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A BS T R AC T
BACKGROUND

In previous analyses of BENEFIT, a phase 3 study, belatacept-based immunosuppression, as compared with cyclosporine-based immunosuppression, was associated with similar patient and graft survival and significantly improved renal function in kidney-transplant recipients. Here we present the final results from this
study.
METHODS

We randomly assigned kidney-transplant recipients to a more-intensive belatacept
regimen, a less-intensive belatacept regimen, or a cyclosporine regimen. Efficacy
and safety outcomes for all patients who underwent randomization and transplantation were analyzed at year 7 (month 84).
RESULTS

A total of 666 participants were randomly assigned to a study group and underwent transplantation. Of the 660 patients who were treated, 153 of the 219 patients
treated with the more-intensive belatacept regimen, 163 of the 226 treated with
the less-intensive belatacept regimen, and 131 of the 215 treated with the cyclosporine regimen were followed for the full 84-month period; all available data
were used in the analysis. A 43% reduction in the risk of death or graft loss was
observed for both the more-intensive and the less-intensive belatacept regimens as
compared with the cyclosporine regimen (hazard ratio with the more-intensive
regimen, 0.57; 95% confidence interval [CI], 0.35 to 0.95; P = 0.02; hazard ratio
with the less-intensive regimen, 0.57; 95% CI, 0.35 to 0.94; P = 0.02), with equal
contributions from the lower rates of death and graft loss. The mean estimated
glomerular filtration rate (eGFR) increased over the 7-year period with both belatacept regimens but declined with the cyclosporine regimen. The cumulative
frequencies of serious adverse events at month 84 were similar across treatment
groups.
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CONCLUSIONS

Seven years after transplantation, patient and graft survival and the mean eGFR
were significantly higher with belatacept (both the more-intensive regimen and the
less-intensive regimen) than with cyclosporine. (Funded by Bristol-Myers Squibb;
ClinicalTrials.gov number, NCT00256750.)
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he use of prolonged maintenance
immunosuppressive therapy after kidney
transplantation has improved the shortterm outcomes,1 but the effect on long-term
allograft survival is not known.2 Prospective,
phase 3, randomized studies examining the
outcomes of immunosuppressive regimens beyond 5 years or showing a survival advantage of
newer immunosuppressive regimens over that
afforded by regimens containing the calcineurin
inhibitor cyclosporine are lacking.3-5 Belatacept
is a selective costimulation blocker that has been
developed to improve long-term outcomes in
kidney-transplant recipients by providing effective
immunosuppression without the toxic effects of
calcineurin inhibitors.
Current standard-of-care immunosuppressive
regimens combine calcineurin inhibitors with
antiproliferative drugs, with or without maintenance glucocorticoids. Calcineurin inhibitor–
based regimens, however, may not adequately
preserve allograft function,6-8 leading to deteriorating kidney function, which is a risk factor for
death from cardiovascular causes in kidneytransplant recipients.9-11 The development of
donor-specific antibodies has also been associated with negative post-transplantation outcomes,
including an increased risk of antibody-mediated
rejection and graft failure.12 The lack of improvement in long-term patient and graft survival is
multifactorial, but cardiovascular disease, calcineurin inhibitor–associated nephrotoxicity, emergence of donor-specific antibodies, and nonadherence to treatment are major contributors.1,11,12
Belatacept, a fusion protein composed of the
Fc fragment of human IgG1 linked to the extracellular domain of cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4), selectively inhibits
T-cell activation through costimulation blockade.13-15 Belatacept was approved by the U.S.
Food and Drug Administration16 and the European Medicines Agency17 in 2011, on the basis,
in part, of 3-year data from two phase 3 studies:
the Belatacept Evaluation of Nephroprotection
and Efficacy as First-line Immunosuppression
Trial (BENEFIT) and BENEFIT–Extended Criteria Donors (BENEFIT-EXT).18-23 A less-intensive
belatacept regimen is approved for use only in
patients who are positive for Epstein–Barr virus
(EBV), given the increased risk of post-transplantation lymphoproliferative disorder, predominantly involving the central nervous system, in
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EBV-seronegative patients.16,17 Patients in the
belatacept trial were not prospectively stratified
according to EBV status when the study started,
since no safety signal was identified on the basis
of EBV-negative serostatus. The decision to restrict
belatacept for use only in EBV-positive patients
was based on the findings of the phase 3 trials.
The present report summarizes the final efficacy
and safety results up to 7 years (84 months) after
transplantation in the intention-to-treat population of BENEFIT.

Me thods
Study Design and Oversight

The trial design has been published previously.18
The original study was a 3-year, international,
randomized, single-blind, parallel-group study
with an active control. The participants were
adults who received a kidney transplant from a
living or deceased donor, with deceased donors
meeting standard-criteria donor status on the
basis of age and other benchmarks. Patients
were randomly assigned (in a 1:1:1 ratio) to a
more-intensive belatacept-based regimen, a lessintensive belatacept-based regimen, or a cyclosporine-based regimen for primary immunosuppression. All patients received basiliximab
induction, mycophenolate mofetil, and glucocorticoids. Patients were eligible to continue with
the assigned therapy beyond 36 months if they
provided written informed consent and if they
received the approval of their physician. After 36
months, patients were required to continue the
assigned regimen to remain in the study.
The study was conducted in accordance with
the Declaration of Helsinki. The ethics committee at each site approved the study protocol. All
patients provided written informed consent.
The sponsor, Bristol-Myers Squibb, designed
the study and gathered and analyzed the data in
collaboration with the study investigators. All
the authors vouch for the accuracy and completeness of the data and analyses, and the first author vouches for the fidelity of the study to the
protocol. A medical writer at CodonMedical, an
Ashfield company, who was paid by the sponsor,
wrote the first draft of the manuscript under the
direction of the authors. No contractual arrangements were in effect to allow the sponsor to
have sole control of the data or to withhold
publication of the data.
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Outcome Measures

The primary objective at month 12 was an assessment of the composite end point of patient
and graft survival, renal function, and the incidence of acute rejection in each belatacept group
as compared with the cyclosporine group.18 For
the present analysis, outcomes were evaluated
from randomization to month 84 (year 7). The
contributions of the individual components —
patient survival and graft survival — of the
composite end point of patient and graft survival were also determined. Renal function was
assessed on the basis of the estimated glomerular filtration rate (eGFR), which was calculated
with the use of the six-variable Modification of
Diet in Renal Disease equation.24 Safety outcomes were expressed as incidence rates per 100
person-years of exposure to the assigned treatment. The development of donor-specific antibodies was determined centrally by means of
solid-phase flow cytometry (FLowPRA, One
Lambda); the HLA class specificity of detected
antibodies was assessed with the use of the
LABScreen single-antigen-bead–based assay (One
Lambda).
Statistical Analysis

In this prospective analysis, we used a log-rank
test to assess the time to death or graft loss with
each belatacept regimen as compared with the
cyclosporine regimen. Kaplan–Meier survival
curves and event rates are presented. Hazard
ratios and 95% confidence intervals for death or
graft loss for the first 60 months and for the
first 84 months were derived with the use of Cox
regression; for the calculation of hazard ratios,
data were censored at month 60 and month 84,
respectively. Time to death and time to graft
loss, with censoring of data for patients who
died, were assessed as sensitivity analyses in order to determine the contribution of each component to the composite end point; both statistical methods were used, without adjustment for
multiple comparisons. In the analyses of the
time to death or graft loss, censoring rules
were as follows: first, if a date of death but no
date of graft loss was reported for a patient, the
time to the event was defined as the time from
transplantation to the date of death; second, if
a graft-loss date but not a date of death was reported for a patient, the time to the event was
defined as the time from transplantation to the
n engl j med 374;4

date of graft loss; third, if both a graft-loss date
and a date of death were reported for a patient,
the time to the event was defined as the time
from transplantation to the date of graft loss;
and fourth, if no date of death or graft-loss date
was reported, the data were censored at the reported date of the last follow-up assessment. For
patients treated for up to 7 years, the last followup assessment was at 7 years. For patients who
discontinued treatment before 7 years and were
not followed thereafter, censoring occurred on the
date of the last available follow-up assessment.
The mean eGFR and corresponding confidence intervals were determined from month 1 to
month 84 with the use of a repeated-measures
model with an unstructured covariance matrix,
which takes into account between-patient variability and the intrapatient correlation of eGFR
measurements across all time points. This model
assumed that missing data were missing completely at random and included treatment, time,
and a time-by-treatment interaction; no adjustment was made for other potentially confounding covariates. Time was expressed as a categorical variable (in intervals of 3 months up to
month 36 and intervals of 6 months thereafter).
A sensitivity analysis was performed in which
eGFR values that were missing because of death
or graft loss were imputed as zero. The model
that was used for the primary analysis was also
used for this sensitivity analysis but with a
Toeplitz covariance matrix, which best fit the
data because the unstructured covariance matrix
was not converging.
A slope-based model without imputation of
missing values was also used to determine
whether there was a difference between the slope
for each belatacept regimen and the slope for
cyclosporine, assuming the linearity of the eGFR
values between months 1 and 84. The difference
between slopes was tested with the use of a
contrast statement within the SAS model (SAS
software, version 9.2; SAS Institute). Time was
regarded as a continuous variable, treatment as
a fixed effect, and the intercept and time as random effects; no adjustment was made for other
potentially confounding covariates. A sensitivity
analysis was performed in which eGFR values
that were missing because of death or graft loss
were imputed as zero; the model used for the
slope analysis without imputation was also used
for this analysis.
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R e sult s
Study Participants

Participants were randomly assigned to a treatment group between January 13, 2006, and June
14, 2007. Of the 666 patients who underwent
randomization and transplantation, 660 patients
were treated; 153 of the 219 patients treated with
the more-intensive belatacept regimen, 163 of the
226 treated with the less-intensive belatacept
regimen, and 131 of the 215 treated with cyclosporine were followed for the full 84-month
period (Fig. 1), and all available data were analyzed. The median duration of follow-up for each
treatment group was 84.0 months (range: moreintensive belatacept, 0.2 to 84.0 months; lessintensive belatacept, 0.03 to 84.0 months; and
cyclosporine, 0.07 to 84.0 months) (see Table S1
in the Supplementary Appendix, available with
the full text of this article at NEJM.org). Data on
adherence to medication were collected up to
month 36 and are summarized in Table S1 in the
Supplementary Appendix.
Efficacy

On the basis of Kaplan–Meier estimates, rates of
death or graft loss with more-intensive belatacept, less-intensive belatacept, and cyclosporine
were 7.8%, 8.0%, and 11.4%, respectively, at
month 36; 10.2%, 9.2%, and 20.2%, respectively,
at month 60; and 12.7%, 12.8%, and 21.7%, respectively, at month 84 (Table S2 in the Supplementary Appendix). At month 60, the hazard
ratio for the comparison of more-intensive belatacept with cyclosporine was 0.52 (95% confidence
interval [CI], 0.31 to 0.89; P = 0.01), and the
hazard ratio for the comparison of less-intensive
belatacept with cyclosporine was 0.48 (95% CI,
0.28 to 0.82; P = 0.005). At month 84, the respective hazard ratios were 0.57 (95% CI, 0.35 to
0.95; P = 0.02) and 0.57 (95% CI, 0.35 to 0.94;
P = 0.02) (Fig. 2A).
On the basis of Kaplan−Meier estimates, rates
of death with more-intensive belatacept, lessintensive belatacept, and cyclosporine were 4.1%,
4.5%, and 6.8%, respectively, at month 36; 6.6%,
5.7%, and 12.7% at month 60; and 9.2%, 8.2%,
and 14.4% at month 84 (Table S3 in the Supplementary Appendix). At month 60, the hazard ratio for the comparison of more-intensive belatacept with cyclosporine was 0.53 (95% CI, 0.27 to
1.05; P = 0.049), and the hazard ratio for the
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comparison of less-intensive belatacept with
cyclosporine was 0.47 (95% CI, 0.23 to 0.94;
P = 0.02). At month 84, the respective hazard ratios were 0.62 (95% CI, 0.33 to 1.14; P = 0.11) and
0.55 (95% CI, 0.30 to 1.04; P = 0.06) (Fig. 2B).
Causes of death are summarized in Table S4 in
the Supplementary Appendix.
Kaplan−Meier estimates for rates of graft loss
among patients receiving more-intensive belatacept, those receiving less-intensive belatacept,
and those receiving cyclosporine, with censoring
of data for death, were 4.7%, 4.1%, and 4.6%,
respectively, at month 36; 4.7%, 4.1%, and 9.8%
at month 60; and 4.7%, 5.4%, and 9.8% at
month 84 (Table S5 in the Supplementary Appendix). At month 60, the hazard ratio for the
comparison of more-intensive belatacept with
cyclosporine was 0.56 (95% CI, 0.26 to 1.23;
P = 0.12), and the hazard ratio for the comparison of less-intensive belatacept with cyclosporine was 0.49 (95% CI, 0.22 to 1.09; P = 0.07). At
month 84, the respective hazard ratios were 0.56
(95% CI, 0.25 to 1.21; P = 0.12) and 0.59 (95% CI,
0.28 to 1.25; P = 0.15) (Fig. 2C). Causes of graft
loss, with censoring of data for death, are summarized in Table S6 in the Supplementary Appendix. At month 84, the Kaplan–Meier cumulative rates of biopsy-proven acute rejection were
24.4%, 18.3%, and 11.4% with more-intensive
belatacept, less-intensive belatacept, and cyclosporine, respectively.
Estimated Glomerular Filtration Rate

The mean eGFR increased during the first 7 years
with both belatacept-based regimens but declined
with the cyclosporine-based regimen (Fig. 3). At
months 12, 36, 60, and 84, the mean eGFR values were 67.0, 68.9, 70.2, and 70.4 ml per minute
per 1.73 m2 of body-surface area, respectively,
with more-intensive belatacept and 66.0, 68.9,
70.3, and 72.1 ml per minute per 1.73 m2 with
less-intensive belatacept. The corresponding values for cyclosporine were 52.5, 48.6, 46.8, and
44.9 ml per minute per 1.73 m2. The estimated
differences in the eGFR significantly favored each
belatacept regimen over cyclosporine (P<0.001 for
the overall treatment effect of each belatacept
regimen).
The slope-based analysis of the change from
month 1 to month 84 showed that patients randomly assigned to the more-intensive belatacept
regimen had a gain in the mean eGFR of 1.30 ml
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738 Patients were enrolled

666 Underwent randomization

219 Were assigned to belatacept MI
Mo 0–3: 10 mg/kg on days 1 and 5
and at wk 2, 4, 6, 8, 10, and 12
Mo 4–6: 10 mg/kg at wk 16, 20,
and 24
Beyond mo 6: 5 mg/kg every 4 wk

226 Were assigned to belatacept LI
Mo 0–1: 10 mg/kg on days 1 and 5
and at wk 2 and 4
Mo 2–3: 10 mg/kg at wk 8 and 12
Beyond mo 3: 5 mg/kg every 4 wk

221 Were assigned to cyclosporine
Initial daily dose: 4–10 mg/kg
Mo 0–1: dose adjusted to
150–300 ng/ml
Beyond mo 1: dose adjusted to
100–250 ng/ml

219 Underwent transplantation

226 Underwent transplantation

221 Underwent transplantation

219 Were treated

226 Were treated

215 Were treated

91 Discontinued study
39 Were ineligible for or declined
LTE
14 Withdrew consent
13 Had adverse event
13 Died
4 Were lost to follow-up
2 Were pregnant
1 Had poor adherence or was
nonadherent
5 Had other reason

90 Discontinued study
34 Were ineligible for or declined
LTE
20 Withdrew consent
11 Had adverse event
11 Died
4 Were lost to follow-up
3 Had lack of efficacy
1 Was pregnant
1 Had poor adherence or was
nonadherent
1 Had administrative reason
4 Had other reason

123 Discontinued study
41 Were ineligible for or declined
LTE
23 Died
22 Withdrew consent
12 Had adverse event
8 Were lost to follow-up
6 Had lack of efficacy
4 Had poor adherence or were
nonadherent
1 Had administrative reason
6 Had other reason

128 Completed 84-mo study

136 Completed 84-mo study

92 Completed 84-mo study

153 Could be evaluated at 84 mo

163 Could be evaluated at 84 mo

131 Could be evaluated at 84 mo

Figure 1. Number of Patients Who Were Enrolled, Underwent Randomization, and Completed the Study.
Patients who could be evaluated were those who were followed for at least 84 months or who had died or had graft
loss by month 84. LI denotes less intensive, LTE long-term extension, and MI more intensive.

per minute per 1.73 m2 per year (95% CI, 0.83
to 1.77) and those assigned to the less-intensive
regimen had a gain of 1.39 ml per minute per
1.73 m2 per year (95% CI, 0.93 to 1.84). Over the
same period, patients randomly assigned to cyclosporine had a decline in the mean eGFR (−1.04 ml
n engl j med 374;4

per minute per 1.73 m2 per year; 95% CI, −1.53 to
−0.54). The eGFR slopes diverged significantly between belatacept and cyclosporine over time. The
treatment-by-time interaction effect derived from
the mixed-effects model significantly favored each
belatacept regimen over cyclosporine (P<0.001).
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Figure 3. Glomerular Filtration Rate over the Period from Month 1 to Month 84.
The estimated glomerular filtration rate (eGFR) was determined by repeated-measures modeling, with time as a categorical variable. I bars indicate 95% confidence intervals.

For the analysis in which eGFR values that
were missing because of death or graft loss were
imputed as zero, the mean eGFR values at
months 12, 36, 60, and 84 were 64.3, 64.8, 63.9,
and 62.0 ml per minute per 1.73 m2, respective
ly, with the more-intensive belatacept regimen
and 63.8, 65.2, 65.2, and 63.3 ml per minute
per 1.73 m2 with the less-intensive regimen. The
corresponding values for cyclosporine were 49.8,
44.3, 39.1, and 36.6 ml per minute per 1.73 m2.
With imputation of missing values, differences
in the eGFR remained significantly in favor of
belatacept (P<0.001 for the overall treatment effect of each belatacept regimen vs. cyclosporine).
Results of the slope-based analysis with imputation showed a slight increase in the mean eGFR
from month 1 to month 84 for patients randomly
assigned to the more-intensive belatacept regimen (0.20 ml per minute per 1.73 m2 per year;
95% CI, −0.38 to 0.78) and those assigned to the

Figure 2 (facing page). Kaplan–Meier Curves for Patient
and Graft Survival.
Panel A shows the Kaplan−Meier curve for the composite end point of patient and graft survival. Panel B
shows the Kaplan−Meier curve for the individual contribution of patient survival. Panel C shows the Kaplan−
Meier curve for the individual contribution of graft survival, with censoring of data for patients who died.

n engl j med 374;4

less-intensive regimen (0.38 ml per minute per
1.73 m2 per year; 95% CI, −0.18 to 0.95), whereas patients randomly assigned to cyclosporine
had a decline in the mean eGFR (−1.92 ml per
minute per 1.73 m2 per year; 95% CI, −2.51 to
−1.32). With imputation of missing values, the
treatment-by-time interaction effect remained
significantly in favor of each belatacept regimen
(P<0.001).
Safety

At month 84, the cumulative frequencies of serious adverse events for the more-intensive and
less-intensive belatacept regimens and for cyclosporine were 70.8%, 68.6%, and 76.0%, respectively. Serious infections were the most common
adverse events in each treatment group. The cumulative incidence rates of serious infections
were 10.6, 10.7, and 13.3 events per 100 personyears of treatment exposure up to month 84 for
patients randomly assigned to the more-intensive belatacept regimen, those assigned to the
less-intensive regimen, and those assigned to
cyclosporine, respectively (Table 1).
The cumulative incidence rates for cancers
were 2.1, 1.8, and 2.6 per 100 person-years of
exposure with the more-intensive belatacept
regimen, the less-intensive regimen, and cyclosporine, respectively (Table 1, and Table S7 in
the Supplementary Appendix). All but 1 of the
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Table 1. Cumulative Incidence Rates of Selected Adverse Events.*
More-Intensive
Belatacept
(N = 219)

Event

Less-Intensive
Belatacept
(N = 226)

Cyclosporine
(N = 221)

no. of events/100 person-yr
Serious infections

10.6

10.7

13.3

Urinary tract infection

1.9

2.0

3.1

Cytomegalovirus infection

1.4

1.1

0.8

Pneumonia

0.7

1.1

1.4

Pyelonephritis

0.7

0.7

0.9

Sepsis

0.8

0.5

0.8

Gastroenteritis

0.7

0.3

0.7

Acute pyelonephritis

0.5

0.3

0.2

Upper respiratory tract infection

0.1

0.2

0.5

Serious gastrointestinal disorders

3.9

2.2

3.8

Serious general disorders and administration-site conditions

2.5

2.3

2.7

Serious cardiac disorders

2.0

1.4

2.2

Serious vascular disorders

1.8

1.5

2.9

Serious blood and lymphatic system disorders

1.6

1.0

1.6

Serious hepatobiliary disorders

0.5

0.3

0.7

Serious endocrine disorders

0.2

0.3

0.5

Cancer of any grade

2.1

1.8

2.6

*	Only events occurring at an adjusted rate of 2% or more of patients in any treatment group are reported. Event rates
have been adjusted for the duration of treatment exposure (expressed in person-years). For serious infections and cancer of any grade, treatment exposure was calculated from the randomization date to the date of the event, the date of
the last follow-up assessment, or month 84, whichever was earliest. For all other events, treatment exposure was calculated from the randomization date to the date of the event, the date of the last dose of study medication plus 56 days,
or month 84, whichever was earliest. Infections are classified according to the preferred terms in the Medical Dictionary
for Regulatory Activities.

cases of post-transplantation lymphoproliferative disorder occurred in the first 24 months.
Among patients known to be EBV-positive before
transplantation, 1 case of lymphoproliferative
disorder, occurring between 12 and 24 months
after transplantation, was reported in the group
assigned to the more-intensive belatacept regimen (incidence rate, 0.1 cases per 100 personyears); 2 cases, occurring during the first 12
months after transplantation, were reported in
the group assigned to the less-intensive belatacept regimen (incidence rate, 0.2 cases per 100
person-years); and 1 case, occurring between
60 and 72 months after transplantation, was
reported in the cyclosporine group (incidence
rate, 0.1 cases per 100 person-years).
Among EBV-negative patients, 2 cases of lymphoproliferative disorder, 1 occurring during the
first 12 months after transplantation and 1 oc340
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curring between 12 and 24 months after transplantation, were reported in the group assigned
to the more-intensive belatacept regimen (incidence rate, 1.6 cases per 100 person-years), and
1 case, occurring during the first 12 months after
transplantation, was reported in the cyclosporine
group (incidence rate, 0.6 cases per 100 personyears). Post-transplantation lymphoproliferative
disorder did not occur in any of the EBV-negative
patients who were randomly assigned to the lessintensive belatacept regimen.
Donor-Specific Antibodies

The absolute proportion of patients in whom
donor-specific antibodies developed by year 7 is
shown in Figure S1 in the Supplementary Appendix according to treatment group. The Kaplan−
Meier cumulative rates for the development of
donor-specific antibodies at months 36, 60, and
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84 were 1.2%, 1.9%, and 1.9%, respectively, with
the more-intensive belatacept regimen and 3.4%,
4.6%, and 4.6% with the less-intensive regimen.
The corresponding values for cyclosporine were
8.7%, 16.2%, and 17.8%. The Kaplan−Meier
cumulative rate for the development of donorspecific antibodies was significantly lower with
each belatacept regimen than with cyclosporine (P<0.001). Information on specific antibody
classes is provided in Figure S1 in the Supplementary Appendix.

Discussion
In the present study, patients randomly assigned
to either a more-intensive or a less-intensive belatacept regimen had a 43% reduction in the risk of
death or graft loss at 7 years, as compared with
patients randomly assigned to cyclosporine. The
treatment effect was similar for each component
of the composite end point (time to death and
time to graft loss). The reduction in the risk of
death at 7 years was 38% with the more-intensive belatacept regimen and 45% with the lessintensive regimen as compared with cyclosporine. The corresponding values for the reduction
in the risk of graft loss, with censoring of data
for patients who died, were 44% and 41%. The
difference in patient and graft survival between
belatacept-based and cyclosporine-based immunosuppression was both statistically and clinically significant.
Results from the 7-year analysis of the present
study contrast with those from the 7-year analysis
of BENEFIT-EXT, in which recipients of kidneys
obtained from deceased donors meeting expandedcriteria status (i.e., older age and more coexisting conditions than standard-criteria donors)
were also randomly assigned to receive treatment with the more-intensive belatacept regimen,
the less-intensive regimen, or cyclosporine.19
An analysis of the study data of BENEFIT-EXT at
7 years after transplantation19,21,23 showed that
the rates of death and graft loss with the belatacept-based regimens were similar to the rates
with the cyclosporine-based regimen.25 The participants in BENEFIT had several advantages over
the participants in BENEFIT-EXT. In addition to
receiving healthier kidneys (i.e., kidneys from
living donors or kidneys obtained from standard-criteria deceased donors), the BENEFIT
participants were younger overall (mean age,
n engl j med 374;4

43.2 years vs. 56.2 years), as were their donors
(mean age, 40.2 years vs. 43.2 years); also, the
transplant recipients in the present study had
fewer coexisting conditions.18,19 These covariates
may have contributed to the different outcomes
of the two studies. Notably, a post hoc analysis
of BENEFIT-EXT data showed a 41% reduction in
the risk of death, graft loss, or a mean eGFR
that was less than 30 ml per minute per 1.73 m2
7 years after transplantation among patients
randomly assigned to the more-intensive or lessintensive belatacept regimen as compared with
those assigned to cyclosporine (Fig. S2 in the
Supplementary Appendix). We believe this finding is important because an eGFR value of less
than 30 ml per minute per 1.73 m2 is equivalent
to stage 4 or higher chronic kidney disease, a
point at which it is apparent that some patients
(if they have further progression) will need maintenance dialysis.
In this phase 3 randomized trial, the clinically and statistically significant improvements
in renal function that were observed with belatacept as compared with cyclosporine at earlier
time points18,20,22 were sustained at 7 years. Rates
of acute rejection were similar to those in previous reports,18,20,22 with few cases occurring after
36 months (no case of acute rejection with moreintensive belatacept, one case with less-intensive
belatacept, and two cases with cyclosporine).20,22
The long-term safety profile of belatacept was
consistent with that described previously.18,20,22
Most cases of post-transplantation lymphoproliferative disorder occurred during the first 24
months,18,20,22 a finding that is consistent with
the findings in kidney-transplant recipients treated with calcineurin inhibitor–based immunosuppressive regimens.26-28
The development of donor-specific antibodies
can lead to allograft failure.29 Donor-specific
antibodies are estimated to develop in 11% of
patients during the year after kidney transplantation and in 20% of patients by 5 years after
transplantation.29 In our study, the cumulative
event rates for the development of donor-specific
antibodies at year 7 were significantly lower
with both belatacept-based regimens than with
the cyclosporine-based regimen, a finding that
supports earlier analyses of the data from this
trial.18,20 Class 1 donor-specific antibodies typical
ly develop within 6 months after transplantation
and are associated with a better prognosis than
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class II antibodies.30 The frequency of class II
donor-specific antibodies in our study was lower
with both belatacept regimens than with cyclosporine. This finding is consistent with the effect of costimulation blockade in experimental
transplantation.31
One limitation of our trial was that we did
not compare belatacept with tacrolimus, the current standard-of-care calcineurin inhibitor. However, patient and graft survival outcomes with
contemporary tacrolimus-based regimens are
similar to those observed with cyclosporinebased regimens.6,32-34
Another limitation is that data for patients
who did not have an event were censored at the
last follow-up assessment, which was earlier than
year 7 for patients who discontinued the study.
However, in each treatment group, patient retention was high, with a prolonged median
duration of follow-up. Adherence to the study
medication (not a primary focus of the study)
was not directly assessed beyond month 36. We
References
1. Kidney Disease: Improving Global
Outcomes (KDIGO) Transplant Work
Group. KDIGO clinical practice guideline
for the care of kidney transplant recipients. Am J Transplant 2009;9:Suppl 3:S1S155.
2. Lamb KE, Lodhi S, Meier-Kriesche HU.
Long-term renal allograft survival in the
United States: a critical reappraisal. Am J
Transplant 2011;11:450-62.
3. Pirsch JD, Miller J, Deierhoi MH, Vincenti F, Filo RS. A comparison of tacrolimus (FK506) and cyclosporine for immunosuppression after cadaveric renal
transplantation. Transplantation 1997;63:
977-83.
4. Miller J, Pirsch JD, Deierhoi M, Vincenti F, Filo RS. FK 506 in kidney transplantation: results of the U.S.A. randomized comparative phase III study.
Transplant Proc 1997;29:304-5.
5. Vincenti F, Jensik SC, Filo RS, Miller J,
Pirsch J. A long-term comparison of tacrolimus (FK506) and cyclosporine in kidney
transplantation: evidence for improved
allograft survival at five years. Transplantation 2002;73:775-82.
6. Opelz G, Döhler B. Influence of immunosuppressive regimens on graft survival
and secondary outcomes after kidney
transplantation. Transplantation 2009;87:
795-802.
7. Nankivell BJ, Borrows RJ, Fung CL,
O’Connell PJ, Allen RD, Chapman JR. The
natural history of chronic allograft nephropathy. N Engl J Med 2003;349:232633.

342

of

m e dic i n e

expected that adherence would differ for the two
types of study medication, since cyclosporine
was administered orally by the patient at home
and belatacept was administered intravenously
under the supervision of a health care provider.
We assessed efficacy and safety outcomes in
kidney-transplant recipients who were treated
with maintenance immunosuppression beyond
5 years; other studies of immunosuppressive
regimens have reported outcomes up to 5 years
after kidney transplantation.5,35-39 In our study,
the risk of death or graft loss at year 7 was significantly lower for belatacept-treated patients
than for cyclosporine-treated patients; this result
was made more notable by the fact that the survival benefit emerged as early as 5 years after
transplantation.
Supported by Bristol-Myers Squibb.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
We thank Steven G. Rizk, Robert Townsend, and the many
members of the Bristol-Myers Squibb Belatacept Extended Development Team.

8. Gaston RS. Chronic calcineurin in-

hibitor nephrotoxicity: reflections on an
evolving paradigm. Clin J Am Soc Nephrol
2009;4:2029-34.
9. Fellström B, Jardine AG, Soveri I, et al.
Renal dysfunction as a risk factor for mortality and cardiovascular disease in renal
transplantation: experience from the Assessment of Lescol in Renal Transplantation trial. Transplantation 2005;79:1160-3.
10. Hariharan S, McBride MA, Cherikh
WS, Tolleris CB, Bresnahan BA, Johnson
CP. Post-transplant renal function in the
first year predicts long-term kidney transplant survival. Kidney Int 2002;62:311-8.
11. Meier-Kriesche HU, Baliga R, Kaplan B.
Decreased renal function is a strong risk
factor for cardiovascular death after renal
transplantation. Transplantation 2003;75:
1291-5.
12. Mohan S, Palanisamy A, Tsapepas D,
et al. Donor-specific antibodies adversely
affect kidney allograft outcomes. J Am
Soc Nephrol 2012;23:2061-71.
13. Larsen CP, Pearson TC, Adams AB,
et al. Rational development of LEA29Y
(belatacept), a high-affinity variant of
CTLA4-Ig with potent immunosuppressive properties. Am J Transplant 2005;5:
443-53.
14. Bestard O, Campistol JM, Morales JM,
et al. Advances in immunosuppression for
kidney transplantation: new strategies for
preserving kidney function and reducing
cardiovascular risk. Nefrologia 2012;
32:
374-84.
15. Masson P, Henderson L, Chapman JR,

n engl j med 374;4

nejm.org

Craig JC, Webster AC. Belatacept for kidney transplant recipients. Cochrane Database Syst Rev 2014;11:CD010699.
16. Archdeacon P, Dixon C, Belen O,
A lbrecht R, Meyer J. Summary of the US
FDA approval of belatacept. Am J Transplant 2012;12:554-62.
17. European Medicines Agency. Nulojix:
European Public Assessment Report —
summary for the public (http://www.ema
.europa.eu/ema/index.jsp?curl=pages/
medicines/human/medicines/002098/
human_med_001459.jsp&mid=WC0b01
ac058001d124).
18. Vincenti F, Charpentier B, Vanrenterghem Y, et al. A phase III study of belatacept-based immunosuppression regimens
versus cyclosporine in renal transplant
recipients (BENEFIT study). Am J Transplant 2010;10:535-46.
19. Durrbach A, Pestana JM, Pearson T,
et al. A phase III study of belatacept versus cyclosporine in kidney transplants from
extended criteria donors (BENEFIT-EXT
study). Am J Transplant 2010;10:547-57.
20. Vincenti F, Larsen CP, Alberu J, et al.
Three-year outcomes from BENEFIT, a
randomized, active-controlled, parallelgroup study in adult kidney transplant recipients. Am J Transplant 2012;12:210-7.
21. Pestana JO, Grinyo JM, Vanrenterghem Y, et al. Three-year outcomes from
BENEFIT-EXT: a phase III study of belatacept versus cyclosporine in recipients of
extended criteria donor kidneys. Am J
Transplant 2012;12:630-9.
22. Rostaing L, Vincenti F, Grinyó J, et al.

January 28, 2016

The New England Journal of Medicine
Downloaded from nejm.org on June 22, 2017. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.

Belatacept in Kidney Tr ansplantation

Long-term belatacept exposure maintains
efficacy and safety at 5 years: results from
the long-term extension of the BENEFIT
study. Am J Transplant 2013;13:2875-83.
23. Charpentier B, Medina Pestana JO,
Del C Rial M, et al. Long-term exposure to
belatacept in recipients of extended criteria donor kidneys. Am J Transplant 2013;
13:2884-91.
24. Levey AS, Bosch JP, Lewis JB, Greene
T, Rogers N, Roth D. A more accurate
method to estimate glomerular filtration
rate from serum creatinine: a new prediction equation. Ann Intern Med 1999;130:
461-70.
25. Florman S, Medina J, Rial M, et al.
Final results from the BENEFIT-EXT trial:
a 7 year follow-up of belatacept treated patients. Am J Transplant 2015;15:Suppl 3.
abstract.
26. Shapiro R, Nalesnik M, McCauley J,
et al. Posttransplant lymphoproliferative
disorders in adult and pediatric renal
transplant patients receiving tacrolimusbased immunosuppression. Transplantation 1999;68:1851-4.
27. Caillard S, Dharnidharka V, Agodoa L,
Bohen E, Abbott K. Posttransplant lymphoproliferative disorders after renal
transplantation in the United States in era
of modern immunosuppression. Transplantation 2005;80:1233-43.
28. Sampaio MS, Cho YW, Shah T, Bun-

napradist S, Hutchinson IV. Association
of immunosuppressive maintenance regimens with posttransplant lymphoproliferative disorder in kidney transplant recipients. Transplantation 2012;93:73-81.
29. Everly MJ, Rebellato LM, Haisch CE,
et al. Incidence and impact of de novo
donor-specific alloantibody in primary
renal allografts. Transplantation 2013;95:
410-7.
30. Nair R, Agrawal N, Lebaeau M, Tuteja S,
Chandran PK, Suneja M. Late acute kidney
transplant rejection: clinicopathological
correlates and response to corticosteroid
therapy. Transplant Proc 2009;41:4150-3.
31. Kim EJ, Kwun J, Gibby AC, et al. Costimulation blockade alters germinal center responses and prevents antibody-mediated rejection. Am J Transplant 2014;14:
59-69.
32. Vincenti F, Friman S, Scheuermann E,
et al. Results of an international, randomized trial comparing glucose metabolism
disorders and outcome with cyclosporine
versus tacrolimus. Am J Transplant 2007;
7:1506-14.
33. Kaplan B, Schold JD, Meier-Kriesche
HU. Long-term graft survival with neoral
and tacrolimus: a paired kidney analysis.
J Am Soc Nephrol 2003;14:2980-4.
34. Silva HT Jr, Yang HC, Meier-Kriesche
HU, et al. Long-term follow-up of a phase
III clinical trial comparing tacrolimus

extended-release/MMF, tacrolimus/MMF,
and cyclosporine/MMF in de novo kidney
transplant recipients. Transplantation
2014;97:636-41.
35. Lorber MI, Mulgaonkar S, Butt KM,
et al. Everolimus versus mycophenolate
mofetil in the prevention of rejection in de
novo renal transplant recipients: a 3-year
randomized, multicenter, phase III study.
Transplantation 2005;80:244-52.
36. Vítko S, Margreiter R, Weimar W, et al.
Three-year efficacy and safety results
from a study of everolimus versus mycophenolate mofetil in de novo renal transplant patients. Am J Transplant 2005;5:
2521-30.
37. Kahan BD. Two-year results of multicenter phase III trials on the effect of the
addition of sirolimus to cyclosporinebased immunosuppressive regimens in renal transplantation. Transplant Proc 2003;
35:Suppl:37S-51S.
38. Mathew TH. A blinded, long-term,
randomized multicenter study of mycophenolate mofetil in cadaveric renal transplantation: results at three years. Transplantation 1998;65:1450-4.
39. European Mycophenolate Mofetil Cooperative Study Group. Mycophenolate
mofetil in renal transplantation: 3-year
results from the placebo-controlled trial.
Transplantation 1999;68:391-6.
Copyright © 2016 Massachusetts Medical Society.

receive immediate notification when an article
is published online first

To be notified by e-mail when Journal articles
are published Online First, sign up at NEJM.org.

n engl j med 374;4

nejm.org

January 28, 2016

The New England Journal of Medicine
Downloaded from nejm.org on June 22, 2017. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.

343

