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INSTRUCTIONS FOR USE

The following Coverage Policy applies to health benefit plans administered by Cigna Companies.
Certain Cigna Companies and/or lines of business only provide utilization review services to clients
and do not make coverage determinations. References to standard benefit plan language and
coverage determinations do not apply to those clients. Coverage Policies are intended to provide
guidance in interpreting certain standard benefit plans administered by Cigna Companies. Please
note, the terms of a customer’s particular benefit plan document [Group Service Agreement,
Evidence of Coverage, Certificate of Coverage, Summary Plan Description (SPD) or similar plan
document] may differ significantly from the standard benefit plans upon which these Coverage
Policies are based. For example, a customer’s benefit plan document may contain a specific
exclusion related to a topic addressed in a Coverage Policy. In the event of a conflict, a customer’s
benefit plan document always supersedes the information in the Coverage Policies. In the absence
of a controlling federal or state coverage mandate, benefits are ultimately determined by the
terms of the applicable benefit plan document. Coverage determinations in each specific instance
require consideration of 1) the terms of the applicable benefit plan document in effect on the date
of service; 2) any applicable laws/regulations; 3) any relevant collateral source materials including
Coverage Policies and; 4) the specific facts of the particular situation. Each coverage request
should be reviewed on its own merits. Medical directors are expected to exercise clinical judgment
where appropriate and have discretion in making individual coverage determinations. Where
coverage for care or services does not depend on specific circumstances, reimbursement will only
be provided if a requested service(s) is submitted in accordance with the relevant criteria outlined
in the applicable Coverage Policy, including covered diagnosis and/or procedure code(s).
Reimbursement is not allowed for services when billed for conditions or diagnoses that are not
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covered under this Coverage Policy (see "Coding Information” below). When billing, providers
must use the most appropriate codes as of the effective date of the submission. Claims submitted
for services that are not accompanied by covered code(s) under the applicable Coverage Policy
will be denied as not covered. Coverage Policies relate exclusively to the administration of health
benefit plans. Coverage Policies are not recommendations for treatment and should never be used
as treatment guidelines. In certain markets, delegated vendor guidelines may be used to support
medical necessity and other coverage determinations.

This coverage policy addresses the clinical indications for laboratory testing for transplantation
rejection.

Coverage Polic

Gene expression profile (i.e., AlloMap®) is considered medically necessary when ALL of
the following criteria are met:
age 15 years or older
two months to five years post-heart transplantation
performed in lieu of routinely scheduled endomyocardial biopsies
result will be used to determine the need for subsequent endomyocardial biopsy to clarify
rejection status
e heart allograft function is stable as demonstrated by ALL of the following:
» absence of signs or symptoms of congestive heart failure
» current echocardiogram with left ventricular ejection fraction (LVEF) = 45%
» absence of severe cardiac allograft vasculopathy (CAV)
¢ low probability of moderate or severe rejection as demonstrated by BOTH of the following:
» no history or evidence of acute cellular rejection that required treatment
> no history or evidence of antibody mediated rejection
e no history of gene expression profile (i.e., AlloMap) that did not correlate with
endomyocardial biopsy

Gene expression profile (i.e., AlloMap®) for any other indication is considered not
medically necessary.

All of the following are considered considered experimental, investigational or unproven
for any transplantation indication:
e other gene expression profiling tests (e.g. HepatoTrack™, TruGraf, Molecular Microscope
[MMDx])
e donor-derived cell-free DNA testing (e.g., AlloSure®, OmniGraf® Liver, Prospera™,
VitaGraft™ Kidney 2.0)
e combined gene expression profiling and donor-derived cell-free DNA testing (i.e.
HeartCare®)

Coding Information

Notes:
1. This list of codes may not be all-inclusive since the American Medical Association (AMA)
and Centers for Medicare & Medicaid Services (CMS) code updates may occur more
frequently than policy updates.
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2. Deleted codes and codes which are not effective at the time the service is rendered may
not be eligible for reimbursement.

Considered Medically Necessary when criteria in the applicable policy statements listed
above are met:

CPT®* Description
Codes
81595 Cardiology (heart transplant), mRNA, gene expression profiling by real-time

quantitative PCR of 20 genes (11 content and 9 housekeeping), utilizing
subfraction of peripheral blood, algorithm reported as a rejection risk score.

Considered Experimental/Investigational/Unproven:

CPT®* Description
Codes
81558 Transplantation medicine (allograft rejection, kidney), mRNA, gene expression

profiling by quantitative polymerase chain reaction (qPCR) of 139 genes, utilizing
whole blood, algorithm reported as a binary categorization as transplant
excellence, which indicates immune quiescence, or not transplant excellence,
indicating subclinical rejection

0087U Cardiology (heart transplant), mRNA gene expression profiling by microarray of
1283 genes, transplant biopsy tissue, allograft rejection and injury algorithm
reported as a probability score

0088U Transplantation medicine (kidney allograft rejection), microarray gene expression
profiling of 1494 genes, utilizing transplant biopsy tissue, algorithm reported as a
probability score for rejection

0493U Transplantation medicine, quantification of donor-derived cell-free DNA (cfDNA)
using next-generation sequencing, plasma, reported as percentage of donor-
derived cell-free DNA

0540U Transplantation medicine, quantification of donor- derived cell-free DNA using
next-generation sequencing analysis of plasma, reported as percentage of donor-
derived cell-free DNA to determine probability of rejection

0544U Nephrology (transplant monitoring), 48 variants by digital PCR, using cell-free
DNA from plasma, donor-derived cell-free DNA, percentage reported as risk for
rejection

0575U Transplantation medicine (liver allograft rejection), miRNA gene expression

profiling by RT-PCR of 4 genes (miR-122, miR-885, miR-23a housekeeping,
spike-in control), serum, algorithm reported as risk of liver allograft rejection
0576U Transplantation medicine (liver allograft rejection), quantitative donor-derived
cell-free DNA (cfDNA) by whole genome next- generation sequencing, plasma
and mRNA gene expression profiling by multiplex real-time PCR of 56 genes,
whole blood, combined algorithm reported as a rejection risk score

*Current Procedural Terminology (CPT®) ©2024 American Medical Association: Chicago,
IL.

General Background

Organ transplant recipients are at risk for allograft rejection, even with modern
immunosuppressive therapies. Traditionally, diagnosis of allograft rejection has relied on
nonspecific biochemical markers and histologic examination of the grafted tissue. Since this
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requires an invasive tissue biopsy, there is great interest among those in the field of
transplantation medicine to develop a noninvasive method of detecting organ transplant rejection
(Verhoeven, et al., 2018). Gene testing is being investigated for the detection of post
transplantation rejections following various types of transplants including heart, kidney, lung, and
liver.

Based on U.S. Organ Procurement and Transplantation Network data (2025):
e In 2025 (as of Oct 26, 2025), 20,695 kidney transplants, 3,461 heart transplants, 9,227
liver transplants, and 64 intestine transplants were completed in the United States.
e 93,410 people were on the waiting list for a kidney transplant, 3,885 for a heart, 9,094
patients for a liver and 165 patients for an intestinal transplant.

Gene Expression Profile (GEP) Tests

AlloMap®: AlloMap® (CareDx®, South San Francisco, CA) has evolved into an established
alternative to endomyocardial biopsy (EMB) in a defined subgroup of heart transplant recipients.
The blood test measures gene expression by quantifying the gene-specific messenger RNA
(mRNA) that is present in the sample. The expression level of 11 informative genes and nine
normalization genes is measured using quantitative real-time polymerase chain reaction (qRT-
PCR). The results are reported as an integer ranging from 0-40, and the lower the score the less
the likelihood that the patient will experience rejection (i.e., AlloMap detects a low risk of
rejection). It is proposed that circulating peripheral blood mononuclear cells may be indicative of
rejection earlier than changes seen at local sites.

AlloMap may be used to help identify patients, age 15 years or older, who are between two
months and five years post-heart transplantation, have a stable heart allograft function, and are
at low risk of moderate or severe rejection, have no history or evidence of acute cellular or
antibody mediated rejection and therefore, may not need to undergo endomyocardial biopsies.
The test is recommended for use in conjunction with standard clinical evaluation and assessment
(e.g., history and physical, echocardiography, endomyocardial biopsy) of graft function.

Stable heart allograft function is determined by the absence of congestive heart failure, left
ventricular ejection fraction (LVEF) = 45% and absence of severe cardiac allograft vasculopathy
(CAV). Symptoms of congestive heart failure include exertional dyspnea, orthopnea, paroxysmal
nocturnal dyspnea, edema, syncope, palpitation and/or arrhythmias. LVEF measures the amount
of blood being pumped out of the left ventricle of the heart. A LVEF below 45 may be evidence of
CHF or cardiomyopathy. Rejection can be associated with hemodynamic compromise as indicated
by a decrease in the LVEF. LVEF can be assessed by echocardiography, cardiac catheterization,
MRI, multiple gated acquisition (MUGA) scan, or ventriculography (Pham, et al., 2010; Yamani
and Taylor, 2010).

Cardiac allograft vasculopathy (CAV) is a disease that affects the entire network of coronary
arteries in a transplanted heart. It is characterized by diffuse, concentric narrowing caused by
thickening of the inner layer (intimal hyperplasia) in the larger epicardial arteries, as well as
disease in the middle layer (medial) of the smaller microvascular vessels. This results in
progressive luminal stenosis throughout the graft. Cardiac allograft vasculopathy (CAV) is also
called transplant coronary artery disease or cardiac transplant vasculopathy and is one of the top
three causes of death in heart transplant patients after the first year (Eisen, 2025). Invasive
coronary angiography or intravascular ultrasound (IVUS) is used to assess CAV. CAV may be
diagnosed when there is stenosis of 50% within any major epicardial coronary vessel or branches
on angiography, severe diffuse or distal vessel tapering on angiography, maximal intimal
thickness = 0.5 mm in any major epicardial coronary vessel at the time of intravascular
ultrasound, evidence of recent ischemic injury on biopsy, graft dysfunction and/or an epicardial
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stenosis of < 50% that does not respond to anti-rejection therapy. Clinical manifestation of CAV
may be silent, or occur as acute myocardial infarction, congestive heart failure, arrhythmias,
and/or wall motion abnormalities (Eisen, 2025; Pham, et al., 2010; Yamani and Taylor, 2010;
Schmauss and Weis, 2008).

The 2010 International Society for Heart and Lung Transplantation standardized nomenclature for
cardiac allograft vasculopathy (CAV) (Mehra, et al., 2010) is as follows:

e “ISHLT CAVo (Not significant): No detectable angiographic lesion

e ISHLT CAV: (Mild): Angiographic left main (LM) <50%, or primary vessel with maximum
lesion of <70%, or any branch stenosis <70% (including diffuse narrowing) without
allograft dysfunction

e ISHLT CAV:2 (Moderate): Angiographic LM <50%; a single primary vessel 270%, or isolated
branch stenosis 270% in branches of two systems, without allograft dysfunction

e ISHLT CAVs (Severe): Angiographic LM >50%, or two or more primary vessels >70%
stenosis, or isolated branch stenosis 270% in all three systems; or ISHLT CAV1 or CAV2
with allograft dysfunction (defined as LVEF <45% usually in the presence of regional wall
motion abnormalities) or evidence of significant restrictive physiology (which is common
but not specific; see text for definitions)

Definitions:

e Primary Vessel denotes the proximal and middle 33% of the left anterior descending
artery, the left circumflex, the ramus and the dominant or co-dominant right coronary
artery with the posterior descending and posterolateral branches

e Secondary Branch Vessel includes the distal 33% of the primary vessels or any segment
within a large septal perforator, diagonals and obtuse marginal branches or any portion of
a non-dominant right coronary artery

e Restrictive cardiac allograft physiology is defined as symptomatic heart failure with
echocardiographic E to A velocity ratio >2 (>1.5 in children), shortened isovolumetric
relaxation time (<60 msec), shortened deceleration time (<150 msec), or restrictive
hemodynamic values (Right Atrial Pressure >12mmHg, Pulmonary Capillary Wedge
Pressure >25 mmHg, Cardiac Index <2 I/min/m2)”

Pham, et al. (2010) identified severe CAV as “> 50% left main stenosis; = 50% stenosis in > 2
primary vessels (proximal 1/3 or middle 1/3 of the left anterior descending or left circumflex, right
coronary artery to takeoff of posterior descending artery in right-dominant coronary circulations)
or isolated branch stenosis of > 50% in all three systems (diagonal branches, obtuse marginal
branches, distal 1/3 of left anterior descending or left circumflex, posterior descending artery,
posterior lateral branch, and right coronary artery to takeoff of posterior descending artery in non-
dominant systems)”.

Acute cellular rejection (ACR), or cell-mediated rejection, is the clinical syndrome that occurs as
the result of an alloimmune response against a transplanted organ and can be caused by either a
cellular or humoral response. ACR is the most common form of rejection and occurs at least once
in approximately 50% of heart transplant recipients during the first year. Patients with a low
probability of moderate or severe acute cellular rejection have a histological International Society
of Heart and Lung Transplantation (ISHLT) grade 0 or grade 1. Typically, these grades are not
treated for rejection. Grades 2R (moderate) and 3R (severe) are indicative of rejection and
treated per institutional protocol. The two key elements of acute cellular rejection are the
presence of lymphocytes and myocyte injury. Low probability of moderate or severe acute cellular
rejection has been defined as patients who do not have treatable rejection on two consecutive
biopsies over a period of 3-9 months. Treated rejection includes the administration of anti-
rejection therapy (e.g., steroids, antibody therapy) (Eisen and Khush, 2024; Velleca, 2023; Acker
and Jessup, 2011; Pham, et al., 2010; Stewart, et al., 2005).
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Antibody mediated rejection (AMR), or humoral rejection, is initiated by antibodies rather than by
T cells. AMR is manifested as graft dysfunction or hemodynamic compromise (e.g., shock,
hypotension, decreased cardiac output, and/or a rise in pulmonary capillary wedge pressure) in
the absence of cellular rejection on biopsy. The diagnosis is based on histologic findings indicative
of acute myocardial capillary injury. Per Pham et al. (2010), AMR may be associated with
hemodynamic compromise including: “LVEF < 30% or at least 25% below baseline, cardiac index
< 2 L/min/m? or administration of inotropic agents to support circulation” (Berry, et al., 2013;
Acker and Jessup, 2011; Pham, et al., 2010).

AlloMap has been proposed as an alternative to EMB in patients for whom biopsy is
contraindicated or cannot be performed. One complication of biopsy is tricuspid regurgitation
caused by repeated passing of the bioptome across the tricuspid valve into the right ventricular to
obtain tissue specimens. Repeated biopsies may further damage the valve and increase
regurgitation (Strecker, et al., 2013; Badiwala and Rao, 2007). Other contraindications for EMB
include profound hemodynamic compromise, coagulopathy, and mechanical tricuspid prosthesis
(Bennett and Tang, 2013). Lack of adequate vascular access, malignant arrhythmic events (e.g.,
unstable ventricular arrhythmias) or intracavitary mass or thrombus may also be contraindications
to EMB. Clinical trials investigating AlloMap in this subset of patients are lacking.

AlloMap has not been validated for use in patients who demonstrate antibody-mediated rejection
or noncellular rejection accompanied by hemodynamic compromise, pregnant women, patients
who have recently (i.e., less than 30 days) received a blood transfusion, patients recently (i.e.,
less than 20 days) treated with high-dose steroids, patients recently treated for rejection, or
patients who are being treated with = 20 milligrams per day of prednisone or equivalent
(Caideiras, et al., 2007; Mehra and Uber, 2007).

Moayedi et al. (2019) reported on gene expression profiling (GEP) and racial disparities in
outcomes after heart transplantation from the Outcomes AlloMap Registry. The data revealed that
African Americans have lower survival rates after heart transplantation than Caucasians. There
were 933 eligible recipients with 737 (79%) Caucasian and 196 (21%) African Americans.
Compared to Caucasian recipients, African Americans were younger (age 55 vs 59 years,
p<0.001), had higher rates of non-ischemic cardiomyopathy (68% vs 50%, p<0.001), lower rates
of ischemic cardiomyopathy (27.0% vs 39.5%, p<0.001), more likely sensitized with + 10% panel
reactive antibody (PRA) (15.8% vs 9.1%, p=0.009), and less likely to have primary
cytomegalovirus serology (CMV) mismatch (14.3% vs 27.3%, p<0.001). It was noted that African
Americans were more likely than Caucasians to have eight or more human leukocyte antigen
(HLA) mismatches (46.9% vs. 35.7%, p=0.013). This is significant because there is increasing
evidence that recipients with a higher number of mismatches have worse outcomes. The three-
year survival rate was significantly lower in African Americans at 83.5% vs Caucasians at 97.5%
(p=0.006). There were no significant differences in the primary composite endpoint of left
ventricular dysfunction, rejection with hemodynamic compromise, retransplantation, and mortality
between races (p=0.36). Higher tacrolimus levels were associated with decreased mortality in
African American recipients (p=0.009). On an individual gene level, it was found that MARCH8
gene expression was significantly correlated with mortality in Caucasians and elevated levels of
FLT3 gene expression were associated with an increased risk in African Americans. GEP scores
were similar for both racial groups until 24 months with higher scores in African American
recipients after that. The disparity in survival based on race is confirmed by this registry data, but
the reasons remain unclear.

U. S. Food and Drug Administration (FDA): In 2008, XDx Laboratories received 510(k) Class
IT approval for AlloMap Molecular Expression Testing “to aid in the identification of heart transplant
recipients with stable allograft function who have a low probability of moderate/severe acute
cellular rejection (ACR) at the time of testing in conjunction with standard clinical assessment”.
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AlloMap is indicated for use in heart transplant recipients who are 15 years of age or older and at
least 2 months (= 55 days) post-transplantation (FDA, Nov 2008).

Device or Product Identifier Manufacturer Decision Date
AlloMap Heart Molecular K221640 CareDx, Inc. 9/13/2023
Expression Testing

AlloMap® Molecular K073482 CareDx, Inc. 8/8/2008
Expression Testing

*FDA product codes: 0JQ

Note: Coverage decisions are not based solely on FDA approval. Device or product names are
provided for example purposes only. Their inclusion does not indicate endorsement or preference
for any specific brand or model. This list is not intended to reflect all available products or
technologies.

Literature Review: Clinical trials have reported that AlloMap was effective in identifying those
patients with a low probability of rejection following heart transplantation at greater than six
months following transplantation. Crespo-Leiro et al. (2016) conducted the Cardiac Allograft
Rejection Gene Expression Observational II Study (CARGO II) to further clinically validate the GEP
test performance using an independent study population. AlloMap testing was performed during
post-transplant surveillance. Using a cutoff GEP score of 34 at six months post-transplantation,
95.5% (381/399) of GEP tests were true negatives, 4.5% (18/399) were false negatives, 10.2%
(6/59) were true positives, and 89.8% (53/59) were false positives. Based on 938 paired biopsies,
the GEP test score receiver operating characteristic curve (AUC-ROC) for distinguishing = 3A
rejection was 0.69 for 6 months post-transplantation. Depending on the chosen threshold score,
the NPV and PPV ranged from 98.1%-100% and 2.0%-4.7%, respectively. In the CARGO
(Cardiac Allograft Rejection Gene Expression Observational) study, Deng, et al. (2006) reported
that the gene test significantly distinguished the absence of moderate/severe acute rejection from
quiescence (p=0.0018). At a threshold of 30, the test predicted that patients with low molecular
scores at or after one year following transplant were at low risk of current moderate/severe
rejection (negative predictive value >99%). Using CARGO samples (n=127), Mehra et al. (2008)
reported that the use of AlloMap allowed for the identification and separation of patients into low-,
intermediate-, and high-risk groups. Baseline scores were significantly higher for those who went
on to reject, remained high during an episode of rejection, and dropped post-treatment for
rejection (p<0.01). The Pham et al. randomized controlled trial (2010a; 2010b) (Invasive
Monitoring Attenuation through Gene Expression [IMAGE]) compared outcomes of monitoring for
rejection following heart transplantation using AlloMap gene-testing (n=297) compared to routine
endomyocardial biopsy (n=305). Outcomes reported that this selected subpopulation of patients
more than six months post transplantation were not at an increased risk of serious adverse
outcomes and significantly fewer biopsies (p=0.001) were performed.

AlloMap Testing at Two to Six Months Following Transplantation: A prospective,
observational, multi-center study, the Cardiac Allograft Rejection Gene Expression Observational
IT Study (CARGO II) (Crespo-Leiro, et al., 2016), was conducted to validate the clinical
performance of AlloMap in an independent population. The performance of AlloMap was evaluated
in two post-transplantation windows, >°2-6 months and >-6 months. Included samples were
obtained at least 55 days post-transplantation, 30 days after transfusion of blood products, 21
days after administration of = 20 mg/day of prednisone; and 60 days after treating a prior
rejection. The main metric for validating the GEP test performance was the receiver operating
characteristic curve (AUC-ROC). Values for the AUC-ROC range from 0.5 (uninformative) to 1.0
(perfect discrimination). All samples that had local biopsy grades of 1B, 2, and =-3A were sent to
an independent central pathology for grading. If more than one grade 0 or grade 1A local sample
was obtained on a subject, one random sample was sent to central pathology. The = 2-6 months
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post-transplantation specimens with histopathology slides selected for independent central panel
pathology rejection grading included 328 patients with 480 GEP test scores. The mean receiver
AUC-ROC for the GEP test scores in the = 2-6 months post-transplantation period was 0.70 with a
95% confidence interval from 0.67 to 0.73. The mean AUC-ROC for the GEP test scores for the
>-6 months post-transplantation period was 0.69 with 95% confidence interval from 0.66 to 0.72.
A GEP test score of = 34 corresponded to histology-based grade = 3A (2R) rejection with a PPV of
4.0% at months = 2-6 post- transplantation vs. 4.3% at >-6 months post transplantation. The
negative predictive values (NPVs) were 98.4% at months >-2-6 post-transplantation and 98.3%
at > 6 months post-transplantation. The rates of rejection were similar in the early post-
transplantation period (3.2% for months = 2 to 6) compared with the >-6 post-transplantation
population (3.2%). However, it was noted by the authors that the biopsies performed after month
six post-transplantation may have been performed more often due to clinical suspicion of
rejection, whereas biopsies performed prior to six months post-transplantation were probably
conducted for surveillance of asymptomatic patients. There were several limitations of the study
discussed by the authors including: 1) the study excluded GEP data and biopsies from visits earlier
than 55 days post-transplantation; therefore, GEP performance is not known in this population; 2)
patients treated for rejection within the prior 30 days were excluded which may have led to an
underestimation of the incidence of rejection; 3) not all GEP tests had paired biopsy results; 4)
because of the very small number and proportion of clinically suspected, biopsy confirmed,
rejections of grade =-3A (2R), rejections discovered during routine surveillance and rejections
confirmed with biopsies performed for clinical suspicion were pooled together in the analyses; and
5) the central pathology feature of this study did not reflect practical clinical care.

Kobashigawa et al. (2015) conducted a single center randomized controlled trial (n=60), the Early
Invasive Monitoring Attenuation through Gene Expression (EIMAGE) study, to evaluate the safety
and efficacy of gene expression profiling (GEP; AlloMap) (n=30), compared to endomyocardial
biopsy (n=30), in monitoring heart rejection from day 55 and onward post-transplantation.
Patients were >-18 years of age, had undergone cardiac transplantation within the past 2-6
months (55-185 days), and in a clinically stable condition with an echocardiographic LVEF of
>-50%. Exclusion criteria included any clinical signs of declining graft function defined by
symptoms of congestive heart failure at the first study surveillance visit, rejection therapy for
biopsy-proven ISHLT Grade 2R (3A) or higher during the preceding two months, previous or
current evidence of antibody-mediated rejection (AMR) defined according to the ISHLT 2004
guidelines, presence of donor-specific antibodies (DSAs), high corticosteroid doses of >-20 mg at
the time of the first study visit, receiving hematopoietic growth factors or blood transfusion during
the previous 30 days, and pregnancy. A positive GEP was considered =-30 at 2-6 months and
>34 after six months and prompted a biopsy. The primary outcome was a composite of first
occurrence of death/retransplant, rejection with hemodynamic compromise, or allograft
dysfunction because of other causes <-18 months post-transplant. There was no statistically
significant difference in the primary outcome between the groups at 18 months follow-up.
Intravascular ultrasound (IVUS) results showed no significant differences between the groups in
the average change in maximal intimal thickness (p=0.944) or plaque burden in the first year.
LVEF results at 18 months were not significantly different (p=0.522), nor were the cardiac index
score (p=0.413) or other cardiac hemodynamics. The number of biopsy-proven ISHLT=-2R (3A)
rejection episodes within the first 18 months post-transplant was not significantly different
between the groups (p=0.31). At 18 months, 42 biopsies were performed in the GEP group,
compared with 253 in the EMB group. There was no significant difference in prednisone weaning
or average prednisone dosage between the two groups. Satisfaction of method rejection
surveillance was statistically significant in the GEP group (p=0.003) but there were no significant
differences in the SF-12 mental health and physical-health summary scores. The results of this
pilot study should be viewed with caution due to the low risk, small patient population included in
the trial. The authors noted that firm conclusions could not be made about noninferiority of GEP
versus EMB, further large-scale clinical trials to confirm these findings are required; and the study
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was limited by the few primary end points experienced as only eight patients reached the
composite primary end point.

Other AlloMap indications: Studies have also been conducted to determine if AlloMap could
identify different forms of rejection, identify patients who may develop Grade = 3A rejection, what
impact coronary allograft vasculopathy (CAV) and blood transfusion would have on AlloMap
scoring. AlloMap has also been analyzed for the ability to predict clinical events 2-315 days
following transplantation and as a predictor for long-term survival after heart transplant.

In a retrospective, single center study, Fujita et al. (2017) investigated AlloMap as a predictor of
long-term survival following heart transplantation. Data on 46 patients from the CARGO II trial
were analyzed. Patients who had survived for at least one year and in whom AlloMap scores were
available at six, nine, 12 and 18 months after transplant were included. The primary outcome
measure was long term all-cause mortality. Survival data were gathered by review of medical
records and contact with the patient/family. Six to nine months following transplantation 23
patients showed a decreased AlloMap score and 23 showed an increased score. The scores at
individual time points (6, 9, 12, 18 months) did not correlate with long-term survival. Patients
with an increased score from six to nine months after transplant compared to a decreased score
showed a significant elevation in all-cause mortality (p=0.005). It was also noted that long-term
mortality may have been associated with side effects or inadequate immunosuppression.
Limitations of the study are the retrospective design, small patient populations and heterogeneity
in baseline characteristics. Prospective studies with larger patient populations are required to
validate the predictive value of AlloMap in identifying patients at high risk for death during long-
term follow-up.

Crespo-Leiro et al. (2015) conducted a retrospective analysis (n=91) of an independent patient
population from the Cardiac Allograft Rejection Gene Expression Observational (CARGO) II study
to determine the prognostic utility of within patient variability of GEP scores in predicting future,
significant clinical events. A second objective was to determine the negative predictive value
(NPV) and the positive predictive value (PPV) of GEP score variability in predicting future
significant clinical events. The GEP score variability was defined as the standard deviation of four
GEP scores collected =2-315 days post-transplant. Analyzed clinical outcome data included CARGO
IT patients who had four AlloMap scores preceding a first clinical event (event group) or had four
sequential GEP scores without a subsequent event (control group). Out of the 737 patients in the
CARGO 1II study, 55 patients who did not have events and had at least a three year follow-up were
chosen as controls and 36 patients who experienced at least one predefined cardiac event were
included in the event group. There was no statistically significant difference between the groups in
number of days between the first and the last AlloMap test. The estimated prevalence of events
was 17%. Events occurred at a median of 391 days after the final GEP Test. The NPV increased
from 87.4% at a score variability of 1.0 to 97% at a score variability of 0.6. The PPVs for the
same score decreased from 26% at a score variability of 1.0 to 23.3% for a GEP score variability
of 0.6. For a GEP score variability cutoff of 1.5, the estimated PPV was 35.4%. In the event group
58% of the patients died, 31% experienced graft failure and 11% underwent cardiac re-
transplantation. The results of the study proposed that the AlloMap score variability may be useful
in estimating the probability of future events of death, re-transplantation or graft failure in heart
transplant recipients tested with AlloMap =-315 days post-transplantation. The NPV =-97%
indicated that clinical utility of AlloMap score variability may help identify patients at a low risk for
future clinical events. Given, the limitations of the study, the results should be viewed with
caution. Limitations of the study include the retrospective study design, small patient population,
potential selection bias of patients, imbalance of number of patients per group and heterogeneity
of clinical conditions.
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Bernstein et al. (2007) conducted a subanalysis of the CARGO study to determine if gene
expression (GE) (i.e., AlloMap genetic testing) could distinguish different forms of mild heart
transplant rejection. Inclusion criteria were met by 265 of the 737 adult and pediatric CARGO
patients. Reinterpretation of the tissue identified: 176 grade 0 biopsies, 17 grade 1As, 12 grade
1Bs, 21 grade 2, and 24 grade 3As. The mean GE scores differentiated moderate-to-severe
rejection (grades =3A) (32 £ 0.9) from grades 0 (25.3 £ 0.5), 1A (23.8 £ 2.1) and 2 (26.9 £ 1.5)
(p<0.00001, p<0.001 and p<0.01, respectively). The mean GE score for grade 1B was
indistinguishable from that for grades =23A, (29.8 £ 2.0 vs. 32.0 £ 0.9) (p=0.25). Based on a
calculation of the fold-difference of each gene, grade 1B was identified as a subgroup of rejection
with a peripheral gene expression profile that more closely resembled moderate-to-severe
rejection. The study also analyzed whether or not the time from transplantation influenced the GE
scores compared to the grades. For the two- to six-month period following transplantation, the
mean GE score for grade =3A (30.8 £ 1.4) was not significantly different from that for grade 1B
(28.5 £ 3.9) (p=0.49). The mean GE scores differentiated grades 0, 1A, and 2 from grades =3A.
EMBs obtained more than six months following transplantation indicated grades =3A
demonstrated mean GE scores similar to grade 1B scores (p=0.19). Mean GE scores for grades 0,
1A, and 2 were significantly lower than for grades =3A scores.

Mehra et al. (2007) also conducted a subanalysis of cardiac allograft recipients (n=104) from the
CARGO study to determine if the AlloMap test could distinguish between rejection-free stable
patients and patients who develop Grade =3A rejection within 12 weeks following transplantation.
In addition, the study characterized the associations with rejection within 180 days of
transplantation, identified individual classifier genes associated with the risk of future rejection
and explored the pathways and functions of the genes. Patients with grades 0 or 1A at baseline
and free of > grade 2 rejection for at least the first 12 weeks post-transplantation were
designated as the matched control group (n=65). The rejection group included 39 patients,
clinically stable at baseline, who experienced an episode of grade =3A within 12 weeks following
sample collection. Data for the study was analyzed from blood samples and EMB obtained during
the same visit. Analysis of the data demonstrated a significant difference in the mean GE score of
27.4 £ 6.3 for the study group and 23.9 = 7.1 for the control group (p=0.01). The study also
analyzed a subgroup of these patients who were <180 days post-transplant and reported a
significant difference in the mean GE score of 28.4 + 4.9 for the study group (n=28) and 22.4 =
7.5 for the control group (n=46) (p<0.001). To explore the molecular pathways associated with
steroid sensitivity and T-cell activation, the expression levels of 33 additional genes were
measured, and the data demonstrated that “transcriptional signals of genes regulated by
corticosteroids or involved in T-cell activation in peripheral blood of heart transplant recipients are
associated with the presence or absence of future clinically relevant rejection.” The authors stated
that the data from this study “"must be interpreted with care and in the context of the case-control
study in which they were derived.” They further explained that case-control studies include
“inherent spectrum bias, preventing generalization,” and noted that milder rejection grades (i.e.,
1B and 2) were not addressed.

In 2007, Yamani et al. conducted two retrospective reviews. The first study (Apr 2007a) included
69 patients and evaluated the impact of transplant coronary allograft vasculopathy (CAV) on
AlloMap gene expression analysis. Evidence of CAV within 4.3 £ 3 months of AlloMap testing was
demonstrated in 20 patients by coronary angiography. The control group had a mean AlloMap
score of 26.1 £ 6.5 compared to > 32.2 £ 3.9 in the CAV group (p<0.001). Fifteen control
patients and 14 CAV patients had an AlloMap score of greater than 30 (p=0.0026). CAV was
associated with a significantly increased AlloMap score in the absence of significant rejection
(p=0.0002). The second review (2007b) investigated the impact of early post-transfusion ischemic
injury on subsequent AlloMap testing from data retrieved from a transplant database (n=67). The
subjects were evaluated at a mean 34 £ 20 months following heart transplantation. Compared to
the control group, the injury group demonstrated worse five-year freedom from vasculopathy,
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lower left ventricular ejection fraction (LVEF), and higher percentage of AlloMap scores. The
presence of ischemic injury was associated with a significant increase in AlloMap scores
(p<0.0001).

HepatoTrack™: The HepatoTrack (LuminoDx Inc., San Diego, CA) assay analyzes cell-free
microRNAs (miRNAs) in blood samples and has been proposed to predict acute cellular rejection
(ACR) in liver transplant patients.

Literature Review: There is insufficient evidence to support the accuracy and clinical utility of
HepatoTrack.

TruGraf®: The TruGraf® assay (Eurofins Transplant Genomics, Framingham, MA) is a DNA
microarray-based gene expression blood test proposed for use in renal transplant recipients. It is
proposed as an alternative to surveillance biopsies to rule out subclinical rejection in patients with
stable graft function (Anglicheau, et al., 2024; Marsh, et al., 2019). To date, the literature reports
that TruGraf has only been tested on patients whose transplant graft was known to be doing well.
The test has not been tested on patients whose graft was starting to show signs of rejection. How
the test performs in this subpopulation needs to be studied before TruGraf can be recommended
for use.

Literature Review: In a multicenter retrospective study, Marsh et al. (2019) conducted
simultaneous blood tests and clinical assessments in 192 patients from seven transplant centers to
assess the clinical utility of the TruGraf DNA microarray-based gene expresson blood test in the
serial assessment of kidney transplant recipients with stable renal function. The accuracy or
concordance between TruGraf result and clinical and/or histologic assessment was 74%
(142/192). The test was accurate in 93% (116/125) of patients identified as Transplant eXcellence
(TX: stable serum creatinine, normal biopsy results, indicative of immune quiescence). The
negative predictive value for TruGraf was 90%, with a sensitivity of 74% and specificity of 73%.
Results did not differ significantly in patients with a biopsy-confirmed diagnosis vs those without a
biopsy.

Molecular Microscope (MMDx) Kidney and Heart: The molecular microscope diagnostic
system (MMDx) (One Lambda, Inc [Thermo Fisher Scientific, Inc], West Hills, CA) is a microarray-
based system. It utilizes transplant biopsy tissue and analyzes it for messenger RNA (mRNA)
expression patterns to predict the diagnosis of acute T cell-mediated rejection (TCMR) or
antibody-mediated rejection (ABMR) (Anglicheau, et al., 2024). According to the manufacturer’s
website, the laboratory developed tests are used for clinical purposes by the CLIA-certified
laboratory performing the test. These tests are not cleared or approved for clinical use by the FDA
as an in vitro diagnostic test (Thermo Fisher Scientific, Inc, 2025).

Literature Review: There is insufficient evidence to support the accuracy and clinical utility of
the molecular microscope diagnostic system. The literature is primarily in the form of an editorial,
reviews and test accuracy analysis.

Donor-Derived Cell-Free DNA (dd-cfDNA) Tests: It is hypothesized that transplant patients

experiencing organ injury associated with acute rejection will have higher levels of donor-derived
cell free DNA (dd-cfDNA) which is thought to be due to cell-free DNA being an indicator of dying

cells. In recent years, dd-cfDNA tests have become clinically available to quantify the amount of

dd-cfDNA in kidney and heart transplant recipients.

There are multiple techniques for measuring dd-cfDNA with each test measuring a different
number of single-nucleotide polymorphisms (SNPs). These tests are intended to assess the
probability of allograft rejection in a particular patient. The technology does not rely on previous
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genotyping of either the patient or the donor, which is a benefit over previous methods that have
been used to measure dd-cfDNA. Additionally, these tests do not require invasive tissue biopsy,
which is necessary for the standard methods of histopathological interpretation that are used to
diagnose allograft rejection. However, biopsy is still necessary to confirm and establish the type of
active rejection in affected patients (Jordan et al., 2018). It has been proposed that these tests be
used for serial monitoring in order to detect new onset injury or rejection prior to clinical
symptoms, however the optimal time interval has yet to be established (Bloom et al., 2017). The
use of dd-cfDNA to evaluate transplant rejection is not a new development in the field of
transplant medicine, however the clinical utility of this technology has yet to be established.

AlloSure®: Allosure® (CareDx®, South San Francisco, CA) is a targeted next-generation
sequencing test that evaluates single nucleotide polymorphisms (SNP) in cell-free DNA samples.
AlloSure Kidney is proposed for use in renal transplant patients who are 18 years or older and a
minimum of 14 days post-transplant. AlloSure Heart is proposed for use in conjunction with
AlloMap in heart transplant patients who are 15 years or older and at least 55 days post-
transplant (CareDx, 2020).

Literature Review-Heart: There is insufficient evidence to support the accuracy and clinical
utility of donor-derived cell free DNA for assessing and monitoring the probability of allograft
rejection in heart transplant patients. Studies are primarily in the form of an author manuscript, a
conference abstract, a proof-of-concept study, retrospective reviews, and registry data
(Henricksen et al., 2023; Kamath, et al., 2022; Khush, et al., 2019; Crespo-Leiro et al., 2015; De
Vlaminck, et al., 2014; Hidestrand, et al., 2014).

Literature Review-Kidney: Aubert et al. (2024) conducted a multinational, observational cohort
study to evaluate donor-derived cell-free DNA (dd-cfDNA) as a biomarker for kidney allograft
rejection. A total of 2,882 transplant recipients were enrolled across 14 centers; the derivation
cohort included 1,134 adults (1,415 biopsies), and the external validation cohort comprised 1,748
patients. The intervention was dd-cfDNA measurement (AlloSure/AlloSeq cfDNA assays) added to
standard monitoring (eGFR, proteinuria, anti-HLA DSA), with biopsy-proven rejection as the
comparator. Inclusion criteria were kidney transplant recipients >18 years; exclusions included
combined organ transplants, pregnancy, monozygotic twin donors, and prior bone marrow
transplant. Outcomes were biopsy-confirmed antibody-mediated rejection (AMR), T cell-mediated
rejection (TCMR), or mixed rejection, assessed at protocol (three months, one year) and for-cause
biopsies. Median follow-up was approximately one year. Donor-derived cell-free DNA levels
strongly correlated with allograft rejection, including antibody-mediated rejection (p< 0.0001), T
cell-mediated rejection (p< 0.0001) and mixed rejection (p< 0.0001). Limitations include
observational design, lack of randomization, incomplete assessment of longitudinal dd-cfDNA
trends, and absence of adherence data

Bu et al. (2022) conducted a multicenter, observational study (the ADMIRAL study: Assessing
AlloSure Dd-cfDNA, Monitoring Insights of Renal Allografts with Longitudinal Surveillance) of 1,092
adult kidney transplant recipients who were monitored with donor-derived cell-free DNA (dd-
cfDNA) testing over the course of three years. The objective of the study was to see how effective
dd-cfDNA was in identifying allograft rejection, subclinical changes and to evaluate the relationship
between dd-cfDNA measurements and nonimmune allograft injury. The study also sought to
evaluate the relationship between elevated dd-cfDNA and predictors of long-term graft survival,
including estimated glomerular filtration rate (eGFR) and formation of de novo donor-specific
antibodies (dnDSAs). The plasma cfDNA fraction was measured using a targeted, single nucleotide
polymorphism (SNP)-based assay. Pathological diagnosis was made according to the 2019 Banff
Kidney Rejection Classification. To calculate the performance characteristics of the assay
(sensitivity, specificity, negative predictive value, positive predictive value), the discriminatory
power was considered at previously published thresholds of 0.5% and 1%. Patients were
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categorized as high dd-cfDNA (= 0.5%) versus low dd-cfDNA (=< 0.5%). Elevation of dd-cfDNA
(0.5% or more) was significantly correlated with clinical and subclinical allograft rejection. Patients
with antibody mediated rejection (ABMR) had higher levels of dd-cfDNA with clinical rejection
(2.2% vs. 0.34%) and subclinical rejection (0.91% vs. 0.23%). Patients with T cell mediated
rejection (TCMR) also had higher levels of dd-cfDNA with clinical rejection (1.30% vs. 0.34%) and
subclinical rejection (0.52% vs. 0.23%). dd-cfDNA values of 0.5% or more were associated with a
nearly three-fold increase in risk development of de novo donor-specific antibodies (hazard ratio
2.71) and were determined to be elevated a median of 91 days (interquartile range of 30-125
days) ahead of donor specific antibody identification. Persistently elevated dd-cfDNA (more than
one result above the 0.5% threshold) predicted over a 25% decline in the estimated glomerular
filtration rate over three years (hazard ratio 1.97). Author noted limitations of the study include
the observational real-world design. Additional studies are needed to define how the information
provided by dd-cfDNA can be used to guide clinical practice.

Zhang et al. (2020) conducted a prospective single center observational study to evaluate the
diagnostic performance of donor-derived plasma cell-free DNA (cfDNA) in discriminating antibody-
mediated rejection (ABMR) or de novo donor-specific antibodies (DSA) without histological lesions
in kidney allograft recipients. The plasma cfDNA fraction was measured using a targeted, single
nucleotide polymorphism (SNP)-based assay. Pathological diagnosis was made according to the
2015 Banff Kidney Rejection Classification. The area under the ROC curve (AUC-ROC) was
determined using the bootstrapping method to estimate median and 95% confidence interval
(95% CI). The sensitivity, specificity and Youden index, positive predictive value (PPV), and
negative predictive value (NPV) were calculated for specific cfDNA fractions. The study included 37
consecutive patients who received kidney allografts, including 18 recipients in the ABMR group and
19 recipients in the stable allograft group (seven DSA-positive and 12 DSA-negative). All patients
in the ABMR group were DSA positive and seven patients in the stable group were DSA positive
but had no pathologically proven ABMR. The median donor-derived plasma cfDNA fraction was
2.4% (Q1 1.52% -Q3 3.70%) in the ABMR group, and was significantly higher than that of the
stable group (0.65%, Q1 0.57% -Q3 0.97%; P < 0.001), but comparable with that of the DSA-
positive patients in the stable allograft group (P = 0.074). The AUC-ROC of cfDNA was 0.90 (95%
CI, 0.79-0.98). When a cfDNA threshold of 1% was chosen, it had a sensitivity of 88.9% and a
specificity of 73.7%. The PPV was 76.2% and the NPV was 87.5%. The authors concluded that
donor-derived plasma cfDNA fraction increased in kidney allograft recipients with ABMR. The study
is limited by the small nhumber of participants.

Bloom et al. (2017) conducted a prospective observational study: Circulating Donor-Derived Cell-
Free DNA in Blood for Diagnosing Acute Rejection in Kidney Transplant Recipients (DART) study.
Blood specimens were collected from 102 patients at scheduled intervals and at the time of
clinically indicated biopsies. Plasma levels of donor-derived cell-free DNA (dd-cfDNA) were
measured and correlated with allograft rejection status ascertained by histology in 107 biopsy
specimens. The dd-cfDNA level discriminated between biopsy specimens showing any rejection (T
cell-mediated rejection or antibody-mediated rejection [ABMR]) and controls (no rejection
histologically), P<0.001 (receiver operating characteristic area under the curve [AUC], 0.74; 95%
confidence interval [95% CI], 0.61 to 0.86). Positive and negative predictive values for active
rejection at a cutoff of 1.0% dd-cfDNA were 61% and 84%, respectively. The AUC for
discriminating ABMR from samples without ABMR was 0.87 (95% CI, 0.75 to 0.97). Positive and
negative predictive values for ABMR at a cutoff of 1.0% dd-cfDNA were 44% and 96%,
respectively. Median dd-cfDNA was 2.9% (ABMR), 1.2% (T cell-mediated types =IB), 0.2% (T
cell-mediated type IA), and 0.3% in controls (P=0.05 for T cell-mediated rejection types =1B
versus controls).

Jordan et al. (2018) conducted a study with a cohort from above DART study to assess the
combined use of donor-derived cell-free DNA (dd-cfDNA) and Donor-specific antibodies (DSA)
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testing to diagnose active antibody-mediated rejection (ABMR). Donor-derived cell-free DNA was
assayed in 90 blood samples with paired DSA and clinically indicated biopsies from 87 kidney
transplant patients. Sixteen cases met criteria for active ABMR. Performance characteristics of dd-
cfDNA for diagnosis of active ABMR were determined for samples with prior or current positive
DSA (DSA+, n = 33). The median level of dd-cfDNA (2.9%) in DSA+ patients with active ABMR
was significantly higher than the median level (0.34%) in DSA+ patients without ABMR
(P<0.001). The median level of dd-cfDNA in DSA- patients was 0.29%. The positive predictive
value of dd-cfDNA (at 1%) to detect active ABMR in DSA+ patients was 81%, whereas the
negative predictive value was 83%. The positive predictive value for DSA+ alone was 48%.

Bromberg et al. (2017) conducted an observational study of a cohort of the above DART study to
establish biological variation and clinical reference intervals of dd-cfDNA in renal transplant
recipients by using an analytically validated assay that has a CV of 6.8%. Venous blood was
sampled at patient surveillance visits (typically at posttransplant months 1-4, 6, 9, and 12).
Patients with stable renal allograft function spanning =3 serial visits were selected. AlloSure was
used to measure dd-cfDNA in the plasma and computed the intraindividual CV (CVI) and
interindividual CV (CVG), the index of individuality (II), and reference change value (RCV). The
study included 93 patients with 61% men, 56% Caucasian, mean ages 49 years, and 63% were
deceased donor kidney recipients. Of the 380 blood samples, the dd-cfDNA median value was
0.21% (interquartile range 0.12%-0.39%) and the 97.5th percentile was 1.20%. In 18 patients
with an average of 4.1 tests, the CVI was 21%, CVG was 37%, II was 0.57, and RCV was 61%.
The authors concluded that in a renal transplant recipient, a dd-cfDNA level above 1.2% is out of
range and potentially abnormal. A serial increase of up to 61% in level of dd-cfDNA in a patient
may be attributable to biological variation.

OmniGraf® Liver: OmniGraf Liver (Eurofins Transplant Genomics, LLC, Lenexa, KS) is a donor
derived cell free DNA (dd-cfDNA) blood test proposed to detect allograft rejection in liver
transplant recipients.

Literature Review: There is insufficient evidence to support the accuracy and clinical utility of
OmniGraf Liver.

Prospera™: Prospera (Natera™, Austin, TX) is a suite of donor derived cell free DNA (dd-cfDNA)
blood tests that are proposed to detect antibody-mediated rejection (AMR) and acute cellular
rejection (ACR) rejection in kidney, heart or lung post-transplant recipients. According to the
manufacturer’s website, Prospera has not been cleared or approved by the FDA (Natera, 2025).
The platform is run in a CLIA-certified, College of American Pathologists-accredited laboratory.

Literature Review-Heart: There is insufficient evidence to support the accuracy and clinical
utility of donor-derived cell free DNA for assessing and monitoring the probability of allograft
rejection in heart transplant patients. Studies are primarily in the form of an observational study
(Deshpande et al., 2024).

Literature Review-Kidney: There is insufficient evidence to support the accuracy and clinical
utility of donor-derived cell free DNA for assessing and monitoring the probability of allograft
rejection in kidney transplant patients. Studies are primarily in the form of retrospective reviews
(Bromberg et al., 2024; Kim et al., 2022).

Literature Review-Lung: There is insufficient evidence to support the accuracy and clinical
utility of donor-derived cell free DNA for assessing and monitoring the probability of allograft
rejection in lung transplant patients.
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VitaGraft™ Kidney: VitaGraft™ Kidney (Oncocyte Corporation, Irvine, CA) is a blood-based test
proposed to monitor transplant rejection that quantifies the concentration of donor-derived cell-
free DNA following kidney transplantation. Beginning testing with VitaGraft Kidney requires a urine
sample for the initial test to set the assay for the patient, all subsequent tests only require a blood
sample. VitaGraft™ Kidney 2.0 evaluates eight additional single-nucleotide polymorphisms (SNPs)
than the first version of VitaGraft Kidney. This test represents digital PCR, using cell-free DNA
from plasma, donor-derived cell-free DNA, and gives a percentage reported as risk for rejection.
VitaGraft is not indicated in patients who are: pregnant, less than two weeks post-transplant for
subsequent testing, recipients of an allograft from an identical twin, bone marrow transplant
recipients, recipients of an allogeneic stem cell transplant, recipients of a non-liver or non-kidney
organ transplant, or recipients of multiple organ transplants. According to the manufacturer’s
website, “The VitaGraft Kidney Test has not been cleared or approved by the US Food and Drug
Administration (FDA). Oncocyte's laboratory offering the VitaGraft Kidney Test is CAP-accredited
and CLIA-certified” (Oncocyte Corporation, 2024).

Literature Review: There is insufficient evidence to support the accuracy and clinical utility of
VitaGraft Kidney for the identification of post-transplant subclinical acute or acute rejection of a
kidney.

Combined Gene Expression Profile and Donor-Derived Cell-Free DNA (dd-cfDNA) Tests

HeartCare®: HeartCare (CareDx®, South San Francisco, CA) combines AlloMap Heart gene
expression profiling with AlloSure Heart dd-cfDNA. As noted above, the clinical utility of AlloSure
Heart has yet to be established.

Khush et al. (2024) reported on a prospective, multicenter observational study (SHORE registry;
NCT03695601) which evaluated 2,077 heart transplant recipients across 67 U.S. centers between
2018-2021 to assess dual noninvasive surveillance for acute cellular rejection (ACR) using gene-
expression profiling (GEP; AlloMap) and donor-derived cell-free DNA (dd-cfDNA; AlloSure). Eligible
patients were =215 years old, 255 days post-transplant, and had at least one paired GEP/dd-cfDNA
test; pregnant women and multiorgan transplant recipients were excluded. Participants were
categorized into four groups: GEP—/dd-cfDNA—, GEP+/dd-cfDNA—, GEP—/dd-cfDNA+, and
GEP+/dd-cfDNA+. Primary outcomes included biopsy-proven ACR incidence, test performance
(sensitivity, specificity, positive likelihood ratios [LR+]), and follow-up biopsy rates; secondary
outcomes were graft function and survival. Median follow-up was 40 months. ACR incidence
ranged from 1.5% (dual negative), 1.9% (GEP+/dd-cfDNA-), 4.3% (GEP—-/dd-cfDNA+, ), and
9.2% (dual positive). The sensitivity of dual positive testing with GEP/dd- cfDNA for ACR was
32.3% compared to 59.0% for GEP alone and 44.7% for dd-cfDNA alone. The specificity was
91.7% for dual-positive test results, 56.8% for GEP alone, and 84.6% for dd-cfDNA alone. Two-
year survival was 94.9%, with graft dysfunction in 2.7%. Limitations include exclusion of
antibody-mediated rejection from performance analyses, lack of centralized biopsy review,
potential bias from variable timing of biopsies, and incomplete site verification early in the study.

Technology Assessments

BlueCross BlueShield Association (BCBSA) Technology Evaluation Center (TEC): BCBSA
(2011) conducted a systematic review of the literature to determine if AlloMap testing improved
health outcomes compared to other methods used for monitoring rejection following heart
transplantation. Validation studies that only included patients with no rejection or class 3A
rejection reported a sensitivity of 76-84% and specificity of 38-41% at a cutoff score of 20. Post
hoc analyses of subgroups (n< 30 patients) who were > 6 months or > 12 months post-transplant
with higher cutoff scores reported sensitivities of 71.4-80% and specificities of 77.8%-78.7%.
Depending on the cutoff score used to denote a positive test, other studies reported a positive
predictive value (PPV) typically < 7% and a negative predictive value (NPV) > 98%. According to
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BCBSA, the data used for these values was not available and the results were not consistent with
results from actual patient samples. One study reported a 7.8% PPV and a 100% NPV using a
cutoff score of 34 but out of the total 243 samples, only five were rejection samples. The authors
reported that higher AlloMap scores were associated with a greater likelihood of rejection in class
3A or higher patients but the “diagnostic characteristics of AlloMap testing were uncertain”, study
methods were unclear, study samples were not completely described, number of cases of rejection
were small and cutoff scores appeared “to be determined post hoc.” According to BCBSA, the
“sensitively of the test for detecting rejection is uncertain.” The available evidence was insufficient
to permit conclusions regarding the effects of AlloMap on net health outcomes, or if the test is as
beneficial as any established alternatives for monitoring heart transplant patients.

Professional Societies/Organizations

In their 2010 guidelines on the care of heart transplant (HT) recipients, the International Society
for Heart and Lung Transplantation (ISHLT) stated, “gene expression profiling (AlloMap) can be
used to rule out the presence of ACR [acute cardiac rejection] of grade 2R [i.e., an infiltrate plus
the presence of multifocal myocyte damage] or greater in appropriate low-risk patients, between
6 months and 5 years after HT”. This recommendation is based on data from the CARGO and
IMAGE clinical trials. The ISHLT guidelines were updated in 2023 to state “Gene Expression
Profiling (GEP) (i.e., Allomap) of peripheral blood can be used in low-risk patients between 2
months and 5 years after HT to identify adult recipients who have low risk of current ACR to
reduce the frequency of endomyocardial biopsy (EMB). Data in children does not allow a general
recommendation of GEP as a routine tool at present.” The 2023 ISHLT guidelines for monitoring of
rejection may include in addition to surveillance EMB several noninvasive rejection monitoring
tests including Gene Expression Profiling (Allomap), donor specific antibody (DSA), brain
natriuretic peptide (BNP), high sensitivity troponins, and donor-derived cell-free DNA (dd-cfDNA).
The guidelines are limited in that dd-cfDNA is neither specifically recommended nor discouraged;
the evaluation of the recommendation and evidence includes all seven actions that may be part of
follow-up visits to monitor for rejection and screen for adverse events.

The evaluation of donor-derived cell free DNA has not yet been addressed by the Kidney Disease:
Improving Global Outcomes (KDIGO) clinical practice guideline for care of kidney transplant
recipients.

In 2023 (updated Oct 2024), the American Society of Transplant Surgeons (ASTS) released a
statement on donor-derived cell-free DNA (dd-cf-DNA) which included the following:

e Suggested that clinicians consider measuring serial dd-cfDNA levels in kidney transplant
recipients with stable renal allograft function to exclude the presence of subclinical
antibody mediated rejection.

e Recommend that clinicians measure dd-cfDNA levels in kidney transplant recipients with
acute allograft dysfunction to exclude the presence of rejection, particularly antibody-
mediated rejection (ABMR).

e Recommended that dd-cfDNA may be utilized to rule out subclinical rejection in heart
transplant recipients.

e Recommended that clinicians who choose to utilize dd-cfDNA in heart transplant recipients
also utilize peripheral blood GEP as a non-invasive diagnostic tool to rule out acute cellular
rejection in stable, low-risk, adult heart transplant recipients who are over 55 days status
post heart transplantation.

Overall, there is no grade assigned for the level of evidentiary rigor or the strength of
recommendations provided, and there is a lack of background, rationale, or literature cited for the
recommended use in heart transplant recipients. The specific limitations identified in the ASTS
statement include: the need for further work to enhance the detection of T-cell-mediated rejection
(TCMR); the necessity for additional investigation to establish the optimal monitoring interval; and
the requirement for further studies to clarify how the information provided by dd-cfDNA can

Page 16 of 26
Medical Coverage Policy: 0465



inform clinical practice and decisions regarding immunomodulation, infection management,
treatment of all types of rejection, and the control or prevention of dnDSA formation.

Health Equity Considerations

Health equity is the highest level of health for all people; health inequity is the avoidable
difference in health status or distribution of health resources due to the social conditions in which
people are born, grow, live, work, and age.

Social determinants of health are the conditions in the environment that affect a wide range of
health, functioning, and quality of life outcomes and risks. Examples include safe housing,
transportation, and neighborhoods; racism, discrimination and violence; education, job
opportunities and income; access to nutritious foods and physical activity opportunities; access to
clean air and water; and language and literacy skills.

Medicare Coverage Determinations

Contractor Determination Name/Number Revision Effective
Date
NCD | National No National Determination found
LCD | CGS MoIDX: Molecular Testing for Solid Organ 7/10/2025
Administrators, Allograft Rejection (L38582)
LLC
LCD Noridian MoIDX: Molecular Testing for Solid Organ 7/10/2025
Allograft Rejection (L38629)
LCD | Noridian MolDX: Molecular Testing for Solid Organ 7/10/2025
Allograft Rejection (L38671)
LCD | Wisconsin MoIDX: Molecular Testing for Solid Organ 7/10/2025
Physicians Allograft Rejection (L38680)
Service
Insurance
Corporation
LCD Palmetto GBA MoIDX: Molecular Testing for Solid Organ 7/10/2025
Allograft Rejection (L38568)

Note: Please review the current Medicare Policy for the most up-to-date information.
(NCD = National Coverage Determination; LCD = Local Coverage Determination)
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Revision Details

Type of Revision Summary of Changes Date

Annual review e Added example of HepatoTrack™ to other 12/15/2025
gene expression profiling tests

e Added example of OmniGraf® Liver to donor-
derived cell-free DNA testing

¢ Removed examples VitaGraft™ Kidney
Baseline + 1st Plasma Test, VitaGraft™
Kidney Subsequent from donor-derived cell-
free DNA testing

Focused review e Added example of Prospera™ to donor- 9/15/2025
derived cell-free DNA testing
Focused review e Added examples of AlloSure® and 4/15/2025

VitaGraft™ Kidney 2.0 to donor-derived cell-

free DNA testing

Focused review e Added example of Trugraf back to non- 2/15/2025

coverage statement for other gene

expression profiling tests

Annual review e Added coverage for Allomap starting at two 11/1/2024
months post-transplant

¢ Removed examples TruGraf, AlloSure®,
Prospera™, and the coverage statement for
combined gene expression profiling and
donor-derived cell-free DNA testing (i.e.
HeartCare®, OmniGraf™). These are
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addressed in the Cigna/EviCore cobranded
guidelines, and therefore removed from this
policy.

e Removed the example Viracor TRAC from
the coverage statement for donor-derived
cell-free DNA testing

e Added VitaGraft™ Kidney to examples of
donor-derived cell-free DNA testing

“Cigna Companies” refers to operating subsidiaries of The Cigna Group. All products and services
are provided exclusively by or through such operating subsidiaries, including Cigna Health and Life
Insurance Company, Connecticut General Life Insurance Company, Evernorth Behavioral Health,
Inc., Cigna Health Management, Inc., and HMO or service company subsidiaries of The Cigna
Group. © 2025 The Cignha Group.
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