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Summary
Background and objectives Renal transplant recipients with pre-existing diabetes (PD) have reduced graft
survival and increased risk of mortality and ischemic heart disease compared with nondiabetic transplant
recipients. To assess the effect of belatacept in this high-risk group, we evaluated outcomes of the subpopu-
lation with PD from previously published BENEFIT and BENEFIT-EXT trials.

Design, setting, participants, & measurements A post hoc analysis evaluated pooled data from BENEFIT
(living donors or standard criteria donors) and BENEFIT-EXT (extended criteria donors). Patients were ran-
domized to receive cyclosporine or a more intensive (MI) or less intensive (LI) belatacept regimen.

Results Of 1209 intent-to-treat patients, 336 had PD. At 12 months, the belatacept LI arm demonstrated a
numerically higher rate of patients surviving with a functioning graft (90.4% MI [103 of 114], 92.8% LI
[90 of 97], and 80.8% cyclosporine [101 of 125]), and fewer serious adverse events than cyclosporine or MI
patients. Three cases of posttransplant lymphoproliferative disorder were reported in LI patients, one in-
volving the central nervous system. Higher rates (% [95% confidence interval]: 22.8% MI [15.1 to 30.5];
20.6% LI [12.6 to 28.7]; 14.4% cyclosporine (8.2 to 20.6]) and grades of acute rejection were observed with belata-
cept. Measured GFR (ml/min per 1.73 m2, 59.8 MI; 62.5 LI; 45.4 cyclosporine), and cardiovascular risk profile
were better for belatacept versus cyclosporine.

Conclusions In post hoc analysis of patients with PD, patient/graft survival and renal function at 12 months
were numerically higher with belatacept versus cyclosporine, but not statistically significant. Further study
is necessary to confirm the benefits belatacept may provide in these patients.

Clin J Am Soc Nephrol 6: 2696–2704, 2011. doi: 10.2215/CJN.00270111

Introduction
The most common cause of death among renal trans-
plant recipients (RTR) is cardiovascular disease (1). Di-
abetic transplant recipients are at increased risk for car-
diovascular disease (2,3) and exhibit higher mortality
(1,4–6) and reduced graft survival (7,8) compared with
nondiabetic transplant recipients. Current therapies for
maintenance immunosuppression have adverse effects
on BP (9,10), lipids (9,10), and glycemic control (11–15)
in RTR, thus contributing to increased cardiovascular
morbidity and mortality. More selective immunosup-
pressive therapies without the cardiovascular and met-
abolic toxicities of current therapies may therefore im-
prove outcomes in diabetic RTR.

Belatacept (LEA29Y) is a first-in-class costimulation
blocker being developed for primary maintenance of
immunosuppression. The pivotal Phase III trials
BENEFIT (Belatacept Evaluation of Nephroprotection
and Efficacy as First-line Immunosuppression Trial)
(16) and BENEFIT-EXT (17) (Belatacept Evaluation of

Nephroprotection and Efficacy as First-line Immuno-
suppression Trial—EXTended criteria donors), dem-
onstrated similar patient/graft survival, better renal
function, and an improved cardiovascular/metabolic
risk profile in belatacept versus cyclosporine patients.
Two belatacept dosing regimens, more intense (MI)
and less intense (LI) regimens, were assessed in
BENEFIT and BENEFIT-EXT. The belatacept MI and
LI regimens had similar efficacy, and the LI regimen
had fewer deaths and serious infections than the MI
regimen (18), supporting a more favorable benefit/
risk profile for the LI regimen.

Separate prespecified analyses of RTR with pre-exist-
ing diabetes (RTR-PD) were performed on BENEFIT
(16) and BENEFIT-EXT (17) populations. To further un-
derstand the effect of belatacept treatment and increase
the robustness of the analysis, a pooled post hoc analysis
of the RTR-PD subpopulations from the two trials was
performed. A pooled post hoc analysis of the patients
without PD is also included for comparison.
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Materials and Methods
Design

BENEFIT (16) and BENEFIT-EXT (17) are 3-year, ran-
domized, partially blinded, active-controlled, parallel-
group studies in adult de novo RTR. Analyses in the
RTR-PD subpopulation of each trial were prespecified.
Coprimary endpoints assessed at 12 months included com-
posite patient and graft survival, composite renal impair-
ment (defined as the percentage of patients exhibiting a
measured glomerular filtration [mGFR] of �60 ml/min per
1.73 m2 at month 12 or a decrease in mGFR of �10 ml/min
per 1.73 m2 from months 3 to 12), and acute rejection (AR)
(BENEFIT only).

Patients
Patients were considered to have diabetes before trans-

plantation (PD) if they had a medical history of diabetes or
were taking insulin or oral antidiabetic medication at the
time of transplantation.

Interventions
Patients were randomized 1:1:1 and stratified by study

site to receive belatacept MI or LI or cyclosporine for
maintenance immunosuppression. Details of the three
treatment regimens were described previously (16,17).

Statistical Methods
Statistical methods for the BENEFIT and BENEFIT-EXT

intent-to-treat (ITT) population were described previously
(16,17) and have been similarly performed for the RTR-PD
and non-RTR-PD subpopulations. To account for multiple
comparisons, the nominal type I error (level of signifi-
cance) was set at 2.7% (two-sided) for each belatacept arm
versus cyclosporine arm and at 5% overall. Because these
post hoc analyses were not powered by sample size, the
resulting P values are not reported here. Any conclusions
drawn from the analyses should be considered hypothesis
generating and not hypothesis confirming.

The primary and key secondary efficacy endpoints, in-
cluding composite patient/graft survival, composite renal
impairment, AR, and chronic allograft nephropathy, were
assessed using a DerSimonian-Laird (19) random-effects
model to estimate the pooled risk difference (weighted
difference) between the belatacept and cyclosporine arms
and associated 97.3% confidence interval (CI). The end-
points, including mGFR, calculated GFR (cGFR, Modifica-
tion of Diet in Renal Disease), systolic BP, and diastolic BP,
were analyzed using an ANOVA with factor for random-
ization group (treatment). The change from baseline in
non-HDL cholesterol and triglycerides were assessed us-
ing an analysis of covariance model with factor for treat-
ment, study, and baseline measurement. The intensities
of antihypertensive and antihyperlipidemic medications
were calculated using a cumulative logit model with
treatment and study as the covariates.

Imputation Rules
The composite renal impairment endpoint was assessed

by mGFR at months 3 and 12. The imputation methods for
missing data at months 3 and/or 12 were: (1) patients with
graft loss or who died during first year posttransplant

were considered as meeting the composite endpoint (note:
missing GFR values were not imputed for these subjects)
or (2) for other patients who had a missing mGFR assess-
ment, the missing values were imputed on the basis of
mGFR values at other time points or calculated values at
the same time point. Patients without these alternate mea-
surements could not be imputed and were excluded from
the analysis.

The endpoint of mGFR at month 12 was supportive for
the primary renal composite endpoint and was imputed
within the frame of imputation methods defined for the
composite endpoint. Therefore, mGFR values missing be-
cause of death or graft loss were not imputed.

Results
Patient Characteristics and Disposition

A total of 1209 patients across BENEFIT and BENEFIT-
EXT were randomized and received a renal transplant
(16,17). The proportion of patients who remained on treat-
ment for the first 12 months was comparable across treat-
ment arms (16,17). Patients who discontinued treatment
and reasons for discontinuation have been described pre-
viously (16,17). The proportion of RTR-PD patients (27%
and 29%, respectively) are shown in Figure 1. Table 1 lists
pooled demographic and baseline characteristics of the
RTR-PD subpopulation. Recipient characteristics were
similar across all treatment groups. The proportion of
RTR-PD patients across treatment arms was comparable in
BENEFIT (29% MI, 26% LI, 27% cyclosporine). The propor-
tion of RTR-PD cyclosporine patients in BENEFIT-EXT was
higher than in the belatacept arms (28% MI, 22% LI, 36%
cyclosporine).

Cyclosporine Trough Levels
Mean cyclosporine trough levels (SD) in RTR-PD pa-

tients were 344 (221), 252 (227), 201 (115), 180 (75), and 161
(78) ng/ml at 1, 3, 6, 9, and 12 months posttransplantation,
respectively.

Patients Surviving with a Functioning Graft
The 12-month composite endpoint of patient/graft sur-

vival was numerically higher, with both belatacept regi-
mens versus cyclosporine: 90.4% MI (103 of 114), 92.8% LI
(90 of 97), and 80.8% cyclosporine (101 of 125); weighted
differences from cyclosporine (97.3% CI) were 8.5 (�0.4 to
17.4) and 10.2 (1.5 to 18.9) for MI and LI, respectively
(Table 2). Most of the difference between groups was due
to a higher rate of graft loss in the cyclosporine group
(4.4% MI, 3.1% LI, and 12.8% cyclosporine) (Table 2). All
ITT RTR-PD patients were included in the analysis. Belata-
cept LI patients had numerically lower mortality than cy-
closporine and MI patients (6.1% MI, 3.1% LI, and 5.6%
cyclosporine) (Table 2). Adjudicated cause of graft loss is
given in Table 3.

Renal Function and Structure
Of RTR-PD patients, 12-month renal function was better

with belatacept versus cyclosporine, as demonstrated by
fewer patients meeting the composite renal impairment
endpoint (percentage of patients with impaired renal func-
tion): 58.6% MI, 64.0% LI, and 87.2% cyclosporine;
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weighted differences from cyclosporine (97.3% CI) were
�27.0 (�39.2 to �14.8) and �21.8 (�35.1 to �8.6) for MI
and LI, respectively (Table 2). Of the ITT RTR-PD popula-
tion, 94% of patients were included in the analysis. The per-
centages of patients who were imputed as meeting composite

renal impairment endpoint because of graft loss or death
were 8.1% MI, 6.7% LI, and 17.9% cyclosporine. The percent-
ages of patients excluded from this analysis because of miss-
ing GFR at months 3 and/or 12 who could not be imputed
were 2.6% MI, 8.2% LI, and 6.4% cyclosporine.

Table 1. Demographic and baseline characteristics of RTR-PD subpopulation

Recipient Characteristic Belatacept MI
(n � 114)

Belatacept LI
(n � 97)

CsA
(n � 125)

Mean age, years (SD) 53 (14.3) 53 (11.9) 53 (13.3)
Gender, n (%)

male 82 (71.9) 72 (74.2) 88 (70.4)
female 32 (28.1) 25 (25.8) 37 (29.6)

Race, n (%)
Caucasian 70 (61.4) 59 (60.8) 80 (64.0)
African American 15 (13.2) 19 (19.6) 22 (17.6)
Native American/Alaskan Native 1 (0.9) 1 (1.0) 0 (0.0)
Asian 15 (13.2) 12 (12.4) 9 (7.2)
other 13 (11.4) 6 (6.2) 14 (11.2)

Geographic region, n (%)
North America 63 (55.3) 49 (50.5) 57 (45.6)
South America 14 (12.3) 11 (11.3) 22 (17.6)
Europe 26 (22.8) 25 (25.8) 38 (30.4)
Asia/Pacific 10 (8.8) 10 (10.3) 7 (5.6)
Africa 1 (0.9) 2 (2.1) 1 (0.8)

Reported cause of ESRD, n (%)
glomerular disease 9 (7.9) 19 (19.6) 18 (14.4)
diabetes 57 (50.0) 41 (42.3) 62 (49.6)
polycystic kidneys 9 (7.9) 9 (9.3) 8 (6.4)
hypertension (primary and secondary) 19 (16.7) 12 (12.4) 17 (13.6)
congenital, familial, metabolic disorders 2 (1.8) 0 (0.0) 3 (2.4)
tubular and interstitial diseases 4 (3.5) 2 (2.1) 5 (4.0)
retransplant/graft failure 0 (0.0) 2 (2.1) 0 (0)
other 14 (12.3) 12 (12.4) 12 (9.6)

Categorized PRA, n (%)
�20% 106 (93.0) 87 (89.7) 117 (93.6)
�20% 7 (6.1) 9 (9.3) 4 (3.2)
missing 1 (0.9) 1 (1.0) 4 (3.2)

CsA, cyclosporine; LI, less intensive; MI, more intensive; PRA, panel reactive antibody; RTR-PD, renal transplant recipients with
preexisting diabetes.

Figure 1. | Patient disposition. CI, confidence interval; cGFR, calculated GFR; CsA, cyclosporine; LI, less intensive; MI, more intensive;
RTR-PD, renal transplant recipient pretransplant diabetes.
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Numerically higher renal function in belatacept RTR-PD
patients was also demonstrated by mean mGFR alone. Of
the ITT RTR-PD population, 83.6% of patients were in-
cluded in this analysis. Mean mGFR values at 12 months
(with imputation) were 59.8 ml/min per 1.73 m2 MI, 62.5
ml/min per 1.73 m2 LI, and 45.4 ml/min per 1.73 m2

cyclosporine. There was no imputation for patients with
graft loss or death. For other patients with missing data,
mGFR at other time points or cGFR at the same time points
was used to impute missing values. The estimated differ-
ences from cyclosporine (97.3% CI) were 14.35 (5.99 to
22.71) and 17.08 (8.24 to 25.91) for MI and LI, respectively
(Table 2). Observed mGFR was available for 77.2%, 72.2%,
and 66.4% of the MI, LI, and cyclosporine arms, respec-
tively. The corresponding percentages of patients included
in this analysis with imputed GFR were 12.3%, 13.4%, and
10.4%, for the MI, LI, and cyclosporine arms, respectively.
The values were missing and not applicable to be imputed
for 10.5%, 14.4%, and 23.2% of patients in the respective
treatment arms.

Numerically higher renal function in belatacept
RTR-PD patients was also demonstrated by mean cGFR
(Modification of Diet in Renal Disease) values. Figure 2
shows mean cGFR and 95% CI values for all treatment
groups at various time points over 12 months. Belatacept
mean cGFR in both the MI and LI arms was consistently
higher than observed in the cyclosporine group from
month 1 through month 12.

Chronic allograft nephropathy at 12 months is shown
in Table 2: 24.6% MI, 33.3% LI, and 45.2% cyclosporine;
weighted differences from cyclosporine (97.3% CI) were
�18.9 (�31.3 to �6.4) and �8.2 (�22.4 to 5.9) for MI and
LI, respectively. Of the ITT RTR-PD population, 99% of
patients were included in the analysis.

Acute Rejection
The 12-month incidence of AR was higher with belata-

cept versus cyclosporine (22.8% MI, 20.6% LI, and 14.4%
cyclosporine); weighted differences from cyclosporine
(97.3% CIs) were 9.7 (�1.1 to 20.5) and 7.6 (�4.8 to 20.0)

for MI and LI, respectively (Table 2). Higher grades of
AR (Banff grade � IIB rejection) were also observed in
belatacept versus cyclosporine patients. All RTR-PD pa-
tients from the ITT population were included in the
analysis.

Cardiovascular and Metabolic Outcomes
Mean 12-month BPs were lower with belatacept versus

cyclosporine (systolic BP [SD]: 139.1 [18.5] mmHg MI,
139.5 [19.3] mmHg LI, and 145.3 [23.8] mmHg cyclospor-
ine; diastolic BP: 76.7 [12.5] mmHg MI, 77.0 [9.1] mmHg
LI, and 79.1 [10.7] mmHg cyclosporine) (Table 4). Of the
ITT RTR-PD population, 80% MI, 76% LI, and 69% cy-
closporine patients were included in the analysis. The
proportion of patients using �3 antihypertensive medi-
cations at 12 months was lower with belatacept versus
cyclosporine (40.9% MI, 35.8% LI, and 46.3% cyclospor-
ine) (Table 4). Of the ITT RTR-PD population, 96% MI,
98% LI, and 97% cyclosporine patients were included in
the analysis.

Mean non-HDL level increase from baseline was lower
with belatacept versus cyclosporine (7.9 mg/dl MI, 11.3
mg/dl LI, and 14.9 mg/dl cyclosporine) (Table 4). Of the
ITT RTR-PD population, 78% MI, 72% LI, and 65% cyclo-
sporine patients were included in the analysis. Mean de-
crease from baseline in triglyceride levels was greater with
belatacept versus cyclosporine (�26.5 mg/dl MI, �25.6
mg/dl LI, and �9.9 mg/dl cyclosporine) (Table 4). Of the
ITT RTR-PD population, 55% MI, 58% LI, and 46% cyclo-
sporine patients were included in the analysis. The pro-
portion of patients using �1 antihyperlipidemic medica-
tion at 12 months was lower with belatacept versus
cyclosporine (47.4% MI, 49.5% LI, and 53.6% cyclosporine)
(Table 4). All of the ITT patients were included in the
analysis.

Safety
Adverse events (AEs) for RTR-PD patients are listed in

Table 5. Those of particular interest in RTR are: total
serious AEs (60.5% MI, 54.6% LI, and 67.2% cyclospor-
ine); serious infections (29.8% MI, 20.6% LI, and 30.4%
cyclosporine); neoplasms (3.5% MI, 3.1% LI, and 5.6%
cyclosporine); and serious cardiac disorders (8.8% MI,

Table 3. Adjudicateda cause of graft loss across treatment arms
in RTR-PD patients

Adjudicated Cause of
Graft Loss

Belatacept
MI

Belatacept
LI CsA

Infection 1 0 2
Primary graft thrombosis 2 1 4
Primary nonfunction 0 0 2
Rejection 0 0 2
Parenchymal disease 0 0 1
Other/technical 2 1 4
Unknown 0 1 1
Total 5 3 16

The cause of graft loss was adjudicated by an independent
Event Adjudication Committee (EAC) comprising four
nephrologists/renal transplant surgeons. Only events meeting
the protocol-defined criteria for graft loss were
submitted to the EAC to assess cause of graft loss. CsA,
cyclosporine; LI, less intensive; MI, more intensive; RTR-PD,
renal transplant recipients with preexisting diabetes.

Figure 2. | Mean calculated GFR over 1 year in renal transplant
recipients with pretransplant diabetes. CI, confidence interval; CsA,
cyclosporine; LI, less intensive; MI, more intensive.
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4.1% LI, and 10.4% cyclosporine). Three cases of post-
transplant lymphoproliferative disorder (PTLD) oc-
curred in this subpopulation, all in the arm receiving the
belatacept LI regimen. One case involved the central
nervous system.

Comparison of Outcomes in Patients with or without Pre-
existing Diabetes

The general observation of poorer outcomes in
RTR-PD merited a comparison of the subpopulations
with or without PD from BENEFIT and BENEFIT-EXT

Table 5. Patients with serious adverse events in RTR-PD subpopulation

Serious Adverse Events, n (%) Belatacept MI
(n � 114)

Belatacept LI
(n � 97)

CsA
(n � 125)

All adverse events 113 (99.1) 97 (100) 124 (99.2)
Total serious adverse events 69 (60.5) 53 (54.6) 84 (67.2)

infections and infestations 34 (29.8) 20 (20.6) 38 (30.4)
injury, poisoning, and procedural complications of

transplanted kidney
14 (12.3) 16 (16.5) 19 (15.2)

renal and urinary disorders 13 (11.4) 9 (9.3) 26 (20.8)
gastrointestinal disorders 12 (10.5) 6 (6.2) 10 (8.0)
general disorders and administration site conditions 11 (9.6) 5 (5.2) 13 (10.4)
cardiac disorders 10 (8.8) 4 (4.1) 13 (10.4)
investigations 9 (7.9) 6 (6.2) 12 (9.6)
vascular disorders 9 (7.9) 6 (6.2) 17 (13.6)
blood and lymphatic system disorders 8 (7.0) 2 (2.1) 7 (5.6)
metabolism and nutrition disorders 5 (4.4) 4 (4.1) 7 (5.6)
nervous system disorders 5 (4.4) 0 (0) 4 (3.2)
respiratory, thoracic, and mediastinal disorders 5 (4.4) 4 (4.1) 5 (4.0)
neoplasms: benign, malignant, and unspecified

(includes cysts and polyps)
4 (3.5) 3 (3.1) 7 (5.6)

reproductive system and breast disorders 3 (2.6) 0 (0) 2 (1.6)
eye disorders 2 (1.8) 0 (0) 0 (0)
musculoskeletal and connective tissue disorders 2 (1.8) 0 (0) 0 (0)
skin and subcutaneous tissue disorders 2 (1.8) 1 (1.0) 2 (1.6)
congenital, familial, and genetic disorders 1 (0.9) 0 (0) 0 (0)
endocrine disorders 0 (0) 0 (0) 1 (0.8)
hepatobiliary disorders 0 (0) 1 (1.0) 0 (0)

There were no significant differences between belatacept and cyclosporine groups. CsA, cyclosporine; LI, less intensive; MI, more
intensive; RTR-PD, renal transplant recipients with preexisting diabetes.

Table 4. Secondary outcomes: cardiovascular endpoints at month 12 in RTR-PD subpopulation

Parameter Belatacept MI
(n � 114)

Belatacept LI
(n � 97)

CsA
(n � 125)

Serum lipids
non-HDL cholesterol

mean change from baseline, mg/dl (SE) 7.9 (4.2) 11.3 (4.7) 14.9 (4.3)
estimated difference from CsA (97.3% CI) �6.9 (�20.3 to 6.4) �3.6 (�17.8 to 10.6)

triglycerides
mean change from baseline, mg/dl (SE) �26.5 (13.8) �25.6 (14.7) �9.9 (14.3)
estimated difference from CsA (97.3% CI) �16.7 (�60.7 to 27.4) �15.7 (�61.0 to 29.6)
blood pressure (mmHg)

mean systolic BP (SD) 139.1 (18.5) 139.5 (19.3) 145.3 (23.8)
mean diastolic BP (SD) 76.7 (12.5) 77.0 (9.1) 79.1 (10.7)

Patients receiving medications
�1 antihyperlipidemic medication, n (%) 54 (47.4) 48 (49.5) 67 (53.6)

95% CI 38.2 to 56.5 39.5 to 59.4 44.9 to 62.3
�1 antihypertensive medication, n (%) 98 (89.1) 85 (89.5) 113 (93.4)

95% CI 83.3 to 94.9 83.3 to 95.6 89.0 to 97.8
�3 antihypertensive medications, n (%) 45 (40.9) 34 (35.8) 56 (46.3)

CsA is the referent group in this analysis. CI, confidence interval; CsA, cyclosporine; LI, less intensive; MI, more intensive;
RTR-PD, renal transplant recipients with preexisting diabetes.
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trials. For belatacept-treated patients, comparable rates
of composite patient/graft survival and of graft loss
alone were observed in the subpopulations with or with-
out PD (Table 6). For cyclosporine-treated patients, the
rate of patient/graft survival was lower, and the rate of
graft loss was higher in the RTR-PD subpopulation ver-
sus without (Table 6). Across all treatment groups, death
rates were higher in the RTR-PD subpopulation relative
to the subpopulation without (Table 6).

Similar proportions of belatacept-treated patients with
or without PD reached the composite renal impairment
endpoint (Table 6). The proportion of cyclosporine pa-
tients with impaired renal function was numerically
higher in the RTR-PD subpopulation versus without (Ta-
ble 6). The composite renal endpoint was defined by

mGFR but also incorporates imputation because of death
or graft loss. The differences observed between cyclo-
sporine patients with or without PD are driven by a
greater number of diabetic patients with graft loss. Mea-
sured 1-year GFR was similar for diabetic and nondia-
betic patients treated with belatacept MI or cyclosporine
(Table 6). In contrast, mGFR was numerically higher for
diabetic versus nondiabetic patients treated with the be-
latacept LI regimen (Table 6).

Patients treated with belatacept LI regimen had compa-
rable rates of AEs of interest in the diabetic and nondia-
betic subpopulations: total serious AEs (54.6%, 52.6%), in-
cluding cardiac disorders (4.1%, 3.6%), infections (20.6%,
25.0%), and neoplasms (3.1%, 2.3%) (Table 6). Patients
treated with cyclosporine had somewhat higher rates of

Table 6. Comparison of efficacy and safety in patients with or without preexisting diabetes

Outcomes Belatacept MI Belatacept LI CsA

Patient/graft survival
diabetes, %; difference from CsA

(97.3% CI)a
90.4; 8.5 (�0.4 to 17.4) 92.8; 10.2 (1.5 to 18.9) 80.8

95% CI (%) 84.9 to 95.8 87.6 to 97.9 73.9 to 87.7
no diabetes, %; difference from

CsA (97.3% CI)a
91.3; �0.70 (�5.4 to 4.0) 92.8; 0.52 (�3.9 to 5.0) 92.9

95% CI (%) 88.1 to 94.6 89.9 to 95.7 89.8 to 95.9
Graft loss

diabetes, % 4.4 3.1 12.8
no diabetes, % 5.5 5.6 3.9

Death
diabetes, % 6.1 3.1 5.6
no diabetes, % 2.4 1.6 2.9

Composite renal impairment endpoint
diabetes, %; difference from CsA

(97.3% CI)a
58.6; �27.0 (�39.2 to �14.8) 64.0; �21.8 (�35.1 to �8.6) 87.2

95% CI (%) 49.4 to 67.7 54.1 to 74.0 81.1 to 93.2
no diabetes, %; difference from

CsA (97.3% CI)a
63.5; �14.7 (�28.0 to �1.4) 63.9; �13.5 (�39.3 to 12.3) 78.5

95% CI (%) 57.8 to 69.2 58.5 to 69.4 73.6 to 83.3
Mean iothalamate GFR (measured)b

diabetes, mean; difference from
CsA (97.3% CI)c

59.8; 14.3 (6.0 to 22.7) 62.5; 17.1 (8.2 to 25.9) 45.4

no diabetes, mean; difference from
CsA (97.3% CI)c

58.4; 10.2 (5.4 to 14.9) 55.0; 6.8 (2.2 to 11.4) 48.2

Total SAEs
diabetes, % 60.5 54.6 67.2
no diabetes, % 59.5 52.6 61.4

Serious cardiac disorders
diabetes, % 8.8 4.1 10.4
no diabetes, % 5.9 3.6 4.6

Serious infections
diabetes, % 29.8 20.6 30.4
no diabetes, % 26.3 25.0 26.4

Neoplasms (total)
diabetes, % 3.5 3.1 5.6
no diabetes, % 3.5 2.3 1.4

For patients with preexisting diabetes: n � 114 (MI), n � 97 (LI), n � 125 (CsA). For patients without preexisting diabetes:
n � 289 (MI), n � 304 (LI), n � 280 (CsA). CI, confidence interval; CsA, cyclosporine; LI, less intensive; MI, more intensive; SAEs,
serious adverse events.
aThe DerSimonian-Laird model was used to assess risk difference with a random effect of study.
bMeasured GFR analysis with imputation.
cEstimated difference evaluated using an analysis of covariance with a random effect of study.
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AEs in the diabetic versus nondiabetic subpopulation: total
serious AEs (67.2%, 61.4%) including cardiac disorders
(10.4%, 4.6%), infections (30.4%, 26.4%), and neoplasms
(5.6%, 1.4%) (Table 6).

Discussion
The favorable efficacy and safety profile observed with

belatacept in BENEFIT and BENEFIT-EXT extends to the
RTR-PD subpopulation. The proportion of RTR-PD pa-
tients surviving with a functioning graft was numerically
higher for belatacept versus cyclosporine at 1 year, partic-
ularly for the LI regimen, whereas similar composite pa-
tient/graft survival was observed in the belatacept and
cyclosporine arms in the overall ITT population (16,17).
Retrospective studies involving RTR-PD show 1-year pa-
tient and graft-survival rates in the approximate range of
85% to 95% (5,6,20) and 80% to 90% (4–6), respectively. In
this study, the 1-year patient survival rates were at the
higher end of the range previously reported (5,6,20), and
1-year survival rates were slightly higher for belatacept
LI-treated patients compared with cyclosporine-treated pa-
tients. Belatacept patients in this analysis also had higher
graft-survival rates than previously reported, whereas the
rate for cyclosporine patients was within the range previ-
ously reported (4–6). Most of the difference between
groups for the composite endpoint was due to a higher rate
of graft loss with cyclosporine. The most common cause of
graft loss with cyclosporine was primary graft thrombosis,
followed by primary nonfunction, infection, and rejection.
This was also true for nondiabetic patients. Graft loss in
cyclosporine RTR-PD patients occurred at a higher rate in
the BENEFIT-EXT population (extended criteria donors)
(18.2%) compared with the BENEFIT population (living
and standard criteria donors) (6.8%).

Better renal function was observed in belatacept versus
cyclosporine RTR-PD patients, consistent with results ob-
served in the ITT population. The renal function benefit in
belatacept RTR-PD patients is evidenced by a lower pro-
portion of patients meeting the composite renal impair-
ment endpoint, and numerically higher mGFR and cGFR
values at 1 year. RTR-PD patients responded well to be-
latacept LI regimen, as illustrated by a mean mGFR value
that corresponds to the upper end of the range observed in
belatacept LI patients from the ITT population at 1 year
(16,17). Furthermore, the data presented here suggest that
cyclosporine patients in this subgroup may have worse
renal function than those in the ITT population. Mean
mGFR for cyclosporine patients in this analysis falls at the
lower end of the range observed in cyclosporine patients
from the ITT population at 1 year (16,17). Lastly, a reduced
prevalence of chronic allograft nephropathy and higher
rates and grades of AR were noted in the diabetic subpop-
ulation treated with belatacept versus cyclosporine.

An improved cardiovascular profile was observed for
belatacept versus cyclosporine, consistent with results ob-
served in the ITT population. Cardiovascular risk factors
and outcomes are worse in RTR-PD (2,3), and improve-
ments in these outcomes may enhance survival in RTR-PD
patients. In this analysis, lower BP, smaller increases in
non-HDL cholesterol, larger decreases in triglyceride levels
from baseline, and less frequent use of antihypertensive

and antilipidemic medications were noted with belatacept
versus cyclosporine. The selective mechanism of action of
belatacept may allow transplant recipients to avoid the
adverse cardiovascular events associated with calcineurin
inhibitors, such as hypertension and hyperlipidemia.

Safety observed with belatacept in the ITT population
was maintained in RTR-PD patients. Clinical data from the
BENEFIT and BENEFIT-EXT studies have indicated that
the belatacept LI regimen is associated with a more favor-
able safety profile, supporting it as the recommended reg-
imen moving forward (18). Thus, to investigate the safety
of belatacept in the RTR-PD subpopulation, patients
treated with the LI regimen were compared with patients
treated with cyclosporine. Patients receiving the belatacept
LI regimen had fewer serious AEs and serious infections
than those receiving the cyclosporine or belatacept MI
regimens. Of particular interest to RTR, serious cardiac
disorders were less frequent in belatacept LI than in be-
latacept MI or cyclosporine patients. Additional follow-up
is required to determine whether these 1-year differences
translate to long-term survival benefits for belatacept LI
RTR-PD patients. In general, RTR-PD patients demon-
strated a more favorable safety profile when treated with
the LI versus MI regimen, a result also observed in the ITT
population (16–18,21).

Comparison of the RTR-PD and non-RTR-PD pooled
subpopulations indicated that belatacept RTR-PD patients,
in particular those treated with the LI regimen, had com-
parable outcomes to the non-RTR-PD patients treated with
belatacept. Patient/graft survival, graft loss, renal func-
tion, rates of serious AEs, serious cardiac disorders, serious
infections, and neoplasms were similar. The same direc-
tional findings were not observed in cyclosporine RTR-PD
patients. These observations suggest that the suboptimal
outcomes typically expected for RTR-PD may be avoided
with belatacept therapy.

Mean cyclosporine trough levels for the RTR-PD sub-
population generally mirrored that of the ITT population.
As recently reported, patients within quartiles of cyclo-
sporine levels exhibited a similar degree of renal dysfunc-
tion in the BENEFIT trial (22). This suggests that cyclospor-
ine effects may not be solely dose dependent. Patients
treated with lower doses of cyclosporine exhibited poorer
outcomes in previously reported trials (23), although cal-
cineurin-inhibitor–sparing regimens have been shown to
significantly improve GFR (24).

No controlled studies have assessed comparative out-
comes of different immunosuppressant regimens in
RTR-PD patients. This analysis used data from two large,
randomized trials, permitting comparisons between be-
latacept and cyclosporine. However, this was a post hoc
analysis, limited to 1-year follow-up, so the interpretation
of data are descriptive rather than inferential, imposing
limitations on conclusions drawn. Additionally, this post
hoc analysis was not powered to detect differences between
treatment arms for any of the endpoints, including cardio-
vascular parameters. This analysis was potentially limited
by the definition of pre-existing diabetes, which relied on
reported patient history of diabetes and use of anti-diabetic
medications at baseline. World Health Organization crite-
ria were not required for a definition of diabetes, so the
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pooled analysis did not capture fasting or 2-hour plasma
glucose levels (25). Other studies examining the effect of
PD have relied on historical definitions of diabetes (e.g.,
United States Renal Data System database or United Net-
work for Organ Sharing database) (26,27). Prospective
studies based on stringent World Health Organization def-
initions of diabetes may be incrementally beneficial in
studying the specific effects of belatacept in this patient
population. However, the definition of diabetes used in
this study is not expected to over- or underestimate the
number of patients for whom diabetes represented a clin-
ical concern and thus, for whom belatacept might provide
some positive effect.

The results of these analyses suggest that RTR-PD pa-
tients may experience particular benefit from the belata-
cept LI regimen versus the cyclosporine regimen. Further
study is needed to extend and confirm the positive find-
ings from these analyses, with special emphasis on evalu-
ation of long-term patient and graft survival in this sub-
population.
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