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Background—Chronic Allograft Dysfunction (CGD) is a common outcome in kidney
transplants, but its pathogenesis is unclear. We investigated the CGD phenotype and single
nucleotide polymorphisms (SNPs) associated with CGD.

Method—This prospective study enrolled 2,336 transplants from seven transplant centers in
North America. CGD was defined as a greater than 25% rise in serum creatinine relative to a 3
month post-transplant baseline, requiring a kidney biopsy. We genotyped 2,724 SNPs in the initial
979 transplants which form the test cohort.

Results—CGD occurred 11.2 times per 100 person-years at a median of 509 ± 387 days from the
three month baseline. CGD was independently associated with death- censored, allograft failure,
in an adjusted analysis [HR=20.6 (11.8–35.8, p<0.001)]. Among 366 transplant recipients with
CGD, 91% had inflammation on biopsy scores. 94 (26%) had inflammatory changes consistent
with a diagnosis of concomitant acute rejection. SNPs in FM06 and FM03, potential drug
metabolism genes, were associated with CGD, after accounting for multiple testing.

Conclusion—CGD phenotype with concomitant inflammation is associated with increased risk
of allograft failure. SNPs associated with CGD in novel drug metabolism and transport genes, will
be validated in subsequent transplants.
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Introduction
The natural history of chronic allograft dysfunction (CGD) has been described as the early
initiation of tubulointerstitial injury1 leading to eventual worsening interstitial fibrosis (ci)
and tubular atrophy (ct) as graded by the Banff scoring of kidney biopsies and glomerular
damage.2 The early phase of CGD can occur by three months post-transplant.1 This
irreversible damage can lead to declining kidney function and allograft failure. However, the
rate of decline in kidney function and development of allograft failure can vary in recipients
with CGD.3 Therefore, there is a need for further characterizing the CGD phenotype to
better understand which CGD phenotypes will rapidly develop allograft failure.

By using a multicenter cohort of kidney and simultaneous kidney-pancreas (SPK) transplant
recipients, we prospectively studied the phenotype of CGD. Then, we studied the association
of single nucleotide polymorphism (SNPs) with CGD. We also studied the association of
SNPs with severity of interstitial fibrosis and tubular atrophy. SNPs can point to novel
pathways that are important for development of CGD. SNPs have been instrumental in
pointing to novel pathways in transplant4 and non-transplant disease states.5, 6 SNPs have
also been important in understanding drug metabolism7, toxicity8,9 and drug dosing of
tacrolimus in the transplant setting.7,10 In the future, SNPs may also identify high risk
transplant recipients that will need close follow-up.

Materials and Methods
Clinical Assessment

Between October 1, 2005 and June 26, 2010, 2,336 kidney and SPK recipients at 7
transplant centers were enrolled in a prospective cohort. Patients were consented at the time
of or soon after transplantation. All kidney transplant recipients at the 7 transplant centers
were eligible. The Institutional Review Boards at each of the participating sites, approved
the study.
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The management of the immunosuppression was determined by the treating physician at the
specific transplant center. The clinical data was collected in a central database, at the time of
transplant and regularly until allograft failure. The local pathologist provided the biopsy
scores using the standard Banff criteria. All biopsies studied were biopsies done for cause.
CGD was a clinical diagnosis defined as a greater than 25% rise in serum creatinine, relative
to a 3 month baseline creatinine, that required a biopsy. The baseline creatinine was
established based on the average of three measurements of creatinine taken at least one week
apart. This baseline was re-established for each participant six weeks after the initiation of
AR treatment. This threshold of 25% rise in creatinine was based on a retrospective study of
the participating transplant centers.11 All biopsies were processed by the local pathologist.
After the 3 month baseline creatinine, there were 882 biopsies (mean number of biopsies ±
S.D.= 0.4 ± 0.8, range 0–7) and 200 subjects (8.6 %) had more than one biopsy. AR was
defined by the treating physician and 98% were biopsy confirmed.12 Death censored
allograft failure was defined as return to dialysis or retransplantation. A log-rank test was
done to assess death censored allograft failure after CGD.

SNP Genotyping
SNP genotyping was conducted using DNA from peripheral blood in 979 initial transplant
recipients, as previously described.12 This cohort was referred to as the test cohort and the
remaining recipients as the non-test cohort. The blood samples for DNA extraction were
collected at the time of consent. The SNPs for genotyping were selected if they were known
or believed to be functional within biologically relevant genes to transplantation and
included genes in pathways related to immunity, cell signaling, cell growth and
proliferation, drug absorption, disposition, metabolism and excretion. In the absence of
functional variants, intragenic tagging variants were selected. The entire list of 2,724 SNPs
has been published previously.12 Most of these SNPs were genotyped using a customized
Affymetrix GeneChip having a total of 3,404 SNP assay and determined using a Affymetrix
GeneChip Scanner 3000 Targeted Genotyping System (Affymetrix, Santa Clara, CA). 13, 14

Genotyping for additional variants that could not be accommodated on the SNP chip was
conducted using the SNPlex (Applied Biosystems Inc, Foster City, CA) and Sequenom
(Sequenom Inc, San Diego, CA) platforms, as per manufacturer’s recommendation. Details
of this additional SNP genotyping and the genotyping quality control measures have been
described previously. 12,15,16

Data Analysis
Association of CGD with allograft failure—The association of CGD with time to
allograft failure was studied using a Cox proportional hazards model 17 with CGD being a
time-varying covariate. (SAS v9.2, The SAS Institute, http://www.sas.com) The initial
analysis was conducted among 2,336 kidney and SPK recipients. Backward selection with a
retention p-value of 0.10 was performed to create a baseline model that adjusts for potential
confounders. All baseline variables in Table 1 were eligible for backward selection, except
for Hispanic ethnicity, history of diabetes, cold ischemia time, need for dialysis post-
transplant, plasmapheresis prior to transplant, and use of mycophenolate mofetil.

SNPs Associated with CGD—Among recipients with SNP data, using an additive
genetic model, separate Cox proportional hazards models were used to investigate the
association of each SNP with time to CGD, adjusting for recipient race and stratifying by
transplant center.18 Each SNP was added into the baseline model individually, while
stratifying for transplant center and adjusting for recipient race (African-American vs. non-
African American race). For the final models, the p-values for SNPs association, below the
false discovery rate (FDR) set at 20%, were considered statistically significant after
accounting for multiple testing.
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SNPs Associated with Severity of Tubular Atrophy and Interstitial Fibrosis—
To assess severity of tubular atrophy and interstitial nephritis, the test cohort with 979
genotyped recipients was divided into three groups: no biopsy, biopsy with ct-score less than
or equal to 1, and ct-score greater than or equal to 2. Since these outcomes were not found to
be ordinal, we then conducted a multinomial logistic regression analysis, adjusted for
transplant center. Then, backward selection with a retention p-value of 0.10 was performed
to create a baseline model that adjusts for potential confounders. All variables in Table 1
were eligible for backward selection. For the final models, the p-values for SNPs
association, below the false discovery rate (FDR) set at 20%, were considered statistically
significant after accounting for multiple testing.

Results
Baseline Characteristics and Outcomes

Seven transplant centers enrolled 2,336 kidney transplant recipients. (Table 1 and Figure 1)
The creatinine at the three month baseline was 1.4 ± 0.48 mg/dl. After the first three months
post-transplant, 366 (16 %) recipients experienced CGD with a rate of 11.2 per 100 person-
years. The mean time to CGD diagnosis was 509 ± 387 days from the three month baseline.
Creatinine at the time of CGD was 2.7 ± 1.5 mg/dl. The factors that were independently
associated with CGD were donor age and recipient characteristics such as age, smoking
status and recipient-donor CMV status, after adjusting for African-American recipient race,.

CGD and Allograft Survival
During the mean follow-up of 21 months post-transplant, 66 (3%) died and 75 (3%)
developed death-censored allograft failure. Death was not statistically different between the
CGD group versus the non-CGD group [14 (4%) vs. 52 (3%), p=0.23]. Death-censored
allograft failure was significantly higher in the CGD group versus the non-CGD group [56
(15%) vs 19 (1%), p<0.0001]. In a multivariate model, CGD was independently associated
with increased risk of death-censored allograft failure [HR=20.6 (11.8 – 35.8, p<0.0001)]. In
this model younger recipient age, longer duration of dialysis pre-transplant and higher
creatinine at the three month baseline, were also independently associated with increased
risk of death-censored allograft failure. The recipients without a biopsy who had a rise in
serum creatinine were assessed to ensure that the cases were not misclassified. A chart
review was conducted for recipients that had a 50% rise in creatinine from the 3 month
baseline, but had no biopsy. The 17 recipients with such a rise in creatinine, had dehydration
or intercurrent medical illness as the cause of the rise.

Biopsy findings in CGD
The CGD biopsy scores (Table 2) among the 366 recipients with i and t scores reported by
the local pathologists, revealed significant amount of interstitial inflammation and tubulitis.
Ninety-four (26% of 366) of the CGD biopsies had a Banff score consistent with AR with t-
score more than 1 and i-score more than 1. (Table 2) The respective tables also show the
presence of C4d positive status. These CGD biopsies with AR had chronic as well as acute
changes. The rate of death censored allograft failure after the diagnoses of CGD did not
differ between the CGD subgroup with concomitant AR and the CGD subgroup without AR
(log-rank test, p-value=0.22). (Figure 2) The mean creatinine (IQR) after the diagnosis of
CGD remained elevated from the reference creatinine in both sub-groups, 1.80 (1.50 – 3.10)
mg/dl in subgroup with concomitant AR and 1.90 (1.50–2.45) mg/dl in the subgroup without
concomitant AR. This creatinine was measured at a median (IQR) of 21 (12 – 30) days after
the CGD event. Therefore, these groups were analyzed together for the SNP analysis.
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SNPs Associated with CGD
The initial 979 patients which represent the test cohort were genotyped for SNPs and their
characteristics are described in Table 3. There were some differences in the characteristics
of the test cohort compared to the remaining non-test cohort. These differences were
primarily due to center specific practices and referral patterns such as use of induction
agents, use of dialysis post-transplant19, proportion of pre-sensitized candidates and steroid
withdrawal. Transplant centers’ volume did vary from year to year, thus patients in the test
and non-test cohort do not represent the same proportion of patients from all the seven
centers. Therefore, the analysis in the test cohort was stratified by transplant center in order
to minimize the effects of these center specific characteristics. In this test cohort, a Cox
proportional hazards model was developed to adjust for recipient race and other
confounders, and stratifying by transplant center. In this adjusted model, donor age and
recipient characteristics such as smoking status, recipient-donor CMV status, and age were
independently associated with CGD. In this test cohort composed of the 979 initial subjects,
with 194 (20% of 979) CGD events, the top 15 SNPs associated with CGD, all p<0.01, are
shown in Table 4. Four SNPs were significantly associated with CGD after accounting for a
FDR of 20%. These 4 SNPs were in genes FM06 and FM03. These genes are flavin-
containing mono-oxygenases (FMOs) consisting of five microsomal enzymes important for
the oxidative metabolism of environmental toxins and therapeutic agents.20 Thus, these
SNPs could play a role in metabolism of immunosuppressive agents. Our previously
published study in this population, has shown that another SNP in FMO3 was associated
with tacrolimus levels.15 This other SNP in FMO3 was not in linkage disequilibrium with
the SNPs shown in Table 4. (r2<0.3) There is significant sequence homology between
FMO6 and FMO3.20,21 Supplemental Table 1 shows the association of all SNPs genotyped
with CGD.

SNPs Associated with Severity of Tubular Atrophy and Interstitial Fibrosis—
For the analysis of severity of these chronic scores among the 979 recipients in the test
cohort, we excluded the less than 1% (30) biopsies from 24 subjects with missing scores and
excluded all 21 subjects with 3 biopsies from a single center that had no ct scores ≥2. Then
the test cohort comprised of a total of 934 recipients: 687 with no biopsies for cause, 168
with CGD biopsies and 79 with biopsies and no CGD. All 79 recipients with biopsies and no
CGD did not have a 25% or greater rise in creatinine from their baseline. In this
observational study, the need for biopsy was determined by the treating physician and
physicians did order biopsies for other causes such as proteinuria. In order to assess the
severity of ct-scores, we divided the test cohort into 3 groups: ct score ≥2 (n=52), ct-score
≤1 (n=195) and no biopsy group (n=687). During the median follow-up of 21 months post-
transplant, the rate of return to dialysis or re-transplantation was 23% in the ct ≥ 2 group, 8%
in the ct ≤ 1 and less than 1% in the no biopsy group. The top 15 SNPs potentially
associated with ct ≥2 versus ct ≤ 1 (p<0.01), in a multivariate analysis adjusted for important
confounders, are shown in Table 5. Confounders included SPK versus kidney alone, donor
age, recipient age, recipient African American race, and baseline creatinine at 3 months
post-transplant, smoking status and steroid withdrawal status at 14 days post-transplant. In
this adjusted model, the top two SNPs (p<0.001) that were potentially associated with
severity of ct-score were rs8179183 and rs3828034 in LEPR, a gene belonging to the family
of cytokine receptors. The third SNPs were rs593421 in CYP4F12 gene, which is a member
of the cytochrome P450 drug metabolizing enzyme. None of the top 15 SNPs were
significant after accounting for an FDR of 20%. Supplemental Table 2 shows the association
of all SNPs genotyped with severity of ct-scores. There was significant correlation between
the ct (tubular atrophy) and ci (interstitial fibrosis scores) (Spearman correlation=0.88,
p<0.0001), therefore the analysis was not repeated for ci scores.

Israni et al. Page 5

Clin Transplant. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
The goal of this study was to describe the CGD phenotype, its impact on allograft survival
and genetic variants associated with CGD. We found that CGD was associated with a
significant risk of death-censored allograft failure. CGD biopsies in 28% of the transplant
recipients had findings consistent with AR concomitantly with chronic changes. This
suggests a role of ongoing inflammation in development of many cases of CGD. Four SNPs
in the microsomal enzyme genes, FMO3 and FMO6, were associated with CGD, after
accounting for multiple testing. These SNPs may play a role in metabolism of
immunosuppressive agents. Higher severity of tubular atrophy (ct) scores on biopsies, were
associated with a higher risk of death-censored allograft failure. Different SNPs were
potentially associated with severity of tubular atrophy namely SNPs in genes of LEPR, a
cytokine receptor and CYP4F12, a member of cytochrome P450 family.

Our study is consistent with others22 describing CGD with biopsies showing concomitant
interstitial inflammation and tubulitis. Based on the previously published natural history of
“chronic allograft nephropathy” using protocol biopsies, the early onset of tubular atrophy
and interstitial nephritis occurs by three months post-transplant and is the predominant
feature at 1 year post-transplant.1 In contrast, the present study shows that CGD phenotype
has not only these chronic scores but also acute inflammatory changes with significant i-
scores and t-scores. (Table 2) These acute inflammatory changes were present despite
defining CGD as occurring after three months post transplant, excluding the most common
window for AR namely during the first three months post-transplant and reestablishing the
baseline creatinine six weeks after initiating treatment for AR. It is not surprising to see this
difference since the present study only had biopsies for cause. Also the recipients in the
present study were higher risk compared to this previous study 1 because the present study
included African Americans, individuals with positive crossmatch and some recipients
requiring plasmapheresis prior to transplantation. In a study of failed allografts, tubular
atrophy/interstitial fibrosis represented 31% of the causes of allograft failure.23 These
chronic changes were due to immunological causes in 9% of the allograft failure cases. In
another cohort enrolled at time of a biopsy for late allograft dysfunction. In this cross-
sectional cohort, inflammation along with tubular atrophy changes was a phenotype that was
described among four of the six main types of biopsy findings.24 In the present study, the
rates of death censored allograft failures in recipients with CGD events, with (n=94) and
without concomitant AR (n=272) was similar. (Figure 2) It is important to note that the
CGD subgroup without AR also had concomitant interstitial inflammation and tubulitis
(Table 2), but not enough to meet the Banff criteria of AR. Thus our findings of poor kidney
function are consistent with literature. Even, sub-clinical inflammation, along with
interstitial fibrosis, on protocol biopsies in recipients, has been previously associated with
reduced allograft survival.25, 22

Prior genomics studies have focused on the phenotype of AR and CGD (defined by ct and ci
scores only) separately. As seen in this study, both entities can occur concomitantly with
increased risk of allograft failure. Therefore, this study is the first to focus on a phenotype of
CGD with concomitant interstitial inflammation and tubulitis. The most significant SNPs
associated with CGD, after accounting for multiple testing, were in the FM03 and FMO6
genes. With the exception of FMO5, the human isoforms of FMO are encoded within a
single gene cluster on human chromosome 1q23-25. These genes are flavin-containing
mono-oxygenases which produce proteins that catalyze the oxidation of many substrates,
often in conjunction with cytochrome P450s. There is significant sequence homology
between FMO6 and FMO3.26,27 FMO3 is the major adult isoform of the enzyme and is
found in the liver. It is involved in the metabolism of drugs such as voriconazole,
cimetidine, rantidine, tamoxifen, sulindac, nicotine and busulfan.28,29 Little is known about
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the effect of FMO3 on common drugs used in transplantation. Although we previously
identified the FMO3 SNP, rs1800822, to be associated with higher tacrolimus troughs in
kidney transplant patients.16 Rs1800822 is not in linkage disequilibrium (r2<0.3) with the
SNPs shown in Table 4, suggesting that these SNPs may be involved through intracellular
metabolism of tacrolimus or other mechanisms. FMO6 is poorly studied and effect of these
variants has yet to be defined. Rs7886938 in FM06 and rs909530 in FM03 are synonymous
coding SNPs. Recent discoveries have shown that SNPs in nucleotides that code for
synonymous codons, can influence the rate of translation of mRNA transcripts and thereby
influence the amount of protein produced and the post-translational modification of the
protein.30

Our study is the first to study SNPs potentially associated with severity of chronic tubular
atrophy as determined by ct-scores. It is well known that there is variation in severity of
decline in kidney function3; hence it is not surprising that different SNPs were associated
with risk of CGD and severity of ct-scores. This study describes the potential genetic factors
associated with this variation, after accounting for relevant clinical factors such as donor
age. The most significant SNPs potentially associated with CGD severity were in the LEPR
and CYP4F12 genes. LEPR is a gene belonging to the family of cytokine receptors. These
cytokine receptors stimulate gene transcription by activating cytosolic STAT proteins. The
LEPR or leptin receptor, possesses strong homology to the signal-transducing subunits of
IL-6 receptor. IL-6 is a B-cell stimulatory factor2 or IFN-beta-2.31 LEPR codes for a pro-
inflammatory cytokine receptor gene and leptin plays a role in regulatory T cell
proliferation.32–36 CYP4F12 is a member of the cytochrome P450 superfamily of enzymes,
but the exact physiological function of this member as it relates to transplantation is not
known. The cytochrome P450 enzymes catalyze many reactions involved in drug
metabolism and synthesis of steroids.37

Previous studies have found SNPs, that are associated with chronic allograft dysfunction.
These SNPs include rs699 in AGT 38, rs2069762 in IL2 in a Japanese population39,
rs1801131 in MTHFR40, rs1800629 in TNFA41. These previously published studies are
much smaller than the present study. The present study could not replicate these findings.
Differences in population being studied could explain the lack of duplication. There could
also be differences in the CGD phenotype among studies. None of the previously published
studies provided detailed description and analysis using biopsy results.

The current study has several limitations. It is possible that the association of SNPs in other
candidate genes was not seen in our study due to the SNP’s small effect size and our limited
sample size. Another potential limitation is that the biopsy slides were not read by a
centralized pathologist who was blinded to the clinical information. The local pathologist
did not describe inflammation in areas of tubular atrophy42 since this type of inflammation
is not in the standard Banff definition of AR.2 Nonetheless, the clinic phenotype of CGD
was strongly associated with reduced death-censored allograft survival. Lastly, different
clinical entities that could give rise to CGD and reduce our power to detect associations with
SNPs. However, the study found SNPs associated with CGD despite this limitation of the
CGD definition. We currently lack the power to study SNP-SNP interactions from multiple
genes, due to the limited sample size.

In summary, this study has described a phenotype of CGD that has concomitant
inflammation. This phenotype is strongly associated with allograft failure. We have
analyzed SNPs associated with CGD, after accounting for important clinical factors. SNPs
potentially involved in drug metabolism genes such as FM03 and FM06, are novel findings
in this study. This study will validate the top SNPs (Table 4–5) in an ongoing, larger non-
test cohort of 2,000 kidney recipients after accounting for multiple testing. In the future,
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with larger cohorts of kidney recipients and careful phenotyping, there may be enough
power to conduct a genome–wide association study.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
Funding Source

This work was supported by the National Institutes of Health NIAID Genomics of Transplantation (5U19-
AI070119) and DeKAF (5U01-AI058013)

We acknowledge the dedication and hard work of our coordinators at each of the six clinical sites: University of
Alberta, Nicoleta Bobocea, Tina Wong, Adrian Geambasu and Alyssa Sader; University of Manitoba, Myrna Ross
and Kathy Peters; University of Minnesota, Mandi DeGrote and Jill Nagorski; Hennepin County Medical Center,
Lisa Berndt; Mayo Clinic, Tom DeLeeuw; University of Iowa, Wendy Wallace and Tammy Lowe; University of
Alabama, Jacquelin Vaughn and Tena Hilario. We also acknowledge the dedicated work of our research scientists:
Marcia Brott, Becky Willaert, Jennifer Vigliaturo, and Brian Kasel.

Abbreviations

CGD chronic allograft dysfunction

AR acute rejection

SNP single nucleotide polymorphism

eGFR estimated glomerular filtration rate

SPK simultaneous kidney pancreas transplant

FDR false discovery rate

i interstitial inflammation

t tubulitis

ci interstitial fibrosis

ct tubular atrophy

cv vascular fibrosis

cg glomerulopathy
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Figure 1.
A Venn-Diagram showing the sub-population of kidney transplant recipients in each
analysis. All test cohort subjects with SNP genotyping were eligible for analysis of severity
of tubular atrophy and interstitial fibrosis However, the analysis excluded the less than 1%
(30) biopsies from 24 subjects with missing biopsy scores and excluded all 21 subjects with
3 biopsies from a single center that had no ct scores ≥2 (resulting in 687 with no biopsies, 79
with biopsies and no CGD and 168 CGD biopsies, n=934.)

Israni et al. Page 12

Clin Transplant. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Death-censored Allograft Failure after Developing CGD. In this Kaplan-Meier, the dashed
line presents the group with concomitant acute rejection and the solid line represent the
group with no concomitant acute rejection. (Log-rank test p-value 0.22)
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Table 1

Characteristics of kidney transplant recipients (n=2,336). P-value for comparisons between recipients with
CGD and without CGD.

Characteristic All n= 2,336 No CGD n = 1,970 CGD n= 366 p-value

0.21

Ethnicity: White 75 % 76 % 72 %

 Black 19 % 19 % 20 %

 Asian 3 % 3 % 3 %

 Other 2 % 2 % 4 %

 Not Known <1 % < 1% < 1%

Hispanic 2 % 1 % 2% 0.25

Male 63 (%) 63 % 61 % 0.32

Mean age at enrollment in years 49 ±14 50 ±14 46 ±16 < 0.001

Cause of End Stage Kidney Disease: 0.03

 Diabetes 28 % 27% 31%

 Glomerular disease 21 % 20% 25%

 HTN 14 % 15% 11%

 Polycystic kidney disease 13 % 13% 10%

 Other 21 % 21% 21%

 Unknown 3 % 4% 2%

History of diabetes 36% 36% 38% 0.37

Living donor transplant 58 % 58% 58% 0.95

Mean donor age in years 40 ±14 40±14 43±14 <0.01

Male donor* 48 % 48% 49% 0.3

Cold Ischemia time >24 h* 8 % 8% 8% 0.74

Prior kidney Transplant 13 % 13% 15% 0.3

Need for dialysis in the first 14 days post transplant* 10% 9% 14% 0.005

Final PRA present * 42% 42% 43% 0.82

T or B Crossmatch positive* 6 % 5% 8% 0.11

Plasmapheresis prior to transplants 3 % 2% 5% 0.01

Zero HLA mismatches 12 % 13% 9% 0.065

Antibody Induction: <0.0001

 Monoclonal 44 % 46% 35%

 None 4 % 4% 2%

 Other 3 % 2% 5%

 Polyclonal 50 % 48% 58%

Smoking status:*

 Never 58 % 58% 58% 0.03

 Past 32 % 33% 29%

 Current 9 % 9% 13%

Pre-emptive transplant 29 % 29% 27%
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Characteristic All n= 2,336 No CGD n = 1,970 CGD n= 366 p-value

Steroid withdrawal by day 14 post-transplant 39 % 38% 42% 0.53

Use of Mycophenolate Mofetil 99% 99% 99%

CNI type: 0.17

 Cyclosporine 28 % 26% 38% 0.79

 Tacrolimus 69 % 71% 59% <0.0001

 None 3 % 3% 3%

SPK** 6 % 5% 7%

Prior Non-kidney Transplants* 10 % 9% 13% 0.22

CMV Recipient/Donor Status* 0.06

 Recipient (−)/Donor (−) 20 % 20% 21% <0.01

 Recipient (+) 63 % 64% 56%

 Recipient (−)/Donor (+) 17 % 16% 23%

Acute Rejection in first 3 months post-transplant 9 % 8% 13%

<0.01

*
Missing data: Living donor gender missing in 7 subjects, need for dialysis in the first 14 days post-transplant missing in 4 subjects, Cold Ischemia

time missing in 209 subjects, Final PRA missing in 7 subjects, Plasmapheresis prior to transplant missing in 57 subjects, B/T cell crossmatch
missing in 51 subjects, Smoking status missing in 7 subject, Use of Mycophenolate Mofetil and CNI type was missing in 215 subjects, Prior non-
kidney transplant missing in 44 subjects, CMV recipient/donor status missing in 44 subjects.

**
SPK= Simultaneous kidney pancreas transplants
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Table 2

The distribution of pathology scores and laboratory data in the patients with CGD. Panel A shows data for all
CGD biopsies (n= 366) whereas Panel B shows data on 94 CGD biopsies with concomitant acute rejection.

Panel A: All CGD biopsies (n=366)*

Biopsy Score 0 1 2 3

i (interstitial inflammation) 45% 22% 13% 20%

t (tubulitis) 44% 21% 19% 15%

ci (interstitial fibrosis) 33% 43% 19% 4%

ct (tubular atrophy) 25% 51% 19% 5%

cv (vascular fibrosis) 63% 19% 16% 2%

cg (glomerulopathy) 88% 7% 2% 3%

ah (arteriolar hyaline thickening) 71% 20% 6% 3%

v (intimal artertitis) 89% 9% 1% 1%

g (glomerulitis) 86% 8% 5% 1%

Other Laboratory data Focal Positive Diffuse Positive Negative Not Done

C4D staining 8% 13% 70% 9%

Panel B: CGD biopsies with concomitant AR (n=94)

0 1 2 3

Biopsy Score

i (interstitial inflammation) 0% 0% 36% 64%

t (tubulitis) 0% 0% 49% 51%

ci (interstitial fibrosis) 30% 44% 21% 4%

ct (tubular atrophy) 27% 48% 20% 5%

cv (vascular fibrosis) 75% 10% 12% 3%

cg (glomerulopathy) 94% 4% 1% 1%

ah (arteriolar hyaline thickening) 77% 19% 3% 1%

v (intimal artertitis) 71% 24% 2% 3%

g (glomerulitis) 85% 9% 5% 1%

Other Laboratory data Focal Positive Diffuse Positive Negative Not Done

C4D staining positive 17% 24% 59% <1%

*
Less than (30) 1% missing biopsy scores.

ci and ct scores correlated (Spearman correlation coefficient=0.88, p<0.0001); i and t scores correlated (Spearman correlation coefficient=0.81,
p<0.0001)

ci and ct scores correlated (Spearman correlation coefficient=0.87, p<0.0001); i and t scores correlated (Spearman correlation coefficient=0.55,
p<0.0001)
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Table 3

Characteristics of kidney transplant recipients genotyped (Test cohort n=979) and the rest (non-test cohort). P-
value for comparisons between recipients in test versus validation cohort.

Characteristic All n= 2,336 Test Cohort n =979 Non-Test Cohort n=1,357 p-value

0.05

Ethnicity: White 75 % 77 % 74 %

 Black 19 % 17 % 20 %

 Asian 3 % 3 % 3 %

 Other 2 % 2 % 3 %

 Not Known <1 % < 1% 0 %

Hispanic 2 % 2 % 1 % 0.99

Male 63 % 63 % 63 % 0.89

Mean age at enrollment in years 49 ±14 49 ±14 49 ±14 0.20

Cause of End Stage Kidney Disease: 0.87

 Diabetes 28 % 31 % 26 %

 Glomerular disease 21 % 20 % 21 %

 HTN 14 % 12 % 16 %

 Polycystic kidney disease 13 % 12 % 13 %

 Other 21 % 21 % 21 %

 Unknown 3 % 4 % 3 %

History of diabetes 36% 38 % 35 % 0.89

Living donor transplant 58 % 59 % 57 % 0.84

Mean donor age in years 40 ± 14 40 ± 14 40 ± 14 0.07

Male donor* 48 % 46 % 49 % 0.12

Cold Ischemia time >24 h* 8 % 7 % 9 % 0.25

Prior kidney Transplant 13 % 14 % 13 % 0.63

Need for dialysis in the first 14 days post transplant* 10% 8 % 10 % 0.005

Final PRA present * 42% 35 % 47 % <0.001

T or B Crossmatch positive* 6 % 5 % 6 % 0.92

Plasmapheresis prior to transplants 3 % 3% 2% 0.35

Zero HLA mismatches 12 % 11 % 12 % 0.45

Antibody Induction: <0.0001

 Monoclonal 44 % 40 % 47 %

 None 4 % 1 % 5 %

 Other 3 % 4 % 2 %

 Polyclonal 50 % 54 % 46 %

Smoking status:*

 Never 58 % 60 % 57 % 0.39

 Past 32 % 31 % 33 %

 Current 9 % 9 % 10 %

Pre-emptive transplant 29 % 31 % 26 %
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Characteristic All n= 2,336 Test Cohort n =979 Non-Test Cohort n=1,357 p-value

Steroid withdrawal by day 14 post-transplant 39 % 48 % 30 % 0.58

Use of Mycophenolate Mofetil 99% 99 % 99 %

CNI type: 0.03

 Cyclosporine 28 % 22 % 35 % 0.90

 Tacrolimus 69 % 75 % 62 % 0.58

 None 3 % 3 % 3 %

SPK** 6 % 6 % 5 %

Prior Non-kidney Transplants* 10 % 11 % 9 % 0.90

CMV Recipient/Donor Status* 0.88

 Recipient (−)/Donor (−) 20 % 22 % 19 % 0.43

 Recipient (+) 63 % 62 % 64 %

 Recipient (−)/Donor (+) 17 % 16 % 17 %

*
Missing data: Living donor gender missing in 7 subjects, need for dialysis in the first 14 days post-transplant missing in 4 subjects, Cold Ischemia

time missing in 209 subjects, Final PRA missing in 7 subjects, Plasmapheresis prior to transplant missing in 57 subjects, B/T cell crossmatch
missing in 51 subjects, Smoking status missing in 7 subject, Use of Mycophenolate Mofetil and CNI type was missing in 215 subjects, Prior non-
kidney transplant missing in 44 subjects, CMV recipient/donor status missing in 44 subjects.

**
SPK= Simultaneous kidney pancreas transplants
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