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ABSTRACT

Background Declining rates of acute rejection (AR) and the high rate of 1-year graft survival among
patients with AR have prompted re-examination of AR as an outcome in the clinic and in trials. Yet AR
and its treatment may directly or indirectly affect longer-term outcomes for kidney transplant recipients.

Methods To understand the long-term effect of AR on outcomes, we analyzed data from the Australia and
New Zealand Dialysis and Transplant Registry, including 13,614 recipients of a primary kidney-only trans-
plant between 1997 and 2017 with at least 6 months of graft function. The associations between AR within
6 months post-transplant and subsequent cause-specific graft loss and death were determined using Cox
models adjusted for baseline donor, recipient, and transplant characteristics.

Results AR occurred in 2906 recipients (21.4%) and was associated with graft loss attributed to chronic allograft
nephropathy (hazard ratio [HR], 1.39; 95% confidence interval [95% Cl], 1.23 to 1.56) and recurrent AR beyond
month 6 (HR, 1.85; 95% Cl, 1.39 to 2.46). Early AR was also associated with death with a functioning graft (HR,
1.22; 95% Cl, 1.08 to 1.36), and with death due to cardiovascular disease (HR, 1.30; 95% ClI, 1.11 to 1.53) and
cancer (HR, 1.35; 95% Cl, 1.12 to 1.64). Sensitivity analyses restricted to subgroups with either biopsy-proven,
antibody-mediated, or vascular rejection, or stratified by treatment response produced similar results.

Conclusions AR is associated with increased risks of longer-term graft failure and death, particularly death
from cardiovascular disease and cancer. The results suggest AR remains an important short-term outcome
to monitor in kidney transplantation and clinical trials.
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The incidence of acute rejection (AR) has fallen  as a secondary, rather than primary, outcome in
throughout the history of kidney transplantation,  clinical trials.>

from rates exceeding 50% during the 1970s to 10%— The diagnosis of AR may have significant short-
20% in the current era, as reported by the major ~ term consequences beyond immediate graft loss.
registries from the United States and Australia/New

Zealand.»? Once a major cause of graft loss, AR is

now uncommonly attributed as a cause of graft Received November 9, 2018. Accepted May 20, 2019.
failure.!-2 Between 2000 and 2010 in Australia and Published online ahead of print. Publication date available at
New Zealand, <3% of all transplant procedures  www.jasn.org.

resulted in graft loss direCﬂY attributed to AR in Correspondence: Dr. Steve Chadban, Department of Renal Med-
the first post-transplant year.3 As a less common icine, Royal Prince Alfred Hospital, Missenden Road, Camperdown,
occurrence with an apparently declining effect on NSW 2050, Australia. Email: Steve.Chadban@health.nsw.gov.au

graft failure,* AR has increasingly been captured Copyright © 2019 by the American Society of Nephrology
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From a patient perspective, anxiety and fear of graft loss, in-
creased tests and costs, follow-up frequency, treatment inten-
sity, and risk of side-effects including infections and death are
incurred.®’” From a provider perspective, higher costs linked
to treatment and follow-up have been documented.”

Early episodes of AR may also have consequences for the
patient and their graft beyond the first 6 months after transplan-
tation. Greater histologic severity of cellular AR has been asso-
ciated with inferior death-censored graft survival.® Vascular AR
in particular has been strongly associated with premature graft
failure® and histologically with premature development of
chronic allograft nephropathy (CAN) in subsequent protocol
biopsies.” Antibody-mediated rejection (AMR), particularly
when vascular involvement is evident, incurs a high risk of
graft failure over the ensuing 5 years.!© We have previously
reported that patients with vascular AR exhibited lower eGFR
and were twice as likely as those without AR to incur graft loss
between 6 months and 5 years after transplant, whereas those
with AR without a vascular component were also at signifi-
cantly increased risk, albeit to a lesser extent.?> Causes of in-
creased graft loss subsequent to AR were not determined in
that study; however, the finding that mean serum creatinine at
12 months post-transplant was significantly higher among
those with versus without AR suggested a degree of graft in-
jury that may predispose to CAN.310 A growing body of ev-
idence also suggests that cellular AR may be an antecedent of
donor-specific antibody development and subsequent
AMR.1112 Treatment for AR with high-dose steroids and/or
lymphocyte-depleting antibodies incurs an increased risk of
sepsis and cancer, potentially leading to death with a func-
tioning graft.® Inferior graft function, proteinuria, and in-
creased immunosuppression may also heighten cardiovascular
risk, thereby predisposing affected recipients to cardiovascular
morbidity and mortality.!3

We therefore tested the hypothesis that AR is associated with
increased risks of long-term graft failure and death by
undertaking a cause-specific survival analysis using data ob-
tained from the Australia and New Zealand Dialysis and Trans-
plant Registry (ANZDATA), including up to 20 years of patient
follow-up. We hereby demonstrate that AR is associated with
both an increased risk of late graft loss and an increased risk of
premature death.

METHODS

We used data from the ANZDATA, which collects data on
consenting (>99%) patients receiving RRT in Australia and
New Zealand. Its methods are described in more detail at its
website (http://www.anzdata.org.au). In April 1997, ANZ-
DATA began collecting data on rejection episodes within the
first 6 months post-transplant. Rejection data includes
whether a biopsy was performed, rejection severity, treatment
used, and response to treatment. In October 2003, ANZDATA
began collecting data on all rejection episodes (not just in the
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Significance Statement

Declining rates of acute rejection (AR) and the very high rate of
1-year graftsurvival among patients with AR hasled some clinicians
and researchers to reconsider the importance of AR as a primary
outcome in clinical trials or in patients. The authors examine the
association of AR within 6 months of kidney transplant with long-term
outcomes of transplant recipients, using data from the Australia and
New Zealand Dialysis and Transplant (ANZDATA) Registry between
1997 and 2017. Recipients with early AR were more likely to expe-
rience graft loss attributed to chronic allograft nephropathy (hazard
ratio [HR], 1.39; 95% confidence interval [95% Cl], 1.23 to 1.56) and
recurrent AR (HR, 1.85; 95% Cl, 1.39 to 2.46). Recipients with early AR
were also more likely to die from cardiovascular disease (HR, 1.30;
95% Cl, 1.11 to 1.53) or cancer (HR, 1.35; 95% Cl, 1.12 to 1.64). AR
therefore remains an important short-term outcome in kidney trans-

plantation with significant long-term effects.

first 6 months), and in 2005 a specific question about AMR
was added to the form.

We included all primary kidney-only transplants per-
formed between April 1997 and June 2017. Follow-up
was until patient death, loss to follow-up, or December
31, 2017. Graft loss was defined as permanent return to
dialysis, retransplantation, or death with a functioning
graft. Causes of graft loss were categorized as death with
a functioning graft, AR, CAN (defined by ANZDATA as
“slow progressive loss of renal function, not due to recur-
rent original disease or acute rejection”), GN, technical
(vascular and ureteric complications), and other causes.
Cumulative incidence plots of cause-specific graft loss were
constructed from univariate models accounting for the rele-
vant competing risks.

We then categorized the transplants according to whether
they experienced one or more episodes of AR during the first 6
months post-transplant, and therefore excluded transplants
with <6 months follow-up. Rejection episodes that were bi-
opsy-proven were categorized as having (1) no vascular or
antibody mediated component, (2) vascular rejection, (3)
AMR, or (4) both vascular and AMR. Because AMR was
only collected from 2005, we considered rejection episodes
with glomerulitis to represent AMR. To avoid misclassifying
recurrent GN as AMR, patients with GN as their primary renal
disease were excluded from analyses of AMR. Complete reso-
lution of the rejection episode was defined as return of graft
function to prerejection levels or better.

Baseline data were compared using Wilcoxon signed-rank
test for continuous data and Pearson chi-squared for categor-
ical data. The Kaplan—Meier method was used to estimate un-
adjusted patient and graft survival. Time to graft loss from
each of the causes listed above (with technical incorporated
into “other”) was studied using a Cox proportional hazards
model for each cause, with graft losses due to the other causes
being censored. Adjusted models included rejection status
and were adjusted for patient age, sex, race, primary renal
disease, comorbidities at the time of transplant (diabetes,
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14241 15t kidney transplant recipients 1997-2017
13,614 with graft function over 6 months

10708 no AR in 15! 6 months post-transplant

2906 (21.4%) Acute rejection

3754 episodes of acute rejection

349 (9%) clinical rejection (no biopsy)

3405 (91%) episodes biopsy-proven acute rejection

Histology (3405)

40 ¢
Antibody mediated AR |

202 (1.5%) lost to follow-up

111,219 patient years follow-up
2001 (14.7%) graft losses
2334 (17.1%) deaths

Figure 1. Patient flow.

coronary artery disease, cerebrovascular disease, peripheral
vascular disease, chronic lung disease), donor type (living or
deceased), donor age, HLA mismatch, peak panel-reactive
antibody, era (1997-2002, 2003-2007, 2008-2012, 2013—
2017), and the presence or absence of delayed graft function
(defined as no immediate function, with the need for dialysis
within 72 hours of transplantation). These covariates were
included in the models empirically on the basis of known
associations with patient and/or graft survival. Because of
very low rates of missing data, complete case analysis was
performed.

Causes of death were categorized as cardiovascular, infec-
tion, social, cancer, or other causes. Time to death overall and
from each of these five causes was analyzed in the same way as
described for graft loss. These analyses were not censored at
graft failure.

GFR post-transplant was estimated using the four-variable
Modification of Diet in Renal Disease Study equation.!* The
difference between eGFR in the rejection and nonrejection
groups was tested using linear mixed models with a random
effect for each patient and a crossed fixed effect for rejection
status. All P values reported are two-tailed, with P<<0.05 con-
sidered statistically significant. No adjustments were made for
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multiple analyses. All analyses were conducted using Stata/IC
15.1 (StataCorp., College Station, TX).

RESULTS

During the study period, 14,241 primary kidney-only
transplant operations were performed in Australia and
New Zealand. Thelong-term outcomes of those transplants
are shown in Supplemental Figure 1, which demon-
strates the strikingly constant rates of both death with
function and graft loss attributed to CAN, becoming the
two dominant causes of transplant failure beyond the first
post-transplant year.

Of the 14,241 transplants, graft function was maintained
beyond 6 months in 13,614 patients who were included in the
remaining analyses, with a total follow-up of 111,219 patient-
years (Figure 1). A total of 202 patients (1.5%) were lost to
follow-up after a median of 6.0 years, and 2906 patients
(21.4%) were reported as incurring AR during the first 6
months post-transplant. Baseline demographic and clinical
characteristics indicate that those with versus without AR
were similar in terms of age, sex, race, primary kidney disease,
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Table 1. Baseline characteristics of included patients
Characteristic No Rejection by 6 Mo Rejection by 6 Mo P Value

N 10,708 2906
Age at transplant, median (IQR) 49.0 (37.0-59.0) 47.0 (35.0-57.0) <0.001
Male sex 6664 (62.2%) 1896 (65.2%) 0.003
Ethnicity <0.001

White 8286 (78.1%) 2326 (80.5%)

Aboriginal/Torres Strait Islander 319 (3.0%) 109 (3.8%)

Asian 1183 (11.2%) 244 (8.4%)

Maori 281 (2.6%) 6 (2.6%)

Pacific 303 (2.9%) 8 (2.7%)

Other 236 (2.2%) 8 (2.0%)
Primary renal disease <0.001

GN 4633 (43.5%) 1353 (46.6%)

Polycystic 1623 (15.2%) 373 (12.9%)

Reflux 855 (8.0%) 267 (9.2%)

Hypertension 614 (5.8%) 166 (5.7%)

Diabetes 1111 (10.4%) 322 (11.1%)

Other 1822 (17.1%) 421 (14.5%)
Diabetes 1622 (15.2%) 454 (15.7%) 0.52
Coronary disease 1589 (14.9%) 415 (14.3%) 0.45
Cerebrovascular disease 531 (5.0%) 119 (4.1%) 0.05
Peripheral vascular disease 803 (7.5%) 226 (7.8%) 0.61
Chronic lung disease 697 (6.5%) 193 (6.7%) 0.79
Deceased donor 6574 (61.4%) 1730 (59.5%) 0.07
Donor age, median (IQR) 48.0 (36.0-57.0) 49.0 (38.0-58.0) <0.001
HLA mismatch <0.001

0-2 3860 (36.6%) 766 (26.6%)

3-4 3724 (35.3%) 1100 (38.3%)

5-6 2961 (28.1%) 1009 (35.1%)
Peak PRA (%) <0.001

0-19 8933 (85.7%) 2344 (82.4%)

20-49 789 (7.6%) 248 (8.7%)

50-79 362 (3.5%) 134 (4.7%)

80-100 336 (3.2%) 117 (4.1%)
Era <0.001

1997-2002 2019 (18.9%) 906 (31.2%)

2003-2007 2232 (20.8%) 584 (20.1%)

2008-2012 3125 (29.2%) 679 (23.4%)

2013-2017 3332 (31.1%) 737 (25.4%)
Antibody induction <0.001

Neither 3071 (28.7%) 1251 (43.0%)

Anti-CD25 7190 (67.1%) 1565 (53.9%)

T cell depletion 256 (2.4%) 7 (2.0%)

Both 191 (1.8%) 3(1.1%)
Immunosuppression at baseline <0.001

Pred/Tac/MMF 5976 (55.8%) 1360 (46.8%)

Pred/CsA/MMF 3416 (31.9%) 1063 (36.6%)

Pred/CsA/Aza 287 (2.7%) 135 (4.6%)

mTORi based 366 (3.4%) 119 (4.1%)

Other 663 (6.2%) 229 (7.9%)
Immunosuppression at 6 mo <0.001

Pred/Tac/MMF 5649 (52.8%) 1795 (61.8%)

Pred/CsA/MMF 2860 (26.7%) 506 (17.4%)

Pred/CsA/Aza 280 (2.6%) 3(2.9%)

mTORi based 568 (5.3%) 146 (5.0%)

Other 1351 (12.6%) 376 (12.9%)
Delayed graft function 1548 (14.7%) 593 (20.5%) <0.001

All characteristics were missing in <1% of the population apart from HLA mismatch (1.4%), peak PRA (2.6%), and delayed graft function (1.4%). IQR, interquartile
range; PRA, panel-reactive antibody; Pred, prednisolone; Tac, tacrolimus; MMF, mycophenolate; CsA, cyclosporin; Aza, azathioprine; mTORi, mammalian target of

rapamycin (mTOR) inhibitor.
1700 JASN
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Table 2. Causes of graft loss and death

N (%)

Cause of Graft Loss

Death with function 1660 (45%)

(
AR 227 (6%)
CAN 1310 (36%)
GN 189 (5%)
Other 247 (7%)
Not reported 28 (<1%)
Total 3633
Cause of death

Cardiovascular 770 (33%)
Infection 354 (15%)
Social® 286 (12%)
Malignancy 563 (24%)
Other 347 (15%)
Not reported 14 (<1%)
Total 2320

#Social causes of death include withdrawal due to cardiovascular disease
(29%), withdrawal due to malignancy (13%), and withdrawal for psychosocial
reasons (29%); 63% of social deaths occurred after graft failure.

and comorbid profile, but had a higher panel-reactive anti-
body score, a higher degree of HLA mismatch, and were more
likely to have been transplanted in an earlier era (Table 1).
Patients who experienced AR were less likely to receive

A Graft survival
100 - —
80 e
T~ No rejection
60 - ~ ~ Rejection
%
40
20
0 .
0 2 4 6 8 10

Years post transplant

C Graft survival
100 ~
R
80 + \“-:;_: S —
60 - e
% ~
40 A
20 A
0 -
0 2 4 6 8 10
Years post transplant
—— No rejection — —
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tacrolimus at baseline, but more likely to receive it at 6
months. Delayed graft function was observed in 593
(20.5%) patients with AR compared with 1548 (14.7%) of
those without.

Among the 2906 patients diagnosed with AR, 3754 discrete
episodes were reported, of which 3405 (91%) were biopsy
proven. Episodes were coded as (1) cellular without a vascular
or glomerular component (n=1867, 55%), (2) vascular (n=951,
28%), or antibody mediated (1=804, 24%) (Figure 1). Pulse
steroids were the most commonly reported therapy, used in
2344 (62%) participants; 794 (21%) received lymphocyte-
depleting antibodies; 543 (15%) received other therapies,
including IVIG, plasmapheresis, and/or rituximab; and no
therapy was reported for 73 (2%) participants. Response to
treatment was (1) resolution (n=2721, 73%), as defined by
return of creatinine to prerejection levels or better; (2) reso-
lution of rejection episode but with some loss of func-
tion (1=985, 26%); or (3) rejection unable to be resolved
(n=9, 0.2%).

During follow-up there were 2001 (14.7%) graft losses and
2334 (17.1%) deaths. The specific causes of graft loss and death
are shown in Table 2. Five-year graft survival (not censored for
death) was 87% (95% confidence interval [95% CI], 87% to
88%) and 5-year patient survival was 93% (95% CI, 93 to 94).

B Patient survival
100
e — No rejection
80 7 Rejection
60 -
%
40 A
20 A
0 L T T T T T T
0 2 4 6 8 10

Years post transplant

D Patient survival
100 +

80 A

60 -
%
40 -

20 A

0 -

0 2 4 6 8 10
Years post transplant

Rejection, not AMR — — AMR

Figure 2. Graft and patient survival were worse in those who experienced rejection in the first 6 months post-transplant, particularly for

those who experienced AMR. P<0.001 for all graphs.
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Cause of graft loss
Death with function

Acute rejection

Chronic allograft nephropathy
Glomerulonephritis

Other causes

Cause of death
Cardiovascular disease
Infection

Cancer

Social causes

e

Other causes

- 1.22 (1.08, 1.36)
—— 1.85 (1.39, 2.46)

- 1.39 (1.23, 1.56)
e 1.16 (0.84, 1.61)
—— 1.44 (1.09, 1.90)
—— 1.30 (1.11, 1.53)
—— 1.11(0.87, 1.41)
—— 1.35 (1.12, 1.64)
—— 1.49 (1.15,1.92)

0.93 (0.71, 1.20)

0.5

1

Hazard ratio (95% Cl)

Figure 3. Graft losses and death from most causes were increased
associations between rejection in the first 6 months post-transplant

in those who experienced rejection. The figure shows the adjusted
and subsequent cause-specific graft loss and cause-specific death.

All models are adjusted for patient and donor characteristics, baseline immunologic risk, transplant era, and delayed graft function.

Unadjusted graft and patient survival were both inferior in
those with AR (Figure 2).

Cox proportional hazards models, adjusted for baseline
donor, recipient, and transplant characteristics,
demonstrated a significant excess of graft loss for those with
versus without any episode of AR from death with function
(hazard ratio [HR], 1.22; 95% CI, 1.08 to 1.36) (Figure 3).
Those with versus without AR were also more likely to incur
death-censored graft loss, attributed to AR (HR, 1.85; 95% CI,
1.39 to 2.46) and CAN (HR, 1.39; 95% ClI, 1.23 to 1.56), with
no increase in loss due to recurrent GN. Overall patient sur-
vival was also lower in those with AR, largely attributable to an
excess of deaths from cardiovascular disease or cancer (Figure
4). An excess of death attributed to “social” causes was also
evident, including withdrawal from care, accidents, and sui-
cides, 63% of which occurred after graft failure (Figure 3,
Table 2).

Vascular AR is typically treated more aggressively than non-
vascular rejection and may incur greater risks of both perma-
nent graft damage and treatment-emergent adverse
effects.?%8-10 Restriction of the analysis to those with vascular
AR (n=951, 28% of all biopsy-proven acute rejection [BPAR])
yielded similar outcomes to those experiencing any AR, with
higher risks of death with function, attributed to cardiovas-
cular disease, cancer, or infection, and graft loss from recur-
rent AR and CAN (Figure 4).

AMRis well recognized asacommon mediator of late death-
censored graft failure.1%15 Of all biopsy-proven episodes of
AR during the first 6 months after transplantation, 804

1702 JASN

(24% of all episodes of BPAR) were reported to fulfill criteria
for AMR. Incidence of AMR was associated with female re-
cipient status, higher degrees of HLA mismatch and panel-
reactive antibody percentage, deceased donor recipients, and
delayed graft function. Long-term outcomes for those with
AMR were similar to those seen after any AR (Figure 4). As
compared with recipients without AR, those with AMR were
more likely to experience graft loss attributed to CAN by
two-fold and recurrent AR by three-fold (Figure 4). In com-
parison to those with AR without evidence of AMR, those with
AMR experienced progressively higher rates of both graft loss
and death over time, becoming evident beyond 5 years post-
transplant (Figure 2). The key drivers of this were graft loss
from CAN (P<0.001) and death from social causes (P=0.001)
(Figure 5).

Sensitivity analyses restricted to those with AR treated with
lymphocyte-depleting antibodies versus not (Figure 4), BPAR
versus not (Figure 4), and AR with failure to achieve resolution
versus not (Figure 5), showed similar patterns to the primary
analysis, with graft loss attributed to CAN or AR particularly
prominent among those with AR with failure to achieve
resolution.

As reported previously at 5 years post-transplant,> eGFR
was inferior in the AR group at all time points post-transplant,
with mean difference ranging from 7 to 12 ml/min per 1.73 m”
from month 6 to year 10 post-transplant (Figure 6; P<<0.001).
Stratification by type of rejection demonstrated significantly
lower mean eGFR for those with AMR (Figure 6). Stratifica-
tion by response to treatment showed that an incomplete

JASN 30: 1697-1707, 2019
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A Biopsy-proven B Antibody-mediated
Death with function A g 1.17 (1.04, 1.32) Death with function - 1.27 (0.96, 1.69)
Acute rejection —— 1.75(1.30, 2.34) Acute rejection —— 3.07 (1.69, 5.58)
Chronic allograft nephropathy A g 1.37 (1.21, 1.54) Chronic allograft nephropathy A g 2.01 (1.58, 2.62)
Glomerulonephritis —— 1.05 (0.74, 1.48) Glomerulonephritis L 2 0.68 (0.09, 5.10)
Other —— 1.49 (1.12, 1.98) Other — 0.57 (0.23, 1.41)
Cardiovascular disease o 1.21 (1.02, 1.43) Cardiovascular disease - 1.53 (1.06, 2.20)
Infection —— 1.10 (0.86, 1.42) Infection —— 1.10 (0.61, 2.00)
Cancer —— 1.25 (1.03, 1.53) Cancer T 1.39 (0.85, 2.29)
Social causes —— 1.45(1.11, 1.89) Social causes ——  2.71(1.69, 4.34)
Other —— 0.94 (0.72, 1.23) Other —o— 0.81 (0.41, 1.59)
T I T T T T T
0.5 1 2 051 2 4 8
Hazard ratio (95% Cl) Hazard ratio (95% ClI)
C Vascular D Treated with lymphocyte depletion
Death with function - 1.33 (1.12, 1.58) Death with function - 1.23 (1.01, 1.49)
Acute rejection ——— 1.54 (0.97, 2.46) Acute rejection —&— 1.92(1.25,2.94)
Chronic allograft nephropathy - 1.24 (1.02, 1.50) Chronic allograft nephropathy 4 1.33 (1.10, 1.60)
Glomerulonephritis —— 1.08 (0.62, 1.87) Glomerulonephritis — 0.72 (0.38, 1.38)
Other —— 1.69(1.13,2.53) Other —— 1.76 (1.15,2.71)
Cardiovascular disease —— 1.39 (1.10, 1.76) Cardiovascular disease 10— 1.19 (0.92, 1.55)
Infection T—— 1.34 (0.95, 1.90) Infection —— 1.41 (0.98, 2.03)
Cancer —— 1.30 (0.96, 1.77) Cancer o 1.22 (0.88, 1.69)
Social causes —— 1.41 (0.97, 2.06) Social causes — 1.29 (0.85, 1.95)
Other —— 0.88 (0.58, 1.36) Other —— 1.00 (0.65, 1.56)
T T T T I T T
0.5 1 2 025 05 1 2 4

Hazard ratio (95% ClI)

Hazard ratio (95% ClI)

Figure 4. Associations between rejection and outcomes were similar across different rejection subtypes. The figure shows the adjusted
associations between different subtypes of rejection and subsequent outcomes. All models are adjusted for patient and donor
characteristics, baseline immunologic risk, transplant era, and delayed graft function and as described in the text.

response to antirejection therapy was also associated with in-
ferior eGFR as compared with those who did initially respond
to therapy; however, even those with a good initial response
exhibited inferior eGFR in the longer term as compared with
those who were free from rejection (Figure 6).

DISCUSSION

AR remains a significant cause of graft loss during the first year
after transplantation; however, the proportion of grafts that fail
during this period has declined over time.>* Previous studies
had demonstrated associations between early AR and in-
creased rates of transplant dysfunction and failure over the
subsequent 2-5 years.>810,12,16,17 Treatment of AR has also
been associated with increased risks of sepsis and cancer.®!8
This study adds to this literature by demonstrating robust
associations between AR and long-term graft loss, mediated
by increased risks of both death with function and death-
censored graft failure.

Those with AR incurred an excess of death attributed to
cardiovascular disease and cancer. Both appear to be biologically

JASN 30: 1697-1707, 2019

plausible. Lower eGFR and albuminuria are recognized as
independent risk factors for all-cause and cardiovascular
mortality in the general!® and kidney transplant!® popula-
tions and both may occur consequent to AR. The intensity
of immunosuppression may affect both cardiovascular risk,
through mechanisms including development of new-onset
diabetes, hypertension, dyslipidemia, renal impairment and
proteinuria,®?%-22 and cancer risk.!8:23 Further work ex-
ploring the association of rejection with cardiovascular
deaths would need to include more granular data than is
currently collected by ANZDATA. Somewhat surprisingly,
AR treated with lymphocyte depleting antibodies was not
significantly associated with death due to cancer. This may
reflect a lack of statistical power, or potentially loss caused
by competing outcomes, including infection, cardiovascu-
lar disease, and CAN.

Late-onset AR (occurring beyond the first 6 months after
transplantation) has long been known to be associated with
increased risk of graft loss.!1° Late onset of chronic AMR in
particular has been strongly associated with graft loss!> and
effective therapies are currently lacking.?4 Late AR causing
graft loss was significantly more frequent among those with
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A Rejection with vs without complete resolution

Cause of graft loss

Cause of death

p-value p-value

Death with functi < 2 di lar di —— .37

eath with function <> 0.20 Cardiovascular disease - 0.3
Acute rejecti —— .02 Infecti —— 0.24

cute rejection 0.0 nfection 9

i A g . i —— .

Chronic allograft nephropathy DN 0.001 Social causes 0.15
Gl lonephriti 0.21 C N 0.52

omerulonephritis 9 ancer |
Other - 0.66 Other — 0.47

T T T T T T
05 1 2 4 0.5 1 2 4
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Figure 5. Rejection without complete resolution, or with an antibody-mediated component, was associated with more graft loss from
chronic allograft nephropathy. The figure shows the adjusted associations between rejection in the first 6 months post-transplant and
subsequent outcomes, stratified by (A) whether the rejection completely resolved (defined as the return of graft function to prerejection
levels or better) and (B) whether AMR was present or not. P values are for the differences in subhazard ratios between resolving and

nonresolving rejection.

than without AR in this study. This is not surprising but may
be important in considering the management of patients after
an episode of AR. Our data has demonstrated excess risks of
death due to cardiovascular disease and cancer after AR and
the greater burden of immunosuppression administered to
such patients may have a causal role. However, any reduction
in immunosuppression to curb death risk may incur increased
risk of late AR. Defining the optimal approach here is
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important but will not be simple. Post-treatment biopsy has
been advocated to detect cases with residual inflammation
warranting further intensification of therapy.!? Understand-
ing the potential contribution of nonadherence?> and variabil-
ity in drug exposure?®-27 in this context may be critical, as both
may contribute to the development of AR both early and late
after transplantation. Previously documented associations be-
tween nonadherence and AMR in particular are noteworthy,?>
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Figure 6. Kidney function was worse in those who experienced rejection, especially rejection that didn't completely resolve. The figure
shows the eGFR in those with and without rejection in the first 6 months post-transplant: (A) any AR versus not, and (B) AMR versus AR
excluding AMR versus no AR, and (C) treatment responsive (return to within 10% of baseline serum creatinine) versus not. eGFR was
only calculated in those patients with functioning grafts at each timepoint. P<0.001 for all comparisons apart from panel 3C rejection

with versus without AMR (P=0.88).

given that AMR was associated with the highest risk of graft
failure due to recurrent AR in this study.

As aregistry analysis, several limitations should be borne in
mind when interpreting the results of this study. Although
ANZDATA uses rigorous internal quality control procedures,
as with any registry data there is risk of misclassification and
underreporting. Risks of misclassification exist for causes of
graftlossand death. Over 90% of episodes of AR reported to the
registry are biopsy proven3; however, as the coding of AR used
by the registry has not been assessed for interobserver consis-
tency, risk of misclassification is also relevant here. Detailed
biopsy data (e.g., Banff scores) is not consistently reported.
Coding for antibody mediated AR was added to the registry
only from 2005 and before that time we coded any biopsy that
showed glomerulitis as indicating AMR, after excluding all
patients with GN as their cause of ESKD. This may also have
led to attribution errors. The Registry also does not currently
collect donor-specific antibody status. Furthermore we were

JASN 30: 1697-1707, 2019

not able to separate acute from chronic AMR; however, as our
focus was on AR diagnosed during the first 6 months after
transplantation, the bulk of AMR episodes were likely to have
been acute. The reason for choice of particular treatments of
AR is not collected, and the response to treatment data have
not been validated. Registry data are by nature observational,
and associations reported should not be interpreted as causal.
Our analyses were subjected to multiple sensitivity analyses
and although these confirmed the primary analyses, the vari-
ables included in our models were restricted to those captured
by the registry, and as such, we cannot exclude the possibil-
ity of unmeasured confounders. Finally, the study was re-
stricted to Australia and New Zealand where the majority of
patients are white and do not receive lymphocyte-depleting
induction therapy, but do receive a calcineurin inhibitor, an
antiproliferative drug, and low-dose steroids throughout
maintenance phase,?® and such features may differ from other
regions of the world.
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In conclusion, this study has revealed the adverse long-term
consequences associated with AR that occurs within the first 6
months after kidney transplantation. AR was associated with
significantincreases in risk of both death with function and graft
loss due to CAN, the leading causes of transplant failure in the
current era. The associations noted were strongest for those with
AMR and for those where initial therapy failed to enable return
to baseline serum creatinine. Despite the decline in both the
incidence of AR and the incidence of early graft loss directly
caused by AR, these data highlight the importance of AR as a
pivotal early event after transplantation with long-lasting con-
sequences. Prevention of AR should therefore remain a priority
in patient management and an important outcome to be cap-
tured in clinical trials.
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