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In the Belatacept Evaluation of Nephroprotection and
Efficacy as First-Line Immunosuppression Trial-
Extended Criteria Donors (BENEFIT-EXT), extended
criteria donor kidney recipients were randomized to
receive belatacept-based (more intense [MI] or less
intense [LI]) or cyclosporine-based immunosuppres-
sion. In prior analyses, belatacept was associated with
significantly better renal function compared with
cyclosporine. In this prospective analysis of the
intent-to-treat population, efficacy and safety were
compared across regimens at 7 years after transplant.
Overall, 128 of 184 belatacept Ml-treated, 138 of 175
belatacept Ll-treated and 108 of 184 cyclosporine-
treated patients contributed data to these analyses.
Hazard ratios (HRs) comparing time to death or graft
loss were 0.915 (95% confidence interval [CI] 0.625—
1.339; p = 0.65) for belatacept Ml versus cyclosporine
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and 0.927 (95% CI 0.634-1.356; p = 0.70) for belatacept
LI versus cyclosporine. Mean estimated GFR
(eGFR) plus or minus standard error at 7 years was
539 + 1.9, 54.2 + 19, and 35.3 + 2.0 mL/min per
1.73 m? for belatacept MI, belatacept LI and cyclospor-
ine, respectively (p <0.001 for overall treatment
effect). HRs comparing freedom from death, graft loss
or eGFR <20 mL/min per 1.73 m? were 0.754 (95% ClI
0.536-1.061; p = 0.10) for belatacept Ml versus cyclos-
porine and 0.706 (95% CI 0.499-0.998; p = 0.05) for
belatacept LI versus cyclosporine. Acute rejection rates
and safety profiles of belatacept- and cyclosporine-
based treatment were similar. De novo donor-specific
antibody incidence was lower for belatacept
(p < 0.0001). Relative to cyclosporine, belatacept was
associated with similar death and graft loss and
improved renal function at 7 years after transplant
and had a safety profile consistent with previous
reports.

Abbreviations: AE, adverse event; Cl, confidence
interval; CsA, cyclosporine; DSA, donor-specific anti-
body; EBV, Epstein-Barr virus; ECD, expanded crite-
ria donor; eGFR, estimated GFR; HR, hazard ratio;
KDPI, Kidney Donor Profile Index; LI, less intense; Mi,
more intense; PTLD, posttransplant lymphoprolifera-
tive disorder; q2w, every 2 weeks; qd4w, every 4
weeks; UNOS, United Network for Organ Sharing
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Introduction

The disparity between the number of patients awaiting
kidney transplantation and the number of available donor
kidneys continues to increase (1,2). To address this
growing demand, expanded criteria donor (ECD) kidneys
are increasingly being used (2,3); however, compared
with recipients of non-ECD kidneys, those who receive
ECD kidneys are at increased risk of graft failure and car-
diovascular events and have worse renal function and
decreased life expectancy (3-10). Causes of graft lost
include inherited donor lesions (11), the adverse effects
of immunosuppression and antibody-mediated chronic
rejection. The calcineurin inhibitors cyclosporine (CsA)
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and tacrolimus—the existing standard of care for mainte-
nance immunosuppression—are potentially nephrotoxic,
which may contribute to declining renal function, the
development of chronic allograft nephropathy and graft
loss (12-18). Because ECD kidneys may be more sus-
ceptible to the nephrotoxic effects of calcineurin inhibi-
tors, the use of CsA or tacrolimus is of greater concern
in recipients of ECD versus non-ECD kidneys (19). The
de novo development of donor-specific antibodies (DSAs)
and patient nonadherence to prescribed immunosuppres-
sive regimens have also been recognized as major risk
factors for graft loss (20,21).

Belatacept is a soluble fusion protein composed of a
modified version of the extracellular domain of cytotoxic
T lymphocyte antigen 4 linked to the Fc domain of a
human 1gG1 antibody (22). Belatacept selectively inhibits
T cell activation through costimulation blockade (23-27).
In 2011, belatacept was approved in the United States
and the European Union based in part on 3-year data
from two phase |Ill trials: Belatacept Evaluation of
Nephroprotection and Efficacy as First-Line Immunosup-
pression Trial (BENEFIT) and BENEFIT-Extended Criteria
Donors (BENEFIT-EXT). These randomized phase Il stud-
ies compared two belatacept-based immunosuppressive
regimens (more intense [MI] and less intense [LI]) with
CsA-based immunosuppression in adult kidney transplant
recipients. In BENEFIT-EXT, analyses performed at 1, 3
and b years after transplant demonstrated that belata-
cept-based immunosuppression was associated with
similar rates of patient and graft survival and superior
renal function versus CsA-based immunosuppression;
however, rates of acute rejection were numerically
higher with belatacept-based treatment (28-30).

This report summarizes efficacy and safety outcomes
from randomization to year 7 (month 84) in the intent-to-
treat population of BENEFIT-EXT.

Methods

Study design

The study design of BENEFIT-EXT (ClinicalTrials.gov identifier
NCT00114777) has been described (28). Briefly, this was a 3-year, inter-
national, multicenter, randomized, partially blinded, active-controlled,
parallel-group study of adults transplanted with an extended criteria donor
kidney. Extended criteria donor kidneys were protocol defined as those
from donors aged >60 years, from donors aged 50-59 years with at least
two other risk factors (death due to cerebrovascular accident, history of
hypertension, or terminal serum creatinine level >1.56 mg/dL), from
donors with an anticipated cold ischemia time >24 h, or from non-heart-
beating donors (i.e. donation after cardiac death). Patients were random-
ized (1:1:1) to receive primary immunosuppression with a belatacept MI—
based, belatacept Ll-based or CsA-based regimen. All patients received
basiliximab induction, mycophenolate mofetil and corticosteroids.

BENEFIT-EXT was conducted in accordance with the principles outlined
in the Declaration of Helsinki. The institutional review board or ethics
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committee at each site approved the protocol, and all participants pro-
vided written informed consent.

Outcomes

Efficacy and safety outcomes from randomization to month 84 (year 7),
including time to death and/or graft loss, acute rejection, renal function,
safety and de novo DSA incidence, are summarized. As in prior analyses
(28-30), acute rejection was defined as central biopsy—proven rejection
that was either clinically suspected for protocol-defined reasons or clini-
cally suspected for other reasons and treated. A combined end point
comprising time to first occurrence of death, graft loss or estimated GFR
(eGFR) <20 mL/min per 1.73 m? was examined post hoc. GFR was esti-
mated using the six-variable MDRD equation (31). Adverse events (AEs)
were mapped to terms from the Medical Dictionary for Regulatory Activi-
ties version 17.0 (MedDRA MSSO, Mclean, VA) and expressed as inci-
dence rates adjusted per 100 person-years of exposure to assigned
treatment. Serious AEs are defined in the supplementary material. De
novo DSA development was assessed centrally by solid-phase flow
cytometry (FLowPRA; One Lambda, Inc., Canoga Park, CA), with HLA
class specificity (class | or Il) determined by LABScreen single antigen
beads (One Lambda, Inc.).

Statistical methods

For this prospective analysis, time to death or graft loss was compared
between each belatacept-based regimen and the CsA-based regimen
using a log-rank test. Data are presented using Kaplan-Meier curves and
event rates. Cox regression was used to calculate hazard ratios (HRs)
and 95% confidence intervals (Cls) for the first 60 and 84 mo. Time to
death and time to death-censored graft loss were assessed as sensitiv-
ity analyses to understand the contribution of each individual component
to the composite end point of time to death or graft loss; the same sta-
tistical methods were used as for the composite analysis, and no adjust-
ment for multiplicity was made. See the supplementary material for
censoring rules.

Mean eGFR and corresponding Cls were determined from months 1-84
using a repeated-measures model with an unstructured covariance
matrix. This model takes into account between-subject variability and the
intrasubject correlation between eGFR measurements across all time
points and assumes that missing data are missing at random. The model
included treatment, time and a time-treatment interaction; no further
adjustment was made for other potentially confounding covariates. Time
was regarded as a categorical variable (intervals of 3 mo up to month 36
and intervals of 6 mo thereafter). A sensitivity analysis was performed in
which GFR values that were missing due to death or graft loss were
imputed as zero. For this sensitivity analysis, the same model was used
as for the primary analysis, but a Toeplitz covariance matrix best fit the
data because the unstructured covariance matrix was not converging.

A slope-based model without imputation was also used to determine
whether there was a difference between each of the belatacept slopes
and the CsA slope, assuming linearity of the eGFR values between
months 1 and 84. The difference between slopes was tested using con-
trasts. Time was regarded as a continuous variable, treatment as a fixed
effect, and intercept and time as random effects; no further adjustment
was made for other potentially confounding covariates. A sensitivity anal-
ysis was performed in which GFR values that were missing due to death
or graft loss were imputed as zero; the same model was used as for the
slope analysis without imputation.

The statistical approaches used in this 7-year analysis differ from those

used at 1, 3, and 5 years after transplant (28-30). First, in the present
report, all evaluable patients were analyzed per the intent-to-treat
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principle; evaluable patients were alive and observable at 84 mo after ran-
domization or died or experienced graft loss by month 84. Similarly, the
intent-to-treat population was analyzed at 1 and 3 years after transplant
(28,29), whereas a subgroup of patients corresponding to the long-term
extension cohort was analyzed at 5 years after transplant (30). The long-
term extension cohort represented a subset of the intent-to-treat popula-
tion because it was composed of only those patients who completed
36 mo of study treatment and consented to continue the study beyond
month 36 (30). Second, rates of death and/or graft loss were presented
as point estimates at 1 and 3 years after transplant (28,29), but in the
present analysis, the Kaplan—Meier method was used to derive estimated
rates of death and/or graft loss. Third, renal function was assessed at 1,
3, and b5 years after transplant using analysis of variance, linear mixed
modeling and analysis of covariance, respectively (28-30). At 7 years
after transplant, renal function was examined using a repeated-measures
model. The statistical approaches used evolved to reflect convention at
the time of analysis. Compared with earlier time points, the methods
used in the present report are more statistically robust.

Results

Patient disposition

In total, 543 patients composed the intent-to-treat popu-
lation; of these, 128 of 184 belatacept Ml-treated, 138
of 175 belatacept LI-treated and 108 of 184 CsA-treated
patients had data available for the analysis at month 84
(Figure 1). At month 84, 68.9% of all randomized and
transplanted patients were assessed for death or graft
loss (Figure 2). Notably, only a small number of patients
declined to participate in the long-term extension (belata-
cept MI, n=3; belatacept LI, n=0; CsA, n=8). The
median duration of follow-up for patients randomized to
belatacept MI, belatacept LI and CsA was 84.0 mo
(range 0.03-84.0 mo), 84.0 mo (range 0.03-84.0 mo) and
70.8 mo (range 0.03-84.0 mo), respectively (Table S1).

Enrolled, n=595

!

Randomized, n=578

|

Belatacept MI
10 mg/kg g2w over Months 0-3 and
qdw over Months 4-6
5 mg/kg g4w thereafter
Randomized and transplanted,
n=184

A4

Randomized, transplanted,
and treated, n=183

v

v

Belatacept LI
10 mg/kg q2w in Month 1 and
gdw over Months 2-3
5 mg/kg g4w thereafter
Randomized and transplanted,
n=175

A4
Randomized, transplanted,
and treated, n=174

v

!

Cyclosporine
Adjusted to serum G,
of 150-300 ng/mL in Month 1
and 100-250 ng/mL thereafter
Randomized and transplanted,
n=184

A4

Randomized, transplanted,
and treated, n=179

v

Discontinued, n=109
Ineligible for/no longer meets study
criteria/refused entry to LTE, n=35

Death, n=27
Withdrawal of consent, n=23
Adverse event, n=15
Other, n=4
Lost to follow-up, n=3
Lack of efficacy, n=1
Poor/noncompliance, n=1

Discontinued, n=90
Ineligible for/no longer meets study
criteria/refused entry to LTE, n=28
Death, n=24
Withdrawal of consent, n=19
Adverse event, n=14
Lost to follow-up, n=3
Other, n=1
Poor/noncompliance, n=1

Discontinued, n=122
Ineligible for/no longer meets study
criteria/refused entry to LTE, n=46
Withdrawal of consent, n=28
Death, n=24
Adverse event, n=7
Lost to follow-up, n=6
Other, n=6
Poor/noncompliance, n=3
Administrative reason, n=1
Lack of efficacy, n=1

A4

Completed 84 months, n=74

v

Completed 84 months, n=84

A4

Completed 84 months, n=57

Evaluable at 84 months, n=128

Evaluable at 84 months, n=138

Evaluable at 84 months, n=108

Figure 1: Patient disposition. Evaluable patients were defined as those who were followed for >84 mo or who had died or experi-
enced graft loss by month 84. LI, less intense; MI, more intense. g2w, every 2 weeks; gdw, every 4 weeks.
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Figure 2: Proportion of patients assessed for death or graft loss. Data values are number (percentage). LI, less intense; MI, more

intense.

Patient and graft survival

Kaplan—Meier estimated rates of death or graft loss for
belatacept MI, belatacept LI and CsA were 19.0%,
17.1%, and 20.2%, respectively, at month 36; 26.5%,
25.6%, and 31.2%, respectively, at month 60; and
33.4%, 34.7%, and 35.5%, respectively, at month 84
(Table S2). At month 60, the HR for the comparison of
belatacept MI with CsA was 0.874 (95% CI 0.583-1.310;
p = 0.51), and the HR for the comparison of belatacept
LI with CsA was 0.822 (95% CI 0.544-1.242; p = 0.35).
At month 84, the HR for the comparison of belatacept
MI with CsA was 0.915 (95% CI 0.625-1.339; p = 0.65),
and the HR for the comparison of belatacept LI with CsA
was 0.927 (95% Cl 0.634-1.356; p = 0.70) (Figure 3A).

Kaplan—Meier estimated rates of death for belatacept M,
belatacept LI and CsA were 11.4%, 8.7%, and 9.5%,
respectively, at month 36; 17.2%, 16.5%, and 18.5%,
respectively, at month 60; and 24.9%, 26.7%, and
22.4%, respectively, at month 84 (Table S3). At month
60, the HR for the comparison of belatacept MI with
CsA was 1.014 (95% Cl 0.594-1.729; p = 0.95), and the
HR for the comparison of belatacept LI with CsA was
0.907 (95% CI 0.523-1.571; p = 0.73). At month 84, the
HR for the comparison of belatacept Ml with CsA was
1.108 (95% CI 0.679-1.808; p = 0.69), and the HR for
the comparison of belatacept LI with CsA was 1.119
(95% Cl 0.688-1.822; p = 0.66) (Figure 3B). Causes of
death are summarized in Table S4.

Kaplan—Meier estimated rates of death-censored graft loss
for belatacept MI, belatacept LI and CsA were 9.9%,
11.5%, and 12.8%, respectively, at month 36; 12.4%,
13.6%, and 18.0%, respectively, at month 60; and 12.4%,
13.6%, and 19.3%, respectively, at month 84 (Table S5).
At month 60, the HR for the comparison of belatacept M
with CsA was 0.728 (95% Cl 0.413-1.282; p = 0.27); the
corresponding value for the comparison of belatacept LI
with CsA was 0.815 (95% CI 0.469-1.415; p = 0.45). At
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month 84, the HR for the comparison of belatacept Ml
with CsA was 0.700 (95% ClI 0.399-1.228; p = 0.21); the
corresponding value for the comparison of belatacept LI
with CsA was 0.783 (95% Cl 0.452-1.353; p = 0.36) (Fig-
ure 3C). Causes of graft loss are summarized in Table S6.

Kaplan—-Meier estimated rates for the combined end
point (first occurrence of death, graft loss or eGFR
<20 mL/min per 1.73 m?) for belatacept MI, belatacept
LI and CsA were 23.9%, 18.3%, and 30.0%, respec-
tively, at month 36; 29.8%, 27.1%, and 40.2%, respec-
tively, at month 60; and 37.4%, 36.8%, and 45.1%,
respectively, at month 84. HRs comparing freedom from
death, graft loss or eGFR <20 mL/min per 1.73 m? from
randomization to month 84 were 0.754 (95% CI 0.536—
1.061; p = 0.10) for belatacept MI versus CsA and 0.706
(95% CI 0.499-0.998; p = 0.05) for belatacept LI versus
CsA (Figure 3D).

Renal function

From randomization to year 7, mean eGFR increased for
both belatacept regimens but declined for CsA (Figure 4).
Mean eGFR plus or minus standard error for belatacept
Ml at months 12, 36, 60, and 84 was 48.3 + 1.3,
525 + 1.4, 522+ 1.7, and 53.9 £ 1.9 mL/min per
1.73 m?, respectively. The corresponding values for belat-
acept LI were 47.8 + 1.3, 50.1 &+ 1.4, 52.7 + 1.6, and
54.2 £+ 1.9 mL/min per 1.73 m?, whereas those for CsA
were  40.3 £ 1.3, 38.0 £ 1.4, 358 £ 1.7, and
35.3 + 2.0 mL/min per 1.73 m?. The estimated differ-
ences in GFR significantly favored each belatacept-based
regimen versus the CsA-based regimen (p < 0.001 for
overall treatment effect). Per the slope-based model (and
relative to month 1), patients randomized to belatacept Ml
or LI experienced a mean eGFR gain of 1.45 mL/min per
1.73 m? (95% Cl 0.94-1.96) and 1.51 mL/min per 1.73 m?
(95% CI 1.02-2.01) per year, respectively. Over the period
from months 1 to 84, patients randomized to CsA had a
mean decline in eGFR equivalent to —0.01 mL/min per
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Figure 3: Kaplan-Meier curve for (A) the composite end
point of time to death or graft loss; (B) the individual contri-
bution of death; (C) the individual contribution of death-
censored graft loss; and (D) the combined end point of first
occurrence of death, graft loss or eGFR <20 mL/min per
1.73 m?%. eGFR, estimated GFR: LI, less intense; MI, more
intense.
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1.73 m? (95% Cl —0.55 to 0.52) per year. The GFR slopes
diverged significantly between belatacept and CsA over
time. The interaction of the treatment versus time effect
deriving from the mixed-effects model significantly
favored each belatacept regimen versus CsA (each
p < 0.001).

For the sensitivity analysis in which GFR values that
were missing due to patient death or graft loss were
imputed as zero, mean eGFR plus or minus standard
error for belatacept Ml at months 12, 36, 60, and 84 was
439 +£ 1.8, 425+ 1.8, 39.0 £ 1.9, and 355 + 2.0 mL/
min per 1.73 m?, respectively. The corresponding values
for belatacept LI were 441 +£1.8, 425+ 1.9,
39.6 +£ 1.9, and 36.3 + 1.9 mL/min per 1.73 m%. The
corresponding values for CsA were 36.1 + 1.8,
321 +£1.9, 274 +£20, and 255+ 2.1 mL/min per
1.73 m2. With imputation, the effect of belatacept versus
CsA at each time point remained statistically significant
(p < 0.001 for overall treatment effect). Results from the
slope-based model with imputation showed that there
was a mean decline in eGFR for all treatment regimens.
The slope value was —0.77 mL/min per 1.73 m? (95% Cl
—1.42 to —0.13) per year for belatacept Ml and —0.80
mL/min per 1.73 m? (95% Cl| —1.44 to —0.16) per year
for belatacept LI. The corresponding value for the CsA-
based regimen was —1.17 mL/min per 1.73 m? (95% Cl
—1.83 to —0.51). Compared with CsA, the slope esti-
mates in the imputed analysis did not differ significantly
for belatacept Ml (p = 0.40) or LI (p = 0.43).

Acute rejection

The Kaplan-Meier cumulative event rates of acute rejec-
tion for belatacept MI, belatacept LI and CsA were
19.3%, 18.6%, and 17.3%, respectively, at month 36;
21.1%, 19.5%, and 17.3%, respectively, at month 60;
and 21.1%, 19.5%, and 17.3%, respectively, at month
84. At month 84, the HR for the comparison of belata-
cept MI with CsA was 1.22 (95% CI 0.75-2.00; p =
0.43); the corresponding value for the comparison of
belatacept LI with CsA was 1.15 (95% CI 0.70-1.90; p =
0.59). Potential cases of suspected antibody-mediated
acute rejection were identified post hoc and are
described in Table S7.

Donor-specific antibodies

The cumulative event rates of de novo DSAs at months
36, 60 and 84 for belatacept Ml were 2.3%, 6.2% and
6.2%, respectively; the corresponding values for belata-
cept LI were 1.5%, 2.4%, and 4.5%, respectively, and
the corresponding values for CsA were 11.3%, 17.1%,
and 22.9%, respectively. At month 84, the HR for the
comparison of belatacept MI with CsA was 0.26 (95% Cl
0.11-0.59; p = 0.0001), and the HR for the comparison
of belatacept LI with CsA was 0.18 (95% CIl 0.07-0.46;
p < 0.0001). Class | HLA specificity was detected in five
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Figure 4: Estimated mean GFR from months 1 to 84, as estimated via mixed-effects modeling (without imputation). In this

model, time was regarded as a categorical variable.

belatacept Ml-treated, three belatacept Ll-treated, and
15 CsA-treated patients. Class || HLA specificity was
seen in two belatacept Ml-treated and three CsA-treated
patients. In the CsA treatment arm, an additional four
patients had DSAs with both class | and Il HLA
specificity.

Safety

Serious AEs occurred in 87.0% of belatacept MlI-treated,
89.1% of belatacept Ll-treated and 84.2% of CsA-
treated patients. Infections were the most common seri-
ous AE. Incidence rates of serious infections per 100
person-years of study drug exposure were similar across
the treatment arms (Table 1). The incidence rates of any-
grade viral infections per 100 person-years of treatment
exposure were 20.98, 17.45 and 19.05 for belatacept Ml,
belatacept LI and CsA, respectively. The corresponding
values for the incidence rates of any-grade fungal infec-
tions per 100 person-years of treatment exposure were
9.79, 6.93 and 11.00. The incidence rates of any-grade
malignancies per 100 person-years of treatment expo-
sure were similar across the treatment arms (Table 2).

Nine patients experienced posttransplant lymphoprolifera-
tive disorder (PTLD) prior to month 84 (n = 4, Epstein—
Barr virus [EBV] positive; n = 5, EBV negative) (Table 3).
Incidence rates per 100 person-years of exposure in
EBV-positive patients treated with belatacept MI, belata-
cept LI and CsA were 0.12, 0.25 and 0.14, respectively.
The corresponding values in EBV-negative patients were
1.71, 5.19 and 0.00, respectively. Of those patients who
had PTLD, five had primary central nervous system PTLD
(n =2, belatacept MI; n =3, belatacept LI) and seven
died (n =3, belatacept MI; n =4, belatacept LI). Two
additional cases of PTLD were reported after month 84
but prior to database lock (n =1, EBV-positive patient
randomized to belatacept MI; n = 1, EBV-negative patient
randomized to belatacept Ll); the EBV-negative patient
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randomized to belatacept LI who developed PTLD after
month 84 also died.

Discussion

In this analysis of the final 7-year results from BENEFIT-
EXT, recipients of extended criteria donor kidneys ran-
domized to belatacept had graft survival rates that were
similar to those seen in patients randomized to CsA,
however, fewer belatacept Ll-treated than CsA-treated
patients met the combined end point of first occurrence
of death, graft loss or eGFR <20 mL/min per 1.73 m?,
which corresponded to a 29% reduction in risk
(p=0.05. An eGFR threshold of <20 mlL/min per
1.73 m? is clinically meaningful, given that patients with
GFR values in this range are approaching end-stage
renal disease and the need for retransplantation.

The improvement in GFR previously reported for belata-
cept versus CsA through 5 years of follow-up was sus-
tained and remained statistically significant at 7 years.
The differences in eGFR between each belatacept-based
regimen and the CsA-based regimen continued to
increase over time. Trends from the slope-based analysis
with imputation are consistent with those from the
slope-based analysis without imputation; however, in the
analysis with imputation, the difference between each
belatacept-based and the CsA-based regimen did not
remain statistically significant. A possible explanation is
that there was clear differentiation of GFR slope esti-
mates between regimens in the analysis without imputa-
tion, but by introducing zero values for GFR results that
were missing due to death or graft loss, the slope esti-
mates moved closer to each another; therefore, the dif-
ference between regimens became less pronounced,
and statistical significance was lost. Notably, in a meta-
analysis of six clinical trials comparing belatacept with
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Table 1: Cumulative incidence rates of selected serious adverse
events adjusted per 100 person-years of treatment exposure

Table 2: Cumulative incidence rates of any-grade malignancy
adjusted per 100 person-years of treatment exposure

Belatacept Belatacept
Ml LI CsA
(n=184) (n=175 (n=184)

Serious infections'+? 22.67 16.52 20.32
Urinary tract infection 3.02 3.62 3.54
Cytomegalovirus infection 2.20 1.94 1.71
Pneumonia 1.76 1.50 1.41
Pyelonephritis 1.44 0.69 1.83
Gastroenteritis 0.93 0.69 1.02
Herpes zoster 0.93 0.34 0.38
Sepsis 0.80 1.14 1.93
Urosepsis 0.68 0.80 0.76
Cellulitis 0.57 0.45 0
Gangrene 0.46 0.22 0
Pyelonephritis acute 0.46 0.11 0.91
Osteomyelitis 0.46 0.11 0.12
Bacteremia 0.34 0.11 0.63
Septic shock 0.23 0.22 0.75
Escherichia urinary 0.23 0.11 0.64

tract infection

Bronchopneumonia 0.11 0.45 0

Serious gastrointestinal 6.3 6.2 6.8

disorders®

Serious cardiac disorders® 5.2 4.1 5.2

Serious general disorders 3.9 3.1 4.6
and administration site
conditions®

Serious blood and 3.5 2.4 2.5
lymphatic
system disorders®

Serious vascular disorders® 3.1 5.1 5.4

Serious investigations 2.0 2.2 4.4
(laboratory parameters)®

Serious hepatobiliary 0.5 0.7 0.8
disorders®

Serious endocrine 0.1 0.1 0.3
disorders®

CsA, cyclosporine; LI, less intense; MI, more intense.

"The duration (patient-years) of patient exposure to assigned
study drug was calculated from the randomization date to the
event date, to the date of last follow-up or to month 84, which-
ever was earliest.

20nly preferred terms occurring in >2% of patients in any treat-
ment arm are reported.

3The duration (patient-years) of patient exposure to assigned
study drug was calculated from the randomization date to the
event date, to the date of last dose of study medication plus
56 days or to month 84, whichever was earliest.

either CsA or tacrolimus, belatacept was associated with
significantly greater eGFR at 12, 24 and 36 mo after
transplant (32). This result is important from a clinical
perspective because recipients of ECD kidneys tend to
have statistically significantly lower GFR values than
those who receive standard criteria donor kidneys (33—
36). A non-nephrotoxic immunosuppressive regimen may
help to maintain ECD renal function, delaying the time
that recipients of such kidneys progress to chronic
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Belatacept Belatacept CsA
Ml (n=184) LI(n=175) (n=184)

Any malignancy? 3.80 3.23 3.64

Basal cell carcinoma 1.05 0.69 1.65

Squamous cell 0.93 0.68 0.51

carcinoma of the skin

Bowen's disease 0.46 0 0.25

Prostate cancer 0.23 0.46 0

CsA, cyclosporine; LI, less intense; MI, more intense.

"The duration (patient-years) of patient exposure to assigned
study drug was calculated from the randomization date to the
event date, to the date of last follow-up or to month 84, which-
ever was earliest.

20nly preferred terms occurring in two or more patients in any
treatment arm are reported.

Table 3: Cumulative incidence rates of PTLD adjusted per 100
person-years of treatment exposure

Patients, n (incidence rate)

Time period, Belatacept Belatacept CsA
mo Ml (n = 184) LI (n=175) (n = 184)
EBV positive
0-12 0 0 0
12-24 1 (0.63) 1(0.68) 0
24-36 0 0 0
36-48 0 1(0.93) 0
48-60 0 0 1(1.37)
60-84 0 0 0
Overall 1(0.12) 2 (0.25) 1(0.14)
EBV negative
0-12 1(7.89) 2(11.88) 0
12-48 0 0 0
48-60 0 2 (25.28) 0
60-84 0 0 0
Overall 1(1.71) 4 (5.19)% 0

CsA, cyclosporine; EBV, Epstein-Barr virus; LI, less intense; M,
more intense; PTLD, posttransplant lymphoproliferative disorder.
"One additional patient randomized to belatacept M| developed
PTLD beyond month 84.
20One additional patient randomized to belatacept LI developed
PTLD beyond month 84.

kidney disease, must return to maintenance dialysis and/
or undergo retransplantation.

As in earlier analyses of the intent-to-treat population of
BENEFIT-EXT (28,29), rates of biopsy-proven acute rejec-
tion were statistically similar across treatment arms.
Most cases of acute rejection occurred prior to month
36; thereafter, one case of acute rejection was reported
in each of the belatacept treatment arms. No patient ran-
domized to CsA experienced acute rejection after month
36.
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Antibody-mediated rejection has been identified as a
major cause of late (>1 year after transplant) graft loss
(21,37), and the de novo development of DSAs is associ-
ated with significantly shorter graft survival (38-41). In
BENEFIT-EXT, the cumulative incidence of de novo DSAs
was statistically significantly lower in each belatacept-
based treatment arm versus the CsA-based comparator
regimen. This finding is consistent with data showing
that the reduced strength of the CD28 signal, which is
inhibited by belatacept, leads to a reduction in B cell
responses (42); however, the significantly greater inci-
dence of de novo DSA development among CsA-treated
patients also may have been the result of poorer treat-
ment compliance. In BENEFIT-EXT, information on study
medication adherence was collected up to month 36
(Table S1).

The incidence of serious AEs, serious infections, any-
grade viral or fungal infections, and any-grade malignan-
cies was similar across all treatment arms, suggesting
that the safety profile of belatacept over the long term is
similar to that of CsA. Nevertheless, the risk of PTLD
was greater among belatacept- versus CsA-treated
patients, particularly those who were EBV negative prior
to transplant. It is for this reason that belatacept is con-
traindicated in patients who are EBV negative or whose
EBV serostatus is unknown prior to transplant (43,44).

In the present study, no difference in patient or graft sur-
vival was seen between belatacept- and CsA-based
immunosuppression. Analysis of the individual compo-
nents of the composite end point showed an 11-12%
increase in the risk of death and a 20-30% reduction in
the risk of death-censored graft loss for belatacept ver-
sus CsA at 7 years after transplant; neither sensitivity
analysis was statistically significant. The lack of statistical
significance for the composite end point in BENEFIT-EXT
contrasts with the survival advantage observed for belat-
acept versus CsA at 5 and 7 years after transplant in
BENEFIT, which examined patients transplanted with a
living or standard criteria donor kidney (45). In addition to
kidney donor type, the discrepant findings between
these two phase Il trials can at least partially be attribu-
ted to the complementary rather than identical nature of
the study populations: Kidney transplant recipients partic-
ipating in BENEFIT were younger overall and had fewer
comorbidities and thus were less likely to die with a
functioning graft than were BENEFIT-EXT participants.

BENEFIT-EXT is the largest and, with 7 years of follow-
up, the longest randomized prospective clinical trial eval-
uating a non—calcineurin inhibitor-based immunosuppres-
sive regimen in recipients of extended criteria donor
renal allografts. A limitation of this 7-year analysis is that
not all randomized and transplanted patients were evalu-
able for the entire follow-up period. Nonetheless, ~70%
of patients in each treatment arm completed treatment
at month 12 (28), a 1-year completion rate comparable to
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(46) or higher than (47) those reported in other random-
ized prospective registration trials. Moreover, almost
70% of the intent-to-treat population was evaluable for
prospectively defined outcomes at month 84.

Another limitation is that donor kidneys in BENEFIT-EXT
were protocol defined by extended criteria that incorpo-
rated but were not limited to those consistent with the
former United Network for Organ Sharing (UNQOS) defini-
tion of ECD kidneys (48). When the protocol for BENE-
FIT-EXT was being developed in 2003, these kidney
subtypes were considered high risk under UNOS and
other published criteria available at the time (8,48); how-
ever, definitions of high-risk kidneys have since evolved.
In 2013, the Kidney Donor Profile Index (KDPI) was intro-
duced (49); therefore, the above findings are not neces-
sarily predictive of outcomes that might be observed
among recipients of donor kidneys with high (>85%)
KDPI scores. This is important because not all ECD kid-
neys are equivalent in terms of anticipated patient out-
comes; some ECD kidneys may have more favorable
KDPI scores than others (50). Future studies should
incorporate the newer KDPI scoring paradigm. In sum-
mary, in this 7-year analysis of BENEFIT-EXT, in compar-
ison to CsA, belatacept was associated with similar
rates of patient and graft survival and acute rejection,
sustained improvements in renal function and signifi-
cantly lower cumulative incidence of detectable de novo
DSAs.
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