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ABSTRACT
Background Calcineurin inhibitors (CNIs) are standard of care after kidney transplantation, but they are
associated with nephrotoxicity and reduced long-term graft survival. Belatacept, a selective T cell costimu-
lation blocker, is approved for the prophylaxis of kidney transplant rejection. This phase 3 trial evaluated
the efficacy and safety of conversion from CNI-based to belatacept-based maintenance immunosuppres-
sion in kidney transplant recipients.

Methods Stable adult kidney transplant recipients 6–60 months post-transplantation under CNI-based immu-
nosuppression were randomized (1:1) to switch to belatacept or continue treatment with their established
CNI. The primary end point was the percentage of patients surviving with a functioning graft at 24 months.

Results Overall, 446 renal transplant recipients were randomized to belatacept conversion (n5223) or CNI
continuation (n5223). The 24-month rates of survival with graft function were 98% and 97% in the belatacept
and CNI groups, respectively (adjusted difference, 0.8; 95.1% CI, 22.1 to 3.7). In the belatacept conversion
versus CNI continuation groups, 8% versus 4% of patients experienced biopsy-proven acute rejection
(BPAR), respectively, and 1% versus 7% developed de novo donor-specific antibodies (dnDSAs), respec-
tively. The 24-month eGFR was higher with belatacept (55.5 versus 48.5 ml/min per 1.73 m2 with CNI). Both
groups had similar rates of serious adverse events, infections, and discontinuations, with no unexpected
adverse events. One patient in the belatacept group had post-transplant lymphoproliferative disorder.

Conclusions Switching stable renal transplant recipients from CNI-based to belatacept-based immunosup-
pression was associated with a similar rate of death or graft loss, improved renal function, and a numeri-
cally higher BPAR rate but a lower incidence of dnDSA.

Clinical Trial registry name and registration number: A Study in Maintenance Kidney Transplant Recipients
Following Conversion to NulojixVR (Belatacept)-Based, NCT01820572

JASN 32: 3252–3264, 2021. doi: https://doi.org/10.1681/ASN.2021050628

Calcineurin inhibitor (CNI)–based immunosup-
pression has largely eliminated early graft loss
from rejection in renal transplant recipients.1

However, CNIs are potentially nephrotoxic,
resulting in impaired renal function and increased
cardiovascular risk and leading to diminished
long-term patient and graft survival.2 The devel-
opment of anti-HLA de novo donor-specific
antibodies (dnDSAs) with current standard
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immunosuppression therapies, including CNIs, is another
major threat to long-term graft survival, as chronic
antibody-mediated rejection is believed to be a major cause
for graft loss.3 In a study evaluating long-term dnDSA
incidence in kidney transplant recipients, nearly all on
CNI-based immunosuppression, approximately 25% of
patients developed dnDSAs 10 years after transplant.4

Immunosuppression strategies are needed for minimizing
CNI exposure to reduce late transplant failure rates.5 One
such strategy is the conversion from CNI to alternative
maintenance immunosuppression.5 Conversion to mam-
malian target of rapamycin inhibitors has shown variable
degrees of improvement in renal function in several stud-
ies; however, risks of rejection, development of dnDSAs,
and in some cases, graft failure were shown to be higher
than those with CNIs.5–8 In addition, discontinuations due
to dose-limiting mammalian target of rapamycin
inhibitor–associated toxicities were common.6

Belatacept, a fusion protein composed of the human
IgG1 Fc fragment linked to the modified extracellular
domain of cytotoxic T lymphocyte–associated antigen 4,
selectively inhibits T cell activation by blocking the CD28-
CD80/86 costimulatory pathway.9 Compared with kidney
transplant recipients receiving cyclosporin, those receiving
belatacept showed an improved cardiovascular and meta-
bolic profile, reduced incidence of chronic allograft
nephropathy, reduced incidence of dnDSAs, and improved
renal function and in living or standard criteria deceased
donor kidney recipients, better long-term (7-year) patient
and graft survival.10–15 However, a higher incidence of
biopsy-proven acute rejection (BPAR) was noted with bela-
tacept than with cyclosporin. Although the overall safety
profile was similar between belatacept and cyclosporin,
belatacept was associated with an increased risk of
post-transplant lymphoproliferative disorder (PTLD),
particularly in Epstein–Barr virus (EBV)–seronegative
individuals.10,11,13–15

Several studies exploring conversion from CNI- to
belatacept-based immunosuppression in kidney transplant
recipients have shown improved renal function postbela-
tacept conversion, although in association with acute
rejection rates of 4%–13%.11,16–21 In an earlier phase 2
study conducted to evaluate conversion from CNI- to
belatacept-based regimens in clinically stable renal allo-
graft recipients 6–36 months post-transplantation,22 con-
version from CNI- to belatacept-based therapy was well
tolerated without graft loss at 12 months postrandomiza-
tion, and improved renal function was noted, albeit with
a higher BPAR rate (7% versus 0% in the CNI group).
The majority of BPAR episodes occurred during the first
6 months.22,23 On this basis, a prospective, randomized,
open-label phase 3b study was undertaken to evaluate
the efficacy and safety of conversion of renal allograft
recipients from CNI- to belatacept-based maintenance
immunosuppression.

METHODS

Trial Design and Participants
This active comparator, prospective, parallel-group, ran-
domized, open-label phase 3b study was conducted at 85
centers in ten countries. Adult patients who had received
living or deceased donor kidney transplants 6–60 months
prior to enrollment were eligible. All patients were EBV
seropositive and had received CNI-based immunosuppres-
sion, along with a mycophenolate and daily corticosteroids,
for a month or longer. A key inclusion criterion was stable
renal function, defined as the absence of new-onset protein-
uria during the 12-week period prior to enrollment or pro-
teinuria #500 mg/d in diabetic patients or #1000 mg/d in
nondiabetic patients prior to the 12-week period and an
eGFR between $30 and #75 ml/min per 1.73 m2 (assessed
at screening and at one additional time point 2–12 weeks
prior to screening; detailed inclusion criteria are available
in the study protocol). Patients were excluded if they were
EBV seronegative or if EBV serostatus was unknown; had a
history of BPAR within 3 months prior to enrollment; had
experienced antibody-mediated acute rejection, recurrent
acute rejection, or greater than or equal to Banff 97 grade
IIA acute rejection in the current allograft; had previous
graft loss due to BPAR; or had a positive T cell lymphocy-
totoxicity crossmatch prior to the current transplant.

Written informed consent was obtained at the time of
enrollment. This study was conducted in accordance with
Good Clinical Practice per the International Conference on
Harmonization and applicable regulatory requirements.
The study protocol and any amendments were reviewed
and approved by the institutional review board/indepen-
dent ethics committee for each site prior to study initiation.

Randomization and Masking
Eligible kidney transplant recipients were randomized in a
central system in a 1:1 ratio to either switch to belatacept
or continue with their established CNI treatment. Patients
were stratified by screening eGFR in a 1:2 ratio ($30 to

Significance Statement

This randomized trial demonstrates the safety and efficacy of
conversion from calcineurin inhibitor (CNI)– to belatacept-based
maintenance immunosuppression in renal transplant recipients
6–60 months post-transplant. Patients converted to belatacept
showed sustained improvement in renal function associated with
an acceptable safety profile consistent with prior experience and
a smaller treatment difference in acute rejection postconversion
compared with that observed in earlier studies in de novo renal
allograft recipients. These results favor the use of belatacept as
an alternative to continued long-term CNI-based maintenance
immunosuppression, which is particularly relevant for CNI-
intolerant patients, including those who experience nephrotoxi-
city. These data help inform clinical practice guidelines regarding
the conversion of such patients to an alternative immunosup-
pressive drug regimen.
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,45 or $45 to ,75 ml/min per 1.73 m2) to maintain simi-
lar distributions across treatment groups.

Study Assessments
The belatacept dosing regimen in this study was identical to
that in the phase 2 conversion study.22 Patients in the conver-
sion group received belatacept 5 mg/kg as a 30-minute intrave-
nous infusion every 2 weeks (days 1, 15, 29, 43, and 57) for the
first 8 weeks and every 28 days thereafter as a maintenance
regimen. The CNI dose was tapered to 40%–60% by day 15
and 20%–30% by day 22, and it was discontinued by 2963
days postrandomization. In the CNI continuation group, dos-
ing was continued to maintain trough serum concentrations in
the range of 50–250 ng/ml for cyclosporin or 4–11 ng/ml for
tacrolimus. All patients continued to receive a mycophenolate
(mofetil or sodium salt) and daily corticosteroids. After ran-
domization, patients were followed for 24 months.

Renal biopsies were performed to assess all clinically
suspected episodes of acute rejection per protocol-specified
criteria; surveillance biopsies were not permitted. Acute
rejection was diagnosed on the basis of the local patholo-
gist’s interpretation of the biopsy findings and treated per
local standard of care. Samples for donor-specific antibody
testing were collected prior to the first dose of belatacept
and at 12 and 24 months.

Safety was assessed from baseline throughout the study
period and at follow-up 8 weeks after the last dose. Safety
monitoring of serious viral infections (cytomegalovirus
[CMV] or BK virus infections) was performed at the dis-
cretion of the individual investigators and was not specified
in the protocol. After completion of the study, patients in
the belatacept conversion arm who continued commercially
available belatacept were followed up at 8 weeks postcom-
pletion. Patients who discontinued belatacept and switched
to nonbelatacept-based regimens also underwent serum
testing for the presence of antibelatacept antibodies at
weeks 8, 12, and 24 after discontinuation.

Study End Points
The primary end point of this study was the percentage of
patients surviving with a functioning graft at 24 months
postrandomization. Secondary end points included individ-
ual patient and graft survival outcomes at 12 and 24 months;
incidence and severity of BPAR at 12 and 24 months; renal
function, assessed by mean eGFR and mean change from
baseline eGFR at 12 and 24 months; mean changes from
baseline systolic and diastolic BP at 12 and 24 months; the
proportion of patients with preexisting donor-specific anti-
bodies at baseline and dnDSAs at 12 and 24 months; and
safety monitoring for adverse events (AEs). Post hoc sub-
group (sensitivity) analyses were performed to assess survival
with graft function, BPAR, and mean percentage change
from baseline eGFR at 24 months on the basis of demo-
graphic, therapeutic, and renal function variables.

Statistical Analyses
Because of the absence of previously published and adequately
sized randomized trial data for this patient population, an
acceptable noninferiority margin for the treatment difference
in the primary end point could not be established for regula-
tory purposes. Therefore, this study was not powered to dem-
onstrate any statistically significant treatment differences in
survival with graft function that might exist at month 24.
These factors determined the selection of the descriptive pri-
mary end point and the key secondary end points.

However, it was estimated that a sample size of approxi-
mately 220 patients per treatment group would provide suf-
ficient power to rule out a clinically unacceptable difference
in patient and graft survival. With a confidence level (one
sided) of 0.975 and assuming a 93% patient and graft sur-
vival rate at month 24 in both treatment groups, a sample
size of 220 patients per arm was estimated to provide a
90% probability to rule out a treatment difference of 8.3%
in the primary end point.

Efficacy analyses were based on the intention-to-treat
population. Safety was assessed in all patients who received
at least one dose of study treatment. Efficacy outcomes
were summarized within each treatment group using point
estimates and the corresponding 95% confidence intervals
(95% CIs). The difference between treatment arms was pre-
sented as proportions of patients who survived with a func-
tioning graft along with 95.1% CIs calculated on the basis
of the O’Brien and Fleming a-spending function adjust-
ment. Graft loss was defined as a sustained level of
GFR,15 ml/min per 1.73 m2 for $4 weeks, resumption of
regularly scheduled dialysis for a period of $56 days, or
retransplantation. The incidence and severity of clinically
suspected BPAR up to 24 months postrandomization were
summarized using point estimates and 95% CIs. eGFR was
calculated using the four-variable Modification of Diet in
Renal Disease equation.24 Adjusted estimates for differences
in proportions were adjusted for the screening calculated
GFR using the minimum risk weights methodology.25

Adjusted renal function estimates were based on a repeated
measures model with treatment, month (categorical vari-
able), baseline eGFR (continuous variable), and interaction
of treatment by month as covariates. For patient and graft
survival and eGFR, analyses were performed both with
imputation to zero for data missing due to death or graft
loss and without imputation. Descriptive summaries were
provided for systolic and diastolic BP.

RESULTS

Patient Disposition and Baseline Characteristics
Between April 17, 2013 and May 22, 2017, 631 renal trans-
plant recipients were enrolled, and 446 were randomly
assigned to the belatacept conversion (n5223) or the CNI
continuation group (n5223) (Figure 1). Of 185 patients
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not randomized, 166 did not meet study criteria, and seven
withdrew consent. Overall, 221 patients in the belatacept
group and 222 in the CNI group were included in the
safety analysis; three patients (n52, belatacept; n51, CNI)
did not receive treatment.

Baseline characteristics were well balanced between the
two treatment groups (Table 1). In the overall population
(n5446), 82% of patients had no prior transplants, 66% had
received allografts from deceased donors, 62% had a baseline
eGFR $45 ml/min per 1.73 m2, and 94% had hypertension.
Mean serum creatinine concentrations were similar at base-
line in both groups but varied inversely with the correspond-
ing mean baseline eGFRs, and they were numerically higher
among Black patients (Supplemental Table 1). All patients
were EBV seropositive, 62% were CMV seropositive, and
18% were CMV-seronegative recipients of a CMV-positive

donor kidney. Overall, 73% had #5% panel reactive anti-
bodies prior to the current transplant, and 52% had zero to
three donor-recipient HLA mismatches. Most patients (89%)
were receiving tacrolimus at study entry.

Clinical database lock occurred on September 10, 2019,
after trial completion; 381 patients (195 [87%] in the bela-
tacept group; 186 [83%] in the CNI group) completed the
24-month treatment period. The most common reason for
discontinuation was AEs in the belatacept group (5%) and
patient request to discontinue in the CNI group (5%). The
median durations of study drug exposure were 24.8 and
24.2 months for the belatacept and CNI groups, respec-
tively. In the CNI continuation arm, mean serum trough
concentrations of tacrolimus and cyclosporin during the
study period approximated concentrations observed at
study entry (Supplemental Table 2).

631 patients enrolled

446 patients randomized

185 not randomized

• 166 no longer met study criteria
• 7 withdrew consent
• 4 adverse events
• 1 lost to follow-up
• 2 poor/non-compliance
• 5 other

223 assigned to switch to belatacept

• 223 in efficacy ITT population
• 221 in safety analysis (1 withdrew 

consent, 1 not treated)

223 assigned to continue on CNI

• 223 in efficacy ITT population
• 222 in safety analysis (1 withdrew 

consent)

217 in safety follow-up

• 6 lost to follow-up

206 in safety follow-up

• 17 lost to follow-up

195 completed treatment period

• 26 did not complete treatment period
• 12 adverse events
• 6 patients requested to discontinue
• 3 no longer met study criteria
• 3 patients died
• 1 lack of efficacy
• 1 withdrew consent
• 0 poor/non-compliance

186 completed treatment period

• 36 did not complete treatment period
• 7 adverse events
• 11 patients requested to discontinue
• 10 no longer met study criteria
• 3 patients died
• 0 lack of efficacy
• 2 withdrew consent
• 3 poor/non-compliance

Figure 1. The trial profile of patient disposition shows 446 patients randomized to belatacept conversion (n5223) or CNI con-
tinuation (n5223); these patients constituted the ITT population. The 24-month treatment period was completed by 87% of
patients in the belatacept group and 83% in the CNI group. ITT, intention to treat.
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Primary Efficacy Outcome: Patient/Graft Survival
At 24 months, 219 (98%) patients in the belatacept conver-
sion group and 217 (97%) patients in the CNI continuation
group were alive with a functioning graft (Figure 2, Table
2), corresponding to an adjusted treatment difference of 0.8
(95.1% CI O’Brien and Fleming a-spending function, 22.1
to 3.7). Kaplan–Meier analyses indicated a similar time to
the first occurrence of death or graft loss in both groups. In
the intention-to-treat population, eight patients died (four
in each group), all with functioning grafts. In the belatacept
group, three patients died due to unwitnessed, presumed
acute cardiac events, and one patient (randomized to bela-
tacept conversion but was never treated because he with-
drew consent) died of infection during month 24. The four
deaths in the CNI continuation group were attributed to
gram-negative bacterial sepsis, disseminated histoplasmosis,
acute myocardial infarction, and strangulated small bowel
obstruction (n51 each). One additional death was reported
in each group poststudy. One patient, who developed non-
central nervous system (non-CNS) PTLD postbelatacept
conversion, discontinued treatment, received chemother-
apy, and completed the study alive with graft function but
died 15 months poststudy of an unrelated cause (motor
vehicle accident); one patient in the CNI group was diag-
nosed with lung cancer at week 104 and died 3 months
poststudy.

By month 24, two patients in the CNI group had experi-
enced functional graft loss. One of these events occurred in
a patient who developed CNI-associated thrombotic micro-
angiopathy that necessitated reinitiation of maintenance
dialysis for .3 months, thereby meeting the protocol

Table 1. Baseline characteristics

Characteristics
Belatacept
Conversion,

n5223

CNI Continuation,
n5223

Age, yr 53.4 (11.3) 52.6 (11.7)
,65 184 (83%) 186 (83%)
$65 39 (17%) 37 (17%)

Sex
Men 150 (67%) 151 (68%)
Women 73 (33%) 72 (32%)

Race
White 191 (86%) 187 (84%)
Black 24 (11%) 24 (11%)
Asian 1 (,1%) 3 (1%)
Other 7 (3%) 9 (4%)

Geographic region
Europe 97 (43%) 92 (41%)
North America 91 (41%) 94 (42%)
South America 35 (16%) 37 (17%)

Prior transplants
0 183 (82%) 182 (82%)
1 37 (17%) 39 (17%)
2 3 (1%) 2 (1%)

Baseline eGFR based on
laboratory values, ml/min
per 1.73 m2

,30 1 (,1%) 0
30 to ,45 87 (39%) 83 (37%)
45 to ,75 131 (59%) 136 (61%)
$75 4 (2%) 4 (2%)
Mean 49.6 (12.1) 50.7 (11.6)

Mean (SD) baseline
creatinine, mg/dl

1.47 (0.35) 1.44 (0.33)

Time from transplant to
randomization, mo

21.5 (14.0) 21.6 (13.5)

Panel reactive antibodies,
n/N (%)
#5% 164/211 (78) 160/212 (75)
.5% 47/211 (22) 52/212 (25)
Missing 12/223 (5) 11/223 (5)

Type of transplant donor
Living, related 37 (17%) 41 (18%)
Living, unrelated 38 (17%) 36 (16%)
Deceased donor 148 (66%) 146 (65%)

Primary cause of ESKD
Glomerular disease 45 (20%) 54 (24%)
Polycystic kidney disease 43 (19%) 45 (20%)
Diabetes mellitus 38 (17%) 30 (13%)
Hypertensive

nephrosclerosis
24 (11%) 27 (12%)

Tubular and intestinal
diseases

9 (4%) 9 (4%)

Renovascular and other
vascular diseases

8 (4%) 6 (3%)

Congenital, rare familial,
and metabolic disorders

5 (2%) 3 (1%)

Neoplasms 0 1 (,1%)
Other 50 (22%) 48 (22%)
Not reported 1 (,1%) 0

Specific disease history
Hypertension 208 (93%) 210 (94%)
Hypercholesterolemia 100 (45%) 104 (47%)
Type 2 diabetes mellitus 60 (27%) 63 (28%)
Type 1 diabetes mellitus 14 (6%) 4 (2%)

Table 1. Continued

Characteristics
Belatacept
Conversion,

n5223

CNI Continuation,
n5223

Donor-recipient HLA
mismatches
0–3 117 (52%) 116 (52%)
4–6 106 (48%) 107 (48%)

Donor-recipient CMV
serostatus
Positive-positive 94 (42%) 99 (44%)
Negative-negative 47 (21%) 39 (17%)
Negative-positive 39 (17%) 43 (19%)
Positive-negative 39 (17%) 42 (19%)
Unknown 4 (2%) 0

Baseline
immunosuppressantsa

Tacrolimus 1 MMF 118 (53%) 125 (56%)
Tacrolimus 1 MPS 82 (37%) 73 (33%)
Cyclosporin 1 MMF 13 (6%) 15 (7%)
Cyclosporin 1 MPS 10 (4%) 10 (4%)

Data are n (%) or mean (SD) unless otherwise stated. MMF, mycophenolate
mofetil; MPS, mycophenolate sodium.
aBaseline tacrolimus and cyclosporin concentrations at study entry are
provided in Supplemental Table 2.
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definition of functional graft loss; however, following multi-
ple doses of eculizumab, this patient recovered sufficient
renal function to complete the study off dialysis. Two addi-
tional patients in the CNI group experienced functional

graft loss poststudy (on days 759 and 837) (not included in
Table 2). Patient and graft survival rates were consistent
between the belatacept and CNI groups across all sub-
groups analyzed (Supplemental Table 3).
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Figure 2. Kaplan-Meier analysis of the time to first occurrence of death or graft loss of the ITT population showed a similar
time to death or graft loss in the belatacept conversion group and in the CNI continuation group. No patient was imputed as
having graft loss or death due to loss of follow-up.

Table 2. Treatment effect on patient and graft survival (primary end point), BPAR, and renal function at 24 months

End Points Belatacept Conversion, n5223 CNI Continuation, n5223

Patient and graft survival
Patients surviving with a functioning graft 219 (98%) 217 (97%)
Adjusted difference from CNI

(95.1% CI)
0.8 (22.1 to 3.7)

Graft loss or death 4 (2%) 6 (3%)
Graft loss 0 2 (1%)
Death 4 (2%) 4 (2%)
Death with a functioning graft 4 (2%) 4 (2%)

BPAR
Patients with cellular (Banff IA or higher)

or antibody-mediated BPAR
18 (8%) 9 (4%)

Adjusted difference from CNI
(95.1% CI)

4.1 (20.4 to 8.5)

All Banff grade (1A or higher) acute
cellular rejection events

20 (9%) 6 (3%)

Mild acute (IA) 2 (1%) 4 (2%)
Mild acute (IB) 1 (,1%) 0
Moderate acute (IIA) 7 (3%) 1 (,1%)
Moderate acute (IIB) 6 (3%) 0
Severe acute (III) 4 (2%) 1 (,1%)

All humoral rejection events 5 (2%) 5 (2%)
Humoral only 0 3 (1%)
Humoral and cellular 5 (2%) 2 (1%)

Renal function
Mean adjusted eGFR, ml/min per 1.73 m2

(95% CI)
Month 12 55.0 (53.5 to 56.6) 49.3 (47.7 to 50.8)
Month 18 55.9 (54.3 to 57.6) 48.9 (47.2 to 50.5)
Month 24 55.5 (53.8 to 57.3) 48.5 (46.7 to 50.3)

Mean adjusted change from baseline at
month 24 in eGFR, ml/min per 1.73 m2

15.2 21.9

Adjusted difference from CNI
(95.1% CI)

7.0 (4.5 to 9.6)

P value ,0.001
Data are n (%) unless otherwise stated.
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Secondary Efficacy Outcomes: BPAR, Renal Function,
and Donor-Specific Antibodies
At 24 months, 18 (8%) patients in the belatacept group had
experienced one or more BPAR episodes compared with
nine (4%) patients in the CNI group; the Cox model hazard
ratio estimate was 2.09 (95% CI, 0.94 to 4.65) (Figure 3A,
Table 2). In the belatacept group, isolated episodes of acute
cellular rejection (Banff grade IA or higher) occurred in 16
patients, and the remaining two patients each experienced
a second event, leading to 20 total rejection events. All
events were successfully treated with increased corticoste-
roid dosing and in six cases, with concomitant lymphocyte-
depleting therapy. In the CNI continuation group, nine
patients experienced isolated BPAR episodes by 24 months;
of these, three developed isolated antibody-mediated
(humoral) rejection, one of whom experienced subsequent
functional graft loss. All other events responded to

increased corticosteroid dosing; two patients received con-
comitant lymphocyte-depleting therapy. Two additional
patients in the CNI group were diagnosed with Banff IA
acute cellular rejection by the local pathologist, but the cen-
tral pathologist determined that there was either no cellular
rejection (n51) or the cellular rejection was borderline/sus-
picious (n51) (not included in Table 2). In the belatacept
group, all BPAR episodes occurred during the first 7
months after randomization (Figure 3B). In the CNI con-
tinuation group, four of nine events were reported during
the first year (2% at month 12), and another five were
reported during the second year (4% at month 24). In sen-
sitivity analyses, BPAR rates across most patient subgroups
were consistent with those reported in the overall popula-
tion (Supplemental Table 4).

A sustained improvement in renal function was noted in
the belatacept group over the 24-month period, and the
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mean eGFR in this group was higher than that in the CNI
group at all time points, beginning at month 3 (Figure 4,
Table 2). At 24 months, the adjusted mean change from
baseline eGFR was 5.2 ml/min per 1.73 m2 in the belatacept
group versus 21.9 ml/min per 1.73 m2 in the CNI group,
resulting in a treatment difference of 7.0 ml/min per 1.73
m2 (P,0.001). Analysis of the trend in baseline-adjusted
mean eGFR over 24 months showed an estimated positive
slope of 0.68 ml/min per 1.73 m2 following belatacept con-
version. Over the same period, the trend in baseline-
adjusted mean eGFR was negative in the CNI continuation
group, corresponding to a slope of 20.11 ml/min per 1.73
m2 (Figure 4). Results from the analysis of mean eGFR
changes from month 3 were similar to those of mean eGFR
changes from baseline. At 24 months, 48% and 22% of
patients in the belatacept and CNI groups, respectively,
experienced 10% improvement in eGFR (Supplemental
Table 5). The adjusted mean percentage change from base-
line eGFR was greater in the belatacept group versus the
CNI group for all subgroups analyzed. When patients were
stratified into baseline eGFR subgroups of ,45, 45 to ,60,
or $60 ml/min per 1.73 m2, at month 24, the adjusted
mean percentage changes from baseline eGFR were 22.6%,
10.8%, and 6.2%, respectively, with belatacept conversion.
In the CNI continuation group, the corresponding adjusted
mean percentage changes from baseline eGFR were 0.2%, 0.
7%, and 27.3%, respectively (Supplemental Figure 1).

Mean eGFR was numerically lower in patients with
BPAR than in those without BPAR in both arms
(Supplemental Figure 2); however, small numbers of

patients with events (n518, belatacept; n59, CNI) pre-
cluded additional analysis of BPAR on eGFR.

Among patients with available urine protein-creatinine
ratio (UPCR) data, more patients had a UPCR$0.5 mg/mg
at month 24 than at baseline in both groups (Supplemental
Table 6); 24-month mean (SD) UPCR values were 0.255 (0.
314) and 0.217 (0.323) mg/mg in the belatacept and CNI
groups, respectively.

Mean changes from baseline systolic and diastolic BP
were small and not clinically meaningful in either group.
At 24 months, mean changes in systolic and diastolic BP
were 21.3 and 21.7 mm Hg, respectively, in the belatacept
group versus 11.2 and 10.5 mm Hg, respectively, in the
CNI group; patients in each group received an average of
2.3 antihypertensive medications. Mean changes from base-
line fasting serum lipid concentrations were generally small
and not clinically meaningful in most patients. New-onset
diabetes after transplant occurred in 12 (5%) and ten (4%)
patients in the belatacept and CNI groups, respectively.

Preexisting donor-specific antibodies were identified at
baseline in ten (5%) of 207 patients in the belatacept group
and 26 (13%) of 199 patients in the CNI group. By 24
months, two patients (1%) in the belatacept group and 14
patients (7%) in the CNI group had developed dnDSAs that
were not present at baseline (Figure 5). Only class 1 dnDSAs
were detected in the belatacept group (Supplemental Table
7). Among the 14 patients in the CNI group who developed
dnDSAs, class 1 antibodies were identified in six patients,
class 2 antibodies were identified in 12 patients, and both
classes 1 and 2 antibodies were identified in four patients.
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Safety
At least one AE was reported in 211 (95%) of 221 patients
in the belatacept conversion group and 204 (92%) of 222
patients in the CNI continuation group (Table 3). The
most common AEs in the belatacept versus CNI groups
were diarrhea (48 [22%] versus 63 [28%]) and nasophar-
yngitis (44 [20%] versus 50 [23%]). Serious AEs were
reported in 107 (48%) patients in the belatacept group and
95 (43%) patients in the CNI group. AEs led to treatment
discontinuation in 12 (5%) patients in the belatacept group
and eight (4%) patients in the CNI group. None of the
seven deaths reported in the safety population (n53, bela-
tacept; n54, CNI) were attributed to study treatment.

Malignancies other than PTLD were reported in 17
(8%) and 12 (5%) patients in the belatacept and CNI
groups, respectively; these were mostly attributed to non-
melanoma skin cancers. Basal cell carcinoma occurred
more frequently in the belatacept group (11 patients [5%]
versus five patients in the CNI group [2%]) and accounted
for most of the difference in overall malignancy rate
between groups.

One case of non-CNS PTLD was reported in the belata-
cept group (,1%) versus none in the CNI group. In the
belatacept and CNI groups, serious infections were
reported in 37 (17%) and 44 (20%) patients, respectively,
with serious viral infections occurring in five (2%) and
nine (4%) patients, respectively; CMV viremia or infection
occurring in two and zero patients, respectively; and BK
virus infections occurring in two and one patient, respec-
tively. No cases of tuberculosis, CNS infections, or pro-
gressive multifocal leukoencephalopathy were reported.
Infusion-related reactions occurred in 13 (6%) patients
with belatacept conversion within 24 hours of belatacept
infusion; all events were mild to moderate in intensity,
and none required hospitalization or discontinuation from
assigned therapy.

DISCUSSION

This study is the largest prospective, randomized, compara-
tive trial of conversion from a CNI-based regimen to bela-
tacept in maintenance renal transplant recipients. The rate
of survival with graft function at 2 years postconversion
was similar to that with CNI continuation in clinically sta-
ble allograft recipients whose study participation began
6–60 months post-transplant. Sustained improvements in
renal function were observed over 24 months in the belata-
cept conversion group relative to the CNI continuation
group. Although a higher BPAR rate was observed follow-
ing belatacept conversion than with CNI continuation, all
rejection events in the belatacept group occurred within the
first 6–7 months postconversion and responded to treat-
ment. Despite a higher rejection rate with belatacept con-
version, these patients had a lower incidence of dnDSAs
than patients who continued CNI treatment, and none
developed class 2 dnDSAs, which are the drivers of chronic
antibody-mediated rejections.26 Importantly, conversion to
belatacept was associated with a safety profile consistent
with prior studies of belatacept use from the time of renal
transplantation.10,13–15 No new or unexpected AEs were
reported overall. The 2-year incidence of serious infections
following belatacept conversion was comparable with that
with CNI continuation, and premature treatment discontin-
uation rates were similar across groups.

These data are consistent with earlier phase 2 conversion
trial results, in which similar death or graft loss rates and
similar degrees of improvement in renal function were
observed with belatacept conversion versus CNI continua-
tion, despite a higher BPAR rate during the first year.22 In
the phase 2 trial, the observed postconversion improvement
in renal function persisted through 3 years of follow-up.23

Similar renal function improvements have been reported in
previous belatacept conversion studies.16–21 However, early
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conversion to belatacept, attempted within 3–6 months
post-transplant, was associated with higher acute rejection
rates,11,16,27 as well as higher rates of infection-related hos-
pitalizations and opportunistic infections, particularly CMV
infection in high-risk (donor-positive/recipient-negative)
recipients.16 Reported BPAR rates following later conver-
sion (6 months or longer post-transplant) have been sub-
stantially lower (1-year rates: 4%–13%),16,17,27 consistent

with rejection rates observed in this phase 3 study (8.1% at
2 years) and the phase 2 study (8.4% at 3 years),23 both of
which enrolled patients $6 months post-transplantation.
Both studies reported lower serious and opportunistic
infection rates than those reported in the literature follow-
ing early conversion. Overall, these findings suggest a
favorable benefit-risk ratio for conversion to belatacept
after 6 months post-transplantation.

Although a higher BPAR incidence was observed in this
study at 2 years, all postconversion events occurred rela-
tively early (i.e., #7 months, consistent with previous stud-
ies).18,22,27 In contrast, BPAR events in the CNI
continuation group occurred at a similar frequency during
the first and second years of follow-up, although no modifi-
cations to the maintenance regimen were required per pro-
tocol. All postconversion rejection events were successfully
treated in the belatacept group; none were associated with
subsequent graft loss, unlike in the CNI continuation
group, in which one patient with isolated humoral rejection
experienced functional graft loss during the study. These
outcomes are consistent with previous studies of belatacept
use from the time of transplantation in which the majority
of BPAR episodes occurred within 6 months post-
transplant and responded to treatment.10,13–15

Sustained improvement in renal function was observed
after belatacept conversion, beginning at 3 months, persist-
ing and even increasing throughout the 2-year study period.
In contrast, eGFR in the CNI continuation group remained
the same or decreased during the study period. These results
were consistent regardless of whether the eGFR changes
were assessed from baseline or from month 3, suggesting
that the observed improvement in eGFR following conver-
sion from CNI to belatacept may not, by itself, be fully
explained by early improvement in renal cortical blood flow
following CNI discontinuation.1 Similar GFR improvements
were reported in previous belatacept conversion stud-
ies22,27,28 and those of belatacept use from the time of trans-
plantation.10,13–15 These results add further evidence that
conversion from CNI-based to belatacept-based treatment
may better preserve long-term allograft function.

The rates of AEs or serious AEs were similar across treat-
ment groups, with slightly higher cumulative rates at 2 years
with belatacept conversion than with CNI continuation (95%
versus 92% and 48% versus 42%, respectively). The fre-
quency and types of AEs were consistent with those in the
phase 2 conversion study22 and in the BENEFIT and
BENEFIT-EXT studies.10,13 No new or unexpected events
were reported in either group in this study. This was notable
because the belatacept conversion group underwent a major
change in immunosuppressive regimen. The most frequent
AEs were infections involving the respiratory and urinary
tracts, which occurred at similar rates in both arms. PTLD, a
previously recognized concern with belatacept,14,15 was
reported in one patient in the belatacept group. This PTLD
event did not involve the CNS and was successfully treated.

Table 3. Most common AEs (>10%), serious AEs (>3%), and
malignancies at 24 months

Variable
Belatacept
Conversion,

n5221

CNI Continuation,
n5222

AEs 211 (95%) 204 (92%)
Diarrhea 48 (22%) 63 (28%)
Nasopharyngitis 44 (20%) 50 (23%)
Urinary tract infection 42 (19%) 34 (15%)
Cough 31 (14%) 20 (9%)
Hypertension 29 (13%) 21 (9%)
Headache 27 (12%) 23 (10%)
Bronchitis 23 (10%) 18 (8%)
Peripheral edema 22 (10%) 35 (16%)
Arthralgia 21 (10%) 23 (10%)

Serious AEs 107 (48%) 95 (43%)
Kidney transplant rejectiona 19 (9%) 7 (3%)
Basal cell carcinoma 11 (5%) 5 (2%)
Urinary tract infection 7 (3%) 7 (3%)
Pneumonia 5 (2%) 7 (3%)

Major categories of serious
AEs
Any serious infection 37 (17%) 44 (20%)
Any serious viral infection 5 (2%) 9 (4%)
Influenza 2 (1%) 2 (1%)
BK virus infection 1 (,1%) 2 (1%)
CMV infection 0 2 (1%)
Gastroenteritis norovirus 1 (,1%) 1 (,1%)
Herpes zoster 2 (1%) 0
Gastroenteritis rotavirus 0 1 (,1%)
Gastroenteritis viral 0 1 (,1%)
Pneumonia respiratory

syncytial viral
0 1 (,1%)

Any serious fungal infection 0 1 (,1%)b

Any malignancy, excluding
PTLD

17 (8%) 12 (5%)

All malignancies, n (%)
Basal cell carcinoma 11 (5%) 5 (2%)
Squamous cell carcinoma

of skin
4 (2%) 1 (,1%)

Squamous cell carcinoma 3 (1%) 5 (2%)
Bowen disease 2 (1%) 1 (,1%)
Prostate cancer, including

recurrence
1 (,1%) 1 (,1%)

PTLDc 1 (,1%) 0
Papillary thyroid carcinoma 1 (,1%) 0
Lung adenocarcinoma 0 1 (,1%)

Data are n (%).
aNot based on AE records; not all biopsies were reported as serious AEs.
bPatient experienced disseminated histoplasmosis, which resulted in death.
cPatient developed non-CNS PTLD, received chemotherapy, and completed
the study with a functioning graft.
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Recent reports have cited an increased risk of CMV
infection associated with belatacept-based immunosuppres-
sion and a prolonged course of viral replication in CMV
high-risk patients (donor/recipient serostatus positive/nega-
tive).29 In this study, 18% and 19% of patients in the belata-
cept and CNI groups, respectively, were CMV-seronegative
recipients of CMV-positive donor kidneys and considered
at high risk for CMV infection. However, no cases of CMV
infection were reported following belatacept conversion,
whereas two cases were reported in the CNI continuation
group. This could partly be attributed to the later conver-
sion of these patients (.6 months post-transplant), consis-
tent with recently reported data.30

No clinically meaningful changes in systolic or diastolic
BP, new-onset diabetes after transplant rates, or fasting
lipid profiles were observed in either treatment group dur-
ing the 24-month study period.

The presence of donor-specific antibodies is associated
with an increased risk of antibody-mediated rejection, con-
sidered a major cause of long-term graft failure in kidney
transplant recipients.3,4 In this study, conversion to belata-
cept was associated with a lower incidence of dnDSA for-
mation compared with CNI-based treatment (1% versus 7%
at 24 months); these results are consistent with prior obser-
vations in newly transplanted patients.12 Despite more
rejections, no increase in the frequency of dnDSA forma-
tion was detected from 12 to 24 months postconversion,
although increases in donor-specific antibodies (5%–7%)
were observed in the CNI group over the same time period.

These results indicate that conversion from CNI- to
belatacept-based maintenance immunosuppression in stable
renal allograft recipients 6–60 months after transplantation
was well tolerated and associated with similar patient and
graft survival rates. Renal function was improved with bela-
tacept conversion and increased over time compared with
CNI continuation. Costimulation blockade with belatacept
resulted in a numerically higher BPAR rate; yet, lower
dnDSAs were reported with belatacept conversion com-
pared with CNI continuation. The overall benefit-risk pro-
file for belatacept in this study was similar to that
previously described in newly transplanted patients.10,13

Conversion from CNI to belatacept may offer the alterna-
tive clinical management strategy for renal allograft recipi-
ents for whom continued therapy with tacrolimus or
cyclosporin is no longer considered the optimal approach
to long-term immunosuppression.
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