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Abstract

Background—~Racial disparities in African-American (AA) kidney transplant have persisted for
nearly 40 years, with limited data available on the scope of this issue in the contemporary era of
transplantation.

Methods—Descriptive retrospective cohort study of US registry data including adult solitary
kidney transplants between Jan 1, 2005 to Dec 31, 20009.

Results—60,695 recipients were included; 41,426 Caucasians (68%) and 19,269 AAs (32%). At
baseline, AAs were younger, had lower college graduation rates, were more likely to be receiving
public health insurance and have diabetes. At one-year post-transplant, AAs had 62% higher risk
of graft loss (RR 1.62, 95% CI 1.50-1.75) which increased to 93% at five years (RR 1.93, 95% CI
1.85-2.01). Adjusted risk of graft loss, accounting for baseline characteristics, was 60% higher in
AAs (HR 1.61 [1.52-1.69]). AAs had significantly higher risk of acute rejection and delayed graft
function.

Conclusion—AAs continue to experience disproportionately high rates of graft loss within the
contemporary era of transplant, which are related to a convergence of an array of socioeconomic
and biologic risk factors.

Summary for the Table of Contents

This was a cohort study of US registry data in adult kidney transplant recipients from 2005 to 2009
demonstrating that AAs continue to experience disproportionately high rates of graft loss within
the contemporary era of transplant, which are likely related to a convergence of an array of
socioeconomic and biologic risk factors.
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INTRODUCTION

The first kidney transplant was performed in 1954, when Dr. Joseph E. Murray transplanted
a living donor kidney from one twin to another at Brigham Hospital in Boston, MA. Since
that time, kidney transplantation has grown from an experimental procedure to the treatment
option of choice in eligible patients with end-stage renal disease (ESRD). It has been clearly
demonstrated that this procedure dramatically extends both the length of quality of a
person’s life, as compared to remaining on dialysis.12

Persistent racial disparities in kidney transplant graft survival have been well documented
over this same period; first reported in 1977 and extended through contemporary eras.’
Although graft survival rates have dramatically improved over the past 40 years, based on
the most recent data, racial disparities in graft outcomes have remained.* There have been
numerous studies focused on trying to understand the prevailing risk factors that
disproportionately impact African-American (AA) kidney transplant recipients. Previous
research has demonstrated that AAs have a number of significant disadvantages that likely
contribute to this disparity, including gene variants, socioeconomics, reduced access to pre-
emptive transplants and living donors, and a higher burden of comorbidities.>13

Since the 1990s, there have been substantial changes to how organs are allocated,
improvements in HLA antibody measurement and matching techniques, and significant
advancements in immunosuppressant medications.14 Since this time, there is paucity in
published studies determining if these changes have impacted the magnitude of racial
disparities in kidney transplant outcomes.” Over this same timeframe, many changes have
occurred to the transplant registry with regards to the type and completeness of baseline
demographics and transplant variables. With a lack of published studies assessing disparities
in AA recipients since these changes, it is currently unclear if they have impacted these
inequalities. Thus, the objective of this study was to utilize U.S. national registry data from a
more contemporary timeframe of 2005 to 2009 and describe racial disparities in AA kidney
transplantation, allowing for an updated assessment to guide future interventions,15:16

MATERIAL AND METHODS

Study Design and Patients

This was a retrospective analysis of the UNOS registry database, which was linked to the
Social Security Death Master File (SSDMF) to obtain accurate patient death dates. The
UNOS registry contains data regarding every organ donation and transplant event occurring
in the U.S. since October 1, 1987.17 After local IRB approval and signing a data use
agreement (DUA), we obtained Standard Transplant Analysis and Research (STAR) de-
identified datasets in SAS format, which were pre-linked to the SSDMF data. The time
period for this study focused on transplant events occurring between Jan 1, 2005 and Dec
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31, 2009, with follow up through December 31, 2014. Patients were included if they were
adult recipients (=18 years of age at the time of transplant) of kidney transplants which
occurred within the U.S. during the pre-specified timeframe. Pediatrics, recipients of non-
renal organs and those that were not either AA or Caucasian were excluded.

Outcome Measurements

The primary outcome measure for this study was death-censored graft loss at one, three and
five years post-transplant, which is defined as either a return to chronic dialysis or
retransplantation. Patients that died with a functioning allograft were not included as graft
loss events, but were censored at the date of death. We also analyzed mortality rates at one,
three and five years post-transplant. Overall graft loss, a composite of either graft loss or
death, was analyzed at the same time periods. Additional outcomes that were assessed
included delayed graft function (defined as the need for dialysis within 7 days of transplant),
acute rejection (defined as either biopsy proven or empirically treated) at any time after
transplant, and graft function (defined as the serum creatinine [mg/dL] at last follow up).

Exposure Variables

The primary variable of interest for this analysis was race, which was self-identified as
detailed in the UNOS registry. For ease of presentation of the data, we restricted this study to
only include non-Hispanic Whites (Caucasians) and non-Hispanic Blacks (AAs). Baseline
recipient sociodemographics (age, gender, body mass index [BMI], functional status,
education and insurance), comorbidities (reason for ESRD, cardiovascular disease [CVD]
comorbid conditions and time on dialysis and waitlist), donor characteristics (age, gender,
race, and donor type), transplant characteristics/immunologic risks (HLA mismatches, PRA,
cold ischemic time, previous kidney transplant) and immunosuppression (induction and
maintenance therapy) were compared between groups. Expanded criteria donor (ECD) was
defined as age =60 years or age =50 years with at least two of the following: history of
hypertension, death due to CVA or terminal serum creatinine of >1.5 mg/dL. Panel reactive
antibody (PRA), which is a measure of recipient sensitization to HLA antigens (pre-existing
HLA antibodies) was assessed as 0-100%, reporting both the peak and most current values.

Statistical Analysis

Standard descriptive statistics were used to compare categorical and continuous variables
stratified by recipient race. For continuous variables, results are reported as means +
standard deviations (SD); for continuous variables that are not normally distributed, such as
time on dialysis, HLA mismatches and PRA, results are reported as medians with
interquartile ranges (IQR). Categorical variables are presented as percentages. Statistical
comparisons between groups were conducted using the Student’s T-test for two independent
samples for continuous variables, the Mann Whitney U test for continuous variables that
were not normally distributed and the Chi square test for categorical data. Survival curves
were estimated using Cox regression analyses, with both unadjusted (race only) and fully
adjusted modeling (all baseline variables listed in the exposure section above). As a
sensitivity analysis, to determine the impact of missing data, we conducted multiple
imputation and estimated the effect of race on outcomes with this dataset, comparing it with
the estimates from the complete case dataset (see supplemental Tables 1 and 2) Statistical
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significance was based on a two-sided p-value of less than 0.05. Statistical analyses were
performed using SPSS (version 23.0, IBM Corp, Armonk, NY) and SAS version 9.4 (SAS
Institute, Cary, NC).

RESULTS

Study population

The complete UNOS STAR file contained 394,359 kidney transplant events that occurred
between Oct 1, 1987 and Sept 1, 2014. Of these, 19,313 were excluded for being <18 years
of age, 37,810 were excluded for receiving non-renal transplants and 62,813 were excluded
for being non-Caucasian or non-AA recipients. Finally, 213,728 recipients were excluded for
receiving transplants outside the specified time period (2005-2009), leaving 60,695
transplant recipients in the final study cohort; of which, 41,426 (68%) were Caucasian and
19,269 (32%) were AA (See Supplemental Figure 1). The mean follow up was 5.1+2.4
years.

Baseline recipient sociodemographics

AAs had significantly different baseline characteristics, when compared to Caucasians
(Table 1). AAs were, on average, younger (mean age: AA 49.0+£12.9 vs. 51.5+13.8 years;
p<0.001), more likely to be female (40.5% vs. 37.9%; p<0.001) and had a higher BMI
(28.4+5.6 vs. 27.6+5.4 kg/m?; p<0.001). AAs were also more likely to be socioeconomically
disadvantaged, including a lower college graduation rate (18.4% vs. 29.0%; p<0.001) and
more likely to be receiving public health insurance (72.7% vs. 50.2%; p<0.001). AAs were
more likely to have hypertension (92.5% vs. 86.0%; p<0.001) and diabetes (33.3% vs.
29.1%; p<0.001), but less likely to have a history of PVD (3.1% vs. 4.7%; p<0.001) or
angina (7.7% vs. 10.3%; p<0.001). Finally, AAs were more likely to be receiving dialysis at
the time of transplant (81.3% vs. 56.8%; p<0.001), to be on dialysis for a longer period of
time (median years: 4.0 [2.4-6.0] vs. 2.4 [1.3-4.0] years; p<0.001) and to be on the wait list
nearly twice as long (median years: 2.1 [0.9-3.8] vs. 1.1 [0.4-2.3]; p<0.001).

AA recipients received organs from younger donors (mean donor age: 38.9+£15.4 vs.
40.9+14.5; p<0.001) that were less likely to be female (44.1% vs. 49.8%; p<0.001), more
likely to be AA (34.5% vs. 5.2%; p<0.001) and less likely to be living donors (22.0% vs.
47.3%; p<0.001). AAs were also more likely to receive organs from expanded criteria
donors (14.8% vs. 12.7%; p<0.001) and cardiac death donors (9.2% vs. 6.0%; p<0.001). AA
recipients had greater numbers of HLA mismatches (median: 5 [3-5] vs. 4 [2-5]; p<0.001),
a higher peak PRA (median: 2% [0-27] vs. 0% [0-13]; p<0.001) and longer cold ischemic
times (15.4 [8.0-22.4] vs. 10.0 [1.3-19.2]; p<0.001).

In terms of immunosuppression, AA were more likely to receive cytolytic induction therapy
(60.2% vs. 55.1%; p<0.001) and be discharged on maintenance regimens consisting of
tacrolimus (85.1% vs. 82.0%; p<0.001), mycophenolate (89.4% vs. 88.4%; p<0.001), and
corticosteroids (70.2% vs. 63.0%; p<0.001).
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At one-year post-transplant, AAs had 62% higher risk of death-censored graft loss (RR 1.62,
95% CI 1.50-1.75); at three years, this increased to 88% higher risk (RR 1.88, 95% CI 1.79-
1.98); and 93% higher risk of death-censored graft loss at five years (RR 1.93, 95% CI 1.85—
2.01, Table 3 and Figure 1). Unadjusted and fully adjusted death-censored graft survival
estimates are displayed in Figure 2. In the unadjusted model, AAs had twice the risk of graft
loss, as compared to Caucasians (HR 2.01, top of Figure 2). After adjusting for baseline
sociodemographics, donor information and transplant characteristics, the independent
influence of AA race on graft loss was still significant, but reduced by 20%, to a HR of 1.61
(bottom of Figure 2). Mortality rates (see Table 2 and Figure 1), were similar between AAs
and Caucasians.

AAs also experienced significant disparities for other outcomes; most notably delayed graft
function, acute rejection and renal function at last follow up. In deceased donor transplant
recipients, AAs had 48% higher risk of developing DGF as compared to Caucasians (RR
1.48, 95% CI 1.45-1.53) and had higher risk of having acute rejection. The median serum
creatinine at last follow up was 2.2 mg/dL in AAs, as compared to 1.6 mg/dL in Caucasians;
this translates into an estimated GFR that is approximately 20 mL/min lower in AAs.

The impact of missingness was assessed using multiple imputation and comparing estimates
from the complete case dataset to those from the imputed datasets. The level of missingness
is displayed in supplemental Table 1. Most variables had very low frequencies of missing
data, with the exception of history of angina, history of CVA, history of hypertension and
cold ischemic time. However, the impact of missingness on estimates was negligible, as
demonstrated in supplemental Table 2. In adjusted models, the estimates from the complete
case dataset mirrored those from the imputed dataset for all outcomes, including DGF, acute
rejection, graft loss and death.

DISCUSSION

The results of this study demonstrate that contemporary adult AA kidney transplant
recipients continue to experience disproportionately higher rates of death-censored graft
loss; even within adjusted modeling accounting for baseline variables and within the setting
of potent immunosuppression regimens, 1819 changes to the organ allocation system’-2% and
modern HLA antibody surveillance techniques.142122 The higher rates of graft loss in AAs
are likely to be multifactorial, as these patients have meaningful differences in a vast array of
baseline factors known to significantly influence graft outcomes. These include
sociodemographics, immunologic risks and donor characteristics. As compared to previous
studies, and despite a significant focus on racial disparities research in transplantation, these
baseline risk factors have significantly differed between AAs and Caucasians since national
tracking began in the late 1980s. However, even within fully adjusted models, there appears
to be significant risk for AAs, suggesting there are additional explanatory factors that are not
adequately captured in these registry datasets.’

For sociodemographics, AAs kidney transplant recipients are, on average, younger, have a
higher BMI, are less likely to be college graduates and are more likely to be on publically
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funded health insurance. AAs also are more likely to have hypertension or diabetes, spend
longer on dialysis and once listed, await transplantation. Previous studies have demonstrated
that these factors may be risks for graft loss, and thus, are likely important mediators of
racial disparities.>~"23 A number of these factors are largely immutable, but studies have
attempted to mitigate their influence on graft outcomes. Yet, there is limited empirical
evidence to suggest that these efforts have made any impact on this disparity at a national
level. AAs also have substantial immunologic and donor derived risk factors for graft loss.
For donor characteristics, AAs are more than half as likely to receive a transplant from a
living donor, which is an important factor driving long-term graft survival.24-26 AAs are
significantly more likely to receive an expanded criteria or deceased after cardiac death. AAs
are younger at the time of transplant and have longer estimated post-transplant survival
(EPTS) and thus would greatly benefit from higher quality donor organs. It is yet to be
determined if the new organ allocation system, implemented in December of 2014, which
removed expanded criteria donor and attempts to match EPTS with donor organ quality
(KDPI) will improve upon this issue.2” Immunologically, it is well established that AAs are
more likely to be sensitized to HLA antigens and to have more mismatches.?® This analysis
demonstrates that these immunologic risk factors continue to exist and likely impact
immunosuppression choice and acute rejection risk. Despite the increased use of potent
immunosuppression in AAs, including cytolytic induction therapy, tacrolimus and
mycophenolate, this analysis demonstrated that AAs had 32% higher risk of acute rejection.
However, as compared to previous analyses, acute rejection rates have been substantially
decreased in AAs.8

Likely due to reduced donor quality and immunologic risk, AAs had twice the overall risk of
developing DGF after transplant, which is a major risk factor for the development of acute
rejection, diminished renal function and graft loss.29:30 Ischemia reperfusion injury is the
predominant cause of DGF, and numerous studies of novel pharmaceutical agents aimed at
reducing the incidence and/or severity of DGF are currently ongoing.31-33 It will be
interesting to see if these studies enroll enough AA recipients to determine if these agents
can influence racial disparities in any appreciable manner.

It is clear that interventions aimed at improving outcomes in AAs need to be
multidimensional, if they hope to significantly reduce disparities in kidney transplantation.
Previous studies have predominantly focused on reducing disparities through manipulation
of immunosuppression regimens and improving access to living donation. Although the
former has demonstrated some success in reducing acute rejection rates, no interventions to
date have significantly increased living donation rates in AA patients. Multimodal
interventions that focus on prevailing explanatory factors for these disparities are needed.
Endeavors that limit the impact of socioeconomic and health care access disadvantages
while also delivering a care model that is culturally acceptable and patient-centric are needed
if researchers hope to substantially improve equity in transplant access on outcomes.8:34-37

The strengths of this analysis are that it includes a detailed assessment of all contemporary
adult patients undergoing solitary renal transplantation within the United States; thus, the
study population is a full representation of the target population. The analysis provides
easily interpretable and clinically relevant comparisons that detail the substantial number of
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disadvantages AA recipients encounter. However, there are a number of important
limitations with the study that are worthy of discussion. First, the data utilized in this
analysis was acquired through a national registry, relying on each U.S. transplant center to
submit accurate data. Although death events were validated through the SSMDF, the vast
majority of data was not validated. Previous studies demonstrate the UNOS registry to be
highly accurate.1>17 Another limitation related to the use of this national registry is that a
number of important baseline and follow up variables were not captured. These include risk
factors for graft loss, such as medication nonadherence, changes in socioeconomics and/or
health insurance and clinical events (cardiovascular disease and cancer).12:13.23.38 |t is |ikely
that these are strong mediating factors that influence AA disparities. Thus, this analysis does
not provide a fully comprehensive assessment of the predominant causes of racial disparities
in transplant. Finally, it should be noted that this analysis solely focused on AA disparities
and only compared outcomes to Caucasians.

CONCLUSION

In summary, the results of this analysis of adult contemporary kidney transplant recipients
demonstrate that AAs continue to experience considerable disparities in graft outcomes.
These disparities occur within the context of the modern era of transplantation, including the
use of potent immunosuppression, an updated organ allocation schema and modern HLA
matching and antibody measurement techniques. AAs have a substantial number of
sociodemographic and immunologic disadvantages and risk factors, which are likely to be
strong contributors to disparities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Clinical outcomes for adult kidney transplant recipients transplanted between 2005 and
20009, stratified by race, which include death-censored graft loss (left side of Figure) and
mortality (right side of Figure), at 1, 3, 5 years and end of follow-up
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Figure 2.
Death-censored graft survival curve estimates using Cox regression, stratified by race. The

top figure is unadjusted and the bottom figure is adjusted for baseline recipient, donor and
transplant characteristics

*adjusted for age, sex, functional status, insurance, education. BMI, comorbidities,
transplant characteristics, donor characteristics and baseline immunosuppression.
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Baseline sociodemographics for adult kidney transplant recipients transplanted between 2005 and 2009,

stratified by race

Table 1

Variable Caucasian (n=41,426)  African American (n=19,269) p-Value
Mean Age (yrs+SD) 51.5+13.8 49.0+£12.9 <0.001
Female Gender 37.9% 40.5% <0.001
Mean Body Mass Index (kg/m2+SD) 27.6+5.4 28.4+5.6 <0.001
Median Functional Status (IQR) 90% (80-90%) 80% (80-90%) 0.002
Education
Below High School 2.6% 3.3%
High School Education 43.0% 50.8%
<0.001
Some College 25.3% 27.5%
College Graduate 29.0% 18.4%
Primary Insurance
Private 48.9% 27.3%
Medicare 46.9% 65.7% <0.001
Medicaid 4.3% 7.0%
Primary Diagnosis for ESRD
Hypertension 16.0% 41.4%
Diabetes 21.8% 22.8% <0.001
Other 62.2% 35.8%
Comorbidities
Angina 10.3% 7.7% <0.001
Diabetes 29.1% 33.3% <0.001
Cerebrovascular Accident 3.0% 2.9% 0.383
Hypertension 86.0% 92.5% <0.001
Peripheral Vascular Disease 4.7% 3.1% <0.001
Receiving Dialysis at Time of Transplant 56.8% 81.3% <0.001
Median Time on Dialysis (IQR) 2.4 (1.3-4.0) 4.0 (2.4-6.0) <0.001
Median Time on Wait List (IQR) 1.1(0.4-2.3) 2.1(0.9-3.8) <0.001
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Baseline donor characteristics, immunologic risk factors and immunosuppression for adult kidney transplant
recipients transplanted between 2005 and 2009, stratified by race

Variable Caucasian (n=41,426)  African American (n=19,269) p-Value
Mean Donor Age (yrs£SD) 40.9+14.5 38.9+15.4 <0.001
Donor Female Gender 49.8% 44.1% <0.001
Donor Race
Caucasian 87.0% 54.3%
African-American 5.2% 34.5% <0.001
Other 7.7% 11.2%
Living Donor 47.3% 22.0% <0.001
Expanded Criteria Donor 12.7% 14.8% <0.001
Donor after Cardiac Death 6.0% 9.2% <0.001
Median HLA Mismatches (IQR) 4 (2-5) 5 (3-5) <0.001
A Mismatches (IQR) 1(1-2) 2 (1-2) <0.001
B Mismatches (IQR) 1(1-2) 2 (1-2) <0.001
DR Mismatches (IQR) 1(0-2) 1(1-2) <0.001
Median Peak PRA (IQR) 0% (0-13%) 2% (0-27%) <0.001
Median Current PRA (IQR) 0% (0-7%) 0% (0-12%) <0.001
Current PRA >20% 17.7% 21.0% <0.001
Current PRA >80% 6.1% 7.4% <0.001
Mean Cold Ischemic Time 10.0 (1.3-19.2) 15.4 (8.0-22.4) <0.001
Previous Kidney Transplant 12.7% 9.4% <0.001
Induction Therapy
IL-2 Receptor Antagonist 27.2% 20.6% <0.001
Cytolytic Therapy 55.1% 60.2%
Immunosuppression at Discharge
Tacrolimus 82.0% 85.1% <0.001
Cyclosporine 10.8% 7.8% <0.001
Mycophenolate 88.4% 89.4% <0.001
Azathioprine 0.8% 0.4% <0.001
mTOR Inhibitor 6.5% 5.3% <0.001
Corticosteroids 63.0% 70.2% <0.001
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Graft and patient outcomes for adult kidney transplant recipients transplanted between 2005 and 2009,

stratified by race

Table 3

Outcome Caucasian (n=41,426)  African American (n=19,269) p-Value
Delayed Graft Function
Overall 12.9% 25.8%
Deceased Donor 21.1% 31.4% <0.001
Living Donor 3.7% 5.8%
Acute Rejection
6 month 6.7% 8.7%
1 year 7.6% 9.7% <0.001
Overall 8.4% 11.1%
Death Censored Graft Loss
1 year 3.7% 6.0%
3 year 6.8% 12.8% <0.001
5 year 10.0% 19.3%
Death
1 year 3.3% 3.7% 0.010
3 year 7.7% 8.4% 0.002
5 year 12.2% 12.6% 0.261
Overall Graft Loss
1 year 6.4% 9.0%
3 year 12.8% 18.9% <0.001
5 year 19.5% 28.0%
Median SrCr at Last Follow Up (mg/dL+SD) 1.6 (1.5-4.5) 2.2(1.5-45) <0.001
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