignancies or
low-grade squamous intraepithelial cytology was assessed as moderate; that with atypical squamous
cells-undetermined significance and "all cytology" was assessed as high... Human papillomavirus
genotyping discriminated risk of CIN 3 or worse to a clinically significant degree, regardless of cytology
result” (Bonde et al., 2020).

Between 2010 and 2019, Pry et al. (2021) reviewed 204,225 results from 183,165 study participants
across 11 government health facilities in Lusaka, Zambia, as part of the Cervical Cancer Prevention
Program in Zambia (CCPPZ). By examining precancerous lesions via visual inspection with acetic acid
and digital cervicography (VIAC), they were able to show that the highest odds for screening positive are
among individuals aged 20-29 years and that individuals "in the 30-39 years age group had the highest
proportion of positive screening results (11-3%) among those with age recorded”; interestingly, however,
those "who were HIV-positive and younger than 20 years had more than three times the predictive
probability (18-4, 95% Cl 9-56-27-32) for being positive compared with [individuals] who were HIV-
negative in the same age group (predictive probability 5-5%, 95% Cl 3-2-7-8)" (Pry et al., 2021). But while
the high proportion of the screen positivity in individuals younger than 20 years old may suggest that
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individuals “with HIV have earlier disease progression” and that these individuals “should be engaged in
screening at a younger age”, these data could be the result of “some misalignment between screening
test positivity and neoplastic lesions, as visually, cervicitis and other benign cervical lesions could be
mistaken for pre-cancerous disease” or even simply the inherent weaknesses in the test accuracy of the
VIAC method (“sensitivity from 25% (95% Cl 7-59) to 82% (66-95) and specificity from 74% (64-82) to
83% (77-87)"), warranting further examination (Pry et al., 2021).

Many guidelines call for the cessation of cervical cancer screening after the age of 65; however, Dilley et
al. (2021) argues for a reevaluation of recommendations of this ilk, given that 20% of new cervical
cancers occur in this group. Moreover, elderly individuals with a cervix are not only more likely to be
diagnosed with late-stage cancer, but also receive commensurately worse outcomes and higher
mortality rates. The authors point to the use of theoretical modelling and expert opinion as leading
drivers of misconceptions about cervical screening harm in older individuals, specifying that while many
of the models seek to minimize the harms and costs associated with increased colposcopies, they are
remiss in their consideration of the costs and benefits of “the treatment of advanced cancer, such as
cold knife conization, radical hysterectomy, pelvic radiation therapy and chemotherapy” and in their
interpretation of exiguous data on the benefits and harms of screening after 65. Furthermore, though
the existing guidelines suggest that “the guidelines account for the importance of adequate prior
screening before cessation of screening,” as the majority of cervical cancer cases are diagnosed in
individuals who have not been adequately screened, the authors counter that studies have shown that
only 25-50% of individuals diagnosed with cervical cancer had “adequate prior screening” before their
cancer diagnosis, which will only be further exacerbated as the population continues to age (Dilley et al.,
2021).

Guidelines and Recommendations
U.S. Preventive Services Task Force (USPSTF)

The USPSTF updated their recommendations in 2018. The recommendations are outlined in the table
below. The USPSTF changed the recommendation concerning women aged 30-65 to now include the
possibility of high-risk HPV testing alone once every five years as a screening. They still allow for the
possibility of co-testing every five years or for Pap testing alone every three years.

The USPSTF notes certain risk factors that may increase the risk of cervical cancer, such as “"HIV infection,
a compromised immune system, in utero exposure to diethylstilbestrol, and previous treatment of a
high-grade precancerous lesion or cervical cancer.” Cytology, primary testing for high-risk HPV alone, or
both methods simultaneously may detect the high-risk lesions that are precursors to cervical cancer
(USPSTF, 2018).

USPSTF Summary of Recommendations and Evidence (USPSTF, 2018)

Population Recommendation Grade

Women 21 to 65 For women 21 to 29 years of age, screen for | The USPSTF recommends the

years of age cervical cancer every 3 years with cytology service. There is high certainty
alone. For women 30 to 65 years of age, that the net benefit is
screen for cervical cancer every 3 years with substantial. Offer or provide this
cytology alone, every 5 years with high-risk service. Grade A

Page 8 of 22



(hr) HPV testing alone, or every 5 years with

co-testing.
Women younger Do not screen for cervical cancer. The USPSTF recommends
than 21, older against the service. There is
than 65, who have moderate or high certainty that
had adequate the service has no net benefit or
prior screening, or that the harms outweigh the
who have had had benefits. Discourage the use of
a hvsterectomy this service. Grade D

In 2017, “The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits
and harms of performing screening pelvic examinations in asymptomatic, nonpregnant adult women. (|
statement) This statement does not apply to specific disorders for which the USPSTF already
recommends screening (i.e., screening for cervical cancer with a Papanicolaou smear, screening for
gonorrhea and chlamydia).”

National Comprehensive Cancer Network (NCCN)

Regarding the diagnosis and workup for cervical cancer, the NCCN states that “The earliest stages of
cervical carcinoma may be asymptomatic or associated with a watery vaginal discharge and postcoital
bleeding or intermittent spotting. Often these early symptoms are not recognized by the patient.
Because of the accessibility of the uterine cervix, cervical cytology or Papanicolaou (Pap) smears and
cervical biopsies can usually result in an accurate diagnosis. Cone biopsy (i.e., conization) is
recommended if the cervical biopsy is inadequate to define invasiveness or if accurate assessment of
microinvasive disease is required. However, cervical cytologic screening methods are less useful for
diagnosing adenocarcinoma, because adenocarcinoma in situ affects areas of the cervix that are harder
to sample (i.e., endocervical canal)” and that "Workup for these patients with suspicious symptoms
includes history and physical examination, complete blood count (CBC; including platelets), and liver and
renal function tests” (NCCN, 2023).

The NCCN also remarked that “Persistent human papillomavirus (HPV) infection is the most important
factor in the development of cervical cancer. The incidence of cervical cancer appears to be related to
the prevalence of HPV in the population.... Screening methods using HPV testing may increase detection
of adenocarcinoma,” adducing that “In developed countries, the substantial decline in incidence and
mortality of squamous cell carcinoma of the cervix is presumed to be the result of effective screening,
although racial, ethnic, and geographic disparities exist” (NCCN, 2023). As such, the NCCN lists chronic,
persistent HPV infection along with persistently abnormal Pap smear tests as criteria to be considered
for women contemplating hysterectomy.

National Cancer Institute (NCI)

Concerning the use of Pap testing in screening, the NCI recommends: “Based on solid evidence, regular
screening for cervical cancer with the Pap test in an appropriate population of women reduces mortality
from cervical cancer. The benefits of screening women younger than 21 years are small because of the
low prevalence of lesions that will progress to invasive cancer. Screening is not beneficial in women
older than 65 years if they have had a recent history of negative test results... Based on solid evidence,
regular screening with the Pap test leads to additional diagnostic procedures (e.g., colposcopy) and
possible overtreatment for low-grade squamous intraepithelial lesions (LSILs). These harms are greatest
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for younger women, who have a higher prevalence of LSILs, lesions that often regress without treatment.
Harms are also increased in younger women because they have a higher rate of false-positive results.
Excisional procedures to treat preinvasive disease has been associated with increased risk of long-term
consequences for fertility and pregnancy” (NCI, 2023).

Concerning the use of HPV DNA testing, the NCl states: “Based on solid evidence, screening with the
HPV DNA or HPV RNA test detects high-grade cervical dysplasia, a precursor lesion for cervical cancer.
Additional clinical trials show that HPV testing is superior to other cervical cancer screening strategies. In
April 2014, the U.S. Food and Drug Administration approved an HPV DNA test that can be used alone
for the primary screening of cervical cancer risk in women aged 25 years and older... Based on solid
evidence, HPV testing identifies numerous infections that will not lead to cervical dysplasia or cervical
cancer. This is especially true in women younger than 30 years, in whom rates of HPV infection may be
higher” (NCI, 2023).

Concerning cotesting, they recommend: “Based on solid evidence, screening every 5 years with the Pap
test and the HPV DNA test (cotesting) in women aged 30 years and older is more sensitive in detecting
cervical abnormalities, compared with the Pap test alone. Screening with the Pap test and HPV DNA test
reduces the incidence of cervical cancer... Based on solid evidence, HPV and Pap cotesting is associated
with more false-positives than is the Pap test alone. Abnormal test results can lead to more frequent
testing and invasive diagnostic procedures” (NCl, 2023).

Regarding screening women without a cervix, they recommend: “Based on solid evidence, screening is
not helpful in women who do not have a cervix as a result of a hysterectomy for a benign condition”
(NCI, 2023).

American Cancer Society (ACS)

The American Cancer Society updated their guidelines for cervical cancer screening for individuals at
average risk in 2020. Their recommendations are summarized below:

(Adapted from Table 2 of (Fontham et al., 2020), Comparison of Current and Previous American Cancer
Society (ACS) Guidelines for Cervical Cancer Screening)

Population 2020 ACS Recommendation
Age 21-24 No screening
Age 25-29 HPV test every 5 years (preferred)

HPV/Pap cotest every 5 years (acceptable)

Pap test every 3 years (acceptable)

Age 30-65 HPV test every 5 years (preferred)
HPV/Pap cotest every 5 years (acceptable)

Pap test every 3 years (acceptable)

Age 65 and older No screening if a series of prior tests were normal

(Fontham et al., 2020).

The American Society for Colposcopy and Cervical Pathology (ASCCP)
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In 2019, the ASCCP published guidelines for cervical cancer screening in immunosuppressed women
without an HIV infection. The following table was provided by Moscicki et al. (2019):

Table 3. Summary of Cervical Cancer Screening Recommendations for Non-HIV Immunocompromised

Women

Risk group category

Recommendation

Solid organ transplant

Cytology is recommended if younger than 30 y

Co-testing is preferred, but cytology is acceptable if 30 y or older

If using cytology alone, perform annual cervical cytology. If results of 3
consecutive cytology results are normal, perform cytology every 3 'y

If using co-testing, perform baseline co-test with cytology and HPV. If
result of cytology is normal and HPV is negative, co-testing can be
performed every 3y

If transplant before the age of 21y, begin screening within 1y of
sexual debut

Continue screening throughout lifetime (older than 65 y). Discontinue
screening based on shared discussion regarding quality and duration
of life rather than age

Allogeneic
hematopoietic stem
cell transplant

Cytology is recommended if younger than 30 y

Co-testing is preferred, but cytology is acceptable if 30 y or older

If using cytology alone, perform annual cervical cytology. If results of 3
consecutive cytology results are normal, perform cytology every 3y

If using co-testing, perform baseline co-test with cytology and HPV. If
result of cytology is normal and HPV is negative, co-testing can be
performed every 3y

If transplant before the age of 21y, begin screening within 1y of
sexual debut

Continue screening throughout lifetime (older than 65 y). Discontinue
screening based on shared discussion regarding quality and duration
of life rather than age

For HSCT patients who develop a new diagnosis of genital GVHD or
chronic GVHD, resume annual cervical cytology until 3 consecutive
normal results at which time perform cytology every 3y, or perform an
initial baseline co-test and, if cytology is normal and HPV is negative,
perform co-testing every 3y

Inflammatory bowel
disease on
immunosuppressant
treatments

Cytology is recommended if younger than 30 y

Co-testing is preferred, but cytology is acceptable if 30 y or older

If using cytology alone, perform annual cervical cytology. If results of 3
consecutive cytology results are normal, perform cytology every 3 'y

If using co-testing, perform baseline co-test with cytology and HPV. If
result of cytology is normal and HPV is negative, co-testing can be
performed every 3y

If on immunosuppressant therapy before the age of 21y, begin
screening within 1y of sexual debut
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Risk group category Recommendation

e Continue screening throughout lifetime (older than 65 y). Discontinue
screening based on shared discussion regarding quality and duration
of life rather than age

Inflammatory bowel e Follow general population screening guidelines

disease not on

immunosuppressant

treatment

Systemic lupus e Cytology is recommended if younger than 30 y

erythematosus and e Co-testing is preferred, but cytology is acceptable if 30 y or older
rheumatoid arthritis on | ¢ If using cytology alone, perform annual cervical cytology. If results of 3
immunosuppressant consecutive cytology results are normal, perform cytology every 3y
treatments e If using co-testing, perform baseline co-test with cytology and HPV. If

result of cytology is normal and HPV is negative, co-testing can be
performed every 3y

e If on immunosuppressant therapy before the age of 21 y, begin
screening within 1y of sexual debut

e Continue screening throughout lifetime (older than 65 y). Discontinue
screening based on shared discussion regarding quality and duration
of life rather than age

Rheumatoid arthritis e Follow general population screening guidelines
not on
immunosuppressive
treatments

Type 1 diabetes e Follow general population screening guidelines
mellitus

Society of Gynecologic Oncology, American Society for Colposcopy and Cervical Pathology,
American College of Obstetricians and Gynecologists, American Cancer Society, American Society
of Cytopathology, College of American Pathologists, and the American Society for Clinical
Pathology

Since the 2011 joint guidelines issued by the American Cancer Society, American Society for Colposcopy
and Cervical Pathology, and American Society for Clinical Pathology Screening concerning cervical
cancer screening, additional reports regarding the use of primary hrHPV testing so that representatives
from the Society of Gynecologic Oncology, American Society for Colposcopy and Cervical Pathology,
American College of Obstetricians and Gynecologists, American Cancer Society, American Society of
Cytopathology, College of American Pathologists, and the American Society for Clinical Pathology
convened to issue interim clinical guidance in 2015. In the 2011 statement, primary hrHPV testing was
not recommended. The 2015 recommendations include:

e "Because of equivalent or superior effectiveness, primary hrHPV screening can be considered as
an alternative to current US cytology-based cervical cancer screening methods. Cytology alone
and cotesting remain the screening options specifically recommended in major guidelines.”

e "A negative hrHPV test provides greater reassurance of low CIN3+ risk than a negative cytology
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result.”
e "Rescreening after a negative primary hrHPV screen should occur no sooner than every 3 years.”

e "Primary hrHPV screening should not be initiated prior to 25 years of age.”

Moreover, they give the following screening algorithm:
(Type 16/18 Positive) ————— ([{GOIDOSCORIN)

Asc-us
Primary HPV SR
ey, |— [@aernaevs) — ([Eyieny)

\NILM

Negative | ————— (Roliine sereening

FIGURE 1. Recommended primary HPV screening algorithm. HPV, human papillomavirus; hrHPV, high-risk human papillomavirus; ASC-US,
atypical squamous cells of undetermined significance; NILM, negative for intraepithelial lesion or malignancy.

(Huh et al., 2015).

American College of Obstetricians and Gynecologists (ACOG)

In April 2021, the ACOG released a statement withdrawing and replacing the Practice Bulletin No.168 on
cervical cancer screening, stating that it will be joining the ASCCP and the SGO “in endorsing the U.S.
Preventive Services Task Force (USPSTF) cervical cancer screening recommendations, which replace
ACOG Practice Bulletin No.168, Cervical Cancer Screening and Prevention, as well as the 2012 ASCCP
cervical cancer screening guidelines.” This was reaffirmed in 2023 (ACOG, 2021).

In October 2020, the ACOG released “Updated Guidelines for Management of Cervical Cancer Screening
Abnormalities.” These consensus guidelines are based on risk to determine screening, surveillance,
colposcopy, or treatment later in life (ACOG, 2020). In relation to screening, the updated management
guidelines state:

1. "Recommendations are based on risk, not results.

a. Recommendations of colposcopy, treatment, or surveillance will be based on a patient's risk
of CIN 3+ determined by a combination of current results and past history (including
unknown history). The same current test results may yield different management
recommendations depending on the history of recent past test results.

2. Colposcopy can be deferred for certain patients.

a. Repeat human papillomavirus (HPV) testing or cotesting at 1 year is recommended for
patients with minor screening abnormalities indicating HPV infection with low risk of
underlying CIN 3+ (e.g., HPV-positive, low-grade cytologic abnormalities after a documented
negative screening HPV test or cotest).
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All positive primary HPV screening tests, regardless of genotype, should have additional reflex

triage testing performed from the same laboratory specimen (eg, reflex cytology).

a. Additional testing from the same laboratory specimen is recommended because the findings
may inform colposcopy practice. For example, those HPV-16 positive HSIL cytology qualify for
expedited treatment.

b. HPV 16 or 18 infections have the highest risk for CIN 3 and occult cancer, so additional
evaluation (e.g., colposcopy with biopsy) is necessary even when cytology results are
negative.

c. If HPV 16 or 18 testing is positive, and additional laboratory testing of the same sample is not
feasible, the patient should proceed directly to colposcopy.

Continued surveillance with HPV testing or cotesting at 3-year intervals for at least 25 years is

recommended after treatment and initial posttreatment management of histologic HSIL, CIN 2,

CIN 3, or AIS. Continued surveillance at 3-year intervals beyond 25 years is acceptable for as long

as the patient's life expectancy and ability to be screened are not significantly compromised by

serious health issues.

a. New evidence indicates that risk remains elevated for at least 25 years, with no evidence that
treated patients ever return to risk levels compatible with 5-year intervals.

Surveillance with cytology alone is acceptable only if testing with HPV or cotesting is not feasible.

Cytology is less sensitive than HPV testing for detection of precancer and is therefore

recommended more often. Cytology is recommended at 6-month intervals when HPV testing or

cotesting is recommended annually. Cytology is recommended annually when 3-year intervals are
recommended for HPV or cotesting.

Human papilloma virus assays that are Food and Drug Administration (FDA)-approved for

screening should be used for management according to their regulatory approval in the United

States. (Note: all HPV testing in [the guidelines] refers to testing for high-risk HPV types only).

a. For all management indications, HPV mRNA and HPV DNA tests without FDA approval for
primary screening alone should only be used as a cotest with cytology, unless sufficient,
rigorous data are available to support use of these particular tests in management” (ACOG,
2020).

American Society for Clinical Oncology (ASCO)

Resource-stratified recommendations were released in 2022 from the American Society for Clinical
Oncology.

For maximal-based resource settings:

"1.1. In maximal-resource settings, cervical cancer screening with HPV DNA testing should be
offered every 5 years from age 25 to 65 years (either self- or clinician-collected). On an
individual basis, women may elect to receive screening until age 70 years.

1.2. Women who are > 65 years of age who have had consistently negative screening results
during past > 15 years may cease screening. Women who are 65 years of age and have a
positive result after age 60 should be reinvited to undergo screening 2, 5, and 10 years after the
last positive result. If women have received no or irregular screening, they should undergo
screening once at 65 years of age, and if the result is negative, exit screening.
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1.3. If the results of the HPV DNA test are positive, clinicians should then perform triage with
reflex genotyping for HPV 16/18 (with or without HPV 45) and/or cytology as soon as HPV test
results are known.

1.4. If triage results are abnormal (ie, > ASC-US or positive for HPV 16/18 [with or without HPV
45]), women should be referred to colposcopy, during which biopsies of any acetowhite (or
suggestive of cancer) areas should be taken, even if the acetowhite lesion might appear
insignificant. If triage results are negative (e.g., primary HPV positive and cytology triage
negative), then repeat HPV testing at the 12-month follow-up.

1.5. If HPV test results are positive at the repeat 12-month follow-up, refer women to
colposcopy. If HPV test results are negative at the 12- and 24-month follow-up or negative at
any consecutive HPV test 12 months apart, then women should return to routine screening
1.6. Women who have received HPV and cytology co-testing triage and have HPV-positive
results and abnormal cytology should be referred for colposcopy and biopsy. If results are HPV
positive and cytology normal, repeat co-testing at 12 months. If at repeat testing HPV is still
positive, patients should be referred for colposcopy and biopsy, regardless of cytology results.
1.7. If the results of the biopsy indicate that women have precursor lesions (CIN2+), then
clinicians should offer loop electrosurgical excision procedure (LEEP; if there is a high level of
quality assurance [QA]) or, where LEEP is contraindicated, ablative treatments may be offered.
1.8. After women receive treatment for precursor lesions, follow-up should consist of HPV DNA
testing at 12 months. If 12-month results are positive, continue annual screening; if not, return
to routine screening” (ASCO, 2022).

In enhanced-resource settings:

"2.1. In enhanced-resource settings, cervical cancer screening with HPV DNA testing should be
offered to women age 30-65 years, every 5 years (i.e., second screen 5 years from the first)
(either self- or clinician-collected).

2.2. If there are two consecutive negative screening test results, subsequent screening should be
extended to every 10 years.

2.3. Women who are > 65 years of age who have had consistently negative screening results
during past > 15 years may cease screening. Women who are 65 years of age and have a
positive result after age 60 should be reinvited to undergo screening 2, 5, and 10 years after the
last positive result. If women have received no or irregular screening, they should undergo
screening once at 65 years of age, and if the result is negative, exit screening.

2.4. If the results of the HPV DNA test are positive, clinicians should then perform triage with
HPV genotyping for HPV 16/18 (with or without HPV 45) and/or reflex cytology.

2.5. If triage results are abnormal (ie, >ASC-US or positive for HPV 16/18 [with or without HPV
45]), women should be referred to colposcopy, during which biopsies of any acetowhite (or
suggestive of cancer) areas should be taken, even if the acetowhite lesion might appear
insignificant. If triage results are negative (e.g., primary HPV positive and cytology triage
negative), then repeat HPV testing at the 12 month follow-up.

2.6. If HPV test results are positive at the repeat 12-month follow-up, refer women to
colposcopy. If HPV test results are negative at the 12- and 24-month follow-up or negative at
any consecutive HPV test 12 months apart, then women should return to routine screening.
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2.7. If the results of colposcopy and biopsy indicate that women have precursor lesions (CIN2+),
then clinicians should offer LEEP (if there is a high level of QA) or, where LEEP is contradicted,
ablative treatments may be offered.

2.8. After women receive treatment for precursor lesions, follow-up should consist of HPV DNA
testing at 12 months. If 12-month results are positive, continue annual screening; if not, return
to routine screening” (ASCO, 2022).

In limited settings:

“3.1. In limited settings, cervical cancer screening with HPV DNA testing should be offered to
women 30 to 49 years of age every 10 years, corresponding to 2 to 3 times per lifetime (either
self- or clinician-collected).

3.2. If the results of the HPV DNA test are positive, clinicians should then perform triage with
reflex cytology (quality assured) and/or HPV genotyping for HPV 16/18 (with or without HPV 45)
or with VIA. If institutions are currently using reflex cytology, they should transition from
cytology to HPV genotyping.

3.3. If cytology triage results are abnormal (i.e. > atypical squamous cells of undetermined
significance [ASC-US]), women should be referred to quality assured colposcopy (the first
choice, if available and accessible for women who are ineligible for thermal ablation), during
which biopsies of any acetowhite (or suggestive of cancer) areas should be taken, even if the
acetowhite lesion might appear insignificant. If colposcopy is not available, then perform VAT.
3.4. If HPV genotyping or VIA or VAT triage results are positive, then women should be treated.
If the results from these forms of triage are negative, then repeat HPV testing at the 12-month
follow-up.

3.5. If test results are positive at the repeat 12-month follow-up, then women should be treated.
3.6. For treatment, clinicians should offer ablation if the criteria are satisfied; if not and resources
available, then offer LEEP.

3.7. After women receive treatment for precursor lesions, follow-up should consist of the same
testing at 12 months” (ASCO, 2022).

Finally, in basic settings:

"4.1. Health systems in basic settings should move to population-based screening with HPV
testing at the earliest opportunity (either self- or clinician-collected). If HPV DNA testing for
cervical cancer screening is not available, then VIA should be offered with the goal of developing
health systems. Screening should be offered to women 30 to 49 years of age, at least every 10
years (increasing the frequency to every 5 years, resources permitting).

4.2. If the results of available HPV testing are positive, clinicians should then perform VAT
followed by treatment with thermal ablation and/or LEEP, depending on the size and location of
the lesion.

4.3. If primary screening is VIA and results are positive, then treatment should be offered with
thermal ablation and/or LEEP, depending on the size and location of the lesion.

4.4. After women receive treatment for precursor lesions, then follow up with the available test at
12 months. If the result is negative, then women return to routine screening” (ASCO, 2022).
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Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for
a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations
(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to
make the determination. For the most up-to-date Medicare policies and coverage, please visit the
Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most
up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

The FDA has approved the APTIMA HPV 16 18/45 Genotype Assay, a nucleic acid amplification test
(NAAT), for the qualitative detection of mRNA for HPV 16, 18, and 45 from Gen-Probe Incorporated on
October 12, 2012; however, this test cannot distinguish between 18 and 45. Previously, on October 28,
2011, the FDA approved Gen-Probe Incorporated’s APTIMA HPV Assay, an NAAT that tests for 14 high-
risk types of HPV but is unable to distinguish between the 14 types.

Hologic, Inc. has two FDA-approved HPV NAAT tests—Cervista HPV 16/18 and Cervista HPV HR and
GENFIND DNA Extraction Kit. Both were approved on March 12, 2009. The former is a fluorescent,
isothermal-based reaction that detects HPV 16 and 18 whereas the latter screens for DNA from the 14
high-risk HPV strains (FDA, 2023a).

The COBAS HPV test by Roche Molecular Systems, Inc. was approved by the FDA on April 19, 2011, as a
NAAT for 14 high-risk types of HPV. This test can specifically identify HPV 16 and 18 but cannot
distinguish from the other 12 types of HPV. On July 2, 2018, the FDA released an approval order
statement (P100020/S025) “for an expansion of the intended use for the FDA-approved cobas HPV Test
to include cervical specimens collected in SurePath Preservative Fluid as a specimen type” (FDA, 2023¢).
This approval allows for the cobas HPV Test to be used as a first-line cervical cancer screening using the
SurePath preservative, a medium often used for Pap tests (Rice, 2018). In 2020, the Cobas HPV was FDA
approved for use on Cobas 6800/8800 Systems (FDA, 2023b).

On February 12, 2018, the FDA approved the BD Onclarity™ HPV Assay which detects 14 high-risk HPV
genotypes including high-risk strains 16 and 18. “The BD Onclarity HPV Assay is a qualitative in vitro test
for the detection of Human Papillomavirus in cervical specimens collected by a clinician using an
endocervical brush/spatula combination or broom and placed in BD SurePath vial” (FDA, 2018).

For more information regarding HPV, please refer to AHS-G2157 Diagnostic testing of STls.

Many labs have developed specific tests that they must validate and perform in house. These laboratory-
developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-
complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88). LDTs are
not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval
is not currently required for clinical use.

Applicable CPT/HCPCS Procedure Codes

CPT Code Description

Infectious agent detection by nucleic acid (DNA or RNA); Human Papillomavirus (HPV),
87623 low-risk types (eg, 6, 11, 42, 43, 44)
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CPT Code Description

Infectious agent detection by nucleic acid (DNA or RNA); Human Papillomavirus (HPV),
87624 high-risk types (eg, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68)

Infectious agent detection by nucleic acid (DNA or RNA); Human Papillomavirus (HPV),
87625 | types 16 and 18 only, includes type 45, if performed

Cytopathology, cervical or vaginal (any reporting system), requiring interpretation by
88141 physician

Cytopathology, cervical or vaginal (any reporting system), collected in preservative fluid,
88142 | automated thin layer preparation; manual screening under physician supervision

Cytopathology, cervical or vaginal (any reporting system), collected in preservative fluid,
automated thin layer preparation; with manual screening and rescreening under physician
88143 supervision

Cytopathology smears, cervical or vaginal; screening by automated system under
88147 physician supervision

Cytopathology smears, cervical or vaginal; screening by automated system with manual
88148 rescreening under physician supervision

88150 | Cytopathology, slides, cervical or vaginal, manual screening under physician supervision

Cytopathology, slides, cervical or vaginal; with manual screening and computer-assisted
88152 rescreening under physician supervision

Cytopathology, slides, cervical or vaginal; with manual screening and rescreening under
88153 physician supervision

Cytopathology, slides, cervical or vaginal (the bethesda system); manual screening under
88164 physician supervision

Cytopathology, slides, cervical or vaginal (the bethesda system); with manual screening
88165 and rescreening under physician supervision

Cytopathology, slides, cervical or vaginal (the bethesda system); with manual screening
88166 and computer-assisted rescreening under physician supervision

Cytopathology, slides, cervical or vaginal (the bethesda system); with manual screening
and computer-assisted rescreening using cell selection and review under physician
88167 supervision

Cytopathology, cervical or vaginal (any reporting system), collected in preservative fluid,
automated thin layer preparation; screening by automated system, under physician
88174 supervision

Cytopathology, cervical or vaginal (any reporting system), collected in preservative fluid,
automated thin layer preparation; with screening by automated system and manual
88175 rescreening or review, under physician supervision

Infectious agent detection by nucleic acid (DNA or RNA), Human Papillomavirus (HPV) for
five or more separately reported high-risk HPV types (eg, 16, 18, 31, 33, 35, 39, 45, 51, 52,
0500T 56, 58, 59, 68) (ie, genotyping)

Screening cytopathology, cervical or vaginal (any reporting system), collected in
preservative fluid, automated thin layer preparation, screening by cytotechnologist under
G0123 | physician supervision

Screening cytopathology, cervical or vaginal (any reporting system), collected in
G0124 | preservative fluid, automated thin layer preparation, requiring interpretation by physician

Screening cytopathology smears, cervical or vaginal, performed by automated system,
G0141 | with manual rescreening, requiring interpretation by physician
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CPT Code Description
Screening cytopathology, cervical or vaginal (any reporting system), collected in
preservative fluid, automated thin layer preparation, with manual screening and
G0143 | rescreening by cytotechnologist under physician supervision
Screening cytopathology, cervical or vaginal (any reporting system), collected in
preservative fluid, automated thin layer preparation, with screening by automated system,
G0144 | under physician supervision
Screening cytopathology, cervical or vaginal (any reporting system), collected in
preservative fluid, automated thin layer preparation, with screening by automated system
G0145 | and manual rescreening under physician supervision
Screening cytopathology smears, cervical or vaginal, performed by automated system
G0147 | under physician supervision
Screening cytopathology smears, cervical or vaginal, performed by automated system with
G0148 | manual rescreening
Infectious agent detection by nucleic acid (DNA or RNA); human papillomavirus (HPV),
high-risk types (eg, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68) for cervical cancer
G0476 | screening, must be performed in addition to pap test
Screening Papanicolaou smear, cervical or vaginal, up to three smears, by technician under
P3000 physician supervision
Screening Papanicolaou smear, cervical or vaginal, up to three smears, requiring
P3001 interpretation by physician
Screening Papanicolaou smear; obtaining, preparing and conveyance of cervical or vaginal
Q0091 | smear to laboratory

Current Procedural Terminology© American Medical Association. All Rights reserved.

Procedure codes appearing in Medical Policy documents are included only as a general reference tool for
each policy. They may not be all-inclusive.
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Revision History

Revision Date Summary of Changes

09/06/2023 Reviewed and Updated: Updated the background, guidelines and recommendations,
and evidence-based scientific references. Literature review necessitated the following
changes to coverage criteria:

Removal of CC1 “1) In individuals who are under 21 years of age, cervical cancer
screening MEETS COVERAGE CRITERIA only when one of the following criteria are
met:

a) There is a history of HIV and/or other non-HIV immunocompromised conditions.
b) There is a previous diagnosis of cervical cancer.

¢) There is a previous diagnosis of cervical dysplasia.

d) There is a history of an organ transplant.”

Adjust CC2 to allow for screening in immunocompromised individuals of all ages (a
defines under 30, b defines over 30).

Switched the order of CC4 and CC5 such that testing for high-risk individuals over 65
immediately follows frequency testing for those 30-65. Now CC4 edited for clarity on
frequency of testing allowed in high-risk individuals over 65.

All CC except CC9 edited for clarity and consistency.
Changed "women” to “individuals” in CC6.
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New CC7: "7) For all situations not addressed above, cervical cancer screening (cervical
cytology, HPV testing) for individuals less than 21 years of age DOES NOT MEET
COVERAGE CRITERIA."
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Policy Description

Human coronaviruses, first characterized in the 1960s, are named based on the spiked proteins located
on their surface. As of 2020, seven coronaviruses are known to infect humans. Four, of which—229E,
NL63, OC43, and HKU1—are associated with the common cold. MERS-CoV is the coronavirus that
causes Middle East Respiratory Syndrome, or MERS. SARS-CoV is the causative agent of Severe Acute
Respiratory Syndrome (SARS), and SARS-CoV-2 is the virus that causes coronavirus disease 2019, or
COVID-19 (CDC, 2020b). As of November 11, 2022, the United States had reported more than
634,709,332 confirmed cases of COVID-19 and over 6,609,119 reported COVID-19 deaths (JHU, 2022).
Testing for a possible coronavirus infection can include molecular tests, such as nucleic acid-based
testing like reverse transcription polymerase chain reaction (RT-PCR); host antibody testing; and antigen

testing.

Related Policies

Policy Number | Policy Title

AHS-G2060 Fecal Analysis in the Diagnosis of Intestinal Dysbiosis
AHS-G2149 Pathogen Panel Testing

AHS-M2097 Identification of Microorganisms Using Nucleic Acid Probes
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Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at the time of the
request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and
Federal Regulations” section of this policy document.

This policy only addresses testing for the purpose of medical decision making in the outpatient setting. This
policy does not address work, school, state, or federally mandated SARS-CoV-2 testing.

1)

9)

Targeted nucleic acid testing (e.g., RT-PCR, rapid molecular tests) for COVID-19 (SARS-CoV-2) MEETS
COVERAGE CRITERIA in any of the following situations:

a) For individuals displaying signs and symptoms of possible COVID-19 infection (See Note 1).

b) For asymptomatic individuals with known exposure to COVID-19, EXCEPT when the individual has
had a previous COVID-19 infection within the last 90 days.

For individuals with signs or symptoms of SARS and who have traveled to endemic areas or who have
been exposed to persons with SARS, targeted nucleic acid testing (e.g., RT-PCR) for the detection of
severe acute respiratory syndrome (SARS) coronavirus RNA MEETS COVERAGE CRITERIA.

For individuals with signs or symptoms of Middle East respiratory syndrome (MERS) and who have
traveled to endemic areas or who have been exposed to persons with MERS, targeted nucleic acid
testing (e.g, RT-PCR) for the detection of MERS coronavirus RNA MEETS COVERAGE CRITERIA.

To support a diagnosis of multisystem inflammatory syndrome in children (MIS-C) (see Note 2),
multisystem inflammatory syndrome in adults (MIS-A) (see Note 3), or post-acute sequelae of SARS-
CoV-2 infection (PASC), host antibody serology testing MEETS COVERAGE CRITERIA.

For symptomatic individuals, antigen-detecting diagnostic tests for SARS-CoV-2 (e.g., antigen rapid
tests) MEET COVERAGE CRITERIA.

For individuals with signs and symptoms of a respiratory tract infection (see Note 4), multiplex PCR-
based panel testing of up to 5 respiratory pathogens MEETS COVERAGE CRITERIA.

For individuals with signs and symptoms of a respiratory tract infection (see Note 4), antigen panel
testing of up to 5 antigens MEETS COVERAGE CRITERIA.

For the diagnosis of SARS-CoV-2 reinfection, whole genome sequencing of paired specimens from
distinct lineages (as defined in Nextstrain or GISAID) DOES NOT MEET COVERAGE CRITERIA.

Multiplex PCR-based panel testing of 6 or more respiratory pathogens DOES NOT MEET COVERAGE
CRITERIA.

10) Antigen panel testing of 6 or more antigens DOES NOT MEET COVERAGE CRITERIA.

11) For all other situations not described above, host antibody serology testing DOES NOT MEET

COVERAGE CRITERIA.

The following does not meet coverage criteria due to a lack of available published scientific literature
confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s
illness.
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12) In the outpatient setting, SARS-CoV-2 genotyping DOES NOT MEET COVERAGE CRITERIA.

13) For all situations, neutralization antibody testing for SARS-CoV-2 DOES NOT MEET COVERAGE
CRITERIA.

14) Testing for other endemic coronaviruses, such as 229E, NL63, OC43, and HKU1, DOES NOT MEET
COVERAGE CRITERIA.

NOTES:

Note 1: Signs and symptoms associated with a possible COVID-19 infection can include a fever, cough,
fatigue, shortness of breath or difficulty breathing, congestion or runny nose, chills, muscle pain,
headache, sore throat, new loss of taste or smell, nausea, vomiting, diarrhea, conjunctivitis, rash on skin or
discoloration of fingers or toes (CDC, 2020e; WHO, 2023).

Note 2: According to the CDC, evidence of possible MIS-C includes (CDC, 2021c¢):

e Fever of at least 38.0°C for at least 24 hours

e Multisystem (2 or more) organ involvement

e Laboratory evidence of inflammation, “including, but not limited to, one or more of the following:
an elevated C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), fibrinogen,
procalcitonin, d-dimer, ferritin, lactic acid dehydrogenase (LDH), d-dimer, ferritin, lactic acid
dehydrogenase (LDH), or interleukin 6 (IL-6), elevated neutrophils, reduced lymphocytes and low
albumin (CDC, 2020d)”

Some children may fulfill full or partial criteria for Kawasaki disease

Note 3: According to the CDC, evidence of possible MIS-A includes (Morris et al., 2020; Patel et al.,, 2021):

e asevere illness requiring hospitalization in a person aged >21 years;

e a positive test result for current or previous SARS-CoV-2 infection (nucleic acid, antigen, or
antibody) during admission or in the previous 12 weeks;

e severe dysfunction of one or more extrapulmonary organ systems (e.g., hypotension or shock,
cardiac dysfunction, arterial or venous thrombosis or thromboembolism, or acute liver injury);

e laboratory evidence of severe inflammation (e.g., elevated CRP, ferritin, D-dimer, or interleukin-6);

e absence of severe respiratory illness (to exclude patients in which inflammation and organ
dysfunction might be attributable simply to tissue hypoxia).

Note 4: Signs and symptoms of a respiratory tract infection:

e A temperature greater than 102°F
e Pronounced dyspnea,

e Tachypnea, or

e Tachycardia.

Table of Terminology

Term Definition

2019-nCoV 2019 novel coronavirus

AACC American Association for Clinical Chemistry
AAP American Academy of Pediatrics

ACE-2 Angiotensin converting enzyme-2
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ACR

American College of Rheumatology

ACS American Chemical Society

Ag-RDTs Antigen-detecting rapid diagnostic tests
AMA American Medical Association

APSF Anesthesia Patient Safety Foundation

ARDS Acute respiratory distress syndrome

ASA American Society of Anesthesiologists

ASM American Society for Microbiology

BAL Bronchoalveolar lavage

BNP B-type natriuretic peptide

CARES Act Coronavirus Aid, Relief, And Economic Security Act
Cas12a CRISPR associated protein 12a

CBC Complete blood cell count

CDC Centers For Disease Control and Prevention
cDNA Complementary DNA

CFR Code of Federal Regulations

Cl Confidence interval

CLIA Chemiluminescence enzyme immunoassay
CLIA '88 Clinical Laboratory Improvement Amendments Of 1988
CMS Centers For Medicare & Medicaid Services
COVID-19 Coronavirus disease 2019

CPK Creatine phosphokinase

CRP C-reactive protein

CSSE Center for Systems Science and Engineering
CT Cycle threshold

cVNT Competitive neutralization test

DNA Deoxyribonucleic acid

DPP7 Dipeptidy! peptidase 7

ECDC European Centre for Disease Prevention and Control
ESR Erythrocyte sedimentation rate

ETS Emergency temporary standard

EU/EEA European Union / European Economic Area
EUA Emergency use authorization

FAQ Frequently asked questions

FDA Food and Drug Administration

FET Field-effect transistor

FIA Fluorescence immunoassays

Flu SC2 Influenza SARS-CoV-2 (multiplex assay)

FN False negative

FP False positive

GISAID Global initiative on sharing all influenza data
GOLGA3 Golgi autoantigen, golgin subfamily a, 3
GRADE Grading Of Recommendations Assessment, Development, and Evaluation
HCoVs Human coronaviruses

HCP Health care personnel

HCW Healthcare worker
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HHS Health And Human Services

HKU1 Human coronavirus

HLA Human leukocyte antigen

HSCT Hematopoietic stem cell transplant

ICMA Immunochemiluminometric assay

ICR Investigative criteria for suspected cases of SARS-CoV-2 reinfection
IDSA Infectious Diseases Society of America

IFU Instructions for use

IgA Immunoglobulin A

IgG Immunoglobulin G

IgM Immunoglobulin M

IL-1 Interleukin 1

IL-6 Interleukin 6

INR International normalized ratio

IQR Interquartile range

IVIG Intravenous immunoglobulin

JAMA Journal of the American Medical Association
LDH Lactic acid dehydrogenase

LDTs Laboratory-developed tests

LFIAs Lateral flow immunoassays

LoD Limit of detection

MERS Middle east respiratory syndrome

MERS-CoV Middle east respiratory syndrome-related coronavirus
MHRA Medicines & Healthcare Products Regulatory Agency
MIS-A Multisystem inflammatory syndrome in adults
MIS-C Multisystem inflammatory syndrome in children
MMWR Morbidity And Mortality Weekly Report

MT Mid-turbinate

N Nucleocapsid

NAATs Nucleic acid amplification tests

NAbs Neutralizing antibodies

NGS Next-generation sequencing

NIH National Institutes of Health

NP Nasopharyngeal

NPA Negative percent agreement

NT-proBNP N-terminal pro hormone BNP

NW Nasopharyngeal wash/aspirate or nasal wash/aspirate
ODs Optical densities

OP Oropharyngeal

opvCRISPR One-pot visual SARS-CoV-2 detection system
OSHA Occupational Safety and Health Administration
PASC Post-Acute Sequelae Of SARS-CoV-2 Infection
PCR Polymerase chain reaction

PEM Post-exertional malaise

PHE Public Health England

PHS Act Public Health Service Act
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POC Point-of-care

POC/NP Point of care/near person

PPA Positive percent agreement

PPE Personal protective equipment

pro-BNP Pro hormone BNP

PSO Past symptom onset

PT Prothrombin time

PTT Partial thromboplastin time

ptxP Single-copy promoter target

RADT Rapid antigen detection test

RBD Receptor binding domain

RdRp Ribonucleic acid-dependent ribonucleic acid polymerase
RNA Ribonucleic acid

RP Ribonuclease P gene

RP Respiratory pathogen

RP2 Respiratory panel 2

RP2.1 Respiratory panel 2.1

RT Reverse transcriptase

RT-LAMP Reverse transcription loop-mediated isothermal amplification
RT-PCR Reverse transcription polymerase chain reaction
SARC Severe acute respiratory syndrome

SARS-CoV Severe acute respiratory syndrome- coronavirus
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
SF-12 Short form 12 Health Survey

SHEA Society for Healthcare Epidemiology of America
SNPs Single nucleotide polymorphisms

SOT Solid organ transplant

ssDNA Single-stranded deoxyribonucleic acid

SVNT Surrogate viral neutralization test

TCIDsgo Median tissue culture infective dose

TMA Transcription-mediated amplification

TMEM189-UBE2V1

PEDS1-UBE2V1 readthrough

TN

True negative

TP True positive

UCSD University of California San Diego

VOC Variant of concern

VUI Variant under investigation

WGS Whole genome sequencing

WHO World Health Organization
Reimbursement

1) AMA standard practice for COVID-19 testing states not to include both the HCPCS and AMA code for

the same procedure on the same DOS and that only one code should be used, therefore only one
code per date of service will be reimbursed.
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2) Specimen collection codes for coronavirus testing are considered incidental and will not be
reimbursed.

Scientific Background

On March 11, 2020, the World Health Organization (WHO) declared the novel coronavirus SARS-CoV-2,
or COVID-19, a global pandemic (Cucinotta & Vanelli, 2020). COVID-19 is the third recent human
coronavirus to be declared an emergency. SARS (Severe Acute Respiratory Syndrome) was recognized as
an emergency by the WHO in February 2003 (WHO, 2022c). This outbreak in 2003 resulted in over 8000
cases in 26 different countries. Since 2003, only four limited reoccurrences have been reported
according to the WHO—three incidences are due to laboratory accidents (in Taipei and Singapore) and
one incident of undetermined source in China (WHQ, 2022c¢). As early as September 2012, another
human coronavirus, MERS-CoV, began to spread in the Middle East, causing Middle East Respiratory
Syndrome (MERS). Although the WHO did not initially declare MERS an emergency, they have since
added MERS to their list of pandemic/epidemic diseases. Since September 2012 and as of the end of
October 2021, the WHO reports 2574 laboratory-confirmed cases of MERS with 858 MERS-associated
deaths (34.4% fatality rate) in 27 countries (WHO, 2022b).

Unlike the initial SARS and MERS outbreaks that were predominantly regionally contained, COVID-19
became a global pandemic. According to the WHO, as of November 11,2022, there were more than 630
million confirmed cases of COVID-19 with over 6,584,104 confirmed deaths worldwide (WHO, 2022a).
Infection from the novel human coronavirus SARS-CoV-2 can result in coronavirus disease 2019 (COVID-
19). The WHO reports approximately 15% of individuals with COVID-19 develop severe disease requiring
oxygen support while 5% develop “critical disease” with complications such as respiratory failure or
multiorgan failure (WHO, 2021b). Older individuals and patients with comorbidities—such as
cardiovascular disease, diabetes mellitus, hypertension, chronic lung disease, cancer, chronic kidney
disease, obesity, and smoking—have an increased likelihood of poor outcomes (Mclntosh, 2023). Sepsis,
multiorgan failure (including the kidney, liver, and heart), pneumonia, and acute respiratory distress
syndrome (ARDS) can also occur (WHO, 2021b; Yang et al., 2020). Severe outcomes have been
associated with the following laboratory features: lymphopenia, elevated liver enzymes, elevated lactate
dehydrogenase (LDH), elevated inflammatory markers (such as CRP and ferritin), elevated D-dimer,
elevated prothrombin time (PT), elevated troponin, elevated creatine phosphokinase (CPK), and acute
kidney injury (McIntosh, 2023).

Much of what has generated this global pandemic is attributed to the different levels of transmissibility
of the SARS-CoV-2 virus compared to SARS-CoV-1 and MERS, which can arise from the viral load.
Simply put, viral load is the number of viral particles/virions in a milliliter of blood (Ryding, 2020). The
viral load of SARS-CoV-2 “peaks around the time of symptom onset, followed by a gradual decrease to a
low level after about 10 days. Regarding the period of high infectiousness, a recent study reported that
exposure to an index case within 5 days of symptom onset confers a high risk of secondary
transmission” (Kawasuji et al., 2020). This finding was corroborated by other studies, which found that
“"SARS-CoV-2 viral load in the upper respiratory tract appeared to peak in the first week of iliness,
whereas that of SARS-CoV peaked at days 10-14 and that of MERS-CoV peaked at days 7-10;" because
SARS-CoV-2 viral load peaks faster, it can be more transmissible earlier in the disease course (Cevik et
al., 2021). However, after reaching its peak during symptom onset, the viral load decreases
“monotonically” (Kawasuiji et al., 2020). If viral loads do not decrease, patients will be more likely to
suffer worse outcomes and require hospitalization (Griffin, 2020). Viral load has been found to be either
similar among symptomatic and asymptomatic COVID-19 positive individuals, or higher among
symptomatic individuals (Kawasuiji et al., 2020; Nackerdien, 2020). Infectiousness of COVID-19 also
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correlates with shedding, meaning that the viral particles can replicate in an individual and spread in the
environment to others. The mean duration of SARS-CoV-2 RNA shedding “was 17.0 days (95% Cl 15-5—
18-6; 43 studies, 3229 individuals) in upper respiratory tract, 14.6 days (9-3-20-0; seven studies, 260
individuals) in lower respiratory tract, 17.2 days (14-4-20-1; 13 studies, 586 individuals) in stool, and 16.6
days (3-6-29-7; two studies, 108 individuals) in serum samples,” with maximum shedding duration
reaching “83 days in the upper respiratory tract, 59 days in the lower respiratory tract, 126 days in stools,
and 60 days in serum”(Cevik et al., 2021).

In children and adolescents, reports of a multisystem inflammatory syndrome (MIS-C) with similarities to
Kawasaki disease and toxic shock syndrome have been linked to COVID-19 (CDC, 2020d; DeBiasi et al.,
2020; Jones et al., 2020; Verdoni et al,, 2020; WHO, 2020c¢). Multisystem inflammatory syndrome has also
been reported in adults (MIS-A). From June to October 2020, researchers reported 27 cases of MIS-A in
the US and UK (Baum, 2020). The case definition of MIS-A includes “(1) hospitalization without evidence
of severe respiratory illness (to exclude hypoxia as the cause of the signs and symptoms), (2)
extrapulmonary organ system involvement (including hypotension or shock, cardiac dysfunction, arterial
or venous thromboembolism, acute liver injury, or dermatologic abnormalities), and (3) laboratory
evidence of acute inflammation (e.g., highly elevated C-reactive protein, ferritin, D-dimer, or interleukin-
6)" (Baum, 2020). Most patients present with a fever >100.4 °F, cardiac abnormalities (arrhythmias,
elevated troponin levels, or left or right ventricular dysfunction), and gastrointestinal symptoms. Rare
symptoms include dermatological manifestations or respiratory symptoms such as pleural effusion.
Patients may have elevated laboratory markers of inflammation including CRP, ferritin, and markers of
coagulopathy including D-dimer (Morris et al., 2020).

As SARS-CoV-2 has continuously mutated over the course of the pandemic, CDC has adjusted their
categorizations of the numerous variants based on shared attributes that may require public action and
on available information. CDC lists four variant classifications on their website: variants being monitored
(VBM), variants of interest (VOI), variants of concern (VOC), and variants of high consequence (VOHC).
Variants being monitored (VBMs) are described as “lineages whose data indicates there is a potential or
clear impact on available medical countermeasures”, “lineages that cause more severe disease or
increased transmission but are no longer detected”, or “lineages previously designated as a VOI, VOC, or
VOHC that are currently circulating at very low levels, in the United States”. As such, VBMs “do not pose
a significant and imminent risk to public health in the United States” and VOIs and VOCs may be
downgraded to this list when evidence suggests that they no longer pose significant risk to public health
(CDC, 2023c). The list of possible attributes for variants of interest (VOIs) include the presence of
“specific genetic markers that are predicted to affect transmission, diagnostics, therapeutics, or immune
escape”, "evidence that it is the cause of an increased proportion of cases or unique outbreak clusters”,
and “limited prevalence or expansion in the US or in other countries”. In addition to including possible

"o

features of VOIs, variants of concern (VOCs) are marked by a “increase in transmissibility”, “more severe
disease (for example, increased hospitalizations or deaths)”, “significant reduction in neutralization by
antibodies generated during previous infection or vaccination”, and “reduced effectiveness of treatments
or vaccines, or diagnostic detection failures”. A variant of high consequence (VOHC) "has clear evidence
that prevention measures or medical countermeasures (MCMs) have significantly reduced effectiveness
relative to previously circulating variants” (CDC, 2023c). Currently, all the variants being monitored by
CDC fall in VBM status except for the Omicron strain (B.1.1.529 and descendant lineages), which is

labeled a VOC.
CDC indicates three vaccines as authorized and recommended to prevent COVID-19 in the US: Pfizer-

BioNTech COVID-19 Vaccine, Bivalent; Moderna COVID-19 Vaccine, Bivalent; and Novavax COVID-19
Vaccine, Adjuvanted. The Pfizer-BioNTech and Moderna COVID-19 vaccines are mRNA vaccines, which
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instruct B and T lymphocytes to fight off that specific mMRNA-encoded protein from COVID-19 in the
event of future exposure. Novavax is a protein subunit vaccine that delivers pieces (spike proteins) of the
virus that causes COVID-19, as well as an adjuvant that helps the immune system respond in the event
of future exposure (CDC, 2023a).

Besides the viruses associated with SARS, MERS, and COVID-19, four other human coronaviruses
(HCoVs) are currently known—229E, NL63, OC43, and HKU1. These four viruses are considered endemic
to the human population, and they typically cause mild respiratory tract infections associated with the
common cold; in fact, it is approximated that up to one-third of all “common colds” may be due to one
of these four endemic human coronaviruses. These HCoVs can cause both upper and lower respiratory
infections, but they typically result in relatively mild, or even asymptomatic, cases. In immunosuppressed
individuals, including those with pre-existing pulmonary diseases, progression to acute respiratory
failure can occur in some cases (Corman et al., 2019; Ludwig & Zarbock, 2020).

Nucleic Acid Testing for Human Coronavirus Infections

Coronaviruses are a family of enveloped, single-stranded positive-sense RNA viruses. During the initial
phase of infection, the virus can be detected in respiratory specimen due to high concentrations of viral
RNA (Figure 1). RT-PCR is a powerful molecular technique that synthesizes complimentary DNA (cDNA)
from the initial RNA template and uses primers to manufacture multiple cDNA copies for analysis. RT-
PCR, when used with appropriate primers targeting the SARS-CoV-2 RNA, is used to diagnose an acute
infection. The CDC RT-PCR Diagnostic Panel detects SARS-CoV-2 virus in the upper and lower
respiratory specimen. The CDC has released standard primers to detect SARS-CoV-2 RNA, but any
primers or probes that receive an Emergency Use Authorization (EUA) label may also be used with the
CDC's RT-PCR Diagnostic Panel (CDC, 2022a). As depicted in Figure 1, the concentration of viral RNA
decreases as the immune system fights the infection, and very low or undetectable viral RNA levels are
typically present after an individual has recovered. Consequently, RT-PCR cannot be used to screen for a
past infection. Another limitation to RT-PCR is that it does require specific instrumentation, and,
therefore, is less amenable as a rapid, point-of-care test. RT-PCR results of SARS-CoV-2 may fluctuate
and become unstable over time, thus requiring other clinical diagnostic measures, such as computerized
tomography imaging to supplement isolation, discharge, and any transfers during this epi demic (Li et
al,, 2020).
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Figure 1: General time course of a viral infection, such as SARS-CoV-2. This is for illustrative
purposes and should not be used as a primary reference or for diagnostic purposes. The original
content can be found within the references (The_Native_Antigen_Company, 2020).

Clinical Utility and Validity of Nucleic Acid Testing

Many studies have been performed to date to evaluate the analytical performance of RT-PCR. One
study, using a high-throughput platform, for example, reported a limit of detection (LoD) of 689.3
copies/mL and 275.72 copies per reaction at 95% detection probability (Pfefferle et al., 2020). The WHO
diagnostic RT-PCR test utilizes two genes--the E gene as the molecular target (where the limit is 3.9
copies per reaction) and the RdRp gene as the molecular target (limit of 3.6 copies per reaction) (Lippi et
al., 2020). One recent study reported possible in vitro cross-reactivity between the RdRp-based method
used predominantly in European labs with SARS-CoV in cell culture (Chan et al., 2020). SARS-CoV is the
coronavirus that caused the initial SARS (Severe Acute Respiratory Syndrome) outbreak in 2003 (WHO,
2022¢). The likelihood of either a co-infection of SARS-CoV and SARS-CoV-2 or a concurrent outbreak of
both viruses is small. The CDC diagnostic panel test does not target the RdRp gene; it consists of two
primer/probe sets of the N gene and one primer/probe set for human RNase P gene (RP) as the control.
The CDC diagnostic panel has a reported limit of 1.0 — 3.2 copies/uL (CDC, 2020a; Lippi et al., 2020).
Reports of initial negative RT-PCR results in individuals who later develop symptomatic COVID-19 have
been published, but this may occur if the sample was not properly collected or if it was taken from the
patient early in the infection during the initial incubation period of SARS-CoV-2, which is approximately
6 days (interquartile range [IQR], 2 — 11 days) (Backer et al., 2020; Lippi et al., 2020). Consequently, it is
important to remember that "Negative results do not preclude SARS-CoV-2 infection and should not be
used as the sole basis for patient management decisions. Negative results must be combined with
clinical observations, patient history, and epidemiological information (LabCorp, 2020b).”

To compare and analyze the diagnostic efficacy of two RT-PCR test kits for detection of SARS-CoV-2, Lu
et al. (2020) studied throat swab samples from 18 hospitalized patients with a clinical COVID-19 diagnosis
and 100 hospitalized patients without COVID-19 diagnosis. Two different RT-PCR tests from Sansure
Biotech Inc (SansureBiotech, 2020) and Shanghai BioGerm Biotechnology Co., Ltd (BioGerm, 2020) were
used. The table below (Lu et al.,, 2020) shows that the detection efficacy of BioGerm PCR kit was higher
than that of the Sansure PCR kit. These two kits had the same specificity and positive predictive value, but
the sensitivity of the Sansure PCR kit was 83.3%, whereas the sensitivity of the BioGerm PCR kit was
94.4%. For the Sansure PCR kit, 3 of the 18 samples were false-negative results, and for the BioGerm PCR
kit, 1 of the 18 samples was a false-negative result. No false-positive results were detected in these tests.
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The author suggests that “these findings provide important information for the ongoing optimization of
viral detection assays following the emergence of COVID-19" (Lu et al., 2020).

COVID-19 None- COVID- | Sensitivit | Specificit | PPV NPV Kappa
samples 19 samples y (95%Cl) | y (95%Cl) | (95%ClI) (95%Cl) (95%CI)
(n = 18) (n = 100)
Test kits | Positive| Negativ | Positive| Negativ
e e
Sansure 15 3 0 100 0.833(0.57 1.000(0.95 1.000(0.74 0.971(0.91 0.894(0.72
7-0.956) 4-1.000) 7-1.000) 1-0.992) 6-1.000)
BioGer 17 1 0 100 0.944(0.70 1.000(0.95 1.000(0.77 0.990(0.93 0.966(0.88
m 6-0.997) 4-1.000) 1-1.000) 8-0.999) 0-1.000)

Table 2. Diagnosis efficacy of Sansure and BioGerm test kits for SARS-CoV-2 nucleic acid detection

In a case series study of multisystem inflammatory syndrome in adults (MIS-A) associated with SARS-
CoV-2 infection, 16 patients ranging from 21 to 50 years old were enrolled and tested with PCR assay.
10 out of 16 patients had positive SARS-CoV-2 PCR test results at the time of admission. Two patients
had positive SARS-CoV-2 PCR test results 14 and 37 days before admission and negative PCR results at
the time of admission. Three patients had positive SARS-CoV-2 PCR test results 25-41 days before
admission and continued positive PCR test results at the time of admission. “Given the high proportion
of MIS-C patients with negative PCR testing, clinical guidelines recommend the use of both antibody
and viral testing to assist with diagnosis” (Morris et al., 2020).

Li et al. (2021) conducted a cross-sectional analysis on 30 patients with COVID-19 diagnoses to compare
the sensitivity of SARS-CoV-2 testing in anterior nasal vestibular swabs versus oropharyngeal swabs.
After specimen collection, RT-PCR assays were used to test them for SARS-CoV-2. They found that
56.7% of the patients tested positive using oropharyngeal specimen, whereas 66.7% of patients tested
positive with the nasal swab specimens. Ultimately, there is “adequate sensitivity” to use the less invasive
anterior nasal vestibular swabs to detect COVID-19 infection confirmed by RT-PCR (Li et al., 2021).

Yau et al. (2021) evaluated the clinical utility of a rapid "on-demand” PCR-based testing service in an
acute hospital setting. In an effort to increase hospital efficiency starting from July 2020, the researchers
focused on moving patients quickly to isolation rooms and minimize potential risk of transmission in
crowded areas. From their study, it was found that the “daily/monthly PCR positive test numbers
approximately followed the local and national UK trend in COVID-19 case numbers, with the daily case
numbers being reflective of the Nov and Dec 2020 surges.” It ultimately helped to reduce “unnecessary
‘length-of-stay’ in a busy acute respiratory ward.” Patients were able to be rapidly separated based on
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COVID-19 positive diagnosis and the system in place reduced exposure and nosocomial transmission
(Yau et al., 2021).

Dighe studied a lateral flow strip-based RNA extraction and amplification-free nucleic acid test (NAT) for
rapid diagnosis of COVID-19 at point of care which takes no longer than 30 minutes. This test uses
highly specific 6-carboxyfluorescein (6-FAM) and biotin labeled antisense oligonucleotides (ASOs) as
probes those are designed to target the N-gene sequence of COVID-19. This study evaluated 60
samples using the lateral flow assay and results were compared with the FDA-approved TagPath RT-PCR
kit. According to the results, the assay obtained almost 99.99% accuracy and specificity. The authors
conclude that this new LFA method could be "expanded beyond COVID-19 detection, simply by altering
its targeting antisense oligonucleotides, to become a global health technology that contributes to
providing low-cost diagnostics” (Dighe et al., 2022).

Mawhorter et al. (2022) investigated the impact and cost of a routine pre-operative COVID-19 PCR
testing algorithm for asymptomatic patients before elective surgery at a rural academic institution per
recommendations by the American College of Surgeons. From 7579 pre-procedural tests that were
completed since May 2020 using the protocol, the study yielded 31 (0.41%) positive results in
asymptomatic patients. With these positive results, there were impacts on both the cost and delay of the
procedure. The results showed that “20 procedures (62.5%) were delayed an average of 49 days, 8 were
not performed, and 3 proceeded without delay,” with a prolonged delay for the 3 urological procedures
of 59 days. They also identified that the number needed to test for one positive result was 244, with
$11,573 as cost for each positive result. This analysis found that the hospital was able to be more cost-
effective (each test was $34-54) with a standardized testing algorithm prior to procedure performance
(Mawhorter et al., 2022).

Host Antibody Testing

The COVID-19 illness begins with an initial infection by SARS-CoV-2. Viral invasion stimulates the host
immune response to produce immunoglobulins, such as IgM, IgA, and IgG, that can target the invading
virus. However, there is a delay between the time of initial infection and the production of
immunoglobulins (Figure 1) (The_Native_Antigen_Company, 2020). Typically, several days after the
initial onset of symptomes, the first IgM immunoglobulins are produced to combat the viral infection. IgA
(not shown in Figure 1), immunoglobulins secreted to protect predominantly the mucosal linings of the
gastrointestinal, respiratory, and genitourinary tracts (Woof & Kerr, 2006), typically have a half-life of 4 —
6 days (Morell et al., 1973). Finally, 1gG, the long-term immunoglobulins found within body fluids that
fight bacterial and viral infections, are produced and IgM production wanes. Some limited studies have
indicated that some individuals may initially produce IgM and IgG antibodies concurrently, but
additional research is needed (Padoan et al., 2020).

Serological host antibody tests can detect the presence of IgM and IgG antibodies that an individual has
developed in response to an infection—in this case, a SARS-CoV-2 viral infection. The test may report
total antibodies present, meaning either it does not distinguish between IgG and IgM or that it is
reporting the sum of IgG and IgM. This is sometimes referred to as “total antibody testing”. On the other
hand, the test may be specific for one antibody, such as IgG or IgM, or the test may claim to accurately
distinguish between the antibodies.

Another type of antibody testing is "neutralizing” antibody detection, as opposed to “binding” antibody
detection described above. This process involves incubating serum with a live version of the virus. The
analytes of interest are the antibodies that have the capability to prevent infection by the virus (i.e.
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neutralization). Identification of these antibodies may contain useful clinical information and are often
reported in an aggregate titer, as opposed to specifying each individual antibody (CDC, 2022¢; Espejo et
al., 2020). Due to use of live virus, these tests may need to be performed in a higher biosafety laboratory,
although some techniques using pseudoviruses may be performed in less restrictive laboratories (CDC,
2022f).

Clinical Utility and Validity of Host Antibody Testing

Antibody testing has many potential uses. Ideally, the use of an accurate, reliable antibody test could
possibly show whether someone has previously been exposed to the virus. This could indicate possible
immunity in an individual. Please note that the antibody test is not used as a diagnostic test,
meaning it should not be used to diagnose an acute infection. Within the FDA policy for diagnostic
testing for COVID-19, issued on November 15, 2021 they state, "Results from antibody testing should
not be used to diagnose or exclude SARS-CoV-2 infection” (FDA, 2022¢).

The FDA published a Frequently Asked Questions (FAQ) update on March 19, 2021. In it, they remarked
that antibody tests cannot be used to diagnose COVID-19, and that molecular or antigen tests are
available for diagnostic purposes (FDA, 2022a).

Since SARS-CoV-2 is a new, emerging virus, it is not known for certain how long it takes for the
seroconversion to occur or when antibodies start to appear in the blood at high enough concentrations
for accurate testing results. A recent study published in Clinical Infectious Diseases reports an average of
seroconversion time for IgM and IgG at 12 and 14 days, respectively (Zhao et al., 2020). A small study
(n=34 patients) reports the presence of IgG for at least seven weeks (the duration of the study) (Xiao et
al., 2020). Another study, however, reports that IgM testing has similar, if not better positive detection
rate than PCR 5.5 days after initial onset of symptoms; however, the total window of antibody detection
for IgM was only 5 days long (Guo et al., 2020) (See Figure 1). If the patient was not tested during the
detection window, then the individual would not necessarily have a “positive” result for IgM. The authors
also report the detection of IgA antibodies (median onset at 5 days after initial symptoms [IQR 3 - 6
days]), and 92.7% of total samples report a positive result for IgA. This same study also reports that IgG
detection occurs, on average, fourteen days after initial onset of symptoms (Guo et al., 2020). Another
study reports that IgA-based ELISA testing has higher sensitivity than IgG-based ELISA testing, but the
IgG-based ELISA testing has higher specificity. The authors recommend IgG-based testing over the IgA-
based testing in immunosurveillance studies since IgG has a longer biological half-life (Okba et al.,
2020). At least one published study to date has reported that as many as 6.9% of individuals who
previously had tested positive with RT-PCR results did not show the presence of antibodies for the
length of the study (at least 40 days after the initial onset of symptoms) (Zhao et al., 2020).

Ideally, any rapid diagnostic test for the outpatient setting must be accurate and reliable. Current
research indicates that the diagnostic window for IgA and IgM is very limited. Some data indicate that
host antibody testing can also yield inaccuracies. Also, for IgG testing, the significance of positive results
is questionable at the current time. A positive result could indicate a previous infection, assuming the
test did not cross-react with any other IgG the host produced in response to one of the four
coronaviruses known to cause the common cold in humans, for example. It is not currently known,
however, if the presence of IgG antibodies indicates immunity (or degree thereof) of the host against
SARS-CoV-2. The duration of any conferred immunity, or the level of IgG antibodies required to
effectively acquire such immunity, are also unknown. Additional research is needed and encouraged.

Lisboa Bastos et al. (2020) performed a meta-analysis to investigate the diagnostic accuracy of
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serological testing for COVID-19. The authors aimed to identify studies where serological testing was
compared to the “reference standard of viral culture or reverse transcriptase polymerase chain reaction”.
The authors identified a total of 40 studies for inclusion in the study. The authors found the pooled
sensitivity of enzyme linked immunosorbent assays (ELISAs) measuring IgG or IgM to be 84.3% (with a
95% confidence interval [Cl] of 75.6%-90.9%). For lateral flow immunoassays (LFIAs), the pooled
sensitivity was found to be 66% (95% Cl: 49.3%-79.3%), and for chemiluminescent immunoassays
(CLIAs), the pooled sensitivity was found to be 97.8% (95% Cl: 46.2%-100%). Pooled specificities ranged
from 96.6%-99.7%. Sensitivity was also found to be higher at least three weeks from symptom onset
(69.9% to 98.9%) compared to within the first week (13.4% to 50.3%) Of the samples used to calculate
specificity, 83% were “from populations tested before the epidemic or not suspected of having COVID-
19". The authors performed 49 bias risk assessments (one for methodology and one for patient
selection) and identified 48 with a “high risk of patient selection bias” and 36 with “high or unclear risk
of bias from performance or interpretation of the serological test”. The authors also noted that only four
of the forty studies including outpatients and only two studies evaluated point-of-care testing. The
authors concluded that “currently, available evidence does not support the continued use of existing
point-of-care serological tests” but acknowledged that “higher quality clinical studies assessing the
diagnostic accuracy of serological tests for covid-19 are urgently needed” (Lisboa Bastos et al., 2020).

Kontou et al. (2020) performed a meta-analysis investigating the use of antibody tests in detecting
SARS-CoV-2. The authors focused on IgG and IgM tests based on enzyme-linked immunosorbent assays
(ELISA), chemiluminescence enzyme immunoassays (CLIA), fluorescence immunoassays (FIA), and lateral
flow immunoassays (LFIA). A total of 38 studies encompassing 7848 individuals (3522 COVID-19 cases,
4326 healthy controls) were included. Of the 38 studies, 21 included data for both COVID-19 cases and
controls. Fourteen studies using ELISA were included, and the authors found that IgG and IgM perform
“similarly” individually, but in combination, resulted in a sensitivity of 0.935. Thirteen studies using CLIA
resulted in an IgG sensitivity of 0.944, an IgM sensitivity of 0.810, and a combined IgG/IgM sensitivity of
0.910. The specificities ranged from 0.954 to 0.984. Thirteen studies used LFIA and found the IgG and
IgM sensitivities to range from 0.53-0.66. Combining IgG and IgM resulted in sensitivities of 0.78-0.83.
The authors also attempted to analyze FIA-based studies but were unable to due to the paucity of
studies (three identified). The authors concluded that ELISA- and CLIA-based testing performed better
sensitivity-wise and that LFIA studies are “more attractive for large seroprevalence studies but show
lower sensitivity”. (Kontou et al., 2020)

Ko et al. (2020) investigated the differences in neutralizing antibody production between asymptomatic
and "mild"” symptomatic COVID-19 patients, compared to pneumonic COVID-19 patients. A total of 70
patients (15 asymptomatic, 49 mild symptomatic, and 6 pneumonic) were included. A
microneutralization assay was performed, along with a FIA and ELISA. Neutralizing antibody production
was observed in all the pneumonic patients, 93.9% of the mildly symptomatic patients, and 80% of the
asymptomatic patients. Further, the entire pneumonic group showed "high” titer (defined as >1:80),
while 36.7% of the mild group and 20% of the asymptomatic group showed high titer. Both the FIA (for
IgG) and ELISA detected anti SARS-CoV-2 at a high sensitivity (98.8% and 97.6% respectively). The
authors concluded that “Most asymptomatic and mild COVID-19 patients produced the neutralizing
antibody, although the titers were lower than pneumonia patients” (Ko et al., 2020).

Wau et al. (2020) investigated the association between levels of neutralizing antibodies (NAbs) and
clinical characteristics in recovered COVID-19 patients. A total of 175 patients with “mild” symptoms of
COVID-19 were included. The authors found that NAbs were detected in patients starting in days 4-6
and reached peak levels in days 10-15. NAbs were also found not to cross-react with SARS-associated
CoV,but correlated with “spike-binding antibodies targeting S1, receptor binding domain, and S2
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regions. The authors also noted that NAbs titers were “significantly” higher in 56 “older” patients (1537
[IQR, 877-2427]) and 63 "middle-aged” patients (1291 [IRQ, 504-2126]) compared to 56 “younger
patients” (459 [IQR, 225-998]). The authors concluded that “...NAb titers to SARS-CoV-2 appeared to
vary substantially. Further research is needed to understand the clinical implications of differing NAb
titers for protection against future infection” (Wu et al., 2020).

Kweon et al. (2020) collected 97 samples from patients with COVID-19 to analyze the serologic profiles
and time kinetics of IgG and IgM against SARS-CoV-2 using the AFIAS COVID-19 Ab (BodiTechMed,
2020) and the EDI™ Novel Coronavirus COVID-19 ELISA Kit (EpitopeDiagnostics, 2020). The AFIAS assay
uses recombinant nucleocapsid protein as an antigen to determine IgG and IgM antibodies against
SARS-CoV-2 within 20 minutes from whole blood, serum, or plasma. The EDI™ ELISA Kit uses the
microplate-based enzyme immunoassay technique to detect antibodies by measuring the optical
densities (ODs) of each well of immunocomplexes. To determine the kinetics of antibodies, studies were
performed at different past symptom onset (PSO) periods and to determine diagnostic accuracy of
serologic assays, diagnostic sensitivity and specificities were calculated by PSO of <14 days and >14 days.
Kinetic studies showed that "with both assays, IgM and IgG rapidly increased after 7 days post symptom
onset (PSO). IgM antibody levels reached a peak at 15-35 d PSO and gradually decreased. IgG levels
gradually increased and remained at similar levels after 22-35 d” (Kweon et al., 2020). The diagnostic
accuracy of both serologic assays also differed based on PSO. “The sensitivity of IgG samples from <14 d
PSO was as low as 35.7%~57.1%, but it sharply increased for >14 d PSO to 88.2%~94.1%. This means that
almost all patients with COVID-19 showed seroconversion after 14 d PSO, and IgG seronegative subjects
in this period are considered less likely to be infected with SARS-CoV-2. In addition, both assays showed
94.2~96.4% of IgG specificities and increased IgG titers in COVID-19 patients were maintained. Thus, IgG
serologic assays can be useful for ruling out SARS-CoV-2 infection after 14 d PSO, detecting past
infection, and epidemiologic surveys” (Kweon et al., 2020). For IgM, the sensitivities were “as low as 21.4%
(same in both assays) in the samples collected <14 d PSO and 41.2%~52.9% in samples >14 d PSO. These
findings indicated that in patients infected with SARS-CoV-2, IgM seroconversion may not develop or
might not be detected until the middle or late stages of infection. In other words, SARS-CoV-2 infection
may be missed based on IgM seropositivity; thus, IgM tests must not be solely used in COVID-19
diagnosis and should be used only as a supportive tool in addition to molecular tests” (Kweon et al.,
2020). In addition, IgM titers in COVID-19 patients showed a significant reduction after 35 d PSO;
therefore, their utility in detecting past infection is limited. The author concludes that “testing for
antibodies against SARS-CoV-2, especially IgG, has the potential for ruling out SARS-CoV-2 infection after
14 d PSO, detecting past infection, and epidemiologic surveys” (Kweon et al., 2020).

Caturegli et al. (2020) performed a case-control study to determine the clinical utility and validity of using
SARS-CoV-2 antibodies, which were serum IgG and IgA antibodies formed against the SARS-CoV-2 spike
protein detected by enzyme-linked immunosorbent assay (ELISA). When assays were formed 14 days or
later after symptom onset, the researchers found that the sensitivity was 0.976 (95% Cl, 0.928 to 0.995)
and specificity was 0.988 (95% Cl, 0.974 to 0.995), but the sensitivity decreased at earlier time points.
Antibodies “predicted the odds of developing acute respiratory distress syndrome, which increased by
62% (Cl, 48% to 81%; P < 0.001) for every 2-fold increase in IgG.” This demonstrates the linkage of
antibodies used to measure clinical severity and for those who tested negative by NAAT but remained
potentially COVID-positive.

In a household cohort study, Churiwal assessed the utility of a rapid point of care test for COVID-19
antibodies by comparing the performance of BioMedomics COVID-19 IgM/IgG Rapid Antibody Test
against an ELISA. The test was performed on 303 patients at study enroliment and 4 weeks later.
According to the results, sensitivity was lower early in infection and those who never developed
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symptoms (74% sensitivity). Only two were detected among 499 tests early in infection due to false-
positive IgM bands. When measured 4 weeks later after the onset of symptoms, it demonstrated robust
sensitivity (90%) and complete specificity (100%). The authors conclude that "When used appropriately,
rapid antibody tests offer a convenient way to detect symptomatic infections during convalescence”
(Churiwal et al., 2021).

Antigen Testing

Another possible diagnostic testing methodology is antigen detection testing, which relies upon the
direct detection of parts of the virus called “antigens”—in this instance, proteins located on the outside
of SARS-CoV-2, such as the spike protein (S) or nucleocapsid protein, that can cause an immune
response in an individual. What makes this method of testing distinct from antibody testing is that
antigen testing directly measures the presence of the virus in a person whereas antibody testing is
measuring the patient’s response to an infection. These antigen detection tests can be deployed as rapid
antigen tests that decrease the turnaround time for results but usually lack specificity (Loeffelholz &
Tang, 2020).

On May 8, 2020, the FDA issued the first EUA for antigen testing for COVID-19 to the Quidel
Corporation for their Sofia®2 SARS Antigen FIA lateral flow immunofluorescent sandwich assay for the
qualitative detection of the nucleocapsid (N) protein antigen of SARS-CoV-2 for use in individuals
suspected of COVID-19 by their healthcare provider (Quidel_Corporation, 2020). This test has been
approved as a point-of-care (POC) test (FDA, 2022c¢). This test functions by detecting the N protein of
either the SARS-CoV or SARS-CoV-2 virus from an upper respiratory sample (either a nasal swab or
nasopharyngeal swab). First, the sample is placed in a reagent tube so that any virus, if present, is
broken apart to allow for the N proteins to be exposed. The sample then travels from the sample well,
down a test strip—where the term “lateral flow" is derived—where the proprietary reagents will
recognize any N proteins and trap them in place on the strip. The test requires at least 15 minutes to
develop prior to analysis. The strip can then be read by the Sofia®2 system that measures the
fluorescent signal from the proprietary reagents. The Sofia®?2 system allows the user to have two
different modes for analysis—"Walk Away” and “Read Now". For the "Walk Away” mode, the user will
insert the test cassette strip into the system, and the results will be displayed in 15 minutes because the
test will be developed while in the instrument. In “Read Now"” mode, the user must have already allowed
at least 15 minutes for the test to develop prior to inserting it into the instrument. Then, the Sofia®?2
system will display the result within one minute (Quidel_Corporation, 2020). On August 20, 2020, Quidel
reported that the Sofia test’s labeling had been amended to include "either nasal or nasopharyngeal
swabs"” thereby allowing Quidel a second corresponding kit configuration (BioSpace, 2020).

On July 2, 2020, a second antigen test (BD Veritor System for Rapid Detection of SARS-CoV-2) from
Becton, Dickinson, and Company was issued an EUA. This test is described as “"a chromatographic digital
immunoassay intended for the direct and qualitative detection of SARS-CoV-2 nucleocapsid antigens in
nasal swabs from individuals who are suspected of COVID-19 by their healthcare provider within the first
five days of the onset of symptoms”. The test is authorized for use in point-of-care (POC) settings. The
test’s mechanism of action is as follows: if there are any antigens in the sample (in this case, the
nucleocapsid of the virus), they will bind to antibodies conjugated to detector particles in the test strip.
The new “conjugates” migrate to the “reaction area” and are captured by another line of antibodies. The
test reads positive when the conjugate is found at both “Control” and “Test” positions on the device. BD
Veritor reported the following values for the test (in comparison to RT-PCR): 84% positive predictive
agreement, 100% negative predictive agreement, 98% overall percent agreement, 100% positive
predictive value, and 97.5% negative predictive value. No cross-reactivity was reported (BD_Veritor,
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2020).

On August 18, 2020, a third antigen test (LumiraDx SARS-CoV-2 Ag Test from LumiraDx UK Ltd.) was
issued an EUA. The test is described as “a single use fluorescence immunoassay device designed to
detect the presence of the nucleocapsid protein antigen directly from SARS-CoV-2 in nasal swab
specimens, without transport media”. The mechanism of action is as follows: when a droplet of the
specimen is added to the “Test Strip”, pre-made reagents on the strip react with any antigen in the
specimen. The amount of fluorescence created is proportional to the amount of antigen detected.
LumiraDx reported a limit of detection of 32 TCIDso/mL [tissue-culture infectious dose], as well as a
97.6% positive percent agreement, 96.6% negative percent agreement, 93.1% positive predictive value,
98.8% negative predictive value, and 96.9% overall percent agreement (based on 257 total samples)
(LumiraDx, 2020).

As of April 20, 2022, 50 antigen tests have Emergency Use Authorization (EUA) by the U.S. Food and
Drug Administration (FDA) (FDA, 2022d). These testing methods include (among others): Bulk Acoustic
Wave (BAW) Biosensors, Chemiluminescence Immunoassays, Chromatographic Digital Immunoassays,
Digital Lateral Flow, Magnetic Force-assisted Electrochemical Sandwich Immunoassay (MESIA),
Microfluidic Immunofluorescence Assay, and Paramagnetic Microbead-based Immunoassay (FDA,
2022d).

Clinical Utility and Validity of Antigen Testing

To address the clinical performance, two primary studies were performed. Both studies only used frozen
samples. The first study used 143 samples with 80% PPA or Positive Percent Agreement (47/59 of
positive samples tested "positive”). They report 100% NPA or Negative Percent Agreement—all 84
negative samples tested “negative”. The second study used a total of 48 samples. Again, 80% of the
positive samples tested “positive”; however, only a total of five positive samples were included within
this second study. The remaining 43 samples were all negative samples. This study reports a sensitivity
of 80.0%, but a 95% confidence interval range of 37.6% - 96.4%. A third supportive study was also
performed. In this study, thirty swabs were taken. Twenty of these swabs were spiked with one lower
concentration of the virus while the remaining ten swabs were spiked with a higher concentration of the
virus. Then, all 30 swabs were tested and compared to 47 control (“unspiked”) samples. In this study,
none of the “unspiked” control samples tested “positive” while all 30 of the “spiked” samples, regardless
of the concentration, tested positive. Quidel also tested the limit of detection (LoD) of the Sofia®2 SARS
Antigen FIA test. LoD is typically measured by determining the TCIDso (median tissue culture infective
dose). The TCIDs is the amount where 50% of the cells within a sample are infected.(Wulff et al., 2012)
For the Sofia®2 SARS Antigen FIA test, the LoD for a direct swab sample has a TCIDso of 113 mL whereas
it is 850 mL if the initial sample is from a swab sample that has been diluted into 3 mL of reagent. Finally,
Quidel also checked this antigen test for possible cross-reactivity with a number of microorganisms and
other viruses. It shows no cross-reactivity with any of the microorganisms or viruses tests other than
SARS-CoV. Of note, it does not cross-react with human coronavirus 229e, OC43, NL63, or MERS-CoV
(heat-inactivated); however, they did not check for possible cross-reactivity with the other known human
coronavirus (HKU1) due to a lack of availability at this time. This is noteworthy since this coronavirus is
associated with the common cold. Limitations of the Sofia®_2 SARS Antigen FIA test includes the
following:

e This test must be performed using the Sofia®2 system, and the test must be performed
accurately following the test procedure. Failure to do so can adversely affect the performance of
the test and may invalidate the results.
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e A positive test cannot distinguish between a SARS-CoV or a SARS-CoV-2 infection. SARS-CoV is
the virus that caused the SARS outbreak of 2003. It should be noted that there is no current
outbreak of SARS.

e This test also does not distinguish between “live” (viable) virus and non-viable virus.
Consequently, the test results do not necessarily correlate with viral culture results performed on
the same sample.

e This test is only for the qualitative use on a sample from either a nasal swab or a nasopharyngeal
swab. It has not been approved for use, at this time, on any other sample, such as saliva.

e Negative test results can occur if the viral level is below the lower limit of the test. All negative
results “should be treated as presumptive and confirmed with an FDA authorized molecular assay,
if necessary, for clinical management, including infection control”(Quidel_Corporation, 2020)

e Positive test results do not rule out co-infections, and negative results do not “rule in” other non-
SARS viral or bacterial infections.

e The clinical performance assays submitted for FDA approval were performed using frozen
samples; the test may have a different performance when used with a fresh sample (such as in a
point-of-care setting).

o "If the differentiation of specific SARS viruses and strains is needed, additional testing, in
consultation with state or local public health departments is required (Quidel_Corporation, 2020).”

e As previously noted, the company did not check this test (as of publication date) for cross-
reactivity with human coronavirus HKU1 due to a lack of availability of that strain. This is notable
since this particular virus is associated with upper respiratory conditions such as the common
cold.

One multi-center study, currently a preprint at the time of publication, reports the development of
another rapid antigen detection test (RADT) that screens for SARS-CoV-2 by targeting the nucleocapsid
protein. This test, when using a nasopharyngeal swab sample, reports a 100% positive agreement with
RT-PCR testing. They also report 73.6% positive agreement when using a urine sample (Diao et al,,
2020). This study is yet to be published in a peer-reviewed journal, and the test is not FDA-approved as
of May 18, 2020. Another study published recently in ACS Nano reports on the development of a RADT
using field-effect transistor (FET)-based biosensing where a graphene sheet for the FET is coated with a
specific antibody against the SARS-CoV-2 spike protein. This method can detect the protein in
concentrations as low as 1 fg/mL in buffer and has an LOD of 242 copies/mL for a clinical sample (versus
16/mL for a culture medium) (Seo et al., 2020). To date, the WHO states that “Ag-RDTs could play a
significant role in guiding patient management, public health decision making and in surveillance of
COVID-19. Currently, there is insufficient evidence on performance and operational use to recommend
specific commercial products” (WHO, 2021a).

Scohy et al. (2020) evaluated the Coris COVID-19 Ag [Antigen] Respi-Strip test in comparison to RT-PCR.
The authors tested 148 nasopharyngeal swabs, with 106 testing positive by RT-PCR. The rapid antigen
test detected 32 of these 106 positive results, for a sensitivity of 30.2%. All samples deemed positive by
the antigen test were also deemed positive by RT-PCR. The authors noted that higher viral loads were
associated with better detection by antigen tests but concluded that “the overall poor sensitivity of the
COVID-19 Ag Respi-Strip does not allow using it alone as the frontline testing for COVID-19 diagnosis”
(Scohy et al., 2020).

Mak et al. (2020) evaluated the BIOCREDIT COVID-19 Ag test in comparison to RT-PCR. The BIOCREDIT
test's limit of detection (LOD) was compared to RT-PCR and viral culture, and a total of 368 samples
from confirmed COVID-19 cases were included. A sample volume of 100 uL was used. The authors found
the LOD of BIOCREDIT to be 1000-fold less sensitive than viral culture (BIOCREDIT LOD: 102, viral
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culture: 107). RT-PCR's LOD was measured to be 107. Further, BIOCREDIT detected between 11.1% and
45.7% of RT-PCR positive patients from COVID-19 patients. The authors concluded that “This study
demonstrated that the RAD test serves only as adjunct to RT-PCR test because of potential for false-
negative results” (Mak et al., 2020).

Lambert-Niclot et al. (2020) analyzed the COVID-19 Ag Respi-Strip test and compared its accuracy to
RT-PCR. A total of 138 nasopharyngeal samples were included, with 94 testing positive by RT-PCR. The
Respi-Strip test identified 47 of 94 positive specimens for a sensitivity of 50%, although the specificity
was 100% for both tests. The authors also noted that the control lines were “barely” visible for 17 tests (9
positive and 8 negative). The authors acknowledged that due to the low prevalence in France (the
country in which this study was performed), prospective studies should be undertaken(Lambert-Niclot et
al,, 2020).

Hirotsu et al. (2020) evaluated a new antigen test (LUMIPULSE) which is based on chemiluminescence
enzyme immunoassay. A total of 313 nasopharyngeal swabs were included (82 serial samples from 7
COVID patients, 231 individual samples from 4 COVID patients and 215 healthy controls). These samples
were tested by both LUMIPULSE and RT-PCR. Compared to RT-PCR, LUMIPULSE demonstrated a 91.4%
overall agreement rate (286/313), with a 55.2% sensitivity and 99.6% specificity. At >100 viral copies,
LUMIPULSE agreed perfectly with RT-PCR, and at 10-100 viral copies, there was an 85% concordance
rate (with concordance declining at lower viral loads). The authors concluded that “the LUMIPULSE
antigen test can rapidly identify SARS-CoV-2-infected individuals with moderate to high viral loads and
may be helpful for monitoring viral clearance in hospitalized patients” (Hirotsu et al., 2020).

Villaverde et al. (2021) conducted a multicenter study to compare the diagnostic accuracy of the Panbio
coronavirus disease 2019 Antigen Rapid Test of nasopharyngeal samples in pediatric patients with
COVID-19 symptoms <5 days. They demonstrated “limited accuracy in nasopharyngeal antigen testing:
overall sensitivity was 45.4%, and 99.8% of specificity, positive-predictive value was 92.5%," with
moderate concordance between the RT-PCR and antigen test. They noted that a high proportion of
false-negative results from the antigen tests (54.5%) may have public health implications in unknown
spreading of the virus. But because this test has a good positive likelihood ratio, and is cheap, rapid, and
widely distributed, it may be used as a first screening test in a pandemic situation, though its value as a
diagnostic tool is questionable due to the low sensitivity and negative likelihood ratio.

Peacock studied the clinical utility of the BinaxNOW antigen test by Abbott Diagnostics, a lateral flow
immunochromatographic point-of-care test which provides results in 15 minutes from a nasal swab.
BinaxNOW was performed on 735 samples and results were compared to PCR. 623 of 735 (84.8%) had
symptoms and 460 of 623 patients (62.6%) had symptoms for less than 7 days. Positive tests occurred in
173 (23.5%) for the PCR and 141 (19.2%) with the BinaxNOW test. Those with symptoms for more than 2
weeks had a positive test rate half of those with earlier onset. " In patients with symptoms <7 days, the
sensitivity, specificity, and negative and positive predictive values for the BinaxNOW test were 84.6%,
98.5%, 94.9%, and 95.2%, respectively" (Peacock et al., 2022). The authors conclude that BinaxNOW has
good sensitivity and specificity and is recommended for patients with symptoms up to 2 weeks (Peacock
et al, 2022).

Panel Testing

Multiple laboratories have developed panels to screen for possible microorganism infections from a
single sample. For example, multiplex polymerase chain reaction (PCR) can simultaneously detect
multiple pathogens rather than sequentially testing for each individual pathogen. Such testing can be
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advantageous when different pathogens may manifest with similar clinical presentation; however, this
testing can be costly and can also result in false-negatives if preferential amplification of one target over
another occurs (Palavecino, 2015). As of May 4, 2022, the BioFire® Respiratory Panel 2.1 (RP2.1), the
QlAstat-Dx® Respiratory SARS-CoV-2 Panel, ePlex Respiratory Pathogen Panel 2, cobas SARS-CoV-2 &
Influenza A/B, Xpert Xpress SARS-CoV-2/Flu/RSV, Quest Diagnostics RC COVID-19 +Flu RT-PCR, Sofia 2
Flu + SARS Antigen FIA, and the Influenza SARS-CoV-2 (Flu SC2) Multiplex Assay from the CDC received
an EUA from the FDA for testing for COVID-19 (FDA, 2022c). The BioFire® Respiratory Panel 2.1, the
QlAstat-Dx® Respiratory SARS-CoV-2 Panel, and ePlex Respiratory Pathogen Panel 2 use multiplex
nucleic acid testing from a nasopharyngeal swab to detect and differentiate microorganisms listed in
Table 1 (BioFire, 2020; GenMark_Diagnostics, 2020; Qiagen_GmbH, 2020), whereas the CDC Multiplex
detects and differentiates influenzas A and B from SARS-CoV-2 (CDC, 2020c).

Table 1: Respiratory Pathogen Panel Testing Containing SARS-CoV-2

BioFire® Respiratory Panel
2.1

QlAstat-Dx® Respiratory
SARS-CoV-2 Panel

ePlex Respiratory Pathogen Panel 2

e Adenovirus

e HCoV 229E
e HCoV HKU1
e HCoVNL63
e HCoV 0C43

e SARS-CoV-2
e Human Metapneumovirus
e Human
Rhinovirus/Enterovirus
¢ Influenza A
o Subtype H1
Subtype H3
Subtype H1-2009
¢ Influenza B
e Parainfluenza Virus 1
e Parainfluenza Virus 2
e Parainfluenza Virus 3
e Parainfluenza Virus 4
¢ Respiratory Syncytial
Virus
e Bordetella parapertussis
e Bordetella pertussis
e Chlamydia pneumoniae
e Mycoplasma pneumoniae

e Adenovirus

e HCoV 229E
e HCoV HKU1
e HCoVNL63
e HCoV OC43
e SARS-CoV-2

¢ Human Metapneumovirus
A+B
e Influenza A
Subtype H1
Subtype H3
Subtype HTN1/pdm09
e Influenza B
e Parainfluenza Virus 1
e Parainfluenza Virus 2
e Parainfluenza Virus 3
e Parainfluenza Virus 4
e Rhinovirus/Enterovirus
e Respiratory Syncytial Virus
A+B
e  Bordetella pertussis
e Chlamydia pneumoniae
e Mycoplasma pneumoniae

e Adenovirus

e HCoV 229E
e HCoV HKU1
e HCoVNL63
e HCoV OC43
e SARS-CoV-2

e Human Metapneumovirus A+B
e Influenza A
o Subtype H1
Subtype H3
Subtype
H1-2009
e Influenza B
e Parainfluenza Virus 1
e Parainfluenza Virus 2
e Parainfluenza Virus 3
e Parainfluenza Virus 4
e Rhinovirus/Enterovirus
e Respiratory Syncytial Virus A+B
e Chlamydia pneumoniae
e Mycoplasma pneumoniae

Clinical Utility and Validity of Panel Testing

The BioFire RP2.1 panel must be used with either the BioFire FilmArray 2.0 or BioFire FilmArray Torch
Systems, and it does not provide a quantitative value for any particular organism within the sample. This
panel “has not been established for specimens collected from individuals without signs or symptoms of
respiratory infection (BioFire, 2020).” This panel has not been validated for the monitoring of treatment
for any condition. If a test result shows four or more organisms detected, then the sample should be
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retested. A negative result does not necessarily exclude an infection. “Negative test results may occur
from the presence of sequence variants (or mutation) in the region targeted by the assay, the presence
of inhibitors, technical error, sample mix-up, an infection caused by an organism not detected by the
panel, or lower respiratory tract infection that is not detected by a nasopharyngeal swab specimen
(BioFire, 2020)."

The BioFire RP2.1 panel cannot necessarily distinguish between existing viral strains and new variants.
One example is the inability to distinguish between Influenza A H3N2v and seasonal Influenza A H3N2.
This panel also cannot reliably differentiate between human rhinovirus and enterovirus due to genetic
similarity. If detected, the “result should be followed-up using an alternate method (e.g. cell culture or
sequence analysis) if differentiation between the viruses is required (BioFire, 2020).” The performance
characteristics of several microorganisms detected by this panel, including HCoV 229E, were determined
using retrospective clinical specimens due to the small number of positive specimens collected. The
BioFire RP2.1 panel should not be used if B. pertussis is suspected because of its low sensitivity. “[A] B.
pertussis molecular test that is FDA-cleared for use on patients suspected of having a respiratory tract
infection attributable to B. pertussis only should be used instead (BioFire, 2020).” This is because the
RP2.1 panel targets a single-copy promoter target (ptxP) whereas more sensitive tests target the multi-
copy 1S481 insertion sequence. The BioFire RP2.1 panel also shows cross-reactivity with B. bronchiseptica
and B. parapertussis at higher concentrations.

The primers used in the BioFire RP2.1 panel to detect COVID-19 may cross-react with coronaviruses
from other species due to high sequence homology. BioFire reports predicted cross-reactivity with up to
three bat coronaviruses (accession: MN996532, MG772933, and MG772934) and one pangolin
coronavirus (accession: MT084071). However, "[i]t is unlikely that these viruses would be found in a
human clinical nasopharyngeal swab; but if present, the cross-reactive product(s) produced by the
BioFire RP2.1 will be detected as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
(BioFire, 2020).”

The difference between the BioFire RP2 panel and the BioFire RP2.1 panel is the ability to detect SARS-
CoV-2. Consequently, within the Instructions for Use (IFU) for the RP2.1 panel, BioFire reports on the
data of the RP2 panel. The clinical performance of the RP2 panel was determined using both fresh and
frozen samples. The clinical performance values for the four endemic HCoVs are listed in Table 2
(BioFire, 2020). They note a cross-reactivity between HCoV-0OC43 and HCoV-HKU1.

Table 2: Clinical Performance of BioFire RP2/RP2.1 Panel for Endemic HCoVs

Analyte PPA PPA 95% NPA NPA 95%Cl
Cl

HCoV-229E | 11/12 (91.7%) | 64.6 —98.5 | 1595/1600 (99.7%) | 99.3 —99.9

HCoV- 43/43 (100%) | 91.8—-100 | 1557/1569 (99.2%) | 98.7 —99.6

HKU1

HCoV-NL63 | 40/40 (100%) | 91.2-100 | 1562/1572 (99.4%) | 98.8 -99.7

HCoV- 33/41 (80.5%) | 66.0-89.8 | 1566/1571 (99.7%) | 99.3-99.9

0C43

Notes: Abbreviations used—PPA (Positive Percent Agreement); NPA (Negative Percent

Agreement).

Concerning the detection of SARS-CoV-2, the BioFire RP2.1 panel reports a limit of detection (LoD),
using the USA-WA1/2020 isolate, of 500 copies/mL when using a heat-inactivated virus. They report a
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100% detection rate (20/20). This equates to 6.9 X 102 TCIDso/mL. They also tested the LoD using an
infectious virus isolate obtained from the World Reference Center for Emerging Viruses and Arboviruses,
contributed by the CDC. With this infectious sample, the LoD was determined to be 160 copies/mL (or
1.1 X 1072 TCIDso/mL). Again, they report a 100% detection rate (20/20) (BioFire, 2020).

Similar to the BioFire panel test, the QlAstat-Dx Respiratory SARS-CoV-2 panel test by Qiagen is for use
on a proprietary system, the QlAstat Dx Analyzer System. It is also a qualitative test approved for testing
in “patients suspected of COVID-19 by their healthcare provider”. It is also “not intended to be used as
the sole basis for diagnosis, treatment, or other patient management decisions” (Qiagen_GmbH, 2020). It
is important to note that the test performance in either immunocompromised individuals or
asymptomatic individuals has not been established as of publication date. A positive test result cannot
rule out a co-infection; an erroneous negative test result can be due to erroneous sample handling as
well as variations in the target sequences, organism levels below the limits of detection, and/or use of an
interfering reagent (such as certain medications or therapies). Since the QlAstat-Dx test targets the £
gene of SARS-CoV-2, which is homologous to sequences in multiple bat SARS viruses, it is possible to
cross-react with these bat SARS viruses; however, the likelihood of infection of these viruses in humans
is unlikely since none have been reported to date (Qiagen_GmbH, 2020).

Also, like the BioFire RP2/RP2.1 panel tests, the QlAstat-Dx test may not distinguish between existing
viral strains and emerging viral strains, such as influenza A. However, unlike the BioFire RP2/RP2.1 panel
tests, the QlAstat-Dx test does detect the IS487 multi-copy insertion sequence present in multiple
Bordetella species. This does increase the sensitivity of the test, but it can increase the possibility of
false-positive results if the specimen is contaminated with a non-pertussis Bordetella species
(Qiagen_GmbH, 2020).

In addressing the clinical performance of the QlAstat-Dx test for detecting SARS-CoV-2, Qiagen set up
two positive trials (one at a higher concentration sample [n = 10] and one at a low positive contrived
sample [n = 20), and they report a positive percent agreement (PPA) of 100% (30/30) (95% Cl: 85.8 —
100%). Likewise, they did a negative control (n = 30) and report a negative percent agreement (NPA) of
100% (30/30) (95% Cl: 85.8 — 100%). In reporting the limit of detection (LoD), they used 20 replicates
with a detection rate of at least 95% (or 19/20) to generate a ‘positive’ signal. Using source material
obtained from the clinical sample strain of the Hospital of Barcelona (Spain), Qiagen reports an LoD of
500 copies/mL.

The performance of the other targets within the panel were assessed in a multi-center study conducted
at six geographically diverse study sites—Copenhagen, Denmark; Minneapolis, MN; Indianapolis, IN;
Liverpool, NY; Columbus, OH; and Albuquerque, NM. The performance was determined using both
frozen and fresh samples. The clinical performance values for the four endemic HCoVs are listed in Table
3 (Qiagen_GmbH, 2020).

Table 3: Clinical Performance of QlAstat-Dx Panel for Endemic HCoVs

Analyte PPA PPA 95% Cl | NPA NPA 95%Cl
HCoV-229E | 8/9 (88.9%) 56.5-98.0 1975/1975 (100%) 99.8 - 100.0
HCoV-HKU1 | 51/52 (98.1%) | 89.9 -99.7 1925/1932 (99.6%) 99.3-99.8
HCoV-NL63 | 40/47 (85.1%) | 72.3-92.6 1936/1938 (99.9%) 99.6 — 100.0
HCoV-0C43 | 26/29 (89.7%) | 73.6-96.4 1951/1955 (99.8%) 99.5-999

Notes: Abbreviations used—PPA (Positive Percent Agreement); NPA (Negative Percent
Agreement).
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As with the other two tests, the ePlex RP2 Panel “should not be used as the sole basis for diagnosis,
treatment, or other patient management decisions. Positive results are indicative of active infection with
the identified respiratory pathogen but do not rule out infection or co-infection with non-panel
organisms. The agent detected by the ePlex RP2 Panel may not be the definite cause of disease. Negative
results for SARS-CoV-2 and other organisms on the ePlex RP2 Panel may be due to infection with
pathogens that are not detected by this test, or lower respiratory tract infection that may not be detected
by a nasopharyngeal swab specimen. Negative results do not preclude infection with SARSCoV-2 or other
organisms on the ePlex RP2 Panel and should not be used as the sole basis for patient management
decisions. Negative results must be combined with clinical observations, patient history, and
epidemiological information (GenMark_Diagnostics, 2020).” A limitation of ePlex RP2 Panel is its
unpredictability in differentiating human rhinovirus and enterovirus due to genetic similarity. If
differentiation is required, an ePlex RP2 Panel positive human rhinovirus/enterovirus result should be
followed-up using an alternative method, such as cell culture or sequence analysis. Cross-reactivity with
SARS-CoV-1 is also observed at high titers.

To test the performance characteristics of ePlex RP2 Panel for SARS-CoV-2 detection, 170
nasopharyngeal previously frozen swab samples were collected (59 known SARS-CoV-2 positive and 111
presumed SARSCoV-2 negative samples). “Positive percent agreement (PPA) was calculated by dividing
the number of true positive (TP) results by the sum of TP and false negative (FN) results, while negative
percent agreement (NPA) was calculated by dividing the number of true negative (TN) results by the sum
of TN and false positive (FP) results” (GenMark_Diagnostics, 2020). The ePlex RP2 Panel detected SARS-
CoV-2 in 59/59 positive specimens (100% positive percent agreement) and confirmed 111/111 negative
specimens (100% negative percent agreement). To determine the limit of detection (LoD), the lowest
concentration at which SARS-CoV-2 is detected at least 95% of the time, serial dilutions were prepared in
a natural clinical matrix and at least 20 replicates per concentration were tested in the study. “The LoD
concentration for detection of SARS-CoV-2 was determined to be 0.01 TCIDso/mL, which corresponds to
250 genomic copies per milliliter, as determined by digital droplet PCR (GenMark_Diagnostics, 2020).”

Regarding the “Influenza SARS-CoV-2 (Flu SC2) Multiplex Assay” from the CDC, the FDA reported a limit
of detection (LOD) of 1.01 x 102 (at IDs [infective dose] / reaction). The panel was evaluated using 104
samples (33 positive for SARS-CoV-2, 30 positives for influenza A, and 30 positive for influenza B, 11
negative samples), and compared to an RT-PCR assay. There was a 100% concordance rate between the
two tests. Additionally, cross-reactivity between the three analytes and 35 common respiratory
pathogens (16 viruses, 18 bacterial species, 1 yeast) was evaluated, and no cross-reactivity was identified
(FDA, 2020b).

The cobas SARS-CoV-2 & Influenza A/B panel is approved for emergency use authorization by the FDA,
the panel uses qualitative detection of nucleic acids from SARS-CoV-2 in pooled samples. Six cultured
viruses are tested for, two each of influenza A and influenza B strains as well as SARS-CoV-2. In an
independent study, Poljak et al. (2020) performed a clinical evaluation of the cobas SARS-Cov-2 test
(non-inclusive of influenza A/B panel). The cobas SARS-CoV-2 test was evaluated against an in-house
and well-characterized comparator using 217 samples. cobas and the comparator showed overall
agreement of 98.1%. Another comparative evaluation on 502 samples showed agreement of 99.6%. The
authors concluded that cobas “is a reliable assay for qualitative detection of SARS-CoV-2 in
nasopharyngeal swab samples collected in the Universal Transport Medium System (UTM-RT)(Poljak et
al, 2020)."
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There are other panels that are not yet FDA approved such as the AMPLIQUICK® Respiratory Triplex
assay that detects and differentiates between SARS-CoV-2, influenza A/B and respiratory syncytial
viruses in respiratory specimens. Results from AMPLIQUICK® were compared to the Allplex™
Respiratory Panel 1 and 2019-nCoV assays. 359 predetermined respiratory samples with diagnosed
SARS-CoV-2, influenza A, influenza B and RSV were included in the study. The AMPLIQUICK®
Respiratory Triplex “showed high concordance with the reference assays, with an overall agreement for
SARS-CoV-2, influenza A, influenza B, and RSV at 97.6%, 98.8%, 98.3% and 100.0%, respectively.” The
authors conclude that the "AMPLIQUICK® Respiratory Triplex is a reliable assay for the qualitative
detection and differentiation of SARS-CoV-2, influenza A, influenza B, and RSV in respiratory specimens,
which may prove useful for streamlining diagnostics during the winter influenza-seasons" (Mboumba
Bouassa et al., 2022).

Miscellaneous Testing

Other methodologies have been proposed to complement or even replace the standard tests described
above. For example, a new "RT-LAMP” (reverse transcription loop-mediated isothermal amplification)
application has started to see some use for the COVID-19 pandemic. This technique attempts to
combine the speed of antigen testing and the accuracy of nucleic acid testing; RT-LAMP includes the
traditional reverse transcriptase (RT), as well as a DNA polymerase with “strong strand displacement
activity and tolerance for elevated temperatures and up to six DNA oligonucleotides of a certain
architecture”. These oligonucleotides act as primers for the RT, but additional oligonucleotides for the
DNA polymerase are designed so that the DNA products loop back into their ends. This results in “self-
priming templates” for the DNA polymerase, which allows the reaction [the nucleic acid amplification] to
proceed as normal. Detection of the amplified DNA without specialized instrumentation is the key
challenge; some tests use a pH indicator that changes the color of the solution the reaction is run in.
Since the reaction does not require the use of a thermal cycler with real-time fluorescence
measurement, the results can be delivered in a faster time frame than traditional RT-PCRs (Dao Thi et al.,
2020).

Nagura-lkeda et al. (2020) evaluated the “clinical performance of six molecular diagnostic tests and a
rapid antigen test for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)". Self-collected
saliva was the medium used for analysis. A total of 103 patients with COVID-19 were included (15
asymptomatic, 88 symptomatic). The six molecular diagnostic tests included three RT-PCR tests, an RT-
gPCR test, a “cobas SARS-CoV-2 high-throughput system” and an RT-LAMP assay. The molecular
diagnostic tests detected viral RNA in 50.5%-81.6% of specimens and an antigen was detected in 11.7%
of the specimens by the rapid antigen test. Viral RNA was also detected at a higher rate (65.6%-93.4%)
in specimens collected within 9 days of symptom onset compared to specimens collected after 10 days
(22.2%-66.7%). Viral RNA was detected in asymptomatic patients at a rate of 40%-66.7%. The authors
concluded “Self-collected saliva is an alternative specimen option for diagnosing COVID-19. LDT RT-
gPCR...and RT-LAMP showed sufficient sensitivity in clinical use to be selectively used according to
clinical settings and facilities. The rapid antigen test alone is not recommended for initial COVID-19
diagnosis because of its low sensitivity” (Nagura-lkeda et al., 2020).

Dao Thi et al. (2020) performed a validation of a “two-color RT-LAMP assay protocol for detecting SARS-
CoV-2 viral RNA using a primer set specific for the N gene”. The authors wrote that a positive sample
would be detected by a color change from red to yellow and tested their RT-LAMP assay on “surplus
RNA samples isolated from 768 pharyngeal swab specimens collected from individuals being tested for
COVID-19". The results were compared to a traditional RT-gqPCR assay. The specificity of the RT-LAMP
assay was found to be 99.7%. Further, the RT-gPCR positive samples with a cycle threshold (CT) number
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of under 30 scored positive (agreeance) in the RT-LAMP assay at a 97.5% agreeance rate. Agreeance rate
declined both at the 30-35 threshold and at the 35-40 threshold. The authors also developed a “swab-
to-RT"” LAMP protocol, which was measured at 86% sensitivity (for CT <30) and a 99.5% specificity. The
authors concluded that “The RT-LAMP assay and LAMP-sequencing extend the range of available test
methods and complement individual tests and pooled tests based on RT-qPCR with a faster, simpler,
and potentially more cost-effective test method” (Dao Thi et al., 2020).

R. Wang et al. (2020) demonstrated a one-pot visual SARS-CoV-2 detection system named “opvCRISPR”
by integrating reverse transcription loop-mediated isothermal amplification (RT-LAMP) and Cas12a
cleavage in a single reaction system, which simplifies operations and avoids contamination. The
opvCRISPR enables detection at every single molecular level in forty-five minutes. “The RT-LAMP
reagents are incubated at the bottom of the tube, and CRISPR/Cas12a reaction reagents are added on
the lid. SARS-CoV-2 RNA templates extracted from the respiratory swab are amplified by RT- LAMP,
followed by mixing with the Cas12a reagents for cleavage. Once the Cas12a nuclease is activated by
recognizing DNA target, it splits the quenched fluorescent single-stranded DNA (ssDNA) reporter (FAM-
TTATT-BHQ1) indiscriminately, generating the fluorescence signal visible to the naked eye under blue
light” (R. Wang et al., 2020). To investigate the diagnostic accuracy of opvCRISPR, 26 SARS-CoV-2 RT-PCR
positive respiratory swab samples and 24 SARS-CoV-2 RT-PCR negative samples were tested. "All infected
samples were determined to be SARS-CoV-2 positive while all uninfected samples tested to be negative
by both opvCRISPR and RT- PCR. The opvCRISPR diagnostic results provide 100% agreement with the
Centers for Disease Control and Prevention (CDC)-approved quantitative RT-PCR assay” (R. Wang et al,,
2020). The author states that “the proposed method only requires minimal equipment, demonstrating
great potential in enabling next-generation molecular diagnosis towards point-of- care diagnosis.
However, the present method requires additional step to extract RNA. Further efforts need to be made to
combine the RNA extraction module with the opvCRISPR to achieve from sampling to result nucleic acid
detection” (R. Wang et al., 2020).

Another methodology with potential application for COVID-19 testing is next-generation sequencing
(NGS). The NGS procedure typically includes the following steps: first the patient’'s DNA is prepared to
serve as a template, then DNA fragments are isolated (on solid surfaces such as small beads) where
sequence data is generated, then these results are compared against a reference genome. Any DNA
sample may be used if the quality and quantity of that sample are sufficient, but the methods of library
generation and data analysis often vary from panel to panel. NGS is often used to produce swift and
high-volume sequencing (Hulick, 2022). The FDA issued an EUA to Illumina, Inc. for the lllumina
COVIDSeq Test on June 10, 2020 but has since updated its indications on October 29, 2020 to be for the
"qualitative detection of SARS-CoV-2 RNA from nasopharyngeal (NP) swabs, oropharyngeal (OP) swabs,
anterior nasal swabs, mid-turbinate nasal swabs, nasopharyngeal wash/aspirates, nasal aspirates, and
bronchoalveolar lavage (BAL) specimens from individuals suspected of COVID-19 by their healthcare
provider” (FDA, 2021b). The FDA also issued an EUA to Helix OpCo LLC (dba Helix) for the Helix COVID-
19 NGS Test on August 6, 2020. The test detects the gene for the SARS-CoV-2 spike protein, as well as
one internal control (the human gene RPP30). The limit of detection was found to be 125 genetic copy
equivalents / mL, and both the positive and negative percent agreements were measured to be 100%
over 30 samples (Helix, 2020).

Furthermore, whole genome sequencing (WGS) has been demonstrated to have application for COVID-
19 testing as well. WGS is conducted through four steps of DNA shearing, by using “molecular scissors”
to cut DNA; then DNA bar-coding, for which “scientists add small pieces of DNA tags/bar codes to
identify which piece of sheared DNA belongs to which [pathogen];” then the bar-coded DNA is put into
the whole genome sequencer that identifies the bases; and finally, the data is analyzed to compare
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sequences and identify possible differences (CDC, 2016). In several countries, like the Netherlands,
China, Vietnam, and the United States, particularly rapid WGS has been beneficial in informing outbreak
response, general public health decision making, and infection risk in various facilities (Chau et al., 2021;
Oude Munnink et al.,, 2020; Taylor et al., 2020; F. Wang et al., 2020). In the Netherlands, WGS with the
first cases in February 2020 was able to confirm separate introductions of the virus into the country, and
attribute increases in case prevalence to co-circulating virus variants following the spring holidays. WGS
informed the sequence diversity that existed in Italy, which was where most COVID-positive individuals
were returning from. The researchers concluded that “WGS in combination with epidemiological data
strengthened the evidence base for public health decision-making in the Netherlands as it enabled a
more precise understanding of the transmission patterns in various initial phases of the outbreaks. As
such, we were able to understand the genetic diversity of the multiple introduction events in phase 1,
the extent of local and regional clusters in phase 2 and the transmission patterns within the HCW
[healthcare worker] groups in phase 3 (among which the absence or occurrence of very limited
nosocomial transmission)” (Oude Munnink et al., 2020). In Vietnam, a similar application was made
regarding a previously known strain responsible for a virus outbreak in the northern region. By whole
genome sequencing, researchers were able to identify the first case of the B.1.1.7 variant from locally
acquired infection. As the outbreak expanded, whole genome sequencing enabled enhanced
surveillance in high risk groups, like those working in airports, who ended up being assigned another
variant of A.23.1, as well as contact tracing and testing to detect more cases (Chau et al., 2021). In China,
whole genome sequencing in this initial genomic study was able to provide insight towards the
genotype-phenotype differences between COVID-19 positive patients. The researchers concluded,
"Pedigree analysis suggested a potential monogenic effect of loss of function variants in GOLGA3 and
DPP7 for critically ill and asymptomatic disease demonstration. Genome-wide association study
suggests the most significant gene locus associated with severity were located in TMEM189-UBE2V1
that involved in the IL-1 signaling pathway...We identified that the HLA-A*11:01, B*51:01, and C*14:02
alleles significantly predispose the worst outcome of the patients” (F. Wang et al., 2020).

In the United States, a Morbidity and Mortality Weekly Report (MMWR) released in September 2020
utilized serial testing and virus whole genome sequencing at two skilled nursing facilities with COVID-19
outbreaks from April to June 2020 in Minnesota. From a total of 25 specimens from residents at the two
different facilities, “strains from 17 residents and five HCP [health care personnel] were genetically
similar, including one collected from a dietary worker with limited resident contact. Specimens from two
HCP and one resident at facility A had distinctly different virus sequences from the first cluster and from
each other. At facility B, 75 (66%) resident specimens and five (7%) HCP specimens were sequenced, all
of which were genetically similar,” which suggested "intrafacility transmission.” However, the limited
participation by HCPs in serial testing could have “have biased identification of infections and limited
interpretation of genomic sequencing” and limited “"the description of genetic diversity” (Taylor et al,,
2020). Generally, whole-genome sequencing still seems to have some limitations, in that "it still presents
practical difficulties such as high cost, shortage of available reagents in the global market, need of a
specialized laboratorial infrastructure and well-trained staff” resulting in “SARS-CoV-2 surveillance
blackouts across several countries” (Bezerra et al., 2021). As of May 4, 2022, there are no FDA approved
tests specifically for WGS.

Other types of specimens or media have been proposed as viable for COVID-19 testing, such as saliva.
Saliva’s primary advantages include its flexibility, its safety, and overall ease of use in testing. Santosh et
al. also noted that To et al. found that saliva has a "high consistency rate of greater than 90% with
nasopharyngeal specimens in the detection of respiratory viruses, including coronaviruses” (Sri Santosh
et al, 2020; To et al., 2019). On August 15, 2020, the FDA issued an EUA to Yale School of Public Health
for “SalivaDirect” which uses saliva samples for COVID-19 testing. Although this test still uses RT-PCR,
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the test still detects the nucleic acids in saliva, but does not require otherwise specialized or proprietary
equipment for extraction of those nucleic acids. In the “Performance Evaluation” section of the official
EUA, the FDA noted a positive agreement level between SalivaDirect and the ThermoFisher Scientific
TagPath COVID-19 combo kit to be 94.1% (32/34) and a negative agreement level to be 90.9% (30/33).
(FDA, 2020a)

A third innovation in COVID-19 testing was published by the FDA on July 18, 2020. On this date, the FDA
stated that they reissued an EUA to Quest Diagnostics to authorize Quest SARS-CoV-2 rRT-PCR test for
use with “pooled” samples. This testing practice refers to testing multiple samples simultaneously,
thereby allowing more efficient testing. The Quest SARS-CoV-2 rRT-PCR test was authorized to test up
to 4 samples at once. The FDA notes that this strategy is most efficient in areas with low prevalence of
COVID (i.e., most tests are expected to be negative). In the EUA, the FDA writes that if the “positivity
rate” for any given individual to be tested is over 25%, the pooling strategy should not be used due to
inefficiency (FDA, 2020c). Yelin et al. found that a single positive sample could be identified in pools of
up to 32 samples (with a false negative rate of 10%) and noted that detection of a single positive sample
in a pool of 64 samples may be possible with additional amplification cycles. (Yelin et al., 2020).
Additional EUAs have been issued specifically for tests using pooled samples, such as the UCSD RC
SARS-CoV-2 Assay (University of California San Diego Health, RT-PCR, 5 samples), the Poplar SARS-CoV-
2 TMA Pooling assay (Poplar Healthcare, TMA [transcription-mediated amplification], 7 samples), and
the “COVID-19 RT-PCR Test” (LabCorp, RT-PCR, 5 samples) (LabCorp, 2020a; Poplar, 2020; UCSD, 2020).

Hogan et al. (2020) performed an analysis of pooled sample analysis in a community setting. The
authors analyzed samples in pools of 9 or 10, and the RT-PCR assay targeted the envelope (E) gene.
When a positive pool was identified, each sample was tested individually for both the E gene and the
RNA-dependent RNA polymerase (RdRp) gene for confirmation. The authors investigated 292 pools
encompassing 2740 nasopharyngeal samples and 148 bronchoalveolar lavage samples. Two positive
samples were identified (0.07%), which both showed detection of both genes. The authors identified one
pool with a “positive E signal” that was not reproducible with testing individual samples of that pool. The
authors did acknowledge that this methodology may miss individuals in which a COVID-19 risk has not
been identified, but concluded that “strategies such as pooled screening may facilitate detection of early
community transmission of SARS-CoV-2 and enable timely implementation of appropriate infection
control measures to reduce spread (Hogan et al., 2020).

Another innovative technique in COVID-19 testing was announced on April 14, 2022, in an FDA press
announcement. The InspectlR COVID-19 Breathalyzer is the first FDA Emergency Use Authorization-
approved diagnostic test to use breath samples; the test detects chemical compounds in breath and
provides results in less than three minutes. According to the FDA, a validation study of 2,409 individuals
(both symptomatic and asymptomatic) showed 91.2% sensitivity and 99.3% specificity for detecting
COVID-19. In addition, the study evidenced a negative predictive value of 99.6% in a population
composed of only 4.2% of people who were positive for the virus. A follow-up study with the Omicron
variant showed similar sensitivity values (FDA, 2022b).

Guidelines and Recommendations
World Health Organization (WHO)
The World Health Organization (WHO) published an interim guideline for the diagnostic testing of “2019

novel coronavirus [termed 2019-nCoV]” on September 11, 2020 (WHO, 2020a). First, they state that
routine confirmation of COVID-19 cases is based on nucleic acid testing. Regarding serum testing, they
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remark that “if negative NAAT results are obtained from a patient in whom SARS-CoV-2 infection is
strongly suspected, a paired serum specimen could be collected. One specimen taken in the acute phase
and one in the convalescent phase 2-4 weeks later can be used to look for seroconversion or a rise in
antibody titres.” Finally, they recommend against viral culture or isolation as a routine diagnostic
procedure and WHO does not recommend the use of saliva as the sole specimen type for routine clinical
diagnostics (WHO, 2020a).

The WHO released a scientific brief with recommendations for the use of SARS-CoV-2 Ag-RDTs and
updated their interim guidance on October 6, 2021. Within the guidelines, "SARS-CoV-2 Ag-RDTs
(antigen detecting rapid diagnostic tests) that meet the minimum performance requirements of >80%
sensitivity and >97% specificity compared to a NAAT reference assay can be used to diagnose SARS-
CoV-2 in suspected COVID-19 cases” (WHO, 2021a). Ag-RDTs should be conducted within 5-7 days after
the onset of symptoms, as “patients who present more than 5-7 days after the onset of symptoms are
more likely to have lower viral loads, and the likelihood of false negative results with Ag-RDTs is higher.”
WHO recommends that Ag-RDTs be used in settings when they are most reliable — in areas “when there
is ongoing community transmission (>5% test positivity rate). When there is no transmission or low
transmission, the positive predictive value of Ag-RDTs will be low (many false positives), and in this
setting NAAT is preferable as the first-line testing method or for confirmation of positive Ag-RDTs.”

WHO does not recommend using SARS-CoV-2 Ag-RDTs when:

e “Symptomatic individuals (suspected COVID-19 cases) in the first 5-7 days since onset of
symptoms”

e For asymptomatic individuals, only “limited to contacts of confirmed or probable cases and to at-
risk health workers until more evidence is available on the benefits and cost effectiveness of
testing low-risk groups with no known exposure to SARS-CoV-2, particularly in settings where
testing capacity is limited.”

e "Suspected COVID-19 cases in outbreak investigations”

The WHO indicates the following as priority uses for the Ag-RDTs:

e “Community testing of symptomatic individuals meeting the case definition of suspected COVID-
19."

e "To detect and respond to suspected outbreaks of COVID-19 including in remote settings,
institutions and semi-closed communities (e.g., schools, care-homes, cruise ships, prisons,
workplaces and dormitories), especially where NAAT is not immediately available.”

e "“To screen asymptomatic individuals at high risk of COVID-19, including health workers, contacts
of cases and other at-risk individuals.”

Overall, "Ag-RDT testing is recommended in settings likely to have the most impact on early detection
of cases for care and contact tracing and where test results are most likely to be correct” (WHO, 2021a).

WHO released a second scientific brief with recommendations concerning immunity passports (WHO,
2020b) on April 24, 2020. Within the guidelines, WHO states that as of the publication date, “no study
has evaluated whether the presence of antibodies to SARS-CoV-2 confers immunity to subsequent
infection by this virus in humans.” They go on to note, “Laboratory tests that detect antibodies to SARS-
CoV-2 in people, including rapid immunodiagnostic tests, need further validation to determine their
accuracy and reliability. Inaccurate immunodiagnostic tests may falsely categorize people in two ways.
The first is that they may falsely label people who have been infected as negative, and the second is that
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people who have not been infected are falsely labelled as positive. Both errors have serious
consequences and will affect control efforts. These tests also need to accurately distinguish between
past infections from SARS-CoV-2 and those caused by the known set of six human coronaviruses. Four
of these viruses cause the common cold and circulate widely. The remaining two are the viruses that
cause Middle East Respiratory Syndrome and Severe Acute Respiratory Syndrome. People infected by
any one of these viruses may produce antibodies that cross-react with antibodies produced in response
to infection with SARS-CoV-2 (WHO, 2020b)".

In 2021, WHO released an update to the scientific brief concerning immunity passports within a
document titled 'COVID-19 natural immunity.” Within this brief, WHO discusses the various testing
methods available. WHO notes that “there are many available serologic assays that measure the
antibody response to SARS-CoV-2 infection, but at the present time, the correlates of protection are not
well understood”. The most measured immune response is the presence of antibodies in serum.
Serologic assays to detect the antibody response are usually based on enzyme immunoassays, which
detect the presence of virus-specific antibodies in the blood or by live or pseudo-virus neutralization
assays, which detect functional NAb. While serologic testing has limited use in clinical management
because it does not capture active infection, it can be very useful in determining the extent of infection
or estimating attack rates in given populations. Interpreting the results of serologic testing, however, is
complex: there are several antibody types and subtypes and multiple antigenic determinants/epitopes
that can be used to target these antibodies, and the results may differ substantially depending on the
combinations chosen. The results will also depend on the manufacturing specifics of the assay used”
(WHO, 2021c). Other frequently used assays are enzyme-linked immunosorbent tests, chemiluminescent
tests, and lateral flow rapid diagnostic tests. To conclude, "available tests and current knowledge do not
tell us about the duration of immunity and protection against reinfection, but recent evidence suggests
that natural infection may provide similar protection against symptomatic disease as vaccination, at least
for the available follow up period.”

WHO released a scientific brief on May 15, 2020, concerning multisystem inflammatory syndrome in
children and adolescents with COVID-19. Within the guidelines, they recommend standardized data
describing clinical presentations.

e WHO gives a preliminary case definition for individuals ages 0 — 19 years with fever three or more
days AND at least TWO of the following:
o "Rash or bilateral non-purulent conjunctivitis or muco-cutaneous inflammation signs (oral,
hands or feet).
Hypotension or shock.
o Features of myocardial dysfunction, pericarditis, valvulitis, or coronary abnormalities
(including [echocardiogram] findings or elevated Troponin/NT-proBNP),
o Evidence of coagulopathy (by PT, PTT, elevated d-Dimers).
o Acute gastrointestinal problems (diarrhea, vomiting, or abdominal pain).
e AND
o Elevated markers of inflammation such as ESR, C-reactive protein, or procalcitonin.
e AND
o No other obvious microbial cause of inflammation, including bacterial sepsis, staphylococcal
or streptococcal shock syndromes.
e AND
o Evidence of COVID-19 (RT-PCR, antigen test or serology positive), or likely contact with
patients with COVID-19 (WHO, 2020c).”
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Centers for Disease Control and Prevention (CDC)

In the update of the CDC guidelines Overview of Testing for SARS-CoV-2, dated February 11, 2022, the
CDC states that “viral tests, including nucleic acid amplification tests (NAATSs, such as Reverse
Transcription-Polymerase Chain Reaction), antigen tests and other tests (such as breath tests) are used
as diagnostic tests to detect current infection with SARS-CoV-2 and to inform an individual’'s medical
care.” The CDC also stated, “Viral testing is recommended for individuals who are close contacts of
persons with COVID-19" (CDC, 2022g). Regarding use of antibody testing, the CDC remarks: “Antibody
testing is not currently recommended to assess a person'’s protection against infection or severe COVID-
19 following COVID-19 vaccination or prior infection, or to assess the need for vaccination in an
unvaccinated person. To evaluate for evidence of previous infection in a vaccinated individual, an
antibody test specifically evaluating IgM/IgG to the nucleocapsid protein should be used (e.g., for public
health surveillance or the diagnosis of Multisystem Inflammatory Syndrome in Children (MIS-C)
Multisystem Inflammatory Syndrome in Adults (MIS-A)" (CDC, 2022g).

Regarding testing for asymptomatic patients with “known or suspected exposure to SARS-CoV-2", the
CDC recommends testing for all close contacts of persons with SARS-CoV-2 infection. "Viral testing is
recommended for individuals who have been exposed persons with COVID-19. People who have had an
exposure with someone known or suspected of having COVID-19 should be tested at least 5 days after
the exposure. If symptoms develop before 5 days, they should get tested immediately” (CDC, 2022g).
The CDC also notes the settings to prioritize for screening testing, including:

e "High-risk congregate settings, such as assisted living facilities, correctional facilities, and
homeless shelters, that have demonstrated high potential for rapid and widespread virus
transmission to people at high risk for severe illness.”

e "Settings that involve close quarters and that are isolated from healthcare resources (e.g., fishing
vessels, wildland firefighter camps, or offshore oil platforms)” (CDC, 2022g).

The CDC states it is "working with state, local, territorial, academic, and commercial partners” for
surveillance testing and COVID-19 research in the US (CDC, 2022g).

Finally, the CDC still maintains, “"Consequently, evidence supports a time-based and symptom-based
strategy to determine when to discontinue isolation or other precautions rather than a test-based
strategy. For persons who are severely immunocompromised, a test-based strategy could be considered
in consultation with infectious disease experts. For all others, a test-based strategy is no longer
recommended” (CDC, 2021b).

The CDC also published Interim Guidelines for COVID-19 Antibody Testing in Clinical and Public Health
Settings. The CDC states that "Both SARS-CoV-2 IgM and IgG antibodies may be detected around the
same time after infection. However, while IgM is most useful for determining recent infection, it usually
becomes undetectable weeks to months following infection; in contrast, IgG may remain detectable for
longer periods. IgA is important for mucosal immunity and can be detected in mucous secretions like
saliva in addition to blood; although, its significance in this disease is still to be determined.” The CDC
also acknowledges the potential application of neutralizing antibody detection (as opposed to binding
antibody detection), and remarks that the FDA has now authorized one competitive neutralization test
(cVNT), which is a "binding antibody tests designed to qualitatively detect potentially neutralizing
antibodies, often those that prevent interaction of RBD with the ACE-2 receptor” (CDC, 2022f).

According to the interim guidelines, antibody tests can be used to
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e "Determine if a person has COVID-19 antibodies, which suggests past infection or vaccination.”

e "Aid in the diagnosis of multisystem inflammatory syndrome in children (MIS-C) and in adults
(MIS-A).”

e “Monitor and evaluate population levels of immunity.”

On the other hand, antibody tests should not be used to

e "Diagnose current infection.”

e “Determine if someone can return to work or school.”

e "Group people together in settings such as schools, dormitories, and correctional facilities; or to
exempt someone from screening testing.”

e "“Exempt a person who wears personal protective equipment (PPE) at work from following site-
specific requirements”.

The diagnosis of acute infection from SARS-CoV-2 is best determined by diagnostic testing using a
nucleic acid amplification test (NAAT) or antigen test (CDC, 2022¢).

Moreover, though CDC asserts that “Antibody testing is not a replacement for virologic testing and
should not be used to establish the presence or absence of acute SARS-CoV-2 infection”, they also
suggest that “Antibody testing may be useful to support the diagnosis of COVID-19 illness or
complications of COVID-19 in the following situations:

e A positive antibody test at least 7 days following acute illness onset in persons who had a
previous negative antibody test (e.g., seroconversion) but did not receive a positive viral test
might indicate SARS-CoV-2 infection between the dates of the negative and positive antibody
tests.

e A positive antibody test can help support a diagnosis when patients present with complications
of COVID-19, such as multisystem inflammatory syndrome or other post-acute sequelae of
COVID-19" (CDC, 2022¢).

The CDC also states that “Although current EUA indications do not preclude the use of these tests in
vaccinated individuals, none of the currently authorized tests have been specifically authorized to assess
immunity or protection of people who have received a COVID-19 vaccine, including people with
immunocompromising conditions” (CDC, 2022e).

Regarding testing for past infections, the CDC recommends that antibody tests should not be used to
diagnose a current COVID-19 infection (CDC, 2022b).

Within the CDC's Interim Guidelines for Collecting and Handling Clinical Specimens for COVID-19 Testing,
they recommend collecting and testing upper respiratory samples for initial diagnostic testing for
current SARS-CoV-2 infections. Within their recommendation, they list the following (without stating a
preference) as acceptable specimens:

e “Nasopharyngeal (NP) specimen collection/oropharyngeal (OP) (throat) specimen collection
(performed by a trained healthcare provider, only)

e Nasal mid-turbinate (MT) swab (performed by a healthcare provider or the patient after reviewing
and following collection instructions)

e Anterior nasal specimen (performed by a healthcare provider or the patient after reviewing and
following collection instructions)

e Nasopharyngeal wash/aspirate or nasal wash/aspirate (NW) (performed by a trained healthcare
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provider)

e Saliva (collected by patient with or without supervision)

e Breath (performed by a qualified, trained operator under the supervision of a healthcare provider
licensed or authorized by state law to prescribe tests)

e Bronchoalveolar lavage, tracheal aspirate, pleural fluid, lung biopsy (generally performed by a
physician in the hospital setting)

e Sputum (collected under the guidance of a trained healthcare professional)” (CDC, 2022d).

The CDC issued employer-based guidelines titled Guidance for Businesses and Employers Responding to
Coronavirus Disease 2019 (COVID-19): Plan, Prepare, and Respond to Coronavirus Disease 2019. (CDC,
2021a). This guideline is now considered archived and made available for historical purposes, and the
CDC now refers to the OSHA guideline titled Protecting Workers: Guidance on Mitigating and Preventing
the Spread of COVID-19 in the Workplace for the latest information.

The CDC, in a joint interim set of guidelines with OSHA, issued Meat and Poultry Processing Workers
and Employers Interim Guidance from CDC and the Occupational Safety and Health Administration
(OSHA) (CDC & OSHA, 2020). This guideline is now considered archived and made available for historical
purposes, and the CDC now refers to the OSHA guideline titled Protecting Workers: Guidance on
Mitigating and Preventing the Spread of COVID-19 in the Workplace.

In their August 31, 2022, update, the CDC recommends a test-based strategy “may be used to remove a
mask sooner.” The CDC recommends a symptom-based strategy primarily for healthcare professionals.
The recommendations are listed below:

e "For people who are mildly ill with SARS-COV-2 infection and not moderately or severely
immunocompromised,

o Isolation can be discontinued at least 5 days after symptom onset (day 0 is the day symptoms
appeared, and day 1 is the next full day thereafter) if fever has resolved for at least 24 hours
(without taking fever-reducing medications) and other symptoms are improving.

o If symptoms recur or worsen, the isolation period should restart at day 0.

o People who cannot wear a mask, including children < 2 years of age and people of any age
with certain disabilities, should isolate for 10 days.

o In certain high-risk congregate settings that have high risk of secondary transmission, CDC
recommends a 10-day isolation period for residents.”

e "For people who test positive, are asymptomatic (never develop symptoms) and not moderately
or severely immune compromised,

o Isolation can be discontinued at least 5 days after the first positive viral test (day O is the
date the specimen was collected for the positive test, and day 1 is the next full day
thereafter).”

e "For people who are moderately ill and not moderately or severely immunocompromised,
isolation and precautions can be discontinued 10 days after symptom onset (day 0 is the day
symptoms appeared, and day 1 is the next full day thereafter).”

e "For people who are severely ill and not moderately or severely immunocompromised, isolation
and precautions can be discontinued 10 days after symptom onset (day 0 is the day symptoms
appeared, and day 1 is the next full day thereafter).

o Some people with severe (e.g., requiring hospitalization, intensive care, or ventilation support)
may remain infectious beyond 10 days. This may warrant extending the duration of isolation
and precautions for up to 20 days after symptom onset (with day 0 being the day symptoms
appeared) and after resolution of fever for at least 24 hours (without taking fever-reducing
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medications) and improvement of other symptoms.
o Serial testing prior to ending isolation can be considered in consultation with infectious
disease experts.”

e "For people who are moderately or severely immunocompromised (regardless of COVID-19
symptoms or severity), ... CDC recommends an isolation period of at least 20 days, and ending
isolation in conjunction with serial testing and consultation with an infectious disease specialist to
determine the appropriate duration of isolation and precautions.

o The criteria for serial testing to end isolation are:
= Results are negative from at least two consecutive respiratory specimens collected In
certain high-risk congregate settings that have high risk of secondary transmission, CDC
recommends a 10-day isolation period for residents.
»= Also, if a moderately or severely immunocompromised patient with COVID-19 was
symptomatic, there should be resolution of fever for at least 24 hours (without the taking
fever-reducing medication) and improvement of other symptoms” (CDC, 2022c).

In terms of ending isolation for nonhealthcare personnel, the recommendations are below, utilizing a
symptom-based strategy as well:

e "If you had no symptoms, you may end isolation after day 5.”
e “If you had symptoms and:
o Your symptoms are improving — you may end isolation after day 5 if you are fever-free for 24
hours (without the use of fever-reducing medication).
o Your symptoms are not improving — continue to isolate until: you are fever-free for 24 hours
(without the use of fever-reducing medication) [and] your symptoms are improving.
e "If you had symptoms and had:
o Moderate illness (you experienced shortness of breath or had difficulty breathing):
* You need to isolate through day 10.
o Severe illness (you were hospitalized) or have a weakened immune system:
* You need to isolate through day 10.
= Consult your doctor before ending isolation.
» Ending isolation without a viral test may not be an option for you” (CDC, 2023b).

The CDC also published a case series of “Multisystem Inflammatory Syndrome in Adults Associated with
SARS-CoV-2 Infection” [MIS-A]. The CDC observes that a "hyperinflammatory syndrome resembling MIS-
C" may also manifest in adult patients and remarks that “Clinicians and health departments should
consider MIS-A in adults with signs and symptoms compatible with the current working MIS-A case
definition. Antibody testing for SARS-CoV-2 might be needed to confirm previous COVID-19 infection in
patients who do not have positive SARS-CoV-2 PCR or antigen test results.” The working case definition of
MIS-A was defined by CDC as follows:

e "asevere illness requiring hospitalization in a person aged >21 years;

e a positive test result for current or previous SARS-CoV-2 infection (nucleic acid, antigen, or
antibody) during admission or in the previous 12 weeks;

e severe dysfunction of one or more extrapulmonary organ systems (e.g., hypotension or shock,
cardiac dysfunction, arterial or venous thrombosis or thromboembolism, or acute liver injury);

e laboratory evidence of severe inflammation (e.g., elevated CRP, ferritin, D-dimer, or interleukin-6);
and

e absence of severe respiratory illness (to exclude patients in which inflammation and organ
dysfunction might be attributable simply to tissue hypoxia).”
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Patients with mild respiratory symptoms who met these criteria were included. Patients were excluded if
alternative diagnoses such as bacterial sepsis were identified.

The CDC does note three limitations of the case series report, which are as follows:

e "First, cases described here were voluntarily reported or published and therefore are not
representative of the true clinical spectrum or racial/ethnic distribution of this emerging
syndrome. Additional cases might not have been reported or published; others might have
remained unrecognized because of absence of COVID-like symptomes, lack of antibody testing, or
negative test results.

e Second, the working case definition excludes patients with severe respiratory dysfunction to
distinguish MIS-A from severe COVID-19; however, the two conditions might overlap in some
cases.

e Finally, the working case definition for this syndrome is potentially nonspecific, and some patients
with other disease processes might have been misclassified as having MIS-A" (Morris et al., 2020).

On July 9, 2021, the CDC updated their research on “Post-COVID Conditions: Information for Healthcare
Providers” (CDC, 2022h). According to the CDC, "Post-COVID conditions” can be referred to as “long
COVID, post-acute COVID-19, long-term effects of COVID, post-acute COVID syndrome, chronic COVID,
long-haul COVID, late sequelae, and the research term “post-acute sequelae of SARS-COV-2 infection
(PASC).” Generally, "“it can be considered a lack of return to a usual state of health following acute
COVID-19 illness” and “might also include development of new or recurrent symptoms unmasking of a
pre-existing condition that occurs after the symptoms of acute illness have resolved.” However, the CDC
considers post-COVID conditions “to be present if recovery does not occur after the 4-week acute phase
even though many patients continue to recover between 4 and 12 weeks.” The CDC also warns of the
possibility that some patients with post-COVID conditions won’t have positive tests for COVID-19
because of “a lack of testing or inaccurate testing during the acute period, or because of waning
antibody levels or false-negative antibody testing during follow up.” Alternatively, the term “long
COVID" is defined as “symptoms lasting 3 or more months that were not present prior to having COVID-
19.” The CDC cites the most common symptoms to include: "Dyspnea or increased respiratory effort,
fatigue, post-exertional malaise and/or poor endurance, cognitive impairment or “brain fog”, cough,
chest pain, headache, palpitations and tachycardia, arthralgia, myalgia, paresthesia, abdominal pain,
diarrhea, insomnia and other sleep difficulties, fever, lightheadedness, impaired daily function and
mobility, pain, rash (e.g., urticaria), mood changes, anosmia or dysgeusia, menstrual cycle irregularities,
[and] erectile dysfunction.” "Post-exertional malaise (PEM)" is defined as "the worsening of symptoms
following even minor physical or mental exertion, with symptoms typically worsening 12 to 48 hours
after activity and lasting for days or even weeks” (CDC, 2022h).

National Institutes of Health (NIH)

The NIH released COVID-19 treatment guidelines, and within the September 26, 2022, update, they
addressed clinical spectrum of SARS-CoV-2 infection, which includes those with asymptomatic or
presymptomatic infection, mild illness, moderate illness, severe illness, and critical iliness. For
asymptomatic and presymptomatic individuals, the NIH states that “It is unclear what percentage of
individuals who present with asymptomatic infection progress to clinical disease. Some asymptomatic
individuals have been reported to have objective radiographic findings consistent with COVID-19
pneumonia.” Additionally, the guideline discusses infectious complications in patients with COVID-19,
which can be categorized as “coinfections at presentation,” such as “concomitant viral infections,
including influenza and respiratory viruses” and community-acquired bacterial pneumonia, and
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“reactivation of latent infections,” such as chronic hepatitis B virus and latent tuberculosis reactivation,
“nosocomial infections,” such as hospital-acquired or ventilator-associated pneumonia and Clostridioides
difficile-associated diarrhea, and “opportunistic fungal infections,” like aspergillosis and mucormycosis
among hospitalized COVID-19 patients (NIH, 2023a).

The NIH also released COVID-19 testing guidelines. The following recommendations were made from
the COVID-19 Treatment Guidelines Panel:

e The Panel recommends “using either a nucleic acid amplification test (NAAT) or an antigen test
with a sample collected from the upper respiratory tract (e.g., nasopharyngeal, nasal mid-
turbinate, or anterior nasal) to diagnose acute infection of SARS-CoV-2 (Alll).”

e “A NAAT should not be repeated in an asymptomatic person (with the exception of health care
workers) within 90 days of a previous SARS-CoV-2 infection, even if the person has had a
significant exposure to SARS-CoV-2."

e "SARS-CoV-2 reinfection has been reported in people after an initial diagnosis of the infection;
therefore, clinicians should consider using a NAAT for those who have recovered from a previous
infection and who present with symptoms that are compatible with SARS-CoV-2 infection if there
is no alternative diagnosis (BIll).”

e "The Panel recommends against diagnosing acute SARS-CoV-2 infection solely on the basis of
serologic (i.e., antibody) test results (Alll)."

e "There is insufficient evidence for the Panel to recommend either for or against the use of SARS-
CoV-2 serologic testing to assess for immunity or to guide clinical decisions about using COVID-
19 vaccines or anti-SARS-CoV-2 monoclonal antibodies” (NIH, 2023b).

American Medical Association (AMA)

The AMA released public health guidelines and recommendations concerning serological testing for
SARS-CoV-2 antibodies on May 14, 2020. They list the limitations of antibody testing to include the
potential for false-positive results, potential cross-reactivity, and lack of knowledge concerning
relationship between antibody testing and immune status. The AMA recommends the following:

e "“Use of serology tests should currently be limited to population-level seroprevalence study,
evaluation of recovered individuals for convalescent plasma donations, and in other situations
where they are used as part of a well-defined testing plan and in concert with other clinical
information by physicians well-versed in interpretation of serology test results.”

e "Serology tests should not be offered to individuals as a method of determining immune status.”

e “Serology tests should not currently be used as the basis for any “immunity certificates,” to inform
decisions to return to work, or to otherwise inform physical distancing decisions. Doing so may
put individuals, their household and their community at risk.”

e "Serology tests should not be used as the sole basis of diagnosis of COVID-19 infection” (AMA,
2020).

"Messaging on serological testing to medically underserved communities should explicitly take
into consideration cultural and social features which may bear on their ability to make long-term
choices on physical distancing and other COVID-19 precautions” (AMA, 2020).

Infectious Diseases Society of America (IDSA)

The Infectious Diseases Society of America (IDSA) on May 6, 2020, released their guidelines on the
diagnosis of COVID-19. At this time, they focus solely on the use of targeted nucleic acid testing, such as
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RT-PCR, because “[a]t the time of this review, there was little evidence to inform use of serologic testing”
(IDSA, 2020b). The IDSA convened a multidisciplinary panel of experts to review the research and
literature on the available diagnostic testing for COVID-19. The panel used the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) methodology to assess the
evidence of the studies and to make their recommendations. A primary recommendation implies that
diagnostic testing and specimen collection devices are available whereas a contingency
recommendation is made for situations where testing and/or personal protective equipment (PPE) are
limited.

The panel made 17 recommendations concerning the use of nucleic acid testing as follows (IDSA,
2020b):

e They strongly recommend using a nucleic acid amplification test (NAAT), such as RT-PCR, in
symptomatic patients even when clinical suspicion for COVID-19 is low.

e They suggest (conditional recommendation) using a nasopharyngeal, mid-turbinate, anterior
nasal swab, saliva, or a combined anterior nasal/oropharyngeal swab rather than oropharyngeal
swab or saliva sample for testing in symptomatic individuals suspected of COVID-19.

e They suggest (conditional recommendation) that either a patient or a healthcare provider can
collect an anterior nasal or mid-turbinate sample in a symptomatic patient with upper respiratory
tract infections or influenza-like iliness suspected of COVID-19.

e They suggest (conditional recommendation) “initially obtaining an upper respiratory tract
sample (e.g., nasopharyngeal swab) rather than a lower respiratory sample for SARS-CoV-2 RNA
testing in hospitalized patients with suspected COVID-19 lower respiratory tract in infection.

o If the initial upper respiratory sample result is negative, and the suspicion for disease remains
high, the IDSA panel suggests collecting a lower respiratory tract sample (e.g., sputum,
bronchoalveolar lavage fluid, tracheal aspirate) rather than collecting another upper
respiratory sample.”

e They suggest (conditional recommendation) performing only one test in a symptomatic
individual and not repeat testing if low clinical suspicion of COVID-19.

e They suggest (conditional recommendation) repeat testing of an initial negative result in a
symptomatic individual be performed only if there is an intermediate or high clinical suspicion of
COVID-19.

e They suggest (conditional recommendation) “using either rapid RT-PCR or standard laboratory-
based NAATSs over rapid isothermal NAAT in symptomatic individuals suspected of having COVID-
19)."

e They suggest (conditional recommendation) RNA testing in asymptomatic individuals who are
either known or suspected to have been exposed to COVID-19.

e They suggest against (conditional recommendation) RNA testing in asymptomatic individuals
with no known contact with COVID-19 who are being hospitalized in areas with low prevalence.
They consider a low prevalence rate to be less than 2% of the community.

e They suggest (conditional recommendation) RNA testing in asymptomatic individuals with no
known contact with COVID-19 who are being hospitalized in areas with high prevalence of the
disease. They consider a high prevalence rate to be 10% or higher. The IDSA does note that if the
prevalence rate is between 2% and 9% the decision to test should be dependent on the
availability of testing resources.

e They strongly recommend RNA testing in immunocompromised asymptomatic individuals who
are being admitted to the hospital regardless of exposure to COVID-19.

e They strongly recommend RNA testing (versus no testing) in asymptomatic individuals before
immunosuppressive procedures, such as a hematopoietic stem cell (HSCT) or solid organ (SOT)
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transplant regardless of a known exposure to COVID-19.

e They make NO recommendations “for or against SARS-CoV-2 RNA testing before initiating
immunosuppressive therapy in asymptomatic individuals with cancer,” citing an evidence gap.
This recommendation does not apply to candidates or recipients of HSCT or SOT.

e They make NO recommendations “for or against SARS-CoV-2 RNA testing before the initiation of
immunosuppressive therapy in asymptomatic individuals with autoimmune disease,” citing an
evidence gap.

e They suggest (conditional recommendation) RNA testing in asymptomatic individuals without
known exposure to COVID-19 who are undergoing major time-sensitive surgeries.

e They suggest against (conditional recommendation) RNA testing in asymptomatic individuals
without known exposure to COVID-19 who are undergoing time-sensitive aerosol-generating
procedures, such as a bronchoscopy, when PPE is available.

e They suggest (conditional recommendation) RNA testing in asymptomatic individuals without
known exposure to COVID-19 who are undergoing time-sensitive aerosol-generating procedures
when PPE is limited and testing is available. For this recommendation, the IDSA gives greater
detail due to restrictions in availability of PPE. They also note that their recommendation does not
address the need for repeat testing if patients require multiple procedures over time.

Besides the 17 recommendations, the IDSA panel also released their algorithm for SARS-CoV-2 Nucleic
Acid Testing. This algorithm, as seen in Figure 2, separates individuals into symptomatic and
asymptomatic groups. The IDSA notes that testing should be prioritized for symptomatic patients first.
When resources are sufficient, then testing for selected asymptomatic individuals can be considered.
Regardless, the preferred testing methodology is direct SARS-CoV-2 nucleic acid amplification testing,
such as RT-PCR.

Figure 1. IDSA Algorithm for SARS-CoV-2 Nucleic Acid Testing

Symptomatic Individuals*** Asymptomatic Individuals
Suspicion for COVID-19 is high Suspicion for COVID-19 is low
* Exposed and testing is available
I « Hospital admission, when prevalenca in the
Non- Hospitalized community is high
Hospitalized Patients * Before solid organ or stem cell transplantation
Patients * Major time sensitive surgery
* Time-sensitive aerosol generating procedures when
I PPE is limited and testing is available
Lower respiratory * Known
tract symptoms exposure
* High
prevalence
area

Direct SARS-CoV2 nucleic acid amplification testing

Nasopharyngeal, Anterior Nasal, Mid-turbinate, Saliva or Combined Nasal/Oropharyngeal over Ororpharyngeal alone
Provider-collected or self-collected specimens acceptable for different specimen types except nasopharyngeal

If negative, If negative, repeat If negative, and If negative, do not
repeat testing testing (from lower high suspicion, repeat testing
tract if possible) repeat testing

*** Testing should be prioritized for symptomatic patie
When resources are adequate, testing for selected asymptomatic individuals can also be co

Figure 2: IDSA Algorithm for SARS-CoV-2 Nucleic Acid Testing (IDSA, 2020a). The Infectious Diseases Society of
America (IDSA) released their algorithm for nucleic acid testing for COVID-19. According to the IDSA guidelines,
testing priority should first be given to symptomatic patients; if resources are available, then testing asymptomatic
individuals can be considered. Regardless, patients undergoing time-sensitive immunosuppressive procedures
should be tested (IDSA, 2020b).
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IDSA also published a guideline regarding serology testing on August 18, 2020. In it, they make the
following recommendations:

e "“The IDSA panel suggests against using serologic testing to diagnose SARS-CoV-2 infection
during the first two weeks (14 days) following symptom onset (conditional recommendation, very
low certainty of evidence).”

e “When SARS-CoV-2 infection requires laboratory confirmation for clinical or epidemiological
purposes, the IDSA panel suggests testing for SARS-CoV-2 IgG or total antibody three to four
weeks after symptom onset to detect evidence of past SARS-CoV-2 infection (conditional
recommendation, very low certainty of evidence).”

e The IDSA panel makes no recommendation either for or against using IgM antibodies to detect
evidence of past SARS-CoV-2 infection (conditional recommendation, very low certainty of
evidence).

e "“The IDSA panel suggests against using IgA antibodies to detect evidence of past SARS-CoV-2
infection (conditional recommendation, very low certainty of evidence).”

e "The IDSA panel suggests against using IgM or IgG antibody combination tests to detect evidence
of past SARS-CoV-2 infection (conditional recommendation, very low certainty of evidence).”

e "The IDSA panel suggests using IgG antibody to provide evidence of COVID-19 infection in
symptomatic patients with a high clinical suspicion and repeatedly negative NAAT testing (weak
recommendation, very low certainty of evidence).”

e "In pediatric patients with multisystem inflammatory syndrome, the IDSA panel suggests using
both IgG antibody and NAAT to provide evidence of current or past COVID-19 infection (strong
recommendation, very low certainty of evidence).”

e "“The IDSA panel makes no recommendation for or against using capillary versus venous blood for
serologic testing to detect SARS-CoV-2 antibodies (knowledge gap).”

IDSA also includes several comments on testing methodologies that are currently under evaluation. The
methodologies named in this section of the guideline are "neutralizing antibody and cellular immune
responses”, detection of viral antigens aside from the S or N protein, and multi-test algorithms (IDSA,
2020c).

In the 2018 IDSA guidelines, released before the COVID-19 pandemic, IDSA notes, "Suspected cases of
SARS coronavirus and MERS coronavirus require immediate notification to the laboratory. Guidance for
testing can be found at [CDC websites for SARS and MERS]."” For the four endemic human coronaviruses,
they only state that they are associated with common cold “symptoms of rhinorrhea, congestion, sore
throat, sneezing, and cough and may present with fever”. They do note that for children with asthma or
otitis media, these viruses can cause exacerbation of the conditions. IDSA notes, “Diagnostic tests
include NAATs, which are now common in commercial respiratory panels.” Within their table for the
laboratory diagnosis of bronchiolitis, bronchitis, and pertussis, the IDSA lists possible diagnostic
procedures for the detection of coronavirus to include NAAT, rapid antigen detection tests, and virus
culture; however, they do not list one methodology as a preferred or recommended method over
another. For the antigen testing, they do include a footnote stating, “Rapid antigen tests for respiratory
virus detection lack sensitivity and depending upon the product, specificity” (Miller et al., 2018).

Infectious Diseases Society of America (IDSA)/American Society for Microbiology (ASM)

In 2022, IDSA and ASM released a consensus review document on the clinical and infection prevention
applications for SARS-CoV-2 genotyping. In it, they cover clinical use cases for genotyping, methods of
genotyping, assay validation and regulatory requirements, clinical reporting for laboratories, and
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emerging issues in clinical SARS-CoV-2 sequencing. Overall, they report that “while clinical uses of
SARS-CoV2 genotyping are currently limited, rapid technological change along with a growing ability to
interpret variants in real time foretell a growing role for SARS-CoV-2 genotyping in clinical care as
continuing data emerge on vaccine and therapeutic efficacy” (Greninger et al., 2022).

Society for Healthcare Epidemiology of America- (SHEA)/American Society of Anesthesiologists
(ASA)/Anesthesia Patient Safety Foundation (APSF)

In late 2022, SHEA published recommendations on screening for SARS-CoV-2 in an asymptomatic
population. Here, they note that testing of asymptomatic patients was an attempt to reduce the risk of
nosocomial transmission but has been an extensive and resource intensive process with unclear benefit
when added to other layers of infection prevention mitigation controls. They also note that “the logistic
challenges and costs related to screening program implementation, data noting the lack of substantial
aerosol generation with elective controlled intubation, extubation, and other procedures, and the
adverse patient and facility consequences of asymptomatic screening call into question the utility of this
infection prevention intervention.” Based on their findings, SHEA “recommends against routine universal
use of asymptomatic screening for SARS-CoV-2 in healthcare facilities. Specifically, preprocedure
asymptomatic screening is unlikely to provide incremental benefit in preventing SARS-CoV-2
transmission in the procedural and perioperative environment when other infection prevention
strategies are in place, and it should not be considered a requirement for all patients. Admission
screening may be beneficial during times of increased virus transmission in some settings where other
layers of controls are limited (eg, behavioral health, congregate care, or shared patient rooms), but
widespread routine use of admission asymptomatic screening is not recommended over strengthening
other infection prevention controls” (Talbot et al., 2023).

This statement is supported by the ASA and the APSF. They specifically note that the "SHEA
recommendations provide a rationale for considering a move away from universal screening. Such a
change considers the potential adverse consequences of testing for SARS-CoV-2 in asymptomatic
patients. Moreover, we recommend that each facility develop a risk/benefit analysis that includes
local/facility infection prevention assessment (e.g., patient population, facility physical layout, and
community incidence and transmission of COVID-19 as defined in the SHEA Board Commentary), and a
robust system of controls and interventions to prevent virus transmission (“Swiss Cheese” model). The
recommendations by SHEA should be considered along with these updated recommendations to
operationalize a robust and safe perioperative screening and targeted testing program for the benefit of
our patients, our healthcare workers, other hospital patients and the public” (ASA & APSF, 2022).

American Association for Clinical Chemistry (AACC)

The AACC released a set of recommendations for “implementing and interpreting SARS-CoV-2 EUA and
LDT [laboratory developed test] serologic testing in clinical laboratories.” Serologic testing is currently
only used for serum, plasma, and “less frequently, whole-blood or dried blood spots,” but not for other
sample types, like saliva and cerebrospinal fluid. Serologic testing is “not recommended as the primary
approach for diagnosis of SARS-CoV-2 infection.” For the recommended use of serologic testing, the
AACC stated the following:

e “Serologic testing may be offered as an approach to support diagnosis of COVID -19 illness in
symptomatic patients and late phase negative molecular testing or for patients presenting with
late complications such as multisystem inflammatory syndrome in children (MIS -C).

e Serologic testing can help identify people who may have been infected with or have recovered
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from the SARS -CoV -2 infection.

Serologic testing can be used to screen potential convalescent plasma donors and in the
manufacture of convalescent plasma.

Serologic testing can be used for epidemiology and seroprevalence studies.

Serologic testing can be used for vaccine response and efficacy studies.”

Regarding serologic testing limitations, the AACC stated the following:

“False positive results may occur.

Negative results do not preclude acute SARS CoV-2 infection or viral shedding.
Serologic tests may not differentiate between natural infection and vaccine response.
Serologic results should not be used for

Determining individual protective immunity

Return to work decisions

Cohorting individuals in congregate settings

Assessment of convalescent plasma recipients

Use of Personal Protective Equipment

Placement of high-risk job functions” (Zhang et al., 2021).

0O O O O O O

European Centre for Disease Prevention and Control (ECDC)

The ECDC in their guidance for laboratory support in the EU/EEA recommends using WHO-
recommended testing strategies for the diagnosis and confirmation of COVID-19 (ECDC, 2022a).

In the ECDC's guideline titled “COVID-19 testing strategies and objectives”, the ECDC recommends
performing laboratory testing in accordance with the WHO case definition. The following populations
should be tested (ECDC, 2022b):

“Ideally, all people with COVID-19 symptoms should be tested as soon as possible after symptom
onset. This requires easy access to testing for all, including non-residents. Test result turnaround
time should be minimized, people testing positive should isolate and timely contact tracing
should be carried out, ensuring that all close contacts are tested, irrespective of symptoms.

All patients with acute respiratory symptoms in hospitals and in other healthcare settings, and all
specimens from sentinel primary care surveillance should be tested for both SARS-CoV-2 and
influenza during the influenza season to monitor incidence and trends over time.

Healthcare and social care settings require intensive testing when there is documented
community transmission. Periodic and comprehensive testing of all staff and residents/patients is
recommended to prevent nosocomial transmission. Furthermore, all patients/residents should be
tested upon or just prior to admission.

Clusters or outbreaks may occur in certain settings, such as workplaces, educational facilities,
prisons, and migrant detention centres. Testing policies and systems should be in place for rapid
detection and control to protect the relevant populations in these settings and to protect the
community from amplified transmission.

Countries experiencing high SARS-CoV-2 transmission in a local community should consider
testing the whole population of the affected area. This would enable identification of infectious
COVID-19 cases and allow for their prompt isolation to interrupt chains of transmission.
Depending on the epidemiological situation, size and population density of the affected area,
such an approach could be less disruptive for society than having to introduce and ensure
compliance with more stringent public health measures.

Page 40 of 58



e To prevent re-introduction, countries or subnational areas that achieved sustained control of the
circulation of SARS-CoV-2 should, in addition to quarantine measures, consider targeted testing
and follow-up of individuals coming from other areas within the same country, or from other
countries that have not yet achieved sustained control of the virus” (ECDC, 2022b).

Finally, ECDC notes that “Genomic surveillance of SARS-CoV-2 is essential to detect, monitor and assess
virus variants that can result in increased transmissibility, disease severity, or have other adverse effects
on public health and social control measures. Obtaining timely and accurate information on the
emergence and circulation of variants of concern (VOCs) and variants of interest (VOIs) requires robust
surveillance systems, including integrated genome sequencing with a well-defined sampling and
sequencing strategy to ensure representativeness and reliability of findings” (ECDC, 2021, 2022b).

American Academy of Pediatrics (AAP)

The AAP lists the most common scenarios for testing as symptomatic patients; patients who are
asymptomatic but had exposure to a person with confirmed or probable COVID-19 infection; and
patients who required screening as part of local public health, school, or workplace requirement. The
AAP notes that a person’s vaccination status may be a factor in decision-making concerning the need
for screening.

Additionally, the AAP says that for patients who have symptoms, both NAATSs (such as PCR testing) and
antigen tests can be used. A positive result indicates a SARS-CoV-2 infection on either PCR or antigen
diagnostics. That said, for a patient with a negative antigen result, a provider may repeat the antigen test
at 48 hours per FDA guidance.

For purposes of testing symptomatic children who have recently had confirmed infections within 3
months, the AAP says providers should consider the possibility of a false-positive result. Especially using
PCR tests and other NAAT tests, as these may remain positive from deposited viral genetic material for
several months after an active infection. The AAP notes, “In a child with known exposure and compatible
symptoms, there may be situations in which it is reasonable to retest within the 90-day window. If
testing is performed within that window, antigen testing is generally preferable to NAATs because of the
potential for positive NAAT results attributable to prior infection” (AAP, 2022).

Further, the AAP previously stated in 2020-2021 guidance that antibody (serologic) tests “can provide
evidence of previous infection with SARS-CoV-2 but are not useful for the diagnosis of acute infection. A
positive antibody test result does not prove that a patient has protection against SARS-CoV-2, although
the FDA and vaccine companies use serologic testing as a marker for immunogenicity and protection
from SARS-CoV-2 infection. Thus, these tests should not be used to make decisions on grouping people
in classrooms or other facilities at this time, and individuals with positive antibody tests should continue
to adhere to guidelines about masking, social distancing, and other preventive measures” (AAP, 2022).

The AAP has also included some comments and discussion on Multisystem Inflammatory Syndrome in
Children (MIS-C). MIS-C has been observed to have some association with COVID-19, and patients with
this syndrome have been observed to test positive “far more often” for past SARS-CoV-2 infection (i.e.,
antibody testing) than acute infection (RT-PCR or antigen test). The Council of State and Territorial
Epidemiologists (CSTE) and CDC defines an MIS-C case by the following criteria:

“An individual aged <21 years and in the absence of a more likely alternative diagnosis:

»  Subjective or documented fever (T >38.0° C)
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Clinical severity requiring hospitalization or resulting in death
C-reactive protein (CRP) >3.0 mg/dL
New onset manifestations of >2 of the following categories:
» Cardiac: coronary artery dilatation/aneurysm, left ventricular ejection fraction <55%, or
troponin elevated above normal
= Shock
* Mucocutaneous: rash, oral mucosal inflammation, conjunctivitis/conjunctival injection or
extremity findings (erythema, edema)
» Gastrointestinal: abdominal pain, vomiting or diarrhea
» Hematologic: platelet count <150,000/pL, absolute lymphocyte count <1000/pL
Detection of SARS-CoV-2 nucleic acid/antigen up to 60 days prior to or during hospitalization or
in a postmortem specimen, OR detection of antibody associated with current iliness, OR close
contact with a confirmed/probable COVID-19 case in the 60 days prior to hospitalization” (AAP,
2023).

The CDC delineates a testing algorithm for MIS-C in the outpatient or emergency department setting as
follows:

"Evaluate a child with persistent fever (23 days) who is moderately to severely ill with clinical signs
of organ dysfunction (eg, gastrointestinal, respiratory, cardiac, mucocutaneous or hematologic).
Initial evaluation should include measurement of vital signs, assessment of perfusion and oxygen
saturation. Early consultation and coordination with the nearest pediatric infectious disease and
rheumatology specialist and pediatric referral center for optimal testing and management should
be considered. Laboratory screening for systemic inflammation may be considered and initial lab
screenings may include complete blood cell count (CBC) with differential, urine analysis, ESR, and
CRP, with the addition of ferritin, LDH, comprehensive metabolic panel, pro-BNP, troponin and
fibrinogen depending on initial clinical suspicion and/or evidence of inflammation on initial lab
screening. Note that none of these laboratory studies is specific for the diagnosis of MIS-C, so
even if there is evidence of significant systemic inflammation, alternative diagnoses must still be
considered (eg, pyelonephritis, appendicitis)” (AAP, 2023).

For the evaluation of severely ill appearing or hemodynamically fragile patients, they propose that

"Severely ill-appearing patients and those in compensated shock or shock should be evaluated
and treated in the emergency department/critical care setting. Transfer to a referral center should
be arranged. Laboratory tests, as described above, should be performed for initial evaluation
regardless of duration of fever. Consultation with pediatric subspecialists (infectious diseases,
cardiology, rheumatology) at a local or regional pediatric referral center should be initiated but
should not delay transfer to a referral center” (AAP, 2023).

Testing for hospitalized children is delineated below.

“Any child sick enough to warrant admission for fever, abdominal pain, diarrhea and/or organ
dysfunction in whom MIS-C is suspected should be cared for in a hospital with tertiary pediatric/cardiac
intensive care units. Although decisions about additional testing will be made by the multidisciplinary
team managing the patient, pediatricians can prepare families for an expanded laboratory and cardiac
workup that may include:
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e Chest radiograph, EKG and troponin. If any of these or physical examination is abnormal, then
consult with pediatric cardiology and consider additional diagnostic testing for myocardial injury
(echocardiogram and/or cardiac MRI).

e Expanded laboratory tests including pro-BNP, triglycerides, creatine kinase, amylase, blood and
urine culture, D-dimer, prothrombin time/partial thromboplastin time (PT/PTT), INR, CRP, ferritin,
LDH, comprehensive metabolic panel and fibrinogen, if not already conducted.

e Inall cases, COVID-19 testing should be performed with RT-PCR assay and serologic testing. Later
serology may be needed if all are negative initially. Serologic tests must be sent prior to
administration of intravenous immunoglobulin (IVIG)” (AAP, 2023).

American College of Rheumatology (ACR)

The ACR published guidance regarding MIS-C associated with COVID-19. In it, they list SARS-CoV-2 IgG,
IgM, and IgA as part of the diagnostic pathway for MIS-C (Henderson, Canna, Friedman, Gorelik,
Lapidus, Bassiri, Behrens, Ferris, Kernan, Schulert, Seo, MB, et al.,, 2020).

In a December 5, 2020 update of the above guidelines, the ACR states that ESR, CRP, and testing for
SARS-CoV-2 (by PCR or serology) should be considered a "tier 1" (first-line evaluation) for MIS-C
(Henderson, Canna, Friedman, Gorelik, Lapidus, Bassiri, Behrens, Ferris, Kernan, Schulert, Seo, Son, et al.,
2020).

In a February 3, 2022 update of the above guideline, the ACR added new information concerning
immunomodulatory treatment in MIS-C, hyperinflammation in COVID-19, as well as statements on
thrombotic risk and anticoagulation in MIS-C (Henderson et al., 2022).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for
a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations
(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to
make the determination. For the most up-to-date Medicare policies and coverage, please visit the
Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most
up-to-date Medicaid policies and coverage, please visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

The FDA issued an “Immediately in Effect Guidance on policy for diagnostics testing in laboratories
certified to perform high complexity testing under CLIA prior to Emergency Use Authorization for
Coronavirus Disease-2019 during the public health emergency” in February 2020 (FDA, 2022c). This
policy was updated on 05/11/2020 to state that the “policy is intended to remain in effect only for the
duration of the public health emergency related to COVID-19 declared by the Secretary of Health and
Human Services (HHS) on January 31, 2020, effective January 27, 2020, including any renewals made by
the HHS Secretary in accordance with section 319(a)(2) of the Public Health Service Act (PHS Act) (FDA,
2022e)." As of October 15, 2021, the FDA had issued 418 different EUAs for COVID-19 testing for either
in vitro diagnostic products (which includes testing such as point-of-care tests, antibody testing, and
antigen testing) or high complexity molecular-based laboratory developed tests (FDA, 2021a).

Moreover, within the HR 748, passed as the CARES Act (or Coronavirus Aid, Relief, and Economic
Security Act) as public law 116-136 on March 27, 2020, there are sections concerning coverage and
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pricing of diagnostic testing for COVID-19 (US, 2020).

Many labs have developed specific tests that they must validate and perform in house. These laboratory-
developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-
complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88). LDTs are
not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval
is not currently required for clinical use.

Applicable CPT/HCPCS Procedure Codes

CPT

Code Description

86318

Immunoassay for infectious agent antibody(ies), qualitative or semiquantitative, single step
method (e.g., reagent strip)

86328

Immunoassay for infectious agent antibody(ies), qualitative or semiquantitative, single step
method (e.g., reagent strip); severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
(Coronavirus disease [COVID-19])

86408

Neutralizing antibody, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
(Coronavirus disease [COVID19]); screen

86409

Neutralizing antibody, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
(Coronavirus disease [COVID19]); titer

86413

Severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) (Coronavirus disease [COVID-
19]) antibody, quantitative

86769

Antibody; severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (Coronavirus
disease [COVID-19])

86790

Antibody: virus, not elsewhere specified

87426

Infectious agent antigen detection by immunoassay technique, (e.g., enzyme immunoassay
[EIA], enzyme-linked immunosorbent assay [ELISA], immunochemiluminometric assay
[IMCA]) qualitative or semiquantitative, multiple-step

method; severe acute respiratory syndrome coronavirus (e.g., SARS-CoV, SARS-CoV-2
[COVID-19))

87428

Infectious agent antigen detection by immunoassay technique, (e.g., enzyme immunoassay
[EIA], enzyme-linked immunosorbent assay [ELISA], fluorescence immunoassay [FIA],
immunochemiluminometric assay [IMCA]) qualitative or semiquantitative; severe acute
respiratory syndrome coronavirus (e.g., SARS-CoV, SARS-CoV-2 [COVID-19]) and influenza
virus types A and B

87631

Infectious agent detection by nucleic acid (DNA or RNA); respiratory virus (e.g., adenovirus,
influenza virus, coronavirus, metapneumovirus, parainfluenza virus, respiratory syncytial
virus, rhinovirus), includes multiplex reverse transcription, when performed, and multiplex
amplified probe technigue, multiple types or subtypes, 3-5 targets

87632

Infectious agent detection by nucleic acid (DNA or RNA); respiratory virus (e.g., adenovirus,
influenza virus, coronavirus, metapneumovirus, parainfluenza virus, respiratory syncytial
virus, rhinovirus), includes multiplex reverse transcription, when performed, and multiplex
amplified probe technigue, multiple types or subtypes, 6-11 targets

87633

Infectious agent detection by nucleic acid (DNA or RNA); respiratory virus (e.g., adenovirus,
influenza virus, coronavirus, metapneumovirus, parainfluenza virus, respiratory syncytial
virus, rhinovirus), includes multiplex reverse transcription, when performed, and multiplex
amplified probe technique, multiple types or subtypes, 12-25 targets
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CPT Code Description

Infectious agent detection by nucleic acid (DNA or RNA); severe acute respiratory syndrome
87635 | coronavirus 2 (SARS-CoV-2) (Coronavirus disease [COVID-19]), amplified probe technigue

Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified; direct
87797 | probe technique, each organism

Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified; amplified
87798 | probe technique, each organism

Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified;
87799 | quantification, each organism

Infectious agent antigen detection by immunoassay with direct optical (i.e., visual)
observation; severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (Coronavirus
87811 | disease [COVID-19])

Respiratory infectious agent detection by nucleic acid (DNA and RNA), 18 viral types and
subtypes and 2 bacterial targets, amplified probe technique, including multiplex reverse
transcription for RNA targets, each analyte reported as detected or not detected
Proprietary test: ePlex Respiratory Pathogen (RP) Panel

0115U | Lab/Manufacturer: GenMark Diagnostics, Inc

Infectious disease (bacterial or viral respiratory tract infection), pathogen specific nucleic
acid (DNA or RNA), 22 targets including severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), qualitative RT-PCR, nasopharyngeal swab, each pathogen reported as
detected or not detected

Proprietary test: BioFire® Respiratory Panel 2.1 (RP2.1)

0202U | Lab/Manufacturer: BioFire ® Diagnostics, LLC

Infectious disease (bacterial or viral respiratory tract infection), pathogen-specific nucleic
acid (DNA or RNA), 22 targets including severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), qualitative RT-PCR, nasopharyngeal swab, each pathogen reported

as detected or not detected

Proprietary test: QlAstat-Dx Respiratory SARS CoV-2 Panel

0223U | Lab/Manufacturer: QIAGEN Sciences

Antibody, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (Coronavirus

disease [COVID-19)), includes titer(s), when
performed

Proprietary test: COVID-19 Antibody Test

0224U | Lab/Manufacturer: Mt Sinai, Mount Sinai Laboratory

Infectious disease (bacterial or viral respiratory tract infection) pathogen-specific DNA and
RNA, 21 targets, including severe acute respiratory syndrome coronavirus 2 (SARSCoV-2),
amplified probe technique, including multiplex reverse transcription for RNA targets, each
analyte reported as detected or not detected

Proprietary test: ePlex® Respiratory Pathogen Panel 2

0225U | Lab/Manufacturer: GenMark Dx/GenMark Diagnostics, Inc

Surrogate viral neutralization test (SVNT), severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) (Coronavirus disease [COVID-19]), ELISA, plasma, serum

Proprietary test: Tru-Immune™

0226U | Lab/Manufacturer: Ethos Laboratories/GenScript® USA Inc

Infectious agent antigen detection by bulk acoustic wave biosensor immunoassay, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (coronavirus disease [COVID-19])
0408U | Proprietary test: Omnia™ SARS-CoV-2 Antigen Test
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CPT Code Description

Lab/Manufacturer: Qorvo Biotechnologies

Hospital outpatient clinic visit specimen collection for severe acute respiratory syndrome

C9803 | coronavirus 2 (sars-cov-2) (coronavirus disease [covid-19]), any specimen source

Specimen collection for severe acute respiratory syndrome coronavirus 2 (sars-cov-2)

G2023 | (coronavirus disease [covid-19]), any specimen source

Specimen collection for severe acute respiratory syndrome coronavirus 2 (sars-cov-2)

(coronavirus disease [covid-19]) from an individual in a SNF or by a laboratory on behalf of a

G2024 | HHA, any specimen source

U0001 | CDC Novel Coronavirus (2019-nCoV) Real-Time RT-PCR Diagnostic Panel

U0002 | Non-CDC laboratory test for 2019-nCoV (COVID-19), any method

Infectious agent detection by nucleic acid (DNA or RNA); severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) (Coronavirus disease [COVID-19]), amplified probe technique,

U0003 | making use of high throughput technologies as described by CMS-2020-01-R

2019-nCoV Coronavirus, SARS-CoV-2/2019-nCoV (COVID-19), any technique, multiple types

or subtypes (includes all targets), non-CDC, making use of high throughput technologies as

U0004 | described by CMS-2020-01-R

Infectious agent detection by nucleic acid (DNA or RNA); severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) (Coronavirus disease [COVID-19]), amplified probe technique,

CDC or non-CDC, making use of high throughput technologies, completed within two

calendar days from date and time of specimen collection. (List separately in addition to
U0005 | either HCPCS code U0O003 or UO004)

Current Procedural Terminology© American Medical Association. All Rights reserved.

Procedure codes appearing in Medical Policy documents are included only as a general reference tool for
each policy. They may not be all-inclusive.
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A., Konforte, D., & the, A. C. S. T. T. F. (2021). AACC Practical Recommendations for Implementing and
Interpreting SARS-CoV-2 EUA and LDT Serologic Testing in Clinical Laboratories. Clinical Chemistry.
https://doi.org/10.1093/clinchem/hvab051

Zhao, J,, Yuan, Q., Wang, H., Liu, W,, Liao, X,, Su, Y., Wang, X,, Yuan, J, Li, T, Li, J, Qian, S., Hong, C., Wang,
F. Liu, Y., Wang, Z, He, Q, Li, Z, He, B., Zhang, T., . . . Zhang, Z. (2020). Antibody responses to SARS-
CoV-2 in patients of novel coronavirus disease 2019. Clinical Infectious Diseases.
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Revision History

Revision Date | Summary of Changes

10/01/2023 Added CPT code 0408U

05/31/2023 Reviewed and Updated: Updated background, guidelines, and evidence-based scientific
references. Literature review necessitated the following changes in coverage criteria:
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CC1-CC5 edited for clarity and consistency. Order of CC9 (antigen) and 10 (PCR) reversed
to match with order of allowed panel sizes for PCR and antigen in CC6 (PCR) and 7
(antigen). Panel sizes not allowed are now PCR followed by antigen.

Removed CC1.c. “c) For asymptomatic individuals prior to undergoing
immunosuppressive or aerosol-producing procedures.” As new guidelines specify that
asymptomatic screening for those without a known exposure is not supported, even if
they are going to undergo these types of procedures.

New CC12: "12) In the outpatient setting, SARS-CoV-2 genotyping DOES NOT MEET
COVERAGE CRITERIA."

Addition of disclaimer to the beginning of the “Indications and/or Limitations of
Coverage” Section: “This policy only addresses testing for the purpose of medical
decision making in the outpatient setting. This policy does not address work, school,
state, or federally mandated SARS-CoV-2 testing.”

12/07/2022

Reviewed and Updated: Updated the background, guidelines and recommendations, and
evidence-based scientific references. Literature review did not necessitate any
modifications to coverage criteria. The following edits were made for clarity:

CC11 changed to “11)  For all other situations not described above, host antibody
serology testing DOES NOT MEET COVERAGE CRITERIA.” which resulted in the removal of
CC12, as all situations for host antibody serology testing would be covered by the
rewording of CC11

All other CC aside from what is now CC13 were edited for clarity and consistency

06/14/2022

Annual Review: Updated the background, guidelines and recommendations, and
evidence-based scientific references. Guideline updates necessitated the following
coverage criteria changes.

Removed 1 d and e “d. In individuals who are not up to date with their COVID-19
vaccines and who are prioritized for expanded community screening for COVID-19 e. In
individuals, regardless of vaccination status, who have been asked or referred to get
testing by their school, workplace, or healthcare provider, or by their state, tribal, local, or
territorial health department.”

Removed ICD-10 Z28.311 and Z28.39

03/09/2022

Off-cycle review: Updated the background, guidelines and recommendations, and
evidence-based scientific references. Guideline updates necessitated the following
coverage criteria changes:

CC1 a, b, ¢ edited for clarity, addition of "In" before description

Addition of "EXCEPT when the individual has had a previous COVID-19 infection within
the last 90 days" to CC: "b) In asymptomatic individuals with known exposure to COVID-
19, EXCEPT when the individual has had a previous COVID-19 infection within the last 90

days."
Addition of CC1d, 1e:
d) In individuals who are not up to date with their COVID-19 vaccines and who are

prioritized for expanded community screening for COVID-19

e) In individuals, regardless of vaccination status, who have been asked or referred
to get testing by their school, workplace, or healthcare provider, or by their state, tribal,
local, or territorial health department.

ICD-10 Changes —Added: Z28.311 and Z28.39 (cc1.d.)
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12/08/2021

Off-cycle review: Updated the background, guidelines and recommendations, and
evidence-based scientific references. Literature review did not necessitate any coverage
criteria changes.

09/01/2021

Off-cycle review: Updated the background, guidelines and recommendations, and
evidence-based scientific references. Literature review did not necessitate any coverage
criteria changes.

2022 ICD-10 update: Removed RO5; Added R05.1, R05.2, R05.3, R05.4, R05.8, R05.9

06/02/2021

Off-cycle review: Updated the background, guidelines and recommendations, and
evidence-based scientific references. Literature review necessitated the following changes
to coverage criteria:

Addition per CAB decision:

Whole genome sequencing of paired specimens from distinct lineages (as defined in
Nextstrain or GISAID) DOES NOT MEET COVERAGE CRITERIA to diagnose SARS -CoV-2
reinfection.

Addition of PASC as MCC per CDC to CC4.

03/03/2021

Off-cycle review: Updated the background, guidelines and recommendations, and
evidence-based scientific references. Literature review did not necessitate any coverage
criteria changes.

12/02/2020

Off-cycle review: Updated the background, guidelines and recommendations, and
evidence-based scientific references. Literature review necessitated the following
coverage criteria changes based on the 2020 CDC case series report:
Added coverage for host antibody serology testing for assistance with diagnosis of
Multisystem Inflammatory Syndrome in Adults (MIS-A) along with corresponding notes.
e Host antibody serology testing to support a diagnosis of Multisystem
Inflammatory Syndrome in Children (MIS-C) or Multisystem Inflammatory
Syndrome in Adults (MIS-A) MEETS COVERAGE CRITERIA. (See Notes 2 and
3).
Added “in symptomatic individuals” to the following CC for clarity:
e The use of an antigen-detecting diagnostic test in symptomatic individuals,
including antigen rapid tests, for SARS-CoV-2, MEETS COVERAGE CRITERIA.
Added reference to MIS-A “or MIS-A testing in adults” to CC10 for clarity:
e Host antibody serology testing to diagnose an acute suspected COVID-19
(SARS-CoV-2) infection or any other human coronavirus infection DOES NOT
MEET COVERAGE CRITERIA (except for MIS-C testing in children or MIS-A
testing in adults).
Added coverage criteria regarding “"antigen panel testing":
7. Antigen panel testing of up to 5 antigens MEETS COVERAGE CRITERIA for patients with
signs and symptoms of a respiratory tract infection, as evidenced by a compatible clinical
syndrome including at least one of the following: temperature of 102 or greater,
pronounced dyspnea, tachypnea, or tachycardia.
8. Antigen panel testing of 6 or more antigens DOES NOT MEET COVERAGE CRITERIA.
Updated Note 1 per latest CDC and WHO guidelines:
e Note 1: Signs and symptoms associated with a possible COVID-19 infection
can include a fever, cough, fatigue, shortness of breath or difficulty
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breathing, congestion or runny nose, fever, chills, muscle pain, headache,
sore throat, new loss of taste or smell, nausea, vomiting, diarrhea,
conjunctivitis, rash on skin or discoloration of fingers or toes (CDC, 20200;
WHO, 2020j).
Added Note 3:
Note 3: According to the CDC, evidence of possible MIS-A includes (Morris et al., 2020):
« a severe illness requiring hospitalization in a person aged >21 years;
- a positive test result for current or previous SARS-CoV-2 infection (nucleic acid, antigen,
or antibody) during admission or in the previous 12 weeks.
- severe dysfunction of one or more extrapulmonary organ systems (e.g., hypotension or
shock, cardiac dysfunction, arterial or venous thrombosis or thromboembolism, or acute
liver injury);
« laboratory evidence of severe inflammation (e.g., elevated CRP, ferritin, D-dimer, or
interleukin-6);
« absence of severe respiratory illness (to exclude patients in which inflammation and
organ dysfunction might be attributable simply to tissue hypoxia).
Added CPTs 87428, 87811, and U0005

09/08/2020 Off-cycle review: Updated the background, guidelines and recommendations, and
evidence-based scientific references. Literature review necessitated the addition of the
following coverage criterion based on the 2020 CDC and 2020 IDSA guidelines:
“Neutralization antibody testing for SARS-CoV-2 DOES NOT MEET COVERAGE
CRITERIA for any indications”.

Based on the 2020 CDC and 2020 NIH guidelines, the coverage criterion that previously
read:

“The use of an antigen-detecting diagnostic or screening test, including antigen rapid
tests, for any human coronavirus DOES NOT MEET COVERAGE CRITERIA.”

Has been changed to:

“The use of an antigen-detecting diagnostic test, including antigen rapid tests, for SARS-
CoV-2, MEETS COVERAGE CRITERIA."

And re-ordered according to Avalon protocol. Deleted the phrase "according to the CDC
guidelines” from CC1.

CPT changes: added: 87426, 86408, 86409, 86413, 0223U, 0224U, 0225U, 0226U, C9803
Removed: 87299 Infectious agent antigen detection by immunofluorescent technique;
not otherwise specified, each organism

05/26/2020 Initial presentation
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Policy Description

Diabetes describes several heterogeneous diseases in which various genetic and environmental factors
can result in the progressive loss of B-cell mass and/or function that manifests clinically as
hyperglycemia (Skyler et al., 2017).

Fasting plasma glucose (FPG) and oral glucose tolerance testing (OGTT) can be used in the diagnosis of
diabetes mellitus. FPG is obtained from blood after a typically overnight period of not eating, whereas
the OGTT is performed to understand an individual’s response to a concentrated solution of glucose
after two hours, typically in the setting of pregnancy (MayoClinic, 2022). In an asymptomatic individual,
fasting plasma glucose > 126 mg/dL or two-hour plasma glucose values of 2200 mg/dL duringa 75 g
OGTT establish a diagnosis of diabetes. In reference to Alc values, individuals with percentages 5.7 to
<6.5% are at highest risk. Additionally, there is a continuum of increasing risk amongst individuals with
Alclevels <6.5% (Inzucchi & Lupsa, 2023). These assays are identified to be affordable alternatives to
the more costly yet more convenient HbA1c level, and are more often used in the diagnosis of type 2
diabetes mellitus (Hayward & Selvin, 2022).

Glycated hemoglobin (A1c) results from post-translational attachment of glucose to the hemoglobin in
red blood cells at a rate dependent upon the prevailing blood glucose concentration. Therefore, these
levels correlate well with glycemic control over the previous eight to twelve weeks (Selvin, 2022). The
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measurement of hemoglobin A1lc is recommended for diabetes management, including screening,
diagnosis, and monitoring for diabetes and prediabetes.

Related Policies

Policy Number Policy Title

AHS-G2035 Prenatal Screening (Nongenetic)

Indications and/or Limitations of Coverage

Application of coverage criteria is dependent upon an individual's benefit coverage at the time of the
request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and
Federal Regulations” section of this policy document.

1)

2)

For individuals with acute or persistent classic symptoms of diabetes mellitus (see Note 1),
measurement of plasma glucose MEETS COVERAGE CRITERIA.

For individuals with a diagnosis of either type 1 or type 2 diabetes mellitus, measurement of
hemoglobin A1c MEETS COVERAGE CRITERIA in any of the following situations:

a) Upon initial diagnosis to establish a baseline value and to determine treatment goals.

b) Twice a year (every 6 months) in individuals who are meeting treatment goals and who, based on
daily glucose monitoring, appear to have stable glycemic control.

c) Quarterly in individuals who are not meeting treatment goals for glycemic control.
d) Quarterly in individuals whose pharmacologic therapy has changed.

For prediabetic individuals, annual screening for type 2 diabetes with a fasting plasma glucose test or
measurement of hemoglobin A1c MEETS COVERAGE CRITERIA.

For asymptomatic individuals who are 35 years of age or older and who have no risk factors for
diabetes, screening for prediabetes or type 2 diabetes once every three years with a fasting plasma
glucose test MEETS COVERAGE CRITERIA.

For individuals 18 years of age or older, screening once every three years for prediabetes or type 2
diabetes with a fasting plasma glucose test or measurement of hemoglobin A1c MEETS COVERAGE
CRITERIA for individuals with any of the following risk factors:

a) For individuals who are overweight or obese.

b) For first-degree relatives (see Note 2) of individuals with diabetes.
c) Forindividuals with a history of cardiovascular disease.

d) For individuals with hypertension.

e) For individuals with hypercholesterolemia.

f) For individuals with metabolic syndrome.

g) For individuals who are obese and have acanthosis nigricans.

h) For individuals with polycystic ovary syndrome.
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i) Forindividuals who were previously diagnosed with gestational diabetes mellitus (GDM).
6) For individuals who are positive for HIV, screening for diabetes and prediabetes with a fasting plasma
glucose test MEETS COVERAGE CRITERIA in any of the following situations:
a) For individuals starting antiretroviral therapy (ART).
b) For individuals switching their ART.
c) 3-6 months after starting or switching antiretroviral therapy.

d) Annually when screening results were initially normal.

7) Forindividuals 10 years of age and older who have been diagnosed with cystic fibrosis (CF) but not
with CF-related diabetes, annual screening for CF-related diabetes with an OGTT MEETS COVERAGE
CRITERIA.

8) For overweight or obese individuals less than 18 years of age, diabetes screening once every three
years with a fasting plasma glucose test, an OGTT, or measurement of hemoglobin A1c MEETS
COVERAGE CRITERIA for individuals with any of the following risk factors:

a) The individual has a maternal history of diabetes or gestational diabetes mellitus during the
child’s gestation.

b) The individual has a family history of type 2 diabetes in first- or second-degree relatives (see Note
2).

c) The individual has signs of insulin resistance or conditions associated with insulin resistance
(acanthosis nigricans, hypertension, dyslipidemia, polycystic ovary syndrome, or small-for-
gestational-age birth weight).

9) For pregnant individuals, a fasting plasma glucose test or an OGTT up to once per month during
pregnancy MEETS COVERAGE CRITERIA.

10) For individuals diagnosed with GDM during pregnancy, an OGTT MEETS COVERAGE CRITERIA in any
of the following situations:
a) To screen for persistent diabetes or prediabetes 4-12 weeks postpartum.
b) For individuals with a positive initial postpartum screening result, repeat screening to confirm a

diagnosis of persistent diabetes or prediabetes.

11) For all other situations not addressed above, fasting plasma glucose testing at a wellness visit with no
abnormal findings DOES NOT MEET COVERAGE CRITERIA.

12) For all other situations not previously described (see Note 3), measurement of hemoglobin A1c DOES
NOT MEET COVERAGE CRITERIA.

NOTES:

Note 1: According to the American Diabetes Association (ADA), measurement of plasma glucose is
sufficient to diagnose diabetes mellitus in a patient with classic symptoms (polyuria, polyphagia,
polydipsia).
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Note 2: First-degree relatives include parents, full siblings, and children of the individual. Second-degree
relatives include grandparents, aunts, uncles, nieces, nephews, grandchildren, and half-siblings of the

individual.

Note 3: Measurement of hemoglobin A1c should not be performed in any of the following situations:

1) To test for diabetes in individuals presenting with acute or persistent classic symptoms of diabetes

mellitus.
2) In pregnant individuals without an established diagnosis of diabetes or prediabetes.
3) To screen for diabetes in individuals diagnosed with cystic fibrosis.

4) In conjunction with measurement of fructosamine.
5) Inindividuals with a condition associated with increased red blood cell turnover (e.g., individuals
with sickle cell disease or who are HIV positive, individuals receiving hemodialysis or erythropoietin

therapy or who have had recent blood loss or a transfusion).

Table of Terminology

Term Definition
1,5AG 1,5-Anhydroglucitol
2-h PG 2-h plasma glucose
Alc Glycated hemoglobin
AACE American Association of Clinical Endocrinologists
AAFP American Academy of Family Physicians
ACE American College of Endocrinology
ACP American College of Physicians
ADA American Diabetes Association
aRR Adjusted risk ratios
ARV Antiretroviral
BMI Body mass index
BP Blood pressure
CAP College of American Pathologists
CF Cystic fibrosis
CFPD Cystic fibrosis-related prediabetes
CFRD Cystic fibrosis-related diabetes
CHF Congestive heart failure
CKD Chronic kidney disease
CMS Centers For Medicare and Medicaid Services
COVID-19 | Coronavirus 19
Ccv Coefficient of variation
CVA Cerebrovascular accident
CVD Cardiovascular disease
DCCT Diabetes Control and Complications Trial
FA Fructosamine
FDA Food and Drug Administration
FPG Fasting plasma glucose
GA Glycated albumin
GCT Glucose challenge test
GDM Gestational diabetes mellitus
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HbA1c Hemoglobin A1C/Glycated hemoglobin

HDL High-density lipoprotein

HIV/AIDS | Human immunodeficiency virus, acquired immunodeficiency syndrome
HPLC High-performance liquid chromatography

IFCC International Federation of Clinical Chemistry

IFG Impaired fasting glucose

IGT Impaired glucose tolerance

IHD Ischemic heart disease

ISPAD International Society for Pediatric and Adolescent Diabetes
KDIGO Kidney Disease: Improving Global Outcomes Diabetes Working Group
LDTs Laboratory developed tests

MACE Major adverse cardiovascular events

MODY Maturity-onset diabetes of the young

NACB National Academy of Clinical Biochemistry

NGSP National Glycohemoglobin Standardization Program

NICE National Institute for Health and Care Excellence

OGTT Oral glucose tolerance test

OR Odds ratio

POC Point of care

ROC-AUC | Receiver operative characteristic, area under the curve

SES Socioeconomic status

SMBG Self-monitoring of blood glucose

T1D Type 1 Diabetes

TIA Transient ischemic attack

USPSTF United States Preventive Services Task Force

WHO World Health Organization

Scientific Background

Diabetes is a major health concern in the United States. According to the Centers for Disease Control
and Prevention :

e Prevalence: In 2019, 37.3 million Americans, or 11.3% of the population, had diabetes.

Approximately 1.9 million American children and adults have type 1 diabetes, including about
244,000 children and adolescents.
e Diagnosed and undiagnosed: Of the 37.3 million, 28.7 million were diagnosed, and 8.5 million
were undiagnosed.
e Prevalence in seniors: The percentage of Americans aged 65 and older remains high, at 29.2%, or
15.9 million seniors (diagnosed and undiagnosed).
e New cases: 1.4 million Americans are diagnosed with diabetes every year.

e Prediabetes: In 2019, 96 million Americans aged eighteen and older had prediabetes.

e Deaths: Diabetes remains the 7th leading cause of death in the United States in 2019, with 87,647
death certificates listing it as the underlying cause of death, and a total of 282,801 death
certificates listing diabetes as a cause of death.

e Total economic cost of diabetes care in the United States: $327 billion in 2017 (ADA, 2022; CDC,

2020).

Diabetes can be classified into the following categories:
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e "Type 1 diabetes (due to autoimmune B-cell destruction, usually leading to absolute insulin
deficiency)”

e "Type 2 diabetes (due to a progressive loss of B-cell insulin secretion frequently on the
background of insulin resistance)”

e “Gestational diabetes mellitus (GDM) (diabetes diagnosed in the second or third trimester of
pregnancy that was not clearly overt diabetes prior to gestation)”

e “Specific types of diabetes due to other causes, e.g., monogenic diabetes syndromes (such as
neonatal diabetes and maturity-onset diabetes of the young [MODY]), diseases of the exocrine
pancreas (such as cystic fibrosis and pancreatitis), and drug- or chemical-induced diabetes (such
as with glucocorticoid use, in the treatment of HIV/AIDS, or after organ transplantation)” (ElSayed
et al., 2023a). The diagnosis of diabetes mellitus is easily established when a patient presents with
classic symptoms of hyperglycemia, which include polyuria, polydipsia, nocturia, blurred vision,
and, infrequently, weight loss. The frequency of symptomatic diabetes has been decreasing in
parallel with improved efforts to diagnose diabetes earlier through screening. Increasingly, the
majority of patients are asymptomatic, and hyperglycemia is noted on routine laboratory
evaluation, prompting further testing (Inzucchi & Lupsa, 2023).

Glycated hemoglobin Alc (also known as HbA1c, Alc, glycohemoglobin, or hemoglobin Alc) testing
plays a key role in the management of diabetes. New hemoglobin enters circulation with minimal
glucose attached. However, glucose irreversibly binds to hemoglobin based on the surrounding blood
glucose concentration. Therefore, A1c is considered a measure of blood glucose level, albeit an indirect
one. It is best correlated with the mean glucose level over the last eight to twelve weeks as red blood
cells experience significant turnover. Various factors may affect the reliability of A1c (atypical
hemoglobins or hemoglobinopathies, chronic kidney disease, et al.), but most assays have been
standardized to the Diabetes Control and Complications Trial (DCCT) standard, which “estimated the
mean blood glucose concentrations derived from seven measurements a day (before and ninety
minutes after each of the three major meals, and before bedtime), performed once every three months
and compared the average glucose concentration with A1c values in patients with type 1 diabetes”
(Selvin, 2022).

The HbA1c assay provides information about the degree of long-term glucose control (Nathan et al,,
1984), and has been recommended for the diagnosis and monitoring of diabetes (EISayed et al., 2023a;
IEC, 2009). Various methods of HbA1c measurement include chromatography based HPLC assay,
boronate affinity, antibody-based immunoassay, and enzyme based enzymatic assay (Kanyal Butola et
al., 2021). Long term blood sugar control has been associated with decreased risk of retinopathy,
nephropathy, neuropathy, and cardiovascular disease, peripheral arterial, cerebrovascular disease
(Hanssen et al., 1992) and myocardial fibrosis in adults with diabetes (Al-Badri et al., 2018). Higher
HbA1c variability has been associated with higher all-cause mortality in patients with Type 2 Diabetes
(Gu et al., 2018).

Fasting plasma glucose is a method of glucose monitoring that measures an individual's glucose level
typically in a period defined with no caloric intake for eight hours or more. Its usage in the diagnosis of
diabetes lies primarily in gestational diabetes, along with the oral glucose tolerance test, but HbA1c,
fasting plasma glucose, or oral glucose tolerance tests with their respective positive results can be used
in diagnosing diabetes mellitus in nonpregnant individuals as well. To diagnose diabetes in
asymptomatic individuals, a fasting plasma glucose has to be > 126 mg/dL. For diagnosing prediabetes,
an individual may have "impaired fasting glucose,” which would present with a range of 100-125 mg/dL
(Hayward & Selvin, 2022; Inzucchi & Lupsa, 2023).
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The oral glucose tolerance test (OGTT) can be more inconvenient and used in the setting to diagnose
gestational diabetes mellitus (GDM). Normally, 75g of glucose is ingested by the patient, and if the
patient has a two-hour plasma glucose value of >200 mg/dL, a diagnosis of diabetes can be made. The
test can also be performed at one hour with 50g oral glucose, with positive GDM diagnostic results
between 130-140 mg/dL as part of a two-step approach with the three-hour 1009 test, which can be
diagnostic of GDM with two elevated values. For prediabetes with an accompanied “impaired glucose
tolerance,” a two-hour plasma glucose value between 140-199 mg/dL is used. However, the WHO
requires an additional FPG <126 in addition to the two hour plasma glucose value to establish impaired
glucose tolerance (Durnwald, 2023; Hayward & Selvin, 2022).

Analytical Validity

The International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) Working Group on
HbA1c Standardization has developed a reference measurement system and the measurement of HbA1c
is currently well-standardized (Hoelzel et al., 2004), and a sound reference system is in place to ensure
continuity and stability of the analytical validity of HbA1c measurement (Weykamp et al., 2008). In
contrast, plasma glucose concentration remains difficult to assay with consistent accuracy (Gambino,
2007). HbA1c has greater analytical stability (consistency with repetitive sample testing) and less day-to-
day variability than either the fasting plasma glucose (FPG)or two-hour PG (Petersen et al., 2005;
Rohlfing et al.,, 2002). For any given individual, the HbA1c exhibits little short-term biologic variability; its
coefficient of variation (CV) is 3.6%, compared to FPG (CV of 5.7%) and 2-h PG (CV of 16.6%) (Malkani &
Mordes, 2011; Selvin et al.,, 2007).

A sample proficiency testing survey performed by the National Glycohemoglobin Standardization
Program (NGSP) and College of American Pathologists (CAP) evaluated the accuracy of Alc assays. The
survey found that “method-specific, between-laboratory CV's ranged from 0.7% to 4.0%" and
"approximately 85% of laboratories are using methods with CVs <3% at all five HbA1c levels.” The
survey also noted the current pass limit was +6%, but using a pass rate of 97.1% to 98.0% of labs passed
(NGSP, 2023).

Clinical Utility and Validity

Testing A'lc, FPG, and 2-h PG measure different aspects of glycemia and are frequently discordant for
diagnosing diabetes. A1c >6.5% identifies fewer individuals as having diabetes than glucose-based
criteria; however, a recent study concluded that twelve percent of patients can be misclassified with
respect to diabetes diagnosis due to laboratory instrument error in measuring glucose (Miller et al.,
2008). The New Hoorn Study analyzed the diagnostic properties of the Alc, using OGTT as the
diagnostic criterion (van 't Riet et al., 2010). The analysis suggested that an A1c of 5.8% had a sensitivity
of 72% and specificity of 91%. This compares with specificity of 24% and sensitivity of 99% for the Alc
cut point of 6.5%. On the other hand, the 6.5% cut point had a positive predictive value of 93%,
compared with a positive predictive value of only 24% for a cut-point of 5.8% (Malkani & Mordes, 2011).

When using the reference diagnosis of diabetes being a two-hour blood glucose >200 mg/dL (11.1
mmol/L) during an OGTT, the specificity of FPG >126 mg/dL was >95% and sensitivity about 50%, with
possibly lower sensitivities and specificities for individuals over sixty-five years (Blunt et al., 1991). With
the same OGTT reference, the specificity and sensitivity of an A1c 26.5%, as per diagnosis of diabetes,
were reported as 79% and 44%, respectively (Kramer et al., 2010).
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Cowie et al. (2010) “examined prevalence's of previously diagnosed diabetes and undiagnosed diabetes
and high risk for diabetes using recently suggested A1c criteria in the U.S. during 2003-2006. We
compared these prevalence’s to those in earlier surveys and those using glucose criteria.” 14,611
individuals were included (completed a household interview) and classified for diagnosed diabetes and
by Alc, fasting, and 2-h glucose challenge values. Diagnostic values for A1c were >6.5% for
“undiagnosed” diabetes and 6%-6.5% for “high risk” of diabetes. The authors found that by these Alc
diagnostic values, the “crude prevalence” of diabetes in adults older than twenty years was 20.4 million,
of which nineteen percent went undiagnosed based on Alc > 6.5%. The authors then stated that the
ATc criteria only diagnosed thirty percent of the undiagnosed diabetic group (Cowie et al,, 2010).

Mamtora et al. (2021) assessed the clinical utility of point of care (POC) HbA1c testing in the
ophthalmology outpatient setting. Forty-nine patients with diabetic retinopathy underwent POC HbA1c
testing and blood pressure measurement. Of the forty-nine patients, 81.6% had POC readings above the
recommended HbA1c levels and only 16.3% of these patients were aware of their elevated HbA1c levels.
Fourteen patients (33.3%) with high HbA1c readings were referred to secondary diabetic services and
88.8% of patients felt like the test was useful. The authors suggest that POC HbA1c testing is a "cost-
effective, reproducible and clinically significant tool for the management of diabetes in an outpatient
ophthalmology setting, allowing the rapid recognition of high-risk patients and appropriate referral to
secondary diabetic services" (Mamtora et al., 2021).

Goodney et al. (2016) evaluated the consistency of Alc testing of diabetes patients and its effect on
cardiovascular outcomes. The study included 1574415 Medicare patients with diabetes mellitus, and the
consistency of testing was separated into three categories: “low (testing in zero or one of three years),
medium (testing in two of three years), and high (testing in all three years).” Approximately 70.2% of
patients received high-consistency testing, 17.6% received medium-consistency, and 12.2% received
low-consistency. Major adverse cardiovascular events (MACE) included “death, myocardial infarction,
stroke, amputation, or the need for leg revascularization.” Low-consistency patients was associated with
death or other adverse events (hazard ratio: 1.21). The authors concluded that “consistent annual
hemoglobin Alc testing is associated with fewer adverse cardiovascular outcomes in this observational
cohort of Medicare patients of diabetes mellitus” (Goodney et al., 2016).

The GOAL study (Al Mansari et al., 2018) used Alc to assess diabetes control in a real-world practice
study aimed to assess predictive factors for achieving the glycemic hemoglobin A1c (HbA1c) at six
months as targeted by the treating physician in adults with type 2 diabetes. In this study, 2704 patients
with a mean A1c of 9.7% were enrolled. After six months, lower baseline Alc (> 8.5% vs <7%) was found
to be a predictive factor for achieving glycemic control. The authors also observed “absolute changes in
the mean HbA1c of —=1.7% and -2% were observed from baseline to six and twelve months,
respectively” (Al Mansari et al., 2018).

Mitsios et al. (2018) evaluated the association between A1c and stroke risk. Twenty-nine studies
(n=532779) were included. The authors compared the non-diabetic A1c range (<5.7%) to the diabetic
range (26.5%) and found that the diabetic range was associated with a 2.15-fold increased risk of first-
ever stroke. The pre-diabetes range of 5.7%-6.5% was also not associated with first-ever stroke. The
authors also observed that for every one percent increase in Alc, the hazard ratio of first-ever stroke
increased (1.12-fold for non-diabetic ranges, 1.17 for diabetic ones). This increased risk was also seen for
ischemic stroke, with a hazard ratio of 1.49 for non-diabetic ranges and 1.24 for diabetic ranges (Mitsios
et al.,, 2018).
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Ludvigsson et al. (2019) evaluated the association between preterm birth risk and periconceptional
HbA1c levels in pregnant individuals with type 1 diabetes (T1D). Preterm birth was defined as <37 weeks
and several secondary outcomes were also examined, which were "neonatal death, large for gestational
age, macrosomia, infant birth injury, hypoglycemia, respiratory distress, five-minute Apgar score less
than seven, and stillbirth”. A total of 2474 singletons born to individuals with T1D and 1165216 reference
infants (children born to mothers without T1D) were included. The authors identified 552 preterm births
in the T1D cohort (22.3%) compared to 54287 in the control cohort (4.7%). Incidences of preterm birth
were measured at several separate thresholds, including <6.5%, 6.5%-7.8%, 7.8%-9.1%, and >9.1%. The
T1D cohort's adjusted risk ratios (aRR) of preterm birth compared to the control cohort were as follows:
2.83 for <6.5%, 4.22 for 6.5%-7.8%, 5.56 for 7.8%-9.1%, and 6.91 for >9.1%. The corresponding aRRs for
“medically indicated preterm birth” (n=320) were 5.26, 7.42, 11.75 and 17.51, respectively. Increased
HbA1c levels were also found to be associated with the secondary clinical outcomes. The authors
concluded that “the risk for preterm birth was strongly linked to periconceptional HbA1c levels
(Ludvigsson et al., 2019).

Saito et al. (2019) examined the association of HbA1c variability (defined as visit-to-visit) and later onset
of malignancies. The authors included 2640 patients fifty years or older, with diabetes. A total of 330
patients (12.5%) developed malignancies during follow-up. The authors stratified the patients into
quartiles of glycemic variability (defined as standard deviation of HbA1c) and found a “dose-dependent
association with tumorigenesis” in the three highest quartiles. The odds ratios were as follows: 1.20 for
the second quartile, 1.43 for the third, and 2.19 for the highest. The authors concluded that “these
results demonstrated that visit-to-visit HbA1c variability is a potential risk factor for later tumorigenesis.
The association may be mediated by oxidative stress or hormone variability (Saito et al., 2019).

Mafié et al. (2019) evaluated the “suitability of first-trimester fasting plasma glucose and HbA1c levels in
non-diabetic range to identify [individuals] without diabetes at increased pregnancy risk”. Primary
outcomes were defined as "“macrosomia and pre-eclampsia” and secondary outcomes were defined as
“preterm delivery, Caesarean section and large-for-gestational age”. A total of 1228 pregnancies were
included. Pregnant individuals with an HbA1c of >5.8% were found to have an increased risk of
marcosomia (odds ratio [OR] = 2.69), an HbA1c of >5.9% was found to be associated with a three-fold
risk of pre-eclampsia, and an HbA1c of >6% was found to be associated with a four-fold risk of “large-
for-gestational age”. Fasting plasma glucose levels were not found to be associated with any pregnancy
outcome (Mafié et al., 2019).

Arbiol-Roca et al. (2021) studied the clinical utility of HbA1c testing as a biomarker for detecting
gestational diabetes mellitus (GDM) and as a screening test to avoid the use of the oral glucose
tolerance test (OGTT). HbA1c levels were measured in 745 pregnant individuals and GDM was diagnosed
in thirty-eight patients based on HbA1c, age, and BMI. A cut off HbA1c value of 4.6% was determined to
decide whether OGTT was needed or if it could be avoided. Using 4.6% HbA1c as the cut off value
prevented two false negatives, but only decreased the number of OGTTs performed by 7.2%. The
authors conclude that "adoption of HbA1c as a screening test for GDM may eliminate the need of
OGTT." Although the HbA1c test does not have sufficient sensitivity and specificity to be used as the
sole diagnostic test, " the use of a rule-out strategy in combination with the OGTT could be useful"
(Arbiol-Roca et al., 2021).

However, the use of hemoglobin Alc testing is not useful in predicting all forms of dysglycemia.
Tommerdahl et al. (2019) evaluated several biomarkers for their accuracy in screening for cystic fibrosis
(CF)-related diabetes. These biomarkers included "hemoglobin A1c (HbA1c), 1,5-anhydroglucitol (1,5AG),
fructosamine (FA), and glycated albumin (GA)" and were compared to the current gold standard, OGTT
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2-hour glucose. Fifty-eight patients with CF were included and "area under the receiver operative
characteristic (ROC-AUC) curves were generated.” All ROC-AUCs for each biomarker were “low” both for
cystic fibrosis-related prediabetes (CFPD, ROC-AUC 0.52-0.67) and CF-related diabetes (CFRD) (0.56-
0.61). For CFRD, HbA1c was measured to have a 78% sensitivity and 41% specificity at a cutoff of 5.5%,
which corresponds to a ROC-AUC of 0.61. The authors concluded that “All alternate markers tested
demonstrate poor diagnostic accuracy for identifying CFRD by 2hG” (Tommerdahl et al., 2019).

In a retrospective review of the UMass Memorial Health System electronic medical records from
between 1997 and 2019, Darukhanavala et al. (2021) evaluated the appropriateness of HbA1c as a
screening tool for identifying patients with pre-CFRD (cystic fibrosis-related diabetes) dysglycemia to
minimize the burden of annual two-hour oral glucose tolerance tests (OGTTs). The study included 56
patients categorized according to OGTT results (American Diabetes Association criteria): normal glucose
tolerance (n=34), indeterminant glycemia (INDET, n=6), impaired fasting glucose (IFG, n=7), or impaired
glucose tolerance (IGT, n=9). It was found that HbA1c was positively correlated with blood glucose levels
at the various time cut-points (hour zero, hour one, and hour two), though the associations were quite
weak (r = 0.248, r = 0.219, and r = 0.369, respectively). Furthermore, t-tests conducted suggested that
the mean HbA1c was not significantly different between patients with normal glucose tolerance and
those in the INDET (p = 0.987), IFG (p = 0.690), and IGT (p = 0.874) groups, confirmed by ANOVA (p =
0.250). Consequently, the authors reported that the “results do not support the use of HbA1c as a
possible screening tool for pre-CFRD dysglycemic states, specifically INDET, IFG, and IGT"
(Darukhanavala et al., 2021).

By combining administrative datasets from the Veterans Health Administration and Medicare, Zhao et al.
(2021) evaluated the impact of hemoglobin Alc (A1c) variability—the coefficient of variation, described
by A1lc standard deviation divided by the average Alc value overall and expressed as a percent—on the
risk of hypoglycemia-related hospitalization (HRH) in veterans with diabetes mellitus. In this study
sample of 342,059 patients, the authors identified a “consistent and positive relationship between Alc
variability and HRH" and noted that “Average Alc levels were also significantly and independently
associated with HRH, with levels <7.0% (53 mmol/mol) associated with lower risk and levels >9% (75
mmol/mol) conferring greater risk.” Due to these different levels of variability all remaining strong
predictors of HRH risk up to three years following the baseline period, authors concluded that “tracking
Alc levels alone may be insufficient to mitigate risk”. It was also acknowledged that a few limitations
affected the generalizability of the study, such as the lack of socioeconomic data, the study sample
being predominantly white males, and including only veterans, the latter of which is a population where
comorbidities are more prevalent. Consequently, these data may be reflective of “the complex interplay
of disease severity, treatment, and sociodemographic factors”, as is the case with other clinical findings
(Zhao et al., 2021).

While poor outcomes of coronavirus disease 2019 (COVID-19) have been linked to diabetes, its relation
to pre-infection glycemic control is still unclear. Because of this, Merzon et al. (2021) investigated the
association between pre-infection HemoglobinA1c (A1C) levels and COVID-19 severity as assessed by
need for hospitalization in a cohort of 2068 patients (ages 14 to 103) with diabetes tested for COVID-19
in Leumit Health Services, Israel, between February 1 and April 30, 2020. Of the patients in this cohort,
183 (8.85%) were diagnosed with COVID-19. A comparison of the mean HbA1c of those who were
COVID-19 positive (7.19%, 95% Cl: 6.81%-7.57%) and the mean of those who were COVID-19 negative
(6.59%, 95% Cl: 6.52%-6.65%) was found to be statistically significant (p<0.05). The authors expounded
further by reporting the clinical characteristics of patients with diabetes hospitalized due to COVID-19
by demonstrating that the mean Hb1Ac levels between those hospitalized (n=46, 7.75%, 95% Cl: 7.17%-
8.32%) and those not hospitalized (=137, 6.83%, 95% Cl: 6.54%-7.13%) were also statistically significant
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(p<0.005). Additionally, “In a multivariate logistic regression model adjusting for multiple potential risk
factors and chronic conditions which may have a deleterious effect on disease outcomes (including age,
sex, smoking, IHD, SES, depression/anxiety, schizophrenia, dementia, hypertension, CVA, CHF, chronic
lung disease, and obesity), only HbA1c > nine percent remained a significant predictor for
hospitalization.” Given the evidence, the researchers urge “Paying special attention to patients with
diabetes and an HbA1c 2 nine while allowing a more lenient approach to patients with well controlled
disease”, as this can reduce economic, social, and patient burden, especially for those who are at the
greatest risk for reacting severely to COVID-19 (Merzon et al.,, 2021).

Xie et al. (2021) investigated the role of FPG and glucose fluctuation on the prognosis of COVID-19
patients who already had prior diagnoses of diabetes. Through a multivariate Cox analysis, the
researchers found that FPG was “an independent prognostic factor of overall survival after adjustment
for age, sex, diabetes, and severity of COVID-19 at admission (HR: 1.15, 95% Cl: 1.06-1.25)." However,
blood glucose fluctuation was associated with COVID-19 disease progression, as proven by the results
found from the indices of the standard deviation of blood glucose and the largest amplitude of glycemic
excursions. Both FPG and blood glucose fluctuation indices were also found to be positively associated
with increased presence of inflammatory markers associated with COVID-19, such as the "white blood
cell absolute count, neutrophil count, C-reactive protein (CRP), alkaline phosphatase, a-hydroxybutyrate
dehydrogenase (a-hbdh), gamma-glutamyl transferase (GGT), lactate dehydrogenase, [and] D-dimer.”
Ultimately, it was concluded that diabetes was not an independent risk factor for in-hospital death of
COVID-19 patients, as these findings were identified regardless of diabetes status (Xie et al.,, 2021).

Yang et al. (2019) aimed to find the appropriate threshold for fasting plasma glucose for defining
prediabetes among children and adolescents. The sample was selected from school-aged children in
Taiwan via a nationwide survey administered between 1992-2000, who then underwent physical
examinations and blood tests if they exhibited abnormal urine test findings. The researchers found that
the incidence of pediatric diabetes increased with increasing fasting plasma glucose levels, and those
with FPG > 5.6mmol/L had higher adjusted hazard ratios. Additionally, “the association between fasting
plasma glucose and incident pediatric diabetes and the area under the receiver-operating characteristic
curve were similar in boys and girls and were higher in the age group twelve to eighteen years.” In using
4.75 mmol/L as the optimal threshold for children six to eleven years, the sensitivity was 65% and
specificity was 51%. For the threshold of 5.19 mmol/L among children twelve to eighteen years, the
sensitivity was 60% and the specificity was 73%. This supports utilizing FPG as a supplement for
diagnosing prediabetes among pediatric patients, which may contribute to better disease management.

Geifman-Holtzman et al. (2010) assessed the correlation between fetal macrosomia and abnormal OGTT
in pregnant individuals with term gestation and negative glucose challenge test (GCT) at twenty-four to
twenty-eight weeks. They recruited patients who had estimated fetal weights >90™" percentile and a
negative 50g GCT. From 170 individuals over a five-month period, they found that 10 patients or 5.9%
had “impaired glucose metabolism at term.” In this group, “we found no correlation between GCT values
at twenty-four to twenty-eight weeks, family history of diabetes mellitus, the patient’s [body mass index]
or weight at term, and the diagnosis of impaired glucose metabolism.” Furthermore, there was no
statistically significant difference in mean fetal weight between those with normal versus abnormal
OGTT. This demonstrated the lack of clinical utility of using OGTT at term for predicting the incidence of
fetal macrosomia. The researchers suggested utilizing a larger scale study to solidify or contradict these
conclusions (Geifman-Holtzman et al., 2010).
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Guidelines and Recommendations
The American Diabetes Association (ADA)

The ADA publishes an extensive guideline encompassing the standards of medical care in diabetes. The
2022 recommendations state:

Classification and Diagnosis of Diabetes (Chapter [Ch] 2) (ElSayed et al, 2023a):

e Criteria for testing for diabetes or prediabetes in asymptomatic adult;
o Testing should be considered in overweight or obese (BMI >25 kg/m? or >23 kg/m? in Asian
Americans) adults who have one or more of the following risk factors:
»  First-degree relative with diabetes
» High-risk race/ethnicity (e.g., African American, Latino, Native American, Asian American,
Pacific Islander)
» History of CVD
= Hypertension (>140/90 mmHg or on therapy for hypertension)
» HDL cholesterol level <35 mg/dL (0.90 mmol/L) and/or a triglyceride level >250 mg/dL
(2.82 mmol/L)
» Individuals with polycystic ovary syndrome
= Physical inactivity
= Other clinical conditions associated with insulin resistance (e.g., severe obesity, acanthosis
nigricans)
o Patients with prediabetes (A1c 25.7% [39 mmol/mol], IGT [impaired glucose tolerance], or IFG
[impaired fasting glucose]) should be tested yearly.
o Individuals who were diagnosed with GDM should have lifelong testing at least every three
years.
o For all other patients, testing should begin at age thirty-five years.
If results are normal, testing should be repeated at a minimum of three-year intervals, with
consideration of more frequent testing depending on initial results and risk status.
o People with HIV
e Diabetes may be diagnosed based on plasma glucose criteria, either the fasting plasma glucose
(FPG) or the 2-h plasma glucose (2-h PG) value after a 75-g oral glucose tolerance test (OGTT) or
Alc criteria.

>
~

e "To avoid misdiagnosis or missed diagnosis, the A1c test should be performed using a method
that is certified by the NGSP and standardized to the Diabetes Control and Complications Trial
(DCCT) assay. Grade B”

e "Marked discordance between measured Alc and plasma glucose levels should raise the
possibility of A1c assay interference and consideration of using an assay without interference or
plasma blood glucose criteria to diagnose diabetes. Grade B”

e “In conditions associated with an altered relationship between A1c and glycemia, such as
hemoglobinopathies, including sickle cell disease, pregnancy (second and third trimesters and the
postpartum period), glucose-6-phosphate dehydrogenase deficiency, HIV, hemodialysis, recent
blood loss or transfusion, or erythropoietin therapy, only plasma blood glucose criteria should be
used to diagnose diabetes. Grade B”
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“Adequate carbohydrate intake (at least 150 g/day) should be assured for three days prior to oral
glucose tolerance testing as a screen for diabetes. Grade A"

Prediabetes and Type 2 Diabetes

“Screening for prediabetes and type 2 diabetes with an informal assessment of risk factors or
validated risk calculator should be done in asymptomatic adults. Grade B”

“Testing for prediabetes and/ or type 2 diabetes in asymptomatic people should be considered in
adults of any age with overweight or obesity (BMI >25 kg/m? or >23 kg/m? in Asian Americans)
who have one or more risk factors. Grade B”

“For all people screening should begin at age thirty-five years. Grade B"

“If tests are normal, repeat screening recommended at a minimum of three-year intervals is
reasonable, sooner with symptoms or change in risk (i.e., weight gain). Grade C”

“To screen for prediabetes and type 2 diabetes, fasting plasma glucose, 2-h plasma glucose
during 75-g oral glucose tolerance test, and A1C are each appropriate. Grade B”

“When using oral glucose tolerance testing as a screen for diabetes, adequate carbohydrate
intake (at least 150 g/ day) should be assured for three days prior to testing. Grade A”

“In people with prediabetes and type 2 diabetes, identify and treat cardiovascular disease risk
factors. Grade A"

"Risk-based screening for prediabetes and/or type 2 diabetes should be considered after the
onset of puberty or after ten years of age, whichever occurs earlier, in children and adolescents
with overweight (BMI >85th percentile) or obesity (BMI 295th percentile) and who have one or
more risk factor for diabetes. Grade B”

"People with HIV should be screened for diabetes and prediabetes with a fasting glucose test
before starting antiretroviral therapy, at the time of switching antiretroviral therapy, and three to
six months after starting or switching antiretroviral therapy. If initial screening results are normal,
fasting glucose should be checked annually. Grade E”

Cystic Fibrosis-Related Diabetes

“Annual screening for cystic fibrosis-related diabetes with an oral glucose tolerance test should
begin by age ten years in all patients with cystic fibrosis not previously diagnosed with cystic
fibrosis-related diabetes. Grade B”

"Alc is not recommended as a screening test for cystic fibrosis-related diabetes. Grade B”
“People with cystic fibrosis—related diabetes should be treated with insulin to attain individualized
glycemic goals. Grade A"

"Beginning five years after the diagnosis of cystic fibrosis—related diabetes, annual monitoring for
complications of diabetes is recommended. Grade E"

Gestational Diabetes Mellitus

“In individuals who are planning pregnancy, screen those with risk factors (Grade B) and consider
testing all individuals with undiagnosed diabetes (Grade E).

"Before fifteen weeks of gestation, test individuals with risk factors B and consider testing all
individuals E for undiagnosed diabetes at the first prenatal visit using standard diagnostic criteria,
if not screened preconception.”

“Individuals identified as having diabetes should be treated as such. Grade A."
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o "Before fifteen weeks of gestation, screen for abnormal glucose metabolism to identify individuals
who are at higher risk of adverse pregnancy and neonatal outcomes, are more likely to need
insulin, and are at high risk of a later gestational diabetes mellitus diagnosis. Grade B."

e “Screen for early abnormal glucose metabolism using fasting glucose of 110-125 mg/dL (6.1
mmol/L) or A1C 5.9-6.4% (41-47 mmol/mol). Grade B"

e "Screen for gestational diabetes mellitus at twenty-four to twenty-eight weeks of gestation in
pregnant individuals not previously found to have diabetes or high-risk abnormal glucose
metabolism detected earlier in the current pregnancy. Grade A"

e Screen individuals “with gestational diabetes mellitus for prediabetes or diabetes at four to twelve
weeks postpartum, using the 75-g oral glucose tolerance test and clinically appropriate
nonpregnancy diagnostic criteria. Grade B”

e Individuals "with a history of gestational diabetes mellitus should have lifelong screening for the
development of diabetes or prediabetes at least every three years. Grade B"

e Individuals "with a history of gestational diabetes mellitus found to have prediabetes should
receive intensive lifestyle interventions and/or metformin to prevent diabetes. Grade A" (ElSayed
et al.,, 2023a).

On diagnostic tests for diabetes:

“The FPG and 2-h PG may be used to diagnose diabetes. The concordance between the FPG and 2-h PG
tests is imperfect, as is the concordance between A1C and either glucose-based test. Compared with
FPG and A1C cut points, the 2-h PG value diagnoses more people with prediabetes and diabetes. In
people in whom there is discordance between A1C values and glucose values, FPG and 2-h PG are more
accurate.”

“The Alc test should be performed using a method that is certified by the NGSP (www.ngsp.org) and
standardized or traceable to the Diabetes Control and Complications Trial (DCCT) reference assay. Point-
of-care Alc assays may be NGSP certified and cleared by the U.S. Food and Drug Administration (FDA)
for use in monitoring glycemic control in people with diabetes in both Clinical Laboratory Improvement
Amendments (CLIA)-regulated and CLIA-waived settings. proficiency testing is not always mandated for
performing the test. Point-of-care A1C assays have not been prospectively studied for the diagnosis of
diabetes and are not recommended for diabetes diagnosis; if used, they should be confirmed with a
validated measure. In the U.S,, point-of-care A1C is a laboratory test that limits CLIA regulation...point-
of-care A1C assays may be more generally applied for assessment of glycemic control in the clinic”
(ElSayed et al.,, 2023a).

HIV

"People with HIV should be screened for diabetes and prediabetes with a fasting glucose test before
starting antiretroviral therapy, at the time of switching antiretroviral therapy, and 3—-6 months after
starting or switching antiretroviral therapy. If initial screening results are normal, fasting glucose should
be checked annually. [Grade E] . . . Individuals with HIV are at higher risk for developing prediabetes and
diabetes on antiretroviral (ARV) therapies, so a screening protocol is recommended. The Alc test may
underestimate glycemia in people with HIV; it is not recommended for diagnosis and may present
challenges for monitoring” (ElSayed et al., 2023a)
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Glycemic Targets (Ch 6)

“Assess glycemic status (A1C or other glycemic measurement such as time in range or glucose
management indicator) at least two times a year in patients who are meeting treatment goals
(and who have stable glycemic control).” Grade E

"Assess glycemic status at least quarterly and as needed in patients whose therapy has recently
changed and/or who are not meeting glycemic goals.” Grade E

“An Alc goal for many non-pregnant adults of <7% (53 mmol/mol) without significant
hypoglycemia is appropriate.” Grade A

“On the basis of provider judgment and patient preference, achievement of lower A1C levels than
the goal of 7% may be acceptable and even beneficial if it can be achieved safely without
significant hypoglycemia or other adverse effects of treatment.” Grade B

“Less stringent A1C goals (such as <8% [64 mmol/mol] may be appropriate for patients with
limited life expectancy or where the harms of treatment are greater than the benefits.” Grade B
(American Diabetes Association Professional Practice, 2022a).

Children & Adolescents (Ch 14)

The traditional idea of type 2 diabetes occurring only in adults and type 1 diabetes occurring only
in children is no longer accurate, as both diseases can occur in both age-groups. The
recommendations concerning diabetes testing for children and adolescents are as follows:

“Risk-based screening for prediabetes and/or type 2 diabetes should be considered after the

onset of puberty or >10 years of age, whichever occurs earlier, in youth with overweight (BMI

>85th percentile) or obesity (BMI >95th percentile) and who have one or more additional risk

factors for diabetes” (EISayed et al., 2023b). Grading based on risk factors;

o Maternal history of diabetes or GDM during the child's gestation-Grade A

o Family history of type 2 diabetes in first- or second-degree relative-Grade A

o Race/ethnicity (Native American, African American, Latino, Asian American, Pacific Islander)-
Grade A

o Signs of insulin resistance or conditions associated with insulin resistance (acanthosis
nigricans, hypertension, dyslipidemia, polycystic ovary syndrome, or small-for-gestational-age
birth weight)-Grade B (ElSayed et al., 2023a)

"If screening is normal, repeat screening at a minimum of 3-year intervals [Grade E], or more

frequently if BMl is increasing [Grade C].”

"Fasting plasma glucose, 2-h plasma glucose during a 75-g oral glucose tolerance test, and Alc

can be used to test for prediabetes or [type 2] diabetes in children and adolescents.” Grade B

“Children and adolescents with overweight or obesity in whom the diagnosis of type 2 diabetes is

being considered should have a panel of pancreatic autoantibodies tested to exclude the

possibility of autoimmune type 1 diabetes.” Grade B

"Although A1c is not recommended for diagnosis of diabetes in children with cystic fibrosis or

symptoms suggestive of acute onset of type 1 diabetes and only A1c assays without interference

are appropriate for children with hemoglobinopathies, ADA continues to recommend A1c for

diagnosis of type 2 diabetes in this population (ungraded)”

“A1C goals must be individualized and reassessed over time. An A1C of <7% (53 mmol/mol) is

appropriate for many children.” Grade B (ElSayed et al., 2023b)
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Pregnancy (Ch 15)

“...although A1c may be useful, it should be used as a secondary measure of glycemic control in
pregnancy, after blood glucose monitoring.”

“Fasting and postprandial self-monitoring of blood glucose are recommended in both gestational
diabetes mellitus and preexisting diabetes in pregnancy to achieve optimal glucose levels.
Glucose targets are fasting plasma glucose <95 mg/dL (5.3 mmol/L) and either 1-h postprandial
glucose <140 mg/dL (7.8 mmol/L) or 2-h postprandial glucose <120 mg/dL (6.7 mmol/L). Some
individuals with preexisting diabetes should also test blood glucose preprandially. Grade B”

“Due to increased red blood cell turnover, Alc is slightly lower in normal pregnancy than in
normal nonpregnant individuals. Ideally, the Alc target in pregnancy is <6% (42 mmol/mol) if this
can be achieved without significant hypoglycemia, but the target may be relaxed to <7% (53
mmol/mol) if necessary to prevent hypoglycemia. Grade B”

"Given the alteration in red blood cell kinetics during pregnancy and physiological changes in
glycemic parameters, Alc levels may need “to be monitored more frequently than usual (e.g.,
monthly).”

“The OGTT is recommended over A1C at four to twelve weeks postpartum because A1C may be
persistently impacted (lowered) by the increased red blood cell turnover related to pregnancy, by
blood loss at delivery, or by the preceding three-month glucose profile. The OGTT is more
sensitive at detecting glucose intolerance, including both prediabetes and diabetes.”

"Because GDM often represents previously undiagnosed prediabetes, type 2 diabetes, maturity-
onset diabetes of the young, or even developing type 1 diabetes, individuals with GDM should be
tested for persistent diabetes or prediabetes at four to twelve weeks postpartum with a fasting
75-g OGTT using nonpregnancy criteria as outlined in Section two, “Classification and Diagnosis
of Diabetes".”

“In the absence of unequivocal hyperglycemia, a positive screen for diabetes requires two
abnormal values. If both the fasting plasma glucose (2126 mg/dL [7.0 mmol/L]) and 2-h plasma
glucose (2200 mg/dL [11.1 mmol/L]) are abnormal in a single screening test, then the diagnosis
of diabetes is made. If only one abnormal value in the OGTT meets diabetes criteria, the test
should be repeated to confirm that the abnormality persists.”

“Because GDM is associated with an increased lifetime maternal risk for diabetes estimated at 50—
60%, [individuals] should also be tested every one to three years thereafter if the four to twelve
weeks postpartum 75-g OGTT is normal. Ongoing evaluation may be performed with any
recommended glycemic test (e.g., annual A1C, annual fasting plasma glucose, or triennial 75-g
OGTT using nonpregnant thresholds).” (American Diabetes Association Professional Practice,
2022b).

Diabetes Canada Clinical Practice Guidelines Expert Committee

This Expert Committee published a comprehensive guideline on the prevention and management of
diabetes. Relevant items, recommendations, and comments—particularly those relating to the use of
Alc testing—are captured below:

“Screen for type 2 diabetes using a fasting plasma glucose and/or glycated hemoglobin (A1C)
every three years in individuals >40 years of age or in individuals at high risk on a risk calculator
(33% chance of developing diabetes over ten years).”

“In the absence of evidence for interventions to prevent or delay type 1 diabetes, routine
screening for type 1 diabetes is not recommended.”
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e "For most individuals with diabetes, A1C should be measured approximately every three months
to ensure that glycemic goals are being met or maintained. In some circumstances, such as when
significant changes are made to therapy, or during pregnancy, it is appropriate to check A1C
more frequently. Testing at least every six months should be performed in adults during periods
of treatment and healthy behavior stability when glycemic targets have been consistently
achieved.”

e A1C can be misleading in various medical conditions (“e.g., hemoglobinopathies, iron deficiency,
hemolytic anemia, severe hepatic or renal disease”) and should not be used for “diagnostic use in
children and adolescents (as the sole diagnostic test), pregnant [individuals] as part of routine
screening for gestational diabetes, those with cystic fibrosis or those with suspected type 1
diabetes.”

e Diabetes “should” be diagnosed at a level of A1C >6.5%.

e “Screening for diabetes using FPG and/or A1C should be performed every three years in
individuals 240 years of age or at high risk using a risk calculator [Grade D, Consensus]. Earlier
testing and/or more frequent follow up (every six to twelve months) with either FPG and/or A1C
should be considered in those at very high risk using a risk calculator or in people with additional
risk factors for diabetes [Grade D, Consensus]”

It should be mentioned that “Glycemic targets should be individualized [Grade D, Consensus]” based
upon various considerations including, but not limited to, the patient’s functional dependence, medical
history, life expectancy, and life course stage. Moreover, the grading of recommendations above (e.g.,
“Grade D") reflect the methodological rigor used at arriving at the conclusion, such that lower grades
reflect the presence of weaker evidence. But though the “paucity of clinical evidence addressing the
areas of therapy, prevention, diagnosis or prognosis precluded the assignment of a higher grade”, the
authors recognize and note that many Grade D recommendations are “very important to the
contemporary management of diabetes” (Committee, 2018).

The United States Preventive Services Task Force (USPSTF)

The USPSTF recommends screening for prediabetes and type 2 diabetes in adults aged thirty-five to
seventy years who are overweight or obese, and such “Screening tests for prediabetes and type 2
diabetes include measurement of fasting plasma glucose or HbA1c level or an oral glucose tolerance
test”. Recognizing that “The optimal screening interval for adults with an initial normal glucose test
result is uncertain”, the USPSTF suggests that “Screening every three years may be a reasonable
approach for adults with normal blood glucose levels” (Davidson et al., 2021).

The USPSTF has also provided guidelines pertaining to the screening of gestational diabetes. For
asymptomatic pregnant persons at twenty-four weeks gestation or after, with a letter "B” grade, the
USPSTF recommends screening for gestational diabetes in this population. However, in asymptomatic
pregnant persons before twenty-four weeks gestation, the USPSTF states that “current evidence is
insufficient to assess the balance of benefits and harms of screening” and has given it an “I"
grade(USPSTF, 2021). An “I” grade is defined by the USPSTF as “I Statement- The USPSTF concludes that
the current evidence is insufficient to assess the balance of benefits and harms of the service. Evidence is
lacking, of poor quality, or conflicting, and the balance of benefits and harms cannot be
determined”(USPSTF, 2018)

In 2022, the USPSTF released its first recommendation on screening for type 2 diabetes in children and
adolescents. This recommendation applies to children and adolescents who are not pregnant and who
are younger than 18 years of age without known diabetes or prediabetes and who are without
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symptoms of diabetes or prediabetes. The USPSTF states that the goal of screening for type 2 diabetes
in young people is “to diagnose and treat it early to prevent development of bad health outcomes.
However, no studies have looked at the link between screening for type 2 diabetes in children and
adolescents and bad health outcomes. Studies about the effect of type 2 diabetes treatment on health
outcomes in children and adolescents have not had enough patients with bad outcomes to draw any
meaningful conclusions. No studies have looked at harms of screening for type 2 diabetes in young
people. Potential harms may include side effects from medications used to treat diabetes, such as low
blood glucose, nausea, or vomiting”. Based on the current evidence for asymptomatic children and
adolescents younger than 18 years of age, the USPSTF concluded that “current evidence is insufficient to
assess the balance of benefits and harms of screening for type 2 diabetes in children and adolescents”
and has given it an “I" grade (Jin, 2022).

World Health Organization (WHO)

The Global Report on Diabetes (WHO, 2016) states that: "Glycated haemoglobin (HbA1c) is the method
of choice for monitoring glycaemic control in diabetes. An advantage of using HbA1c is that the patient
does not need to be in a fasting state. Ideally it should be measured twice a year in people with type 2
diabetes and more frequently in those with type 1 diabetes. However, HbA1c testing is more costly than
glucose measurement, and therefore less readily available. If HbA1c testing is not available, fasting, or
post-meal blood glucose is an acceptable substitute.”

The WHO also published a “module” titled “Hearts-D: Diagnosis and Management of Type 2 Diabetes in
2020. In it, a testing algorithm for “treatment of type 2 diabetes mellitus with insulin” is included at the
bottom. The algorithm calls for an HbA1c assessment to be performed “in three months” if the patient is
stabilized as a result of the insulin treatment. (WHO, 2020)

The National Academy of Clinical Biochemistry (NACB)
The NACB guidelines (NACB, 2011) state:

e “lLaboratories should use only Hb Al1c assay methods that are certified by the National
Glycohemoglobin Standardization Program (NGSP) as traceable to the DCCT reference. The
manufacturers of Hb Alc assays should also show traceability to the IFCC reference method.”

e “Laboratories that measure HbA1c should participate in a proficiency-testing program, such as
the College of American Pathologists (CAP) HbA1c survey, that uses fresh blood samples with
targets set by the NGSP Laboratory Network.”

o "HbA1c testing should be performed at least biannually in all patients and quarterly for patients
whose therapy has changed or who are not meeting treatment goals.”

e "HbA1c may be used for the diagnosis of diabetes, with values >6.5% being diagnostic. An NGSP-
certified method should be performed in an accredited laboratory. Analogous to its use in the
management of diabetes, factors that interfere with or adversely affect the Hb A1c assay will
preclude its use in diagnosis.”

e "Point-of-care HbA1c assays are not sufficiently accurate to use for the diagnosis of diabetes.”

American Academy of Family Physicians (AAFP)

In 2022, the AAFP published a clinical summary of the USPSTF recommendation for screening for
prediabetes and type 2 diabetes mellitus. The document deferred to the USPSTF recommendations, with
the testing audience being “Nonpregnant adults aged thirty-five to seventy years who have overweight
or obesity and no symptoms of diabetes"—a move from forty years of age in the previous
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recommendation—while deeming screening every three years to be a reasonable approach (AAFP,
2022).

Endocrine Society

The Endocrine Society published this guideline regarding management of diabetes in older adults. In it,
they recommend screening for prediabetes or diabetes every two years for patients sixty-five years or
older. Fasting plasma glucose and/or HbA1c may be used. However, the Society does recommend
caution when interpreting HbA1c results, as older patients are more likely to have conditions that alter
red blood cell turnover. (LeRoith et al., 2019)

National Institute for Health and Care Excellence (NICE)

NICE published an update to their guideline on diabetes management. In it, they make the following
recommendations:

"Measure HbA1c levels in adults with type 2 diabetes every:
e Three to six months (tailored to individual needs) until HbA1c is stable on unchanging therapy.
e Six months once the HbA1c level and blood glucose lowering therapy are stable.”

“Measure HbA1c using methods calibrated according to International Federation of Clinical Chemistry
(IFCC) standardization.”

“If HbA1c monitoring is invalid because of disturbed erythrocyte turnover or abnormal haemoglobin
type, estimate trends in blood glucose control using one of the following:

e quality-controlled plasma glucose profiles

e total glycated haemoglobin estimation (if abnormal haemoglobins)

e fructosamine estimation.”

"Investigate unexplained discrepancies between HbA1c and other glucose measurements. Seek advice
from a team with specialist expertise in diabetes or clinical biochemistry.” (NICE, 2022)

American Association of Clinical Endocrinologists (AACE)

The AACE provides the following inclusion criteria for individuals who should be screened for
prediabetes or type 2 diabetes:

e Age 245 years without other risk factors

e CVD or family history of T2D

e Overweight or obese

e Sedentary lifestyle

e Member of an at-risk racial or ethnic group:

Asian

African American

Hispanic

Native American (Alaska Natives and American Indians)
o Pacific Islander

e High-density lipoprotein cholesterol (HDL-C) <35 mg/dL (0.90 mmol/L) and/or a triglyceride level
>250 mg/dL (2.82 mmol/L)

e Impaired glucose tolerance (IGT), impaired fasting glucose (IFG), and/or metabolic syndrome

© O © ©
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e Polycystic ovary syndrome (PCOS), acanthosis nigricans, or nonalcoholic fatty liver disease
(NAFLD)

e Hypertension (blood pressure >140/90 mm Hg or on antihypertensive therapy)

e History of gestational diabetes or delivery of a baby weighing more than 5 kg (9 Ib)

e Antipsychotic therapy for schizophrenia and/or severe bipolar disease

e Chronic glucocorticoid exposure

e Sleep disorders in the presence of glucose intolerance (A1C >5.7%, IGT, or IFG on previous
testing), including obstructive sleep apnea (OSA), chronic sleep deprivation, and night-shift
occupation

The AACE recommends repeat testing at least every three years for individuals with normal results.
Consider annual screening for patients with two or more risk factors.

In a 2022 update focusing on developing a diabetes mellitus comprehensive care plan, the AACE
expounds on how the diagnosis of diabetes mellitus should be made. According to the authors, the ELs
refer to evidence levels established by AACE evidence ratings, where “descriptors of “must,” “should,”
and "may"” generally but not strictly correlate with Grade A (strong), Grade B (intermediate), and Grade C
(weak) recommendations, respectively” (Blonde et al., 2022). The relevant recommendations are
captured below.

"Recommendation 1.1

The diagnosis of DM is based on the following criteria...:

e FPG concentration 2126 mg/dL (after > eight hours of an overnight fast), or

e Plasma glucose (PG) concentration =200 mg/dL two hours after ingesting a 75-g oral glucose
load after an overnight fast of at least eight hours, or

e Symptoms of hyperglycemia (e.g., polyuria, polydipsia, polyphagia) and a random (nonfasting) PG
concentration =200 mg/dL, or

o AlClevel 26.5%

Diagnosis of DM requires two abnormal test results, either from the same sample or two abnormal
results on samples drawn on different days. However, a glucose level >200 mg/dL in the presence of
symptoms for DM confirms the diagnosis of DM.

Grade A; BEL 2 and expert opinion of task force
Recommendation 1.2

Prediabetes is identified by the presence of impaired fasting glucose (IFG) (100 to 125 mg/dL), impaired
glucose tolerance (IGT), which is a PG value of 140 to 199 mg/dL two hours after ingesting 75 g of
glucose, and/or A1C value between 5.7% and 6.4% (Table 4). A1C should be used only for screening for
prediabetes. The diagnosis of prediabetes, which may manifest as either IFG or IGT, should be confirmed
with glucose testing.

Grade B; BEL 2
Recommendation 1.3

T1D is characterized by marked insulin deficiency in the presence of hyperglycemia and positive
autoantibody tests to glutamic acid decarboxylase (GAD65), pancreatic islet B cells (tyrosine
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phosphatase IA-2), and |A-2b zinc transporter (ZnT8), and/or insulin. The presence of immune markers
and clinical presentation are needed to establish the correct diagnosis and to distinguish between T1D
and T2D in children or adults, as well as to determine appropriate treatment.

Grade A; BEL 2
Recommendation 1.4

T2D is characterized by progressive loss of B-cell insulin secretion and variable defects in insulin
sensitivity. T2D is often asymptomatic and can remain undiagnosed for many years; therefore, all adults
>35 years of age with risk factors should be screened for DM (Table 5).

Grade A; BEL 1
Recommendation 1.5

GDM is defined as carbohydrate intolerance that begins or is first recognized during pregnancy and
resolves postpartum. Pregnant individuals with risk factors for DM should be screened at the first
prenatal visit for undiagnosed T2D using standard criteria (Table 4).

Grade B; BEL 1
Recommendation 1.6

Screen all pregnant individuals for GDM at twenty-four to twenty-eight weeks’ gestation. Diagnose GDM
with either the one-step or the two-step approach.

e The one-step approach uses a two-hour 75-g oral glucose tolerance test (OGTT) after > eight
hours of fasting with diagnostic cutoffs of one or more FPG 292 mg/dL, one-hour PG >180
mg/dL, or two-hour PG 2153 mg/dL.

e The two-step approach uses a nonfasting one-hour 50-g glucose challenge test with one-hour PG
screening threshold of 130 or 140 mg/dL. For individuals with a positive screening test, the three-
hour 100-g OGTT is used for diagnosis with two or more PG tests that meet the following
thresholds: FPG >95 mg/dL, 1-hour 2180 mg/dL, 2-hour 2155 mg/dL, 3-hour >140 mg/dL.

Grade A; BEL 1
Recommendation 1.7

Clinicians should consider evaluation for monogenic DM in any child or young adult with an atypical
presentation, clinical course, or response to therapy. Monogenic DM includes neonatal diabetes and
nonautoimmune diabetes of multiple genetic causes, also known as maturity-onset diabetes of the
young (MODY). Most children with DM occurring under six months of age have a monogenic cause as
autoimmune T1D rarely occurs before six months of age. Other monogenic forms of diabetes are
characterized by mutation of genes of transcription factors, genes regulating pancreatic development or
atrophy, abnormal insulin genes, genes related to endoplasmic reticulum stress that impair insulin
secretion, or abnormal glucokinase genes that cause impaired insulin signaling.
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Grade B; BEL 2

Although not expressly listed as recommendations for diabetes screening, some additional information
of note includes the following:

e "Aglucose level 2200 mg/dL in the presence of hyperglycemia symptoms such as polyuria and
polydipsia confirm the diagnosis of DM. In individuals with discordant results from two different
tests, the test result that is above the diagnostic cut point should be repeated on a different
day.”

e “Inview of physiological changes in pregnancy that could affect glycated hemoglobin levels,
A1C should not be used for GDM screening or diagnosis of DM.”

e "All pregnant individuals should be screened for GDM at twenty-four to twenty-eight weeks'
gestation. Universal screening is recommended, as selective screening (only in individuals with
risk factors) would miss a significant number of individuals with GDM and universal screening
has been shown to be cost-effective compared with selective screening” (Blonde et al,, 2022).

American Association of Clinical Endocrinologists/American College of Endocrinology (AACE/ACE)
The 2020 Consensus Statement from the AACE/ACE on the Management of Type 2 Diabetes states:

e "The hemoglobin A1c (A1c) target should be individualized based on numerous factors such as
age, life expectancy, comorbid conditions, duration of diabetes, risk of hypoglycemia or adverse
consequences from hypoglycemia, patient motivation, and adherence.”

e "“An Alclevel of £6.5% is considered optimal if it can be achieved in a safe and affordable
manner, but higher targets may be appropriate for certain individuals and may change for a given
individual over time.”

e “Therapy must be evaluated frequently (e.g., every three months) until stable using multiple
criteria, including Al1c, SMBG records (fasting and postprandial) or continuous glucose monitoring
tracings, documented and suspected hypoglycemia events, lipid and BP values, adverse events
(weight gain, fluid retention, hepatic or renal impairment, or CVD), comorbidities, other relevant
laboratory data, concomitant drug administration, complications of diabetes, and psychosocial
factors affecting patient care. Less frequent monitoring is acceptable once targets are achieved”
(Garber et al.,, 2020).

Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Working Group

The KDIGO group published recommendations on diabetes and chronic kidney disease (CKD). They
recommend using HbA1c to monitor diabetic and CKD patients twice a year or as often as four times a
year if glycemic target is not met or a change is made in therapy. KDIGO advises that "accuracy and
precision of HbA1c measurement declines with advanced CKD, particularly among patients treated by
dialysis, in whom HbA1c measurements have low reliability.” They also recommend an "individualized
HbA1c target ranging from <6.5% to <8.0% in patients with diabetes and CKD not treated with dialysis”
(Rossing et al., 2022).

Applicable State and Federal Regulations

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for
a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations
(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to
make the determination. For the most up-to-date Medicare policies and coverage, please visit the
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Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most
up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website.

Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in house. These laboratory-
developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-
complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88). LDTs are
not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval
is not currently required for clinical use.

Applicable CPT/HCPCS Procedure Codes

CPT Code Description

82985 | Glycated protein

83036 | Hemoglobin; glycosylated (A1C)

83037 | Hemoglobin; glycosylated (A1C) by device cleared by FDA for home use

82947 | Glucose; quantitative, blood (except reagent strip)

82951 Glucose; tolerance test (GTT), 3 specimens (includes glucose)

82952 | Glucose; tolerance test, each additional beyond 3 specimens

Current Procedural Terminology© American Medical Association. All Rights reserved.

Procedure codes appearing in Medical Policy documents are included only as a general reference tool for
each policy. They may not be all-inclusive.
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Policy Description

Sexually transmitted infections (STls), often referred to as sexually transmitted diseases or STDs, include
a variety of pathogenic bacteria, virus, and other microorganisms that are spread through sexual contact
and can cause a multitude of complications if left untreated. Chlamydia and gonorrhea, caused by
Chlamydia trachomatis and Neisseria gonorrhoeae, respectively, have high rates of occurrence in the
United States and can cause pelvic inflammatory disease (PID), infertility, and pregnancy complications.
The causative agent of syphilis is Treponema pallidum; if left untreated, syphilis can lead to serious
cardiac and neurological conditions (Ghanem & Tuddenham, 2023). Human papillomavirus (HPV) is a
double-stranded DNA virus that can be sexually transmitted and is associated with cervical cancer,
vulvar/vaginal cancer, anal cancer, oropharyngeal cancer, penile cancer, and both genital and nongenital
warts. "Globally, anogenital HPV is the most common sexually transmitted infection” with an estimated
80% of sexually active adults exposed to it at least once in their lifetime (Palefsky, 2022). Herpes simplex
virus (HSV) is a common STl where many individuals are asymptomatic. HSV infection has been linked to
an increased risk of other infections, including HIV, and in rare cases, can also result in HSV meningitis or
proctitis (Albrecht, 2022). In general, risk factors for STIs can include both behavioral elements, such as
multiple sex partners, working in a sex trade, and inconsistent use of condoms when in non-
monogamous relationships as well as demographic risks, including men who have sex with men (MSM),
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