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Abstract
Allograft survival of deceased donor kidneys with suboptimal histology (DRTx/suboptimal histology: >10% glomerulosclerosis,
>10% tubulointerstitial scarring, or >mild vascular sclerosis) is inferior to both DRTx with optimal histology (DRTx/optimal
histology) and living donor kidneys irrespective of histologic changes (LRTx). In this report, we explored the reasons behind this
guarded outcome with a special focus on the role of alloimmunity. We initially assessed gene expression in 39 time-zero
allograft biopsies using the Nanostring 770 genes PanCancer Immune Profiling Panel. Subsequently, we studied 696 consecutive
adult kidney allograft recipients that were grouped according to allograft type and histology at time-zero biopsy [DRTx/
suboptimal histology (n= 194), DRTx/optimal histology (n= 166), and LRTx (n= 336)]. Part-1: Several immune pathways
were upregulated in time-zero biopsies from DRTx/suboptimal histology (n= 11) compared to LRTx (n= 17) but not to DRTx/
optimal histology (n= 11). Part-2: Amongst the three groups of recipients, DRTx/suboptimal histology had the highest
incidence of acute rejection episodes, most of which occurred during the first year after transplantation (early rejection). This
increase was mainly attributed to T cell mediated rejection, while the incidence of antibody-mediated rejection was similar
amongst the three groups. Importantly, early acute T cell mediated rejection was a strong independent predictor for allograft
failure in DRTx/suboptimal histology (adjusted HR: 2.13, P= 0.005) but not in DRTx/optimal histology nor in LRTx. Our data
highlight an increased baseline immunogenicity in DRTx/suboptimal histology compared to LRTx but not to DRTx/optimal
histology. However, our results suggest that donor chronic histologic changes in DRTx may help transfer such increased baseline
immunogenicity into clinically relevant acute rejection episodes that have detrimental effects on allograft survival. These findings
may provide a rationale for enhanced immunosuppression in recipients of DRTx with baseline chronic histologic changes to
minimize subsequent acute rejection and to prolong allograft survival.

Introduction

Despite being the most commonly transplanted solid organs
with more than 23,000 kidney transplanted nationally in 2019
[https://unos.org/data/transplant-trends/], there remains inade-
quate supply of donor kidneys and an unacceptably high
discard rate of potentially transplantable kidneys [1–3]. The
most common reason reported for kidney discard is sig-
nificant chronic changes on donor biopsy at the time of organ
recovery [4]. To overcome these problems, clinicians must
expand their criteria for allograft acceptance from deceased
donors (DRTx) to include older donors, procurement biopsies
with significant histologic chronic changes, and prolonged
ischemia time [5]. Such an approach is challenging and not
universally accepted because this may lead to reduced long-
term allograft survival, which is already worse in patients
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receiving DRTx compared to those who receive allografts
from living donors (LRTx) [6, 7]. In a recent study, we
assessed the impact of donor’s chronic histologic changes on
allograft survival using formalin-fixed paraffin-embedded
(FFPE) time-zero biopsies [8]. We have shown that DRTx
with chronic histologic changes defined by one or more of:
>10% glomerulosclerosis, >10% tubulointerstitial scarring, or
more than mild vascular sclerosis (also referred to as “sub-
optimal histology) were associated with inferior long-term
allograft survival compared to DRTx with “optimal histol-
ogy” or to LRTx, where chronic histologic changes were not
associated with allograft survival [8]. The explanations for
such differences are not completely clear. However, since
alloimmune injuries remain the main obstacle to long-term
allograft survival [9], we hypothesized that acute rejection is a
major contributing factor in DRTx with suboptimal histology.

To address this issue, we first conducted a pilot com-
parison of gene expression in 39 time-zero kidney allograft
biopsies (11 DRTx/suboptimal histology, 11 DRTx/optimal
histology, and 17 LRTx) as indicators of baseline immune-
related pathways. This was followed by retrospective ana-
lysis of a large cohort of 696 adult kidney allograft reci-
pients, where we focused on the association of allograft
source and histology with subsequent acute rejection and
allograft survival.

Material and methods

This two-part retrospective single center study was per-
formed under the approved guidance of the institutional
review board at Columbia University Irving Medical Center
(CUIMC).

Part-1: Gene expression analysis

Using Nanostring platform (Seattle, WA), we performed a
pilot exploration of gene expression profile in a 39 FFPE
kidney allograft time-zero biopsies. These intraoperative
biopsies were performed ~1 h after allograft reperfusion (11
DRTx/suboptimal histology, 11 DRTx/optimal histology, and
17 LRTx) following completion of the ureteroneocystostomy.
Briefly, biopsies were sectioned (each 10 μm ×10). Total
RNA was isolated from sectioned material using miRNeasy
FFPE Kit (Qiagen, Valencia, CA) according to the manu-
facturer’s instructions and quantified by NanoDrop (Thermo
Scientific, Wilmington, DE), Bioanalyzer 2100 (Agilent,
Santa Clara, CA), and Qubit RNA BR (Thermo Fisher Sci-
entific, Waltham, MA). 100 ng of isolated RNA was then
hybridized to the 770 genes PanCancer Immune Profiling
Panel (NanoString Technologies) for 20 h at 65 °C according
to the manufacturer’s instructions. After hybridization, the
sample cartridge was transferred to the Digital Analyzer

where Digital counting was used to determine gene expres-
sion using the maximum 555 fields of view.

For data analysis, we utilized the nSolver Analysis
Software (version 4.0), including the nCounter Advanced
Analysis (version 2.0), which uses the geNorm algorithm to
normalize the data. Differential Expression (DE) module
was used to identify the specific targets which exhibit sig-
nificantly increased or decreased expression where false
discovery rate was calculated by moderately conservative
estimates of the Benjamini-Yekutieli (B.Y.) method. Path-
way scores were assessed in 20 different immunology-
associated pathways using the nCounter Advanced Analysis
Software. In each sample, individual pathway scores were
calculated by summarizing several gene measurements from
a particular pathway into a single score based on the first
principal component of each gene set’s data [10–12].
Pathway scores were compared using Mann–Whitney.
Since 20 pathways have been studied, a Bonferroni cor-
rected significance cutoff of 0.0025 was utilized.

Part-2: Clinical-pathologic assessment

All time-zero kidney allograft biopsies, obtained ~1 h after
reperfusion, from adult patients (≥18 years old) who
underwent kidney transplantation at CUIMC between 1/
2006 and 12/2009 were identified retrospectively. To reduce
bias, ABO-incompatible grafts and time-zero biopsies
containing <7 glomeruli were excluded. The final cohort
comprised 696 patients with time-zero biopsies (360 DRTx,
336 LRTx). For all LRTx, donor and recipient operations
were performed concomitantly, not sequentially, resulting
in minimal ischemic time.

Circulating donor-specific antibodies (DSA) were assessed
using Luminex single-antigen bead assay (One Lambda Inc,
Canoga Park, CA). DSA was considered positive if one or
more of the HLA antibodies directed against donor antigens
had an MFI higher than 1000.

Per CUIMC protocol, the vast majority of patients are
maintained on tacrolimus and mycophenolate sodium, with-
out corticosteroids. Recipient and donor demographics (age,
sex, and race), end-stage renal disease etiology, immunologic
transplant baseline characteristics (HLA mismatch and pre-
transplant DSA), history of previous renal transplantation,
induction therapy, and cold ischemia time and donor cause of
death (for DRTx) were extracted from medical records.

Histologic evaluation

Time-zero allograft biopsies were FFPE needle biopsies that
were stained with standard H&E, periodic acid Schiff (PAS),
methenamine silver and trichrome. Time-zero biopsies
were assessed for the degree of glomerulosclerosis (%) and
tubulointerstitial scarring (%). The severity of arteriosclerosis

1796 I. Batal et al.



and arteriolosclerosis/hyalinosis were semi-quantitatively
(0–3) assessed according to 1997 Banff criteria [13]. Con-
sistent with prior reports [5, 8], time-zero biopsies were
classified as having “optimal histology” when showing ≤10%
glomerulosclerosis, ≤10% tubulointerstitial scarring, no more
than mild arteriosclerosis, and no more than mild arteriolar
hyalinosis. “Suboptimal histology” was defined by having
any of the following: >10% glomerulosclerosis, >10% tubu-
lointerstitial scarring, moderate/severe arteriosclerosis, or
moderate/severe arteriolar hyalinosis (Fig. 1).

Subsequent allograft biopsies were assessed according to
the 2019 Banff recommendations [14]. Acute T cell-mediated
rejection (TCMR) was defined by the presence of borderline
or greater changes (grades IA–III). At our center, patients with
“borderline changes” were treated similarly to grade 1A
TCMR (intravenous methylprednisolone) and were found to
have similar clinical courses to that of overt TCMR [15, 16].
Given the lack of vigorous monitoring of post-transplant DSA
during the study period, allograft biopsies with histologic
evidence of acute antibody-mediated tissue injury and evi-
dence of current/recent antibody interaction with vascular
endothelium but without available data on concurrent DSA
were classified as AMR (n= 19). To eliminate reproducibility
as a confounding factor, time-zero biopsies, follow-up
allograft biopsies with “borderline changes” and selected

follow-up biopsies with findings suggestive of AMR were re-
evaluated by a single pathologist (IB).

Comparison groups, follow-up, and outcome

Since we were interested in studying the reasons why DRTx/
suboptimal histology had worse outcome than DRTx/optimal
histology and LRTx (regardless of histology) [8], we classi-
fied our cohort into three groups: DRTx/suboptimal histology
(n= 194), DRTx/optimal histology (n= 166), and LRTx
(n= 336). Recipients were followed-up till 5/2016 or devel-
opment of allograft failure. Acute rejection was regarded as
the primary outcome. The first biopsy showing acute rejection
was considered index biopsy and used for analyses. Death
censored allograft failure, defined as chronic re-initiation
of renal replacement therapy or re-transplantation, was con-
sidered a secondary outcome. We also documented the
development of glomerular diseases, including immune-
mediated glomerulonephritis, primary focal segmental glo-
merulosclerosis, and collapsing glomerulopathy.

Statistics

Statistical analysis was performed using SPSS Statistics 26
(IBM, Arkmonk, NY) or Prism-5 (GraphPad Inc, San Diego

Fig. 1 Representative photomicrographs of suboptimal histologic
changes in post-reperfusion biopsies. A Global glomerulosclerosis.
In this post-reperfusion biopsy, the percentage of global glomerulo-
sclerosis exceeded 10%. Thus, this sample was classified as “sub-
optimal histology” (periodic acid–Schiff stain; original magnification
×200). B Tubulointerstitial scarring. In this post-reperfusion biopsy,
the percentage of tubulointerstitial scarring exceeded 10% of the
sampled cortex. Thus, this sample was classified as “suboptimal his-
tology” (periodic acid–Schiff stain; original magnification ×100). C

Moderate arteriosclerosis. This artery displays arterial narrowing of
26-50% of the luminal areas. Therefore, this post-reperfusion biopsy
was classified as “suboptimal histology” (periodic acid–Schiff stain;
original magnification ×400). D Arteriolar hyalinosis. A representative
photomicrograph of arterioles with moderate to severe hyalinosis. In
this particular sample, several arterioles showed similar changes.
Hence, the biopsy was classified as “suboptimal histology” (periodic
acid–Schiff stain; original magnification ×600).
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CA). Categorical variables were compared using Fisher’s
exact or Chi Square test when multiple groups were com-
pared. Continuous variables were compared using
Mann–Whitney or Kruskal–Wallis test followed by Dunn’s
comparison. Time-to-event analyses, such as allograft sur-
vival and rejection-free survival, were assessed by the
Kaplan-Meier curves and comparisons were performed
using log-rank test or Cox proportional hazards (PH).
Univariate Cox PH was used to guide the selection of
variables for multivariable analysis whenever P values were
<0.1. P values < 0.05 with a two-sided hypothesis testing
were considered statistically significant.

Results

Part-1: DRTx have enhanced immunogenic profile at
transplant baseline

Gene expression was assessed in 39 time-zero biopsies (11
DRTx/suboptimal histology, 11 DRTx/optimal histology,
and 17 LRTx) using the 770 PanCancer Immune Profiling
Panel. Heat map of normalized genes revealed clustering of
the samples based on the type of the allograft (DRTx vs.
LRTx) but not based on the presence of chronic histologic
changes in DRTx samples (DRTx/suboptimal vs. DRTx/
optimal) (Supplementary Fig. 1A). On follow-up, acute
rejection episodes developed in 15 patients (13 TCMR and
2 AMR). This small sample revealed lack of clustering or
difference in immune pathways scores when grouped
according to subsequent development of acute rejection
episodes (TCMR, AMR, or no rejection) (Supplementary
Fig. 1A, B). We then studied the association between
baseline immunogenicity in DRTx and cold ischemia-time.
No significant difference in expression was seen in any
individual gene (Supplementary Fig. 1C). While most
immune pathways showed numerically higher scores in
patients with prolonged ischemia time, none of these dif-
ferences reached statistical significance. Furthermore, there
was no significant correlation between immune pathway
scores and cold ischemia time (Supplementary Fig. 1D).

Next, we focused on gene expression in our three groups
of interest (DRTx/suboptimal histology, DRTx/optimal his-
tology, and LRTx). We first compared gene expression
between DRTx/suboptimal histology and LRTx. Differential
expression identified 115 genes whose expression differed
significantly (adjusted P < 0.05). Of these 115 genes, 103
were upregulated and only 12 were downregulated in DRTx/
suboptimal histology as compared to LRTx (Fig. 2A, Sup-
plementary Table 1). Majority of the immune-related path-
ways were upregulated in DRTx/suboptimal histology
(Fig. 2B) and the most significant results were obtained by
comparing complement, cytotoxicity, toll-like receptors

(TLRs,) and cell cycle scores (each P < 0.0001) (Fig. 2C).
Second, we compared gene expression between DRTx/sub-
optimal histology and DRTx/optimal histology. In contrast to
the above findings, no significant differences were seen at the
levels of differential expression in any individual gene or in
pathway scores between DRTx/suboptimal histology and
DRTx/optimal histology (Supplementary Fig. 2).

In summary, our pilot analyses of gene expression in
time zero biopsy revealed an increase in baseline immu-
nogenicity in DRTx/suboptimal histology compared to
LRTx but not to DRTx/optimal histology. Our next step
was to assess whether there is any role of donor’s chronic
histologic changes in translating increased baseline immu-
nogenicity to acute rejection and worse allograft outcome.
To address this, we studied a large cohort of adult kidney
allograft recipients grouped according to allograft type and
histology at time-zero biopsy.

Part-2: Patient demographic and clinical
characteristics

We studied a cohort of 696 consecutive adult kidney trans-
plant recipients (336 LRTx, 166 DRTx/optimal histology, and
194 DRTx/suboptimal histology). In total, patients had a
median age of 52 years and included 40% women, 17% self-
identified Black, 15% recipients of allografts from Black
donors, and a median of four donor-recipient HLA mis-
matches (Table 1). A small proportion of recipients had pre-
formed DSA (16%) or a history of prior transplantation
(14%). Diabetes (25%), immune-mediated glomerulonephritis
(20%), and hypertension (17%) were the most common
causes of native kidney failure. The majority of the patients
received induction therapy with Thymoglobulin (79%). In
DRTx, median cold ischemia time was 32 h and 28% of
donor deaths were attributed to trauma (Table 1).

During a median follow-up of 6 years (IQRs: 2.9, 7.7
years), allograft failure occurred in 168 (24%) recipients at an
event rate of 4.5 per 100 person-years follow-up. Approxi-
mately a third of the patients (n= 249, 36%) experienced one
or more episodes of acute rejection at an event rate of 8.9 per
100 person-years follow-up. Notably, most index biopsies
with acute rejection (172/249, 69%) were encountered within
the first year of transplantation (early acute rejection episodes).

As seen in Table 1, DRTx/suboptimal histology, DRTx/
optimal histology, and LRTx had different demographic and
clinical characteristics among recipients and donors.

DRTx/suboptimal histology is associated with
increased incidence of acute rejection

As expected, allograft survival was different amongst the
three groups (P < 0.001) (Fig. 3A). DRTx/suboptimal his-
tology had shorter allograft survival than LRTx (P < 0.001)
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and tended to have shorter allograft survival than DRTx/
optimal histology (P= 0.05) (Fig. 3A). Notably, acute
rejection episodes (combining TCMR and AMR) were also
different amongst the three groups (P= 0.001). DRTx/
suboptimal histology had more acute rejection episodes
than LRTx (P < 0.001) and tended to have more rejection
episodes than DRTx/optimal histology (P= 0.05) (Fig. 3B).
When types of acute rejection were dissected further, it
became apparent that the difference was more pronounced
in TCMR (P= 0.007) (Fig. 3C) while it did not reach sta-
tistical significance in AMR (P= 0.38) (Fig. 3D).

Next, we attempted to exclude that the observed differ-
ences of incidence of acute rejection in “DRTx/suboptimal
histology” were not simply a reflection of other confound-
ing clinical and demographic variables. Univariate analyses
identified each of “DRTx/suboptimal histology”, recipient’s
age, recipient’s female sex, recipient’s Black race, HLA
mismatches, pre-transplant DSA, native kidney disease
secondary to hypertension, and previous transplantation, as

significant predictors for subsequent acute rejection
(Table 2). In contrast, thymoglobulin induction therapy was
associated with lower incidence of acute rejection. Notably,
cold ischemia time or donor’s cause of death, which were
only applicable for “DRTx”, did not predict acute rejection.
In multivariable analysis, DRTx/suboptimal histology was
an independent predictor for acute rejection (HR: 1.34, P=
0.046) (Table 2). Other independent predictors included
recipient’s age, recipient’s Black race, HLA mismatches,
pre-transplant DSA, native kidney failure secondary to
hypertension, and previous transplantation while induction
therapy with Thymoglobulin remained a negative predictor
for acute rejection.

Early TCMR and AMR independently predict inferior
allograft survival in DRTx/suboptimal histology

Since the majority of acute rejection episodes occurred in
the first year after transplantation and because the first

A B

LRTX DRTx/suboptimal histology

C

LRTX DRTx/subop hist LRTX DRTx/subop hist LRTX DRTx/subop hist LRTX DRTx/subop hist

Fig. 2 Gene expression in time-zero biopsies of DRTx/suboptimal
histology and LRTx. A Volcano plot showing differentially expres-
sed genes between DRTx/suboptimal histology (n= 11) and LRTx (n
= 17, which was considered as reference). The 115 genes with sig-
nificant increased and decreased expression in DRTx/suboptimal his-
tology as compared to LRTx are presented in Supplementary Table 1.
B Signature of the 20 assessed immune pathways in LRTx and DRTx/
suboptimal histology. C Boxplots for complement, cytotoxicity, toll
like receptors, and cell cycle pathway scores, which are the four most
significantly altered pathways (all P < 0.0001). Pathway scores were
calculated in each biopsy using nSofter Software that take into con-
sideration individual gene expression scores for complement (C1R,
C1S, C1QA, C1QB, C2, C4B, C5, C6, C7, C8G, and C9), cytotoxicity
[granzyme and perforin associated genes (GZMB, PRF1, GZMA,
GZMK) as well as HLA class-I genes (HLA-A, HLA-B, and HLA-C)],

TLRs (TLR1-6 and MYD88) and cell cycle (BAX, TNFSF10, BCL2,
CASP3, NUP107, THBS1, ABL1, CXCR4, ATM, BIRC5, CCND3,
CDKN1A). Other significantly upregulated pathways included leu-
kocyte functions (P= 0.0001), cell functions (P= 0.0001), transporter
functions (P= 0.0002), macrophage functions (P= 0.0002), chemo-
kines (P= 0.0003), TNF superfamily (P= 0.0003), cytokines (P=
0.0004), adhesion (P= 0.0005), interleukins (P= 0.0006), and
immune regulation (P= 0.0006) (individual boxplots not shown).
Remaining pathway scores that did not reach statistical significance
according to the Bonferroni cutoff value of P < 0.0025 included B cell
function (P= 0.003), T cell function (P= 0.004), NK cell function
(P= 0.006), pathogen defense (P= 0.01), and P > 0.1 each of antigen
processing and senescence. Pathway scores were compared using
Mann–Whitney test. Abbreviations: subop hist: suboptimal histology.
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Table 1 Baseline demographic and clinical characteristics.

Variables Total (n= 696) LRTx (n= 336) DRTx/optimal histology (n
= 166)

DRTx/suboptimal histology
(n= 194)

P value

Recipient age 52 (40, 61) 47 (35, 58) 52 (42, 61) 58 (46, 65) P < 0.001

Recipient female sex 278/696 (40%) 143/336 (43%) 62/166 (37%) 73/194 (38%) P= 0.40

Recipient black race 118/696 (17%) 38/336 (11%) 33/166 (20%) 47/194 (24%) P < 0.001

Donor age 44 (31, 53) 43 (33, 51) 25 (18, 43) 51 (45, 57) P < 0.001

Donor female sexa 316/695 (45%) 189/336 (56%) 49/165 (30%) 78/194 (40%) P < 0.001

Donor black race 106/696 (15%) 36/336 (11%) 30/166 (18%) 40/194 (21%) P= 0.005

# HLA mismatch (0–6) 4 (3, 5) 3 (2, 5) 5 (4, 5) 5 (4, 5) P < 0.001

Pre-transplant DSA 114/696 (16%) 43/336 (13%) 40/166 (24%) 31/194 (16%) P= 0.006

Cold ischemia time (h)b 32 (24, 39) NA 31 (21, 38) 34 (27, 40) P= 0.01

Donor’s cause of death c

Trauma 97/345 (28%) NA 61/159 (38%) 36/186 (19%) P < 0.001

Anoxia 99/345 (29%) NA 65/159 (41%) 34/186 (18%) P < 0.001

CVA 143/345 (41%) NA 30/159 (19%) 113/186 (61%) P < 0.001

Others 6/345 (2%) NA 3/159 (2%) 3/186 (2%) P= 1.0

Cause of ESRD

Diabetes 170/696 (25%) 66/336 (19%) 45/166 (27%) 59/194 (30%) P= 0.01

GN 140/696 (20%) 83/336 (25%) 27/166 (16%) 30/194 (15%) P= 0.01

Hypertension 118/696 (17%) 30/336 (9%) 35/166 (21%) 53/194 (27%) P < 0.001

Renal cystic diseases 62/696 (9%) 34/336 (10%) 20/166 (12%) 8/194 (4%) P= 0.02

FSGS 50/696 (7%) 24/336 (7%) 9/166 (6%) 17/194 (9%) P= 0.47

Renal toxicity 23/696 (3%) 11/336 (3%) 5/166 (3%) 7/194 (4%) P= 0.94

Obstruction/reflux 22/696 (3%) 13/336 (4%) 5/166 (3%) 4/194 (2%) P= 0.51

Others 80/696 (11%) 50/336 (15%) 16/166 (10%) 14/194 (7%) P= 0.02

Unknown 31/696 (5%) 25/336 (8%) 4/166 (2%) 2/194 (1%) P < 0.001

Previous transplantation 96/696 (14%) 38/336 (11%) 31/166 (19%) 27/194 (14%) P= 0.08

Induction therapy

Thymoglobulin 551/696 (79%) 265/336 (79%) 135/166 (81%) 151/194 (78%) 0.71

IL2R inhibitor 133/696 (19%) 64/336 (19%) 28/166 (17%) 41/194 (21%) 0.59

Alemtuzumab 6/696 (1%) 5/336 (1%) 1/166 (1%) 2/194 (1%) 0.67

No induction 6/696 (1%) 3/336 (1%) 2/166 (7%) 0/194 (0%) 0.51

CVA cerebrovascular accident, DSA circulating donor-specific antibodies, ESRD end stage renal disease, FSGS focal segmental glomerulosclerosis,
GN glomerulonephritis, NA not applicable.

HLA mismatch is calculated based on A, B, and DR antigens (0–6).
aData on donor’s sex is not available for 1 DRTx/optimal histology.
bInformation on cold ischemia time is not available for four DRTx/optimal histology and three DRTx/suboptimal histology.
cInformation on donor’s cause of death is not available for seven DRTx/optimal histology and eight DRTx/suboptimal histology.

Recipient age: Dunn comparison: P < 0.05 (DRTx/suboptimal vs LRTx or DRTx/optimal).

Recipient black race: Fisher Exact: P < 0.05 (LRTx vs. DRTx/optimal or DRTx/suboptimal).

Donor age: Dunn comparison: P < 0.05 (LRTx vs. DRTx/optimal or DRTx/suboptimal) and (DRTx/optimal vs DRTx/suboptimal).

Donor female sex: Fisher Exact: P < 0.05 (LRTx vs. DRTx/optimal or DRTx/suboptimal) and (DRTx/optimal vs. DRTx/suboptimal).

Donor black race: Fisher Exact: P < 0.05 (LRTx vs. DRTx/optimal or DRTx/suboptimal).

HLA mismatch: Dunn comparison: P < 0.05 (LRTx vs. DRTx/optimal or DRTx/suboptimal).

Pre-transplant DSA: Fisher Exact: P < 0.05 (LRTx vs. DRTx/optimal).

ESRD secondary to Diabetes: Fisher Exact: P < 0.05 (LRTx vs. DRTx/suboptimal).

ESRD secondary to GN: Fisher Exact: P < 0.05 (LRTx vs. DRTx/optimal or DRTx/suboptimal).

ESRD secondary to HTN: Fisher Exact: P < 0.05 (LRTx vs. DRTx/optimal or DRTx/suboptimal).

ESRD secondary to cystic diseases: Fisher Exact: P < 0.05 (DRTx/suboptimal vs. LRTx or DRTx/optimal).
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year of transplant is an appropriate period for intervention
to prevent acute rejection and improve allograft survival
[17], we focused on early acute rejection episodes and on
the type of rejection. Amongst the three groups of reci-
pients, DRTx/suboptimal histology had inferior allograft
survival after early TCMR compared to LRTx (P= 0.001)
and DRTx/optimal histology (P= 0.03) (Fig. 4A). DRTx/
suboptimal histology also had inferior allograft survival
after early AMR compared to LRTx (P= 0.009) but not to
DRTx/optimal histology (P= 0.51) (Fig. 4B).

To study the independent association of each of early
TCMR and early AMR with allograft failure, we conducted
multivariable analyses after adjusting for potentially rele-
vant variables. These included recipient demographics (age,
sex, and Black race), donor demographics (age, sex, and
Black race), previous transplantation, number of HLA
mismatches, presence of pre-transplant DSA, and develop-
ment of glomerular diseases. As demonstrated in Table 3,
each of early TCMR (HR= 2.13, P= 0.005) and early
AMR (HR= 4.14, P= 0.001) were independent predictors
of allograft failure in “DRTx/suboptimal histology”. While
early TCMR could not predict allograft failure in DRTx/
optimal histology, early AMR (HR: 2.98, P= 0.03) was an
independent predictor of allograft failure in this group. In
contrast, neither early TCMR nor early AMR could predict
allograft failure in LRTx.

Discussion

While kidney transplantation is the treatment of choice for
patients with end-stage renal disease, the number of patients
on the waiting list is far in excess for the number of kidneys
available for transplantation. Given the increase in demand
on donor kidneys, clinicians need to expand the deceased
donor organ pool by decreasing the rate of discarded kid-
neys. However, this strategy is not easily implemented since
long term allograft survival is typically worse in DRTx
compared to LRTx [6, 7], particularly when DRTx are
associated with chronic histologic changes (also referred to
as “suboptimal histology”) [8]. This report represents the
first clinical attempt to begin to clarify the reasons behind
worse long-term allograft survival in DRTx with baseline
chronic histologic changes (e.g., “suboptimal histology”).
Exploring the reasons for such guarded outcome may open
avenues for future development of successful preventive
therapies. We hypothesized that the inferior allograft sur-
vival in “DRTx with suboptimal histology” is, at least
partially, secondary to acute rejection.

Cumulative data from animal models of solid organ
transplantation have shown that brain death and ischemia-
reperfusion injury stimulate inflammatory cascades that
contribute to acute rejection and subsequent allograft
failure [18–20]. In the transplant setting, transcriptomic

A B 

C D 

0 750 1500 2250 3000

40

60

80

100

LRTx (n=336)

P=0.001

Post-transplant time (days)

Re
je

ct
io

n 
ep

is
od

es
-fr

ee
su

rv
iva

l (
%

)

Optimal DRTx (n=166)

Suboptimal DRTx (n=194)

3600

0 750 1500 2250 3000

40

60

80

100

LRTx (n=336)

Post-transplant time (days)

TC
M

R 
ep

is
od

es
-fr

ee
su

rv
iva

l (
%

)

P=0.007 Optimal DRTx (n=166)

Suboptimal DRTx (n=194)

3600 0 750 1500 2250 3000

40

60

80

100
LRTx (n=336)

P=0.38

Post-transplant time (days)

AM
R 

ep
is

od
es

-fr
ee

su
rv

iva
l (

%
) Optimal DRTx (n=166)

Suboptimal DRTx (n=194)

3600

0 750 1500 2250 3000

40

60

80

100

Post-transplant time (days)

G
ra

ft 
su

rv
iva

l (
%

)

LRTx (n=336)

P<0.001

Optimal DRTx (n=166)

Suboptimal DRTx (n=194)

3600

Fig. 3 Graft survival and acute rejection episodes-free graft sur-
vival in DRTx/suboptimal histology, DRTx/optimal histology, and
LRTx. A Kaplan–Meier curves for post-transplant cumulative kidney
allograft survival [P < 0.001; DRTx/suboptimal histology and DRTx/
optimal histology vs. LRTx (each P < 0.001), DRTx/suboptimal his-
tology vs. DRTx/optimal histology (P= 0.05)]. B Acute rejection
episodes-free graft survival, combining TCMR and AMR [P= 0.001;

DRTx/suboptimal histology vs. LRTx (P < 0.001), DRTx/suboptimal
histology vs. DRTx/optimal histology (P= 0.05), DRTx/optimal his-
tology vs. LRTx (P= 0.20)]. C TCMR episodes-free graft survival
[P= 0.007; DRTx/suboptimal histology vs. LRTx (P= 0.002), DRTx/
suboptimal histology vs. DRTx/optimal histology (P= 0.10), DRTx/
optimal histology vs. LRTx (P= 0.27)]. D AMR episodes-free graft
survival (P= 0.38).
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technologies are increasingly utilized to study immune
responses. Using pre- or post-implantation biopsies of
donor kidneys, previous studies have shown that DRTx is
associated with upregulation of proinflammatory path-
ways including complements, proinflammatory cytokines
(e.g., IFN-γ, TGF-β1, PDGF-B, IL-2, IL-6, IL-1β) inter-
cellular adhesion molecule (e.g., ICAM)-1, chemokine

(e.g., CCR7), and TLR (e.g., TLR4) when compared to
LRTx [21–26].

The NanoString nCounter is a new platform that utilizes
barcode-labeled probe-based methodology to provide direct
quantification of gene expression without amplification.
A major advantage is its ability to provide robust results
using archival FFPE tissue [27, 28]. Nanostring has several

Table 2 Univariate and
multivariable analyses of
variables predictive of
subsequent acute rejection.

Variable HR (95% CI) P value HR (95% CI) P value

Univariate analyses (n= 696) Multivariate analyses

DRTx/suboptimal histology 1.58 (1.22–2.05) 0.001 1.34 (1.01–1.78) 0.046

Recipient age (per each year) 0.99 (0.98–1.00) 0.03 0.99 (0.98–1.00) 0.003

Recipient female sex 1.36 (1.06–1.75) 0.02 1.23 (0.98–1.63) 0.07

Recipient black race 1.57 (1.16–2.12) 0.003 1.40 (1.02–1.91) 0.04

Donor age (per each year) 1.00 (1.00–1.01) 0.34

Donor female sex 0.97 (0.76–1.25) 0.83

Donor black race 1.21 (0.87–1.68) 0.26

HLA mismatch (per antigen; 0–6) 1.20 (1.10–1.30) <0.001 1.14 (1.04–1.25) 0.004

Pre-transplant DSA 3.40 (2.58–4.48) <0.001 2.82 (2.11–3.76) <0.001

Cold ischemia timea 1.00 (0.99–1.02) 0.83

Donor’s cause of death: traumab 0.78 (0.54–1.15) 0.21

ESRD secondary to diabetes 0.75 (0.55–1.02) 0.07 1.02 (0.72–1.44) 0.93

ESRD secondary to GN 1.16 (0.86–1.56) 0.33

ESRD secondary to hypertension 1.48 (1.10–2.00) 0.01 1.71 (1.22–2.39) 0.002

ESRD secondary to renal Cystic disease 0.81 (0.50–1.31) 0.40

ESRD secondary to FSGS 1.23 (0.79–1.92) 0.36

Previous transplantation 2.52 (1.86–3.41) <0.001 1.90 (1.34–2.62) <0.001

Induction Thymoglobulin 0.67 (0.51–0.90) 0.007 0.70 (0.52–0.93) 0.02

DSA circulating donor-specific antibodies, ESRD end stage renal disease, FSGS focal segmental
glomerulosclerosis, GN glomerulonephritis.

HLA mismatch is calculated based on A, B, and DR antigens (0–6).
aCold ischemia time is only assessed in DRTx.
bDonor’s cause of death is only assessed in DRTx. Assessment of other cause of death did not show any
significant results: CVA: 1.29 (0.93–1.80) (P= 0.13); anoxia: 1.04 (0.73–1.50) (P= 0.82).
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predesigned panels including the 770 genes PanCancer
Immune Profiling Panel and the newest 758 gene Banff
Human Organ Transplant (B-HOT) Panel that was created
based on the published list of genes that are associated with
post-transplant allograft phenotypes, such as TCMR, AMR,
tolerance, drug toxicity, and viral infections [29]. While
these panels show significant overlapping (401 genes are
shared), B-HOT panel is expected to be superior for post-

transplant complications while the traditional PanCancer
Immune Profiling Panel may have some advantages when
assessing time zero biopsies and non-alloimmune condi-
tions, such as post-transplant glomerulonephritis since it is
more enriched in overall immune-related genes.

In this report, we could not find specific genes or
immune pathways that were significantly associated with
cold ischemia time or subsequent development of acute
rejection. In contrast, many genes were upregulated and
only 12 genes, including CXCL10 and CXCL12 (SDF-1),
were down-regulated in DRTx/suboptimal histology as
compared to LRTx. While the expression of CXCL10 and
CXCL12 is expected to increase in the transplant setting
especially in rejecting allografts, some studies have shown a
rapid decrease in their expression directly after reperfusion
injury [30, 31]. Compared to LRTx, DRTx/suboptimal
histology was associated with significant upregulation of
several immune pathways with complement and cytotoxi-
city pathways being the most strikingly upregulated. In
contrast to the above findings, DRTx/suboptimal and
DRTx/optimal histology had similar baseline immune gene
expression. Taken together, the above findings suggest that
DRTx rather than donor histologic changes or cold ischemia
time in isolation are the main contributors to gene expres-
sion in time zero biopsies.

Following these preliminary studies, we aimed to eval-
uate the association of donor source and donor chronic
histologic changes with subsequent acute rejection and
allograft survival. We found that subsequent acute rejection
episodes, especially TCMR, are more commonly encoun-
tered in DRTx/suboptimal histology compared to LRTx,
and, to a lesser extent, to DRTx/optimal histology. In
contrast to TCMR, the incidence of AMR was not different
amongst the three groups. Multivariable analyses revealed
that DRTx/suboptimal histology was a modest but inde-
pendent predictor for subsequent acute rejection (HR=
1.34, P= 0.046). It is conceivable that chronic histologic
changes in DRTx may promote early TCMR by offering
increased collagen surface that facilitate adherence of
antigen-presenting cells and accumulation of T cells [32].

More remarkable than the increased incidence of acute
rejection in DRTx was the strong association of early
rejection with poor allograft survival. While survival after
early AMR was significantly reduced in each of DRTx/
suboptimal histology and DRTx/optimal histology com-
pared to LRTx, allograft survival after early TCMR was
significantly decreased in DRTx/suboptimal histology
compared to each of LRTX and DRTx/optimal histology.
Only in DRTx/suboptimal histology, early TCMR was a
strong independent predictors for allograft failure (HR=
2.13, P= 0.005). A prior study that assessed only DRTx
has shown that, contrary to interstitial rejection in kidneys
from younger donors, interstitial rejection in kidney

Table 3 Multivariable analyses of variables affecting allograft survival
in each subgroup of recipients.

Variables HR (95% CI) P value

LRTx (n= 336)

Recipient age (per each year) 0.99 (0.97–1.02) 0.56

Recipient female sex 0.85 (0.45–1.60) 0.61

Recipient Black race 1.07 (0.28–4.11) 0.92

Donor age (per each year) 0.99 (0.96–1.02) 0.48

Donor female sex 1.02 (0.54–1.91) 0.96

Donor Black race 0.83 (0.20–3.47) 0.80

Previous transplantation 2.01 (0.96–4.22) 0.07

HLA mismatch (per antigen; 0–6) 1.36 (1.10–1.70) 0.005

Pre-transplant DSA 3.48 (1.48–8.19) 0.004

Development of glomerular disease 2.23 (1.03–4.83) 0.04

Development of early AMR 0.57 (0.21–1.54) 0.27

Development of early TCMR 1.43 (0.71–2.88) 0.31

DRTx with optimal histology (n= 166)

Recipient age (per each year) 1.00 (0.98–1.02) 0.96

Recipient female sex 1.30 (0.70–2.40) 0.41

Recipient Black race 1.20 (0.52–2.76) 0.67

Donor age (per each year) 1.00 (0.98–1.02) 0.77

Donor female sex 1.21 (0.63–2.31) 0.57

Donor Black race 1.22 (0.55–2.69) 0.62

Previous transplantation 1.65 (0.79–3.45) 0.19

HLA mismatch (per antigen; 0-6) 0.96 (0.77–1.21) 0.74

Pre-transplant DSA 1.38 (0.63–3.00) 0.42

Development of glomerular disease 1.85 (0.76–4.50) 0.18

Development of early AMR 2.98 (1.14–7.73) 0.03

Development of early TCMR 0.58 (0.24–1.40) 0.22

DRTx with suboptimal histology (n= 194)

Recipient age (per each year) 0.98 (0.96–1.00) 0.12

Recipient female sex 0.91 (0.54–1.54) 0.72

Recipient Black race 0.86 (0.49–1.49) 0.59

Donor age (per each year) 1.01 (0.99–1.04) 0.35

Donor female sex 0.75 (0.46–1.23) 0.25

Donor Black race 1.28 (0.74–2.22) 0.38

Previous transplantation 0.94 (0.43–2.04) 0.88

HLA mismatch (per antigen; 0-6) 0.88 (0.72–1.08) 0.23

Pre-transplant DSA 0.37 (0.15–0.88) 0.02

Development of glomerular disease 2.06 (0.99–4.28) 0.06

Development of early AMR 4.14 (1.83–9.35) 0.001

Development of early TCMR 2.13 (1.26–3.60) 0.005

AMR antibody-mediated rejection, DSA circulating donor-specific
antibodies, TCMR T cell mediated rejection.

HLA mismatch is calculated based on A, B, and DR antigens (0–6).

Glomerular diseases include immune-mediated glomerulonephritis
(both de novo and recurrent), primary focal segmental glomerulo-
sclerosis, and collapsing glomerulopathy.
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allografts from donors >50 year-old (who presumably have
more chronic changes) adversely affected allograft survival
[33]. Taken together, the above findings propose significant
detrimental effects of TCMR on allograft survival in
patients with baseline chronic histologic changes. Kidneys
with chronic histologic changes have lower reserve of
healthy parenchyma and impaired capability to tolerate
oxidative stress and to repair injury caused by allograft
rejection [34–36].

An important advantage of the current study is the large
and well-characterized cohort of patient with extended
follow-up by the same group of clinicians with relatively
stable immunosuppressive protocols for the majority of
patients. However, we should acknowledge that the results
should be interpreted in light of several limitations. These
include the retrospective nature of the study and the lack of
rigorous monitoring of DSA post-transplantation. An
additional limitation includes restricting the assessment of
subsequent alloimmune changes to acute rejection episodes.
While we acknowledge the importance of assessing chronic
rejection features in future studies, we decided to constrain
the assessment in this study to acute rejection because it is
better defined histologically, and more responsive to ther-
apeutic intervention. Finally, our DRTx was characterized
by long cold ischemia time. Thus, the generalizability of
these findings will require validation in independent cohorts
from different centers.

In summary, we have shown that DRTx/suboptimal
histology has increased baseline immunogenicity compared
to LRTx but not to DRTx/optimal histology. We have also
demonstrated that DRTx/suboptimal histology is associated
with modest increase risk of early acute rejection (especially
TCMR) but with significantly decreased allograft survival
when early TCMR is encountered.

These findings would inform the approach to immuno-
suppressive management of recipients of organs from
deceased donors with chronic histologic changes including
the increased use of thymoglobulin for induction therapy
and/or steroid maintenance among other approaches, espe-
cially in the presence of other variables that can further
enhance the risk of acute rejection, such as increased
number of HLA mismatches or the presence of pre-
transplant DSA. Determination of specific cellular and
molecular mechanisms that lead to increased incidence of
acute rejection in recipients of DRTx/suboptimal histology
offers productive opportunities for future investigations that
may potentially lead to improvement of long-term allograft
survival in this group of recipients.
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