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The long-term impact of early subclinical inflammation
(SCI) through surveillance biopsy has not been well studied.
To do this, we recruited a prospective observational cohort
that included 1000 sequential patients who received a
kidney transplant from 2013-2017 at our center. A total of
586 patients who underwent a surveillance biopsy in their
first year post-transplant were included after excluding
those with clinical rejections, and those who were unable
to undergo a surveillance biopsy. Patients were classified
based on their biopsy findings: 282 with NSI (No Significant
Inflammation) and 304 with SCI-T (SCI and Tubulitis) which
was further subdivided into 182 with SC-BLR (Subclinical
Borderline Changes) and 122 with SC-TCMR (Subclinical T
Cell Mediated Rejection, Banff 2019 classification of 1A or
more). We followed the clinical and immunological events
including Clinical Biopsy Proven Acute Rejection [C-BPAR],
long-term kidney function and death-censored graft loss
over a median follow-up of five years. Episodes of C-BPAR
were noted at a median of two years post-transplant.
Adjusted odds of having a subsequent C-BPAR was
significantly higher in the SCI-T group [SC-BLR and SC-
TCMR] compared to NSI 3.8 (2.1-7.5). The adjusted hazard
for death-censored graft loss was significantly higher with
SCI-T compared to NSI [1.99 (1.04-3.84)]. Overall, SCI
detected through surveillance biopsy within the first year
post-transplant is a harbinger for subsequent
immunological events and is associated with a significantly
greater hazard for subsequent C-BPAR and death-censored
graft loss. Thus, our study highlights the need for
identifying patients with SCI through surveillance biopsy
and develop strategies to prevent further alloimmune
injuries.
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A growing body of literature suggests that early silent
inflammatory changes noted on kidney allograft bi-
opsies may not be benign.1–5 The degree to which

these early changes shape later events occurring post-trans-
plant and alter long-term transplant outcomes has not been
well studied. It is imperative to understand the utility of sur-
veillance in the long run with invasive modalities and nonin-
vasive biomarkers in the hope of improving long-term kidney
transplant survival.6

Several studies have noted that low levels of early
inflammation in the graft are associated with an increased
number of detrimental events in the allograft, including
progression of interstitial fibrosis and tubular atrophy,
increased number of rejections, and development of donor-
specific antibody (DSA).7–10 Most of these changes have
been described on short-term follow-up. There is a dearth
of studies examining the impact of these silent changes on
long-term allograft survival. The consequences of untreated
subclinical rejection were noted many years ago by Rush
et al.4 Now that most subclinical rejections are being
treated, it remains unclear whether early intervention can
prevent long-term risk or whether early inflammation will
continue to have a negative long-term impact on the
allograft. We therefore wanted to study the impact of early
subclinical inflammation noted within the first year of
transplant on long-term immunological events and on
allograft longevity. In previous studies, we have noted that
early inflammatory changes in the graft, including border-
line changes, are associated with subsequent subclinical
rejections within 1 year of transplant.2,7

Subclinical inflammation is a broad entity that has been
variably defined. We therefore grouped both subclinical
borderline changes (SC-BLR; Banff 2019 classification)2,3,11

and subclinical rejection (subclinical T cell–mediated rejec-
tion [SC-TCMR], $Banff 1A) into subclinical inflammation
with tubulitis (SCI-T). This differs from prior studies that
have included interstitial inflammation and varying categories
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of borderline and subclinical rejections.2,3,12 We evaluated the
impact of SCI-T found on early surveillance biopsies on
subsequent immunological events, including subsequent
clinical biopsy-proven acute rejection [C-BPAR], long-term
kidney function, and death-censored graft loss on long-term
follow-up.

METHODS
Study population
This was a prospective single-center study of a cohort of patients
transplanted at the Thomas E. Starzl Transplant Institute, University
of Pittsburgh Medical Center between January 2013 and
December 2017.

Inclusion and exclusion criteria
Both deceased and living donor transplant recipients who underwent
surveillance biopsies within the first year of transplant were included
in this study. All patients were ABO compatible with negative T/B-
cell flow crossmatch, and none of the patients underwent desensi-
tization before transplant. Patients receiving a kidney transplant
alone, kidney-pancreas transplant, liver-kidney transplant, and
repeat kidney transplant were included. Patients with graft loss
within the first year, no surveillance biopsy or inadequate biopsy
Figure 1 | Flow diagram showing the selection of patients in the 2 gro
subgroups are shown. AMR, antibody-mediated rejection; BKVN, BK viru
rejection.
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samples, preexisting DSA, BKvirus nephritis diagnosed at the time of
or before the index biopsy, clinical rejection before the index biopsy,
and recurrent glomerulonephritis within the first year were excluded.
Early subclinical antibody-mediated rejection within the first year
was also excluded. We also excluded biopsies that had evidence of
tubulitis but did not satisfy the criteria for the Banff 2019 borderline
category (such as tubulitis in the absence of interstitial inflamma-
tion). Our center routinely performs surveillance biopsies at 3
months and 1 year. Four hundred twenty-eight 1-year protocol bi-
opsies and one hundred fifty-eight 3-month protocol biopsies were
considered as index biopsy and thus formed the study cohort. None
of these patients had been treated for acute rejection before the index
biopsy (Figure 1).

Study cohort and groups
Five hundred eighty-six patients met criteria for inclusion. They
were divided into 2 groups: (i) no significant inflammation (NSI;
n ¼ 282); this group included biopsies with no inflammation or with
minor interstitial inflammation in the absence of tubulitis; and (ii)
subclinical inflammation with tubulitis (SCI-T; n ¼ 304); this group
included biopsies that showed evidence of tubulitis and interstitial
inflammation. The SCI-T group was subdivided into the borderline
category (SC-BLR; n ¼ 182) and subclinical T cell–mediated
rejection $Banff 1A (SC-TCMR; n ¼ 122).
ups. Exclusion criteria as well as numbers of patients in groups and
s nephropathy; GN, glomerulonephritis; TCMR, T cell–mediated
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Table 1 | Demographic table for the NSI and SCI-T groups

Missing values (n) NSI (n [ 282) SCI-T (n [ 304) P

Age, yr (SD) 54 (14) 49 (14) <0.001
Male, n (%) 180 (64) 170 (56) 0.051
Black, n (%) 54 (19) 64 (21) 0.56
Cause of ESKD, n (%) 0.48

HTN 68 (24) 66 (22)
DM 36 (13) 46 (15)
PCKD 33 (12) 31 (10)
Glomerulonephritis 62 (22) 72 (24)
Other 83 (29) 89 (29)

Living donor, n (%) 112 (40) 111 (36) 0.42
Donation after cardiac death, n (%) 31 (11) 52 (17) 0.03
CPRA > 80, n (%) 42 (15) 56 (19) 0.25
HLA mismatches, median (IQR)

Total 4 (3,5) 4 (3,5) 0.32
AB 8 3 (2,4) 3 (2,4) 0.11
DR 7 1 (1,2) 1 (1,2) 0.54
DGF, n (%) 43 (15) 45 (15) 0.84
Prior transplant, n (%) 37 (13) 54 (18) 0.12
Cold ischemia time DD, h 10.8 (7.9, 14.8) 10.7 (7.7, 16) 0.88

Donor factors
Age, yr (SD) 40 (14) 43 (13) 0.01
Male, n (%) 149 (51) 168 (55) 0.60
Black, n (%) 19 (7) 17 (6) 0.28

Mean tacrolimus levels, ng/ml, (SD) 8.38 (1.2) 8.48 (1.14) 0.36

AB, number of human leukocyte antigen AB mismatches; CPRA, calculated panel reactive antibody; DM, diabetes mellitus, DD, deceased donor; DGF, delayed graft function;
DR, number of human leukocyte antigen DR mismatches; ESKD, end-stage kidney disease; HLA, human leukocyte antigen; HTN, hypertension; IQR, interquartile range; NSI, no
significant inflammation; PCKD, polycystic kidney disease; SCI-T, subclinical inflammation with tubulitis.
Continuous variables are presented as mean � SD or median (IQR) if skewed. P values < 0.05 are bold.
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Patient demographics
Donor and recipient demographics and other recipient variables
(cause of end-stage kidney disease and dialysis vintage), transplant
variables (living or deceased donors) and deceased after cardiac
death, kidney disease profile index percentage, prior transplant (yes
or no), class I and II panel reactive antibody percentage (PRA),
calculated PRA, degree of human leukocyte antigen (HLA)
mismatch, warm/cold ischemia times in minutes, and cytomegalo-
virus and Epstein-Barr virus serostatus information were collected
from the electronic medical records.

Surveillance biopsies
Surveillance biopsies were performed for all kidney transplant
patients at 3 and 12 months post-transplant unless there were
absolute or relative contraindications. Relative contraindications
included patients who were on anticoagulation or dual antiplatelet
agents or increased anatomical risks (i.e., morbid obesity, over-
lying bowel, i.p. graft placement, etc.). All biopsies were per-
formed under ultrasound guidance with an 18G spring-loaded
biopsy needle. A biopsy was considered adequate if there was at
least 1 core with a minimum of 7 glomeruli and 1 artery. Sur-
veillance biopsies are performed at 3 months and 1 year at our
institution. We chose the 1-year biopsy as the index biopsy except
in situations where a 1-year surveillance biopsy was not performed
or the patient had interim clinical rejection or suspected BK virus
nephropathy between the 3-month and 1-year biopsies. In these
situations, the 3-month surveillance biopsy was chosen as the
index biopsy if there was no prior rejection or BK virus ne-
phropathy at the time of or before the index biopsy.

Biopsy allograft scores
Biopsy scores per Banff 2019 classification was used with a couple of
modifications. First, chronic active TCMR was not scored separately.
Kidney International (2022) -, -–-
Second, we used the total inflammation (ti) score to grade the
interstitial inflammation. Therefore, a score of i0ti1t1 was considered
as borderline, and correspondingly, a score of i1ti2t2 was considered
Banff 1A. Given the lack of interstitial fibrosis and tubular atrophy
changes in early biopsies, the i and ti scores tend to be the same at
earlier time points but diverge at later time points depending on the
underlying chronicity. We believe that the total inflammation score
has a better prognostic value as demonstrated in prior studies as
well.13,14 Patients were divided into (i) the NSI group (or minor
interstitial inflammation without tubulitis) with Banff scores of
t0ti0-1v0g0 and (ii) the SCI-T group that included SC-BLR with
ti1t1; ti2t1;ti1t2, and v0g0 and SC-TCMR with ti2t2 or greater with
v $ 0 and g $ 0.

C-BPAR
For-cause biopsies were undertaken if change in creatinine was $0.3
mg/dl from baseline or >25% decline in glomerular filtration
rate (GFR).

DSA
HLA antibodies were detected by One Lambda LABScreen single
antigen bead (Thermo Fisher Scientific) assay using HLA Fusion
version 3.5.6 (Thermo Fisher Scientific). The mean fluorescence
intensity was determined for each DSA, and a value >1000 units was
considered significant. Only DSA appearing at the time of index
biopsy or after was taken into account.

Immunosuppression protocol
Most patients received thymoglobulin for induction over 4 days for a
total dosage of 5 to 6 mg/kg. A few select patients (<5%, immu-
nologically low risk and/or high risk of infection) received basilix-
imab. A rapid 7-day course of corticosteroid withdrawal was
administered to all patients. Mycophenolate mofetil was started on
3



Table 2 | Patient demographics in the NSI and SCI-T groups (SCI-T group further stratified into SC-BLR and SC-TCMR)

Characteristic NSI (n [ 282) SC-BLR (n [ 182) SC-TCMR (n [ 122) P

Age, yr 54 � 14 51 � 14 47 � 16 <0.001
Male 180 (64) 109 (61) 61 (49) 0.027
Black 54 (19) 37 (20) 27 (22) 0.81
Cause of ESKD 0.48

HTN 68 45 21
DM 36 29 17
PCKD 33 20 11
Glomerulonephritis 62 36 36
Other 83 52 37

Type of organ 0.16
Living donor 112 (40) 70 (38) 41 (32)
Donation after cardiac death 31 (11) 33 (18) 19 (15)

CPRA >80 42 (15) 28 (15) 28 (23) 0.12
HLA mismatches

Total 4 (3–5) 5 (3–5) 4 (3–5) 0.25
AB 3 (2–4) 3 (2–4) 3 (2–4) 0.19
DR 1 (1–2) 1 (1–2) 1 (1–2) 0.26

Delayed graft function 43 (15) 27 (15) 18 (15) 0.98
Prior transplant 37 (13) 26 (14) 28 (23) 0.042
Cold ischemia time, h 10.8 (7.9–14.8) 10.3 (7.6–15.5) 11 (7.9–16.2) 0.77
Donor factors

Age, yr 40 � 14 43 � 12 43 � 13 0.06
Male 149 (51) 100 (54) 68 (55) 0.74
Black 19 (7) 10 (5) 7 (6) 0.84

AB, number of human leukocyte antigen AB mismatches; CPRA, calculated panel reactive antibody; DM, diabetes mellitus; DR, number of human leukocyte antigen DR
mismatches; ESKD, end-stage kidney disease; HLA, human leukocyte antigen; HTN, hypertension; NSI, no significant inflammation; PCKD, polycystic kidney disease; SC-BLR,
subclinical borderline changes; SCI-T, subclinical inflammation with tubulitis; SC-TCMR, subclinical T cell–mediated rejection.
Continuous variables are presented as mean � SD or as median (interquartile range) if skewed. Categorical variables are presented as n (%). The SCI-T group was further
stratified into SC-BLR and SC-TCMR ($Banff 1A). P values < 0.05 are bold.

c l i n i ca l i nves t iga t i on RB Mehta et al.: Outcomes of early subclinical inflammation
the day of transplant at 1000 mg twice a day, and a calcineurin in-
hibitor (tacrolimus) was started within 72 hours of transplant. The
trough tacrolimus level was maintained at 8 to 12 ng/ml for the first
6 months and 6 to 10 ng/ml thereafter.
Figure 2 | (a) Proportion of subsequent clinical rejections in the 2 g
patients had clinical rejection after the index biopsy. In the subclinical i
subsequent clinical rejection. (b) Proportion of rejections with stratificati
rejection) and SC-TCMR (subclinical T cell–mediated rejection) groups. The
Clinical rejections were significantly higher in the SC-BLR and SC-TCMR

4

Treatment of subclinical inflammation
SC-TCMR was treated uniformly with corticosteroids (methylpred-
nisolone 250 mg i.v. daily for 3 days), optimization of maintenance
calcineurin inhibitor and antimetabolite dosing, and the addition of
roups. In the no significant inflammation (NSI) group, 4.6% of the
nflammation with tubulitis (SCI-T) group, 17% of the patients had
on of the SCI-T group into SC-BLR (borderline changes suspicious for
proportion of subsequent clinical rejections in all 3 groups is shown.

groups.
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Figure 3 | (a) Breakup of the subsequent clinical rejections (Rej) observed in the entire cohort. The majority of subsequent clinical
rejections were Banff 1A (37 of 64 [58%]). T cell–mediated rejection >Banff 1A was noted in 18 of 64 patients (28%) and the remaining (9 of 64
[14%]) were mixed. (b) Death-censored graft survival with different grades of clinical rejection. Death-censored graft survival was best if there
was no rejection, with progressive worsening of prognosis with increasing grades of rejection. The worst prognosis was with mixed rejection
and $Banff 1B.
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5 mg daily of maintenance prednisone. Borderline changes were
managed with optimization of immunosuppression, and steroid
treatment was left to the discretion of the treating physician. A single
dose of methylprednisolone 250 mg i.v. was given in a minority of
cases.

Post-transplant immunological and nonimmunological
events
(i) Incidence of subsequent BPAR: The incidence of clinical biopsy-

proven rejection (TCMR and antibody-mediated rejection) was
identified in subsequent biopsies (indication biopsies) after the
index surveillance biopsy.

(ii) DSA: Detection of DSA against HLA antigens with mean fluo-
rescence intensity value >1000 units was considered significant.

(iii) Death-censored graft survival: Kaplan-Meier survival curves were
plotted for death-censored graft survival.

(iv) Analysis of graft loss: All causes of death-censored graft loss were
determined by a meticulous review of patient charts, clinical
Table 3 | Univariable and multivariable logistic regression for th
rejection

Variable Unadjusted odds ratio

Age 0.96 (0.94–0.98)
Race: black 1.19 (0.64–2.13)
Sex: female 1.18 (0.71–1.98)
Delayed graft function 0.53 (0.22–1.27)
CPRA >80 1.9 (1.03–3.42)
Prior transplant 1.24 (0.63–2.42)
1 HLA-DR mismatch 1.1 (0.52–2.28)
2 HLA-DR mismatches 0.97 (0.45–2.08)
SCI-T 4.3 (2.5–8.3)
DSA 2.59 (1.38–4.86)
Deceased donor vs. living donor 1.17 (0.68–1.99)

CPRA, calculated panel reactive antibody; DR, number of human leukocyte antigen D
subclinical inflammation with tubulitis.
Numbers in parenthesis represent the 95% confidence intervals. Univariable association
P values < 0.05 are bold.

Kidney International (2022) -, -–-
presentations, and biopsy data where available. The most likely
cause of graft loss was listed as the primary cause.

(v) Kidney allograft function: Kidney allograft function was evalu-
ated with serum creatinine and estimated GFR by using the
Chronic Kidney Disease Epidemiology Collaboration equation.
A linear mixed model was used to follow the trends in kidney
function over time. This model accounts for the correlation
between repeated measures and, to some extent, missing data.

Outcome measures
The primary outcome measure was the occurrence of C-BPAR after
the index biopsy and death-censored graft loss. The secondary
outcome measures were renal function and development of DSA.

Follow-up
Patients were followed longitudinally post-transplant with a median
follow-up of 5 years (interquartile range 3.5–8 years). Loss to follow-
e occurrence of subsequent clinical biopsy-proven acute

P Adjusted odds ratio P

<0.001 0.96 (0.95–0.99) 0.001
0.58
0.52
0.16
0.04 1.70 (0.92–3.18) 0.116
0.53
0.812
0.930
<0.001 3.8 (2.1–7.5) <0.001
0.003 2.59 (1.32–5.1) 0.006
0.57

R mismatches; DSA, donor-specific antibody; HLA, human leukocyte antigen; SCI-T,

s with P values < 0.1 were selected for the multivariable model.
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Figure 4 | (a) Trends in estimated glomerular filtration rate (eGFR) in the groups over time. The eGFR was imputed at 10 ml/min at the
time of graft loss. The slope of eGFR decline was greater in the subclinical inflammation with tubulitis (SCI-T) group. The eGFR at 1 month was
55 and 52.5 ml/min per 1.73 m2 in the no significant inflammation (NSI) and SCI-T groups, respectively. The eGFR at 84 months was 50.8 and
43.8 ml/min in the NSI and SCI-T groups, respectively. There was an interaction of the eGFR with time (P ¼ 0.026). (b) Trends in eGFR in the 2
groups. The eGFR values were censored at the time of graft loss. The eGFR at 1 month was 55 and 52.5 ml/min per 1.73 m2 in the NSI and SCI-T
groups, respectively. The eGFR at 84 months was 54 and 48 ml/min per 1.73 m2 in the NSI and SCI-T groups, respectively. There was an
interaction of the eGFR with time (P ¼ 0.01).

c l i n i ca l i nves t iga t i on RB Mehta et al.: Outcomes of early subclinical inflammation
up was minimal because relevant clinical data such as graft loss were
available to the center even in case of transfer to a different center.

Statistical methods
Data are presented as mean � SD for normally distributed data and
median (interquartile range) for nonparametric data. We assessed
the baseline characteristics using the t test and analysis of variance
for continuous variables and chi-square tests for categorical vari-
ables. Nonparametric tests were used where applicable. All tests of
statistical significance were 2-tailed tests, and we interpreted a <
0.05 as statistically significant. Multivariable logistic regression was
performed using subsequent clinical rejection as a binary variable. A
linear mixed model was used to compare the estimated GFRs for the
2 cohorts. The model used a GFR of 10 ml/min per 1.73 m2 in
patients who had death-censored graft loss. To minimize bias, a
second model was constructed in which patients with graft loss were
6

censored at the time of graft loss. Kaplan-Meier curves were charted
for death-censored graft loss. Differences in survival were computed
using the log-rank test. Death with functioning graft was censored at
the time of death. A Cox proportional hazards model was used with
donor and recipient factors, which included donor age, sex, and race;
recipient age, sex, and race; GFR; proteinuria (measured as protein–
creatinine ratio); calculated PRA; living versus deceased donor;
delayed graft function; DSA; and prior transplant. We used Stata
version 16 (StataCorp LLC), SAS (SAS Institute), and GraphPad
Prism 8.2 (GraphPad Software) to perform the analyses.

Data security and privacy
The Thomas E. Starzl Transplant Institute maintains a prospec-
tively collected database of all kidney transplant recipients at the
University of Pittsburgh Medical Center. Institutionally designated
individuals had access to this database for the purpose of this
Kidney International (2022) -, -–-



Figure 5 | (a) Kaplan-Meier curve for the no significant inflammation (NSI) and subclinical inflammation with tubulitis (SCI-T) groups
using death-censored graft loss as the end point. Death-censored graft survival was lower in the SCI-T group (log-rank test, P ¼ 0.008). (b)
Survival curves for the NSI group and both subgroups of SCI-T. Death-censored graft survival was lower in both the SC-BLR (subclinical
borderline changes suspicious for rejection) and SC-TCMR (subclinical T cell–mediated rejection) groups (log-rank test, P ¼ 0.026).
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study, and all patient information was maintained in a secure
online storage space provided by the university. The study was
approved by the University of Pittsburgh Institutional Review
Board (PRO-13060220).

RESULTS
Patient selection and demographics
Figure 1 shows the flow diagram outlining the selection of the
cohort. A total of 586 patients were included in the study.
Demographics of the patients are listed in Table 1. Patients in
the SCI-T group were younger than those in the NSI group
(P < 0.001). There was more donation after cardiac death
donors as opposed to donation after brain death donors in
the SCI-T group (P ¼ 0.03), and donor age was higher in the
SCI-T group (P ¼ 0.01). The proportion of female subjects
was also higher in the SCI-T group. Other variables such as
race, calculated PRA >80, and HLA mismatches were similar
in both groups. Within the SCI-T group, patients with SC-
TCMR compared with those with SC-BLR were younger
(P < 0.001) with a higher proportion of prior transplants
(P ¼ 0.042) (Table 2).

Index biopsies
Of the 586 index biopsies, 428 were 1-year and 158 were 3-
month surveillance biopsies. In 136 of the 158 patients, no
1-year biopsy was available; 14 patients had interim clinical
rejection, and 8 patients had interim BK virus nephropathy
between the 3-month and 1-year biopsies.

C-BPARs after the index biopsy
Figure 2a shows the distribution of subsequent BPARs in the
full cohort of 586 patients. These include both TCMR and
mixed rejection. There were 13 of 282 patients with C-BPAR
(4.6%) in the NSI group compared with 51 of 304 with sub-
sequent clinical rejection (17%) in the SCI-T group (P <
Kidney International (2022) -, -–-
0.001). In subanalysis of the SCI-T group, there were 31 re-
jections in the SC-BLR group (31 of 182 [17%]) and 20 re-
jections in the SC-TCMR group (20 of 122 [16.3%])
(Figure 2b). The severity of SC-TCMR was Banff 1A in the
majority (92 of 122 [75%]), followed by Banff 1B (29 of 122
[24%]) and Banff 2A (1 of 122 [1%]). Subsequent clinical re-
jections were more frequent with Banff 1B SC-TCMR (8 of 29)
as compared with Banff 1A SC-TCMR (12 of 92) (P ¼ 0.07).

The distribution of the different types of clinical rejections
encountered is shown in Figure 3a. Banff 1A (37 of 64 [58%])
was the predominant histological category of rejection fol-
lowed by $Banff 1B (18 of 64 [28%]) and mixed rejection (9
of 64 [14%]). The survival curves following the different
grades of clinical rejection are shown in Figure 3b.

In multivariable analysis, the adjusted odds ratio for sub-
sequent clinical biopsy-proven rejection was 3.8 (95% confi-
dence interval 2.1–7.3; P < 0.001) in the SCI-T group
compared with the NSI group (Table 3).

DSA
Thirty patients had DSA in the NSI group as compared with
29 in the SCI-T group (P ¼ 0.66). The median time to DSA
development was 570 days (interquartile range 365–1170
days). Forty-three of these were class II and 16 were class I
DSA. No major differences were noted in the number or type
of DSA in the 2 groups.

Kidney function
Long-term kidney function measured using the estimated
GFR (Chronic Kidney Disease Epidemiology Collaboration)
in the study groups is shown in Figure 4a and b. The model
was adjusted for recipient variables (age, sex, and race). The
first model used a GFR of 10 ml/min per 1.73 m2 where
patients had death-censored graft loss. The second model
treated these as missing values to reduce bias. There was an
7



Table 4 | Univariable and multivariable Cox proportional hazards model for death-censored graft loss

Variable Crude hazard ratio P Adjusted hazard ratio P

NSI Reference Reference
SCI-T 2.29 (1.21–4.34) 0.01 1.99 (1.04–3.84) 0.039

Recipient age 0.97 (0.96–0.99) 0.047 0.97 (0.95–0.99) 0.024
Recipient sex

Male Reference
Female 1.31 (0.72–2.37) 0.37

Recipient race
White Reference
Black 1.42 (0.72–2.8) 0.32

Recipient BMI (18–40 kg/m2) 0.96 (0.92–1.02) 0.24
Pretransplant dialysis, yr 1.07 (1.01–1.15) 0.038 1.03 (0.94–1.12) 0.486
Viral infection (BK viremia or CMV viremia) 1.36 (0.72–2.6) 0.34
Diabetes as a cause of ESRD 1.03 (0.51–2.1) 0.932
Cold ischemia time, h

<6 Reference
6–12 1.46 (0.67–3.16) 0.97 1.05 (0.29–3.83) 0.931
>12 2.87 (1.38–5.97) 0.005 2.12 (0.57–7.92) 0.261

Organ source
Living Reference
Deceased—brain death 1.86 (0.90–3.8) 0.09 1.34 (0.34–5.22) 0.67
Deceased—cardiac death 2.66 (1.12–6.24) 0.025 1.54 (0.37–6.44) 0.548

GFR at biopsy, ml/min per 1.73 m2 0.97 (0.96–0.99) 0.003 0.97 (0.95–0.98) <0.001
Proteinuria, g/d 1.29 (0.98–1.69) 0.064 1.15 (0.79–1.68) 0.457
DGF 1.47 (0.68–3.19) 0.318
HLA DR mismatches

0 Reference
1 1.76 (0.51–6.14) 0.372
2 2.01 (0.58–7.00) 0.273

HLA AB mismatch
No Reference
Yes ($1) 0.94 (0.74–1.20) 0.630

CPRA >80
No Reference Reference
Yes 1.86 (0.96–3.63) 0.067 1.37 (0.65–2.86) 0.41

Donor age, yr 1.01 (0.98–1.04) 0.168
Donor sex

Male Reference
Female 1.24 (0.62–2.47) 0.551

Donor race
White Reference
Black 0.57 (0.08–4.15) 0.58

Prior transplant
0 Reference
1 0.65 (0.25–1.64) 0.35

DSA
0 Reference Reference
1 3.3 (1.69–6.41) <0.001 4.21 (2.07–8.56) <0.001

AB, number of human leukocyte antigen AB mismatches; BMI, body mass index; CMV, cytomegalovirus; CPRA, calculated panel reactive antibody; DGF, delayed graft function;
DR, number of human leukocyte antigen DR mismatches; DSA, donor-specific antibody; ESRD, end-stage renal disease; GFR, glomerular fraction rate; HLA, human leukocyte
antigen; NSI, no significant inflammation; SCI-T, subclinical inflammation with tubulitis.
Values in parenthesis denote 95% confidence intervals. Univariable associations for death-censored graft loss with P values < 0.1 were considered in the multivariable model.
P values < 0.05 are bold.
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interaction with time, which was statistically significant in
both models (P ¼ 0.026 and P ¼ 0.01, respectively).

Kaplan-Meir survival curves for death-censored graft loss
Figure 5a shows the Kaplan-Meier survival curves in the NSI
group versus the SCI-T group, which included both SC-BLR
and SC-TCMR. Death-censored graft loss was significantly
higher in the SCI-T group (log-rank test, P ¼ 0.008).
Figure 5b shows survival curves in the 3 individual groups.
8

Table 4 shows the univariable and multivariable analysis using
the Cox proportional hazards model.

Figure 6 depicts the difference in death-censored graft
survival in the SCI-T group between patients who had sub-
sequent clinical rejection and those who did not. A significant
lower graft survival was noted in patients who had subsequent
rejection (log-rank test, P < 0.001).

There were 14 death-censored graft losses in the NSI group
as opposed to 30 in the SCI-T group. The etiologies of the
Kidney International (2022) -, -–-



Figure 6 | Kaplan-Meier curve comparing patients (subclinical
inflammation with tubulitis [SCI-T] group only) who had
subsequent clinical rejection with those who did not have
clinical rejection after the index biopsy. Death-censored graft
survival was significantly lower in patients who had subsequent
clinical rejection (log-rank test, P < 0.001). C-BPAR, clinical biopsy-
proven acute rejection.

Figure 7 | Analysis of the causes of graft losses noted in both
cohorts. The proportion of graft losses attributable to alloimmune
causes was higher in the subclinical inflammation with tubulitis
(SCI-T) group than in the no significant inflammation (NSI) group.
Non-alloimmune causes of graft loss in the NSI group include
cardiorenal syndrome (n ¼ 3) and sepsis/acute tubular necrosis
(ATN) (n ¼ 4). In the SCI-T group, non-alloimmune causes include
cardiorenal syndrome (n ¼ 3), sepsis/ATN (n ¼ 6), and oxalate
nephropathy (n ¼ 1). BK virus nephropathy was included in the
alloimmune causes (n ¼ 1 in the NSI group; n ¼ 2 in the SCI-T
group).
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graft losses are depicted in Figure 7. Alloimmune injury
leading to death-censored graft loss accounted for a higher
proportion of graft loss in the SCI-T group (67%) than in the
NSI group (50%). In many instances, there was >1 cause but
the most important one was listed as the primary cause
because the determination of graft loss is often complex and
multifactorial.15

Sensitivity analysis
Most of our patients had the 1-year biopsy as their index
biopsy. We performed a sensitivity analysis with biopsies at
the 3-month and 1-year time points with similar trends in
death-censored graft loss (data not shown).

DISCUSSION

The impact of subclinical inflammation on kidney allograft
survival continues to be a matter of debate, partly because of
the paucity of centers performing surveillance biopsies and
the lack of published long-term follow-up data.16,17 Even the
reported prevalence of this condition and approach to man-
agement has varied widely.12,18–21 We found that patients with
early subclinical inflammation in general were younger with a
higher proportion of female recipients and a higher propor-
tion of older and donation after cardiac death donors. On
long-term follow-up of these patients, there was a 4-fold
higher hazard for subsequent clinical rejection and twice the
hazard for death-censored graft loss. Our cohort with sub-
clinical inflammation included both subclinical borderline
rejection and treated subclinical rejection. The long-term
prognosis of patients with subclinical borderline changes
has not been studied.

With regard to treated subclinical rejection, a study by
Loupy et al.22 showed no difference in outcomes when they
Kidney International (2022) -, -–-
compared patients with treated SC-TCMR at 1 year with
patients without SC-TCMR. Our study results and method-
ology differ from those reported by Loupy et al. First, we
classified patients with borderline changes into the SCI-T
group whereas these were included in the “no rejection”
group in the study by Loupy et al. Second, to eliminate
competing events, we excluded patients with early recurrent
disease, viral nephropathies, or other nonrejection histologi-
cal findings noted before or at the time of index biopsy
whereas these patients were included in the “no rejection”
group in the study by Loupy et al. Third, we excluded patients
with clinical rejection before the index biopsy. Lastly, we used
the ti (total inflammation) score to grade interstitial inflam-
mation. These differences may account for the difference in
study outcomes.

More recently, a study by Seifert et al.23 looked at outcomes
with subclinical borderline rejection as well as SC-TCMR.
This study had shorter follow-up and a smaller cohort of
subclinical inflammation. They found a worse prognosis in
patients with subclinical inflammation using the composite
end point but not the hard end point of death-censored graft
loss.

We found that the detection of subclinical inflammation
on a surveillance biopsy had twice the hazard for death-
censored graft loss, regardless of the development of DSA.
9
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The allograft injury induced by subclinical processes seems to
be an indolent process, leading to changes in allograft his-
tology. However, the persistence of inflammation along with
the changes of chronicity likely induces a progression of
allograft injury. The higher degree of graft loss in this cohort
of patients with subclinical inflammation seems to be related
to the higher propensity for subsequent rejections. The fact
that this was similar between the treated SC-TCMR and SC-
BLR groups suggests that the treatment of SC-TCMR with
steroids may not necessarily eliminate the inflammation
completely. The persistence of TCMR remains a somewhat
underrecognized feature of TCMR, which in general is
thought to be very responsive to steroids. Subclinical
borderline changes within the first year seem to be a
harbinger for future clinical rejections as well. This raises an
important question as to whether there are unaccounted
alloimmune factors (such as eplet mismatches) existing at the
time of transplant, which could predispose to recurrent re-
jections.5 It also remains unclear whether these subsequent
clinical rejection episodes represent progression of persistent
inflammation or a higher risk of recurrent rejection, both of
which can have a negative impact on allograft function.24

To our knowledge, this is one of the first large series with
longitudinal follow-up to report increased clinical rejections
despite treatment of preceding subclinical rejection. It is also
one of the first studies to find an impact on the hard end
point of death-censored graft loss in patients who had sub-
clinical inflammation detected through surveillance biopsy
early post-transplant. This finding is important because there
is continued ongoing debate about the importance of sur-
veillance in kidney transplantation.

Persistence of inflammatory changes despite treatment was
an important finding in our study. Several recent studies have
demonstrated this aspect of TCMR.25–28 This highlights an
unmet need in transplantation to find other therapeutic
modalities for treatment of TCMR. The negative impact of a
subsequent rejection was evident in both groups. However,
the odds of such an event were much higher in the SCI-T
group, thereby supporting the role of surveillance during
the first year for risk stratification.

Another important finding of our study was that the
prognosis of SCI-T in general is good if not followed by
subsequent clinical rejection. The challenge at the current
time, however, is to differentiate in advance between those
who do progress to a subsequent rejection and those who do
not. A prospective randomized interventional trial for sub-
clinical borderline rejection would be worthwhile, although
some patients seem to recover from borderline rejection
without further treatment. With regard to treated SC-TCMR,
a randomized trial of complete versus incomplete resolution
of inflammation on follow-up biopsy and subsequent clinical
events and outcomes may be worth considering.

We acknowledge several limitations of our study, including
the fact that this is a single-center study using a steroid
withdrawal protocol. However, the implications of subclinical
borderline changes or subclinical TCMR do not change,
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irrespective of the use of steroids in the protocol. This is
because once these changes are noted (irrespective of the
immunosuppressive protocol), it represents an uncontrolled
or partially controlled immune response. Therefore, we feel
that the implications of this study are broader and not
restricted to centers using steroid-free immunosuppressive
protocols. Although we acknowledge the lack of external
validation in this study, similar trends have been reported
from several transplant centers,1,3,5 including centers where
steroids are a routine part of immunosuppression. We also
recognize the variability in biopsy interpretation inherent to
all pathology-based studies. However, all biopsies were
confirmed and scored by a dedicated transplant pathologist
(PR). In addition, because of the nonuniform approach to
borderline changes, we were unable to assess the benefit of
treatment in borderline rejection. Less than 25% of our
subclinical borderline cohort was treated with steroids.

This study reinforces the role of surveillance in kidney
transplantation in the current era at least within the first year.
With the advent of biomarker trials, the relative benefits of
surveillance biopsy and biomarker surveillance alone or in
combination will be further elucidated. A better under-
standing of the logistics of interpretation, association with
long-term outcomes and cost-effectiveness, will clarify the
merits and limitations of biopsy, noninvasive biomarker, and
combination approaches to kidney allograft surveillance.29–31

In conclusion, we found that early subclinical inflamma-
tion (SC-BLR and SC-TCMR) detected through surveillance
biopsy was associated with a higher risk of subsequent BPAR
and death-censored graft loss. Early surveillance biopsies can
identify a cohort of patients who are at higher risk of poor
long-term outcome. Early risk stratification may also help to
pave the way for a more personalized approach to immu-
nosuppression, including more objective targeting of goals for
calcineurin inhibitors or assessing the need for maintenance
steroid use.
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