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Abstract

Black patients suffer higher rates of antibody-mediated rejection and have worse long-term graft
survival after heart transplantation. Percent donor-derived cell free DNA (%ddcfDNA) is released
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into the blood following allograft injury. This study analyzed %ddcfDNA 63 heart transplant
recipients categorized as Black and Non-Black race, during the first 200 days after transplant.
Immediately after transplant, %ddcfDNA was higher for Black patients (mean [SE]: 8.3% [1.3%)]
vs 3.2% [1.2%], p=0.001). In the first week post-transplant, the rate of decay in %ddcfDNA was
similar (0.7% [0.68] vs. 0.7% [0.11], p=0.78), and values declined in both groups to a comparable
plateau at 7 days post-transplant (0.46% [0.03] vs. 0.45% [0.04], p=0.78). The proportion of
Black patients experiencing AMR was higher than Non-Black patients (21% vs 9%, [HR of 2.61
[95%CI: 0.651-10.43], p=0.18). Black patients were more likely to receive a race mismatched
organ than Non-black patients (69% vs. 35%, p=0.01), which may explain the higher levels of
early allograft injury.
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Black patients suffer higher rates of acute allograft rejection and have worse long-term
survival after heart transplantation.1-3 Although multiple factors have been implicated,

such as race specific differences in immune responses,* immunotherapy pharmacokinetics,
and social determinants of health, a direct causal relationship has not been proven. Donor-
derived cell free DNA is released into the bloodstream following episodes of allograft injury
and recent studies have associated elevations of percent of donor-derived cell free DNA
(%ddcfDNA) to identify acute cellular rejection (ACR) and antibody-mediated rejection
(AMR) with high accuracy.® In a multicenter, prospective, cohort study with a high
enrollment of Black patients, we studied temporal changes in %ddcfDNA levels to identify
race specific differences in early allograft injury.

The present study analyzed 63 adult heart transplant recipients enrolled in the five center
Genomic Research Alliance for Transplantation (GRAfT) study. The supplement includes
immunosuppression protocols for the centers. We measured %ddcfDNA at serial time points
after transplantation. Patients were categorized by self-described race as Black or Non-
Black, which included White, Asian, American Indian, and Hispanic patients. Donor-derived
cell-free DNA measurements were expressed as a percentage of total donor plus recipient
cell-free DNA circulating in the plasma (values ranged from 0-25%) with higher levels
indicating worsening allograft injury. An exponential decay model using a non-adaptive
first-order likelihood estimation (FIRO) was utilized looking at the %ddcfDNA with three
parameters: (1) initial day 1 post-transplant, (2) the level at which they are no longer
declining, and (3) the rate of decline, with each parameter assessed by race. Estimated
parameter values and standard errors (SE) corresponding to each of these components

were reported separately by race. Summary statistics are presented as median (interquartile
range), or frequency and percent. Comparisons were made via the Wilcoxon rank sum

test, chi-square, or Fisher’s exact tests. An unadjusted Cox model was used to assess the
relationship between race and rejection. A p-value < 0.05 was considered significant. This
study was approved by the institutional review board at the participating centers and the
National Institutes of Health (NIH).
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The heart transplant recipients had a median age of 56 years (IQR: 45-64) and the proportion
of Black patients was high (46%). There were no significant differences in the baseline
patient or donor characteristics between Black and Non-Black patients, this includes age,
sex, cardiomyopathy type, insurance, receipt of an increased risk donor or ischemic time
(Table). Black patients were more likely to receive a race mismatched organ (69% vs 35%,
p=0.01).

Donor-derived cell-free DNA values were analyzed initially for the first week after heart
transplant and then analyzed to 200 days post-transplant and are presented in the Figure.
Black recipients had higher %ddcfDNA values than Non-Black recipients for the first

five days following transplant. Immediately after transplant, %ddcfDNA was higher for
Black patients (mean [SE]: 8.3% [1.3%] vs 3.2% [1.2%], p=0.001). In the first week post-
transplant, the rate of decay (0%ddcfDNA/day) was similar (0.7%/day [0.68] vs. 0.7%/day
[0.11], p=0.78), and values declined in both groups to a comparable plateau at 7 days
post-transplant (0.46% [0.03] vs. 0.45% [0.04], p=0.78). On further analysis of the first 200
days post-transplant, 19 (30%) and 9 (14%) heart transplant recipients experienced ACR and
AMR, respectively. The risk of Black patients experiencing ACR was similar to Non-Black
patients HR 0.842 (95%Cl:0.34-2.09, p=0.7). The risk of Black patients experiencing AMR
was higher than Non-Black patients HR of 2.61 (95%Cl: 0.65-10.43, p=0.18).

These data demonstrate that Black patients have higher %ddcfDNA values immediately
after heart transplant; and subsequently developed AMR at a higher prevalence compared

to Non-black patients. This early injury pattern may help explain the poorer long-term
outcomes observed in Black patients. The mechanism by which early elevations in ddcfDNA
occur after transplant are unclear and could stem from conditions occurring during graft
harvesting and transportation. We found that ischemic time was similar between Black and
Non-Black patients, but Black patients were more likely to receive a race-mismatched organ.
Although prior studies have suggested no mortality benefit with race matched organs,®

a recent analysis has challenged that notion.” Residual circulating leukocytes within the
transplanted heart may lead to elevations in ddcfDNA, where the cfDNA is not myocardial
in origin. These leukocytes may serve as antigen presenting cells, triggering an alloimmune
response. In all transplanted hearts there is some element of ischemia reperfusion injury
(IRI). The IRI process triggers the development of natural, self-reactive IgM antibodies
which can activate the complement system.8 The resultant graft injury could manifest with
elevations of ddcfDNA. Finally, cfDNA itself, and specifically mitochondrial cfDNA, has
been shown to trigger an immune system response.® 10 This immune response may be
responsible for the higher frequency of AMR seen in Black patients within GRATT, albeit
not statistically significant due to our small sample size.

The mechanisms that trigger higher early allograft injury in Black patients needs to be
explored more carefully. Future appropriately powered studies should distinguish whether
the allograft injury seen in Black patients occurs only early on or continues long-term

after transplant. The long-term consequences of early allograft injury in Black patients may
explain the higher risk of AMR and poorer long-term graft survival after heart transplant.
These findings support longitudinal cohort studies with a high proportion of Black patients
to discern the biological mechanisms driving disparate outcomes after heart transplantation.
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Figure.
Graphical depiction of exponential decay model expressing relationship between

%ddcfDNA values and Race over the first 200 (A) and 10 (B, inlaid) days following heart
transplant.

J Heart Lung Transplant. Author manuscript; available in PMC 2023 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Doshi et al.

Table:

Summary of Patient, Donor and Transplant Characteristics by Race for the Cell-free DNA Cohort

CHARACTERISTICSAT TOTAL NON-BLACK BLACK P
TRANSPLANT (N=63) (N=34) (N=29) VALUE
PATIENT CHARACTERISTICS

MEDIAN AGE, Y 56.0 (45.0,63.0) 56.5(45.8,63.2) 55.0(43.0,600) 055

SEX, N (%) 0.39
MALE 47 (74.6%) 27 (79.4%) 20 (69.0%)

FEMALE 16 (25.4%) 7 (20.6%) 9 (31.0%)

CARDIOMYOPATHY TYPE 0.82
NONISCHEMIC 43 (75.4%) 23 (71.9%) 20 (80.0%)

ISCHEMIC 10 (17.5%) 6 (18.8%) 4 (16.0%)
HYPERTROPHIC 2 (3.5%) 2 (6.2%) 0 (0.0%)
RESTRICTIVE 2 (3.5%) 1 (3.1%) 1 (4.0%)

UNOS STATUS 0.77
1A 42 (73.7%) 23 (71.9%) 19 (76.0%)
1B 15 (26.3%) 9 (28.1%) 6 (24.0%)

INSURANCE 1.00
PRIVATE 31 (54.4%) 18 (56.2%) 13 (52.0%)
MEDICAID 6 (10.5%) 3 (9.4%) 3 (12.0%)
MEDICARE 18 (31.6%) 10 (31.2%) 8 (32.0%)

OTHER 2 (3.5%) 1 (3.1%) 1 (4.0%)

DONOR CHARACTERISTICS

MEDIAN DONOR AGE, Y 30.0(23.0,36.0) 255(21.0,382) 31.0(27.0,360) 056

DONOR SEX 0.40
MALE 40 (70.2%) 24 (75.0%) 16 (64.0%)

FEMALE 17 (29.8%) 8 (25.0%) 9 (36.0%)

DONOR RACE 0.17
BLACK 14 (24.6%) 5 (15.6%) 9 (36.0%)

WHITE 34 (59.6%) 22 (68.8%) 12 (48.0%)
HISPANIC 7 (12.3%) 4 (12.5%) 3 (12.0%)
ASIAN 1 (1.8%) 1 (3.1%) 0 (0.0%)
OTHER 1 (1.8%) 0 (0.0%) 1 (4.0%)

DONOR CAUSE OF DEATH 0.38
ANOXIA 21 (36.8%) 9 (28.1%) 12 (48.0%)
CEREBROVASCULAR ACCIDENT 6 (10.5%) 3(9.4%) 3 (12.0%)

HEAD TRAUMA 27 (47.4%) 18 (56.2%) 9 (36.0%)
OTHER 3 (5.3%) 2 (6.2%) 1 (4.0%)

TRANSPLANT

CHARACTERISTICS

PHS INCREASED RISK DONOR 15 (26.3%) 5 (15.6%) 10 (40.0%) 0.07

RACE MISMATCH 32 (50.8%) 12 (35.3%) 20 (69.0%) 0.01

MEDIAN ISCHEMIC TIME, MIN 25(2.0,3.1) 25(2.0,3.2) 2.4(2.0,2.9) 0.44
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PHS: public health service definition of increased risk donor based on risk of transmission of communicable disease at time of transplant.
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