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Kidney Transplantation

Background. Compared with calcineurin inhibitor–based immunosuppression, belatacept (BELA)-based treatment has 
been associated with better renal function but higher acute rejection rates. This phase 2 study (NCT02137239) compared 
the antirejection efficacy of BELA plus everolimus (EVL) with tacrolimus (TAC) plus mycophenolate mofetil (MMF), each fol-
lowing lymphocyte-depleting induction and rapid corticosteroid withdrawal. Methods. Patients who were de novo renal 
transplant recipients seropositive for Epstein-Barr virus were randomized to receive BELA+EVL or TAC+MMF maintenance 
therapy after rabbit antithymocyte globulin induction and up to 7 d of corticosteroids. The primary endpoint was the rate 
of biopsy-proven acute rejection at month 6. Results. Because of an unanticipated BELA supply constraint, enrollment 
was prematurely terminated at 68 patients, of whom 58 were randomized and transplanted (intention-to-treat [ITT] popu-
lation: n = 26, BELA+EVL; n = 32, TAC+MMF). However, 25 patients received BELA+EVL‚ and 33 received TAC+MMF 
(modified ITT population). In the ITT population, the 6-mo biopsy-proven acute rejection rates were 7.7% versus 9.4% in 
the BELA+EVL versus TAC+MMF group. The corresponding 24-mo biopsy-proven acute rejection rates were 19.2% versus 
12.5% in the ITT population and 16.0% versus 15.2% in the mITT population; all events were Banff severity grade ≤IIA and 
similar between groups. One patient in each group experienced graft loss unrelated to acute rejection. The 24-mo mean 
unadjusted estimated glomerular filtration rates were 71.8 versus 68.7 mL/min/1.73 m2 in the BELA+EVL versus TAC+MMF 
groups. Posttransplant lymphoproliferative disorder was reported for 1 patient in each group. No deaths or unexpected 
adverse events were observed. Conclusions. A steroid-free maintenance regimen of BELA+EVL may be associated 
with biopsy-proven acute rejection rates comparable to TAC+MMF.

(Transplantation Direct 2023;9: e1419; doi: 10.1097/TXD.0000000000001419).
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Calcineurin inhibitor (CNI; tacrolimus [TAC] or cyclo-
sporine)–based regimens are the standard of care for 

maintenance immunosuppression following kidney transplan-
tation, usually in conjunction with an antimetabolite such as 
mycophenolate mofetil (MMF) or mycophenolate sodium, 
with or without corticosteroids.1,2 The use of CNI-based regi-
mens has reduced acute rejection rates in the first year after 
transplant. However, CNIs are associated with nephrotoxic-
ity that may limit long-term allograft survival,2,3 as well as 
increase the risk of cardiovascular disease (hypertension, 
dyslipidemia), posttransplant diabetes, and neurotoxicity.4 
Additionally, long-term corticosteroid treatment is linked 
to posttransplant diabetes, cataracts, osteoporosis, and an 
increased risk of cardiovascular events.5,6 Consequently, CNI- 
and corticosteroid-sparing immunosuppressive strategies 
remain an area of continued interest in renal transplantation.

Belatacept (BELA) is a modified immunoglobulin (IgG1) 
cytotoxic T-lymphocyte–associated antigen 4 fusion pro-
tein that selectively blocks the CD28–CD80/86 costimula-
tion pathway, resulting in inhibition of T-cell activation and 
proliferation.7 In 2011, BELA was approved in combination 
with basiliximab induction, MMF, and corticosteroids as 
maintenance therapy for the prophylaxis of acute rejection 
in Epstein-Barr virus (EBV)–seropositive patients receiving 
a renal transplant. In the phase 3 BENEFIT and BENEFIT-
EXT trials,8-10 renal transplant recipients treated with BELA 
had improved cardiovascular and metabolic profiles, reduced 
incidence of chronic allograft nephropathy at 12 mo, and sig-
nificantly higher levels of renal function that were sustained 
through 36 mo after transplant compared with those treated 
with cyclosporine.9-12 Patients treated with BELA also had a 
reduced incidence of de novo anti-HLA donor-specific anti-
body formation than patients treated with cyclosporine.13,14 
Patient and graft survival rates were comparable between 
treatment arms through 36 mo after transplant.15,16 Among 
recipients of kidneys from living or standard-criteria deceased 
donors in the long-term follow-up of the BENEFIT study, 
BELA treatment resulted in a significantly higher rate of sur-
vival with a functioning graft at 60 and 84 mo after trans-
plant than cyclosporine treatment.9-12,14 However, numerically 
higher biopsy-proven acute rejection rates and higher Banff 
severity grades of acute cellular rejection were observed 
among patients treated with BELA in both BENEFIT and 
BENEFIT-EXT, primarily during the first 6 mo after trans-
plant. At 12 mo after transplant, acute rejection rates for 
BELA versus cyclosporine were 17% versus 7% in BENEFIT 
and 18% versus 14% in BENEFIT-EXT.9,10

These higher acute rejection rates have led to the explora-
tion of alternative BELA-based regimens. Exploratory analyses 
and independent investigator-led studies revealed that highly 
differentiated CD57+/CD28− or CD38+/CD28− memory T cells 
refractory to costimulation blockade likely contribute to the 
higher early acute rejection rates observed with BELA.17,18 
Mechanistic target of rapamycin inhibitors (mTORis) such as 
sirolimus (SRL) or everolimus (EVL), when combined with 
BELA, have been shown to inhibit the proliferation of CD8+/
CD28−/CD38+ memory T cells refractory to costimulatory 
blockade, which may explain the lower acute rejection rates 
observed with these immunosuppressive combinations.18-20 
Use of a T- or B-cell–depleting induction agent such as rab-
bit antithymocyte globulin (rATG; Thymoglobulin) has also 
been shown to be more effective in preventing rejection than 

basiliximab, a non–lymphocyte-depleting monoclonal anti-
body that blocks T-cell activation through CD25.21

In a phase 2 prospective multicenter study, renal transplant 
recipients received rATG induction followed by a rapid corticos-
teroid withdrawal and 1 of 3 regimens: BELA+SRL, BELA+MMF, 
or TAC+MMF.22 Acute rejection rates at 12 mo were lower with 
BELA+SRL (4%) and TAC+MMF (3%) than with BELA+MMF 
(15%).22 Additional analyses from this phase 2 trial and the 
phase 3 BENEFIT trial showed a higher proportion of circulating 
regulatory T cells (thought to contribute to greater immunologic 
tolerance) in patients treated with BELA+SRL compared with 
BELA+MMF or TAC+MMF.23 These data formed the rationale 
for further exploration of the antirejection efficacy of combina-
tion treatment with BELA and an mTORi in the present phase 
2 clinical trial, which was designed to evaluate acute rejection 
rates in patients receiving rATG induction and rapid corticoster-
oid withdrawal followed by maintenance treatment with either 
BELA+EVL or TAC+MMF.

MATERIALS AND METHODS

Study Design
In this prospective, randomized, multicenter, parallel-group, 

phase 2 study (NCT02137239), patients were randomly 
assigned in a 1 to 1 ratio, stratified by the study site/center, to 
receive BELA+EVL or TAC+MMF as maintenance immuno-
suppression, following induction with rATG and corticoster-
oids (Figure S1, SDC, http://links.lww.com/TXD/A480). The 
planned study duration was 24 mo, with an 8-wk follow-up 
period for safety evaluation after the last dose of study treat-
ment. Patients treated with BELA who discontinued treat-
ment or completed the study and did not continue treatment 
with BELA after the study were seen 12 and 24 wks after 
the last BELA dose to test for the development of anti-BELA 
antibodies.

This study was conducted according to the ethical prin-
ciples of the Declaration of Helsinki, the Declaration of 
Istanbul, and the Transplantation Society, and the trial pro-
tocol (IM103177) was approved by the institutional review 
board or independent ethics committee at each participating 
site (Table S1, SDC, http://links.lww.com/TXD/A480). All 
patients provided written informed consent before enrollment.

Patients and Treatment
Adult patients aged 18  to 75 y who were EBV seroposi-

tive and scheduled to receive a renal allograft from a living 
or deceased standard-criteria donor were enrolled. Patients 
at low-to-moderate immunologic risk were eligible, whereas 
those with ≥20% panel reactive antibodies, a positive T-cell 
lymphocytotoxic antibody crossmatch, or history of previous 
graft loss because of rejection were excluded. Patients who 
were cytomegalovirus negative and scheduled to receive a 
kidney from a cytomegalovirus-positive donor, recipients of 
a kidney from an extended-criteria donor or one donated 
following cardiac death, and patients who were EBV seron-
egative or whose EBV serostatus was unknown were also 
excluded.

All patients received rATG 1.5 mg/kg intravenously (IV) on 
the day of transplant, beginning intraoperatively before vascu-
lar reperfusion of the allograft, and then daily for 3 to 10 d (as 
tolerated) to reach a total cumulative dose of 3.0 to 5.5 mg/kg.  
All rATG doses were preceded by premedication with 

http://links.lww.com/TXD/A480
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methylprednisolone  IV. Patients in the BELA+EVL arm 
received the first infusion of BELA (10 mg/kg IV) on study day 
1 between 12 and 24 h after completion of the initial rATG 
infusion. Thereafter, BELA was administered at 10 mg/kg IV 
on days 5, 14, 29, 43, 57, 71, and 84, followed by 5 mg/kg IV 
every 4 wks until trial completion. EVL was administered at an 
initial dose of 3.0 mg/d (1.5 mg twice daily) starting on day 3,  
with subsequent dosing adjusted to achieve whole blood 
trough concentrations of 6 to10 ng/mL for the first 3 mo after 
transplantation and 4 to 8 ng/mL thereafter. At the investiga-
tor’s discretion, initiation of EVL therapy could be deferred 
up to day 14. Patients in the TAC+MMF arm were given an 
initial dose of TAC, 0.1 mg/kg/d orally in 2 divided doses, 
after which the dose was adjusted to achieve whole blood 
trough concentrations of 4 to 11 ng/mL. MMF was adminis-
tered, orally or IV, at a dose of 0.5 to 2.0 g/d (0.25–1.0 g twice 
daily) as tolerated.

All patients received methylprednisolone  IV in tapering 
doses, beginning with 500 mg on day 1, 250 mg on day 2, and 
125 mg on day 3, followed by oral corticosteroids equivalent 
to 60 mg prednisone on day 4. Oral corticosteroids were rap-
idly tapered and discontinued by day 7. However, patients still 
receiving rATG between days 8 and 10 continued to receive 
a single dose of methylprednisolone IV as prophylaxis before 
administration of each dose of rATG.

Endpoints
The primary endpoint was the rate of clinically sus-

pected and biopsy-proven acute rejection at 6 mo after 
transplant. Secondary objectives included the severity of 
biopsy-proven acute rejection at 12 and 24 mo after trans-
plant; rates of patient and graft survival at 6, 12, and 24 
mo after transplant; renal function, as determined by esti-
mated glomerular filtration rate (eGFR) per the 4-variable 
Modification of Diet in Renal Disease study equation24 and 
from the degree of proteinuria (calculated as the urinary 
protein-to-creatinine ratio from random-voided urine spec-
imens collected at 3, 6, 12, and 24 mo); the rate of de novo 
donor-specific antibody formation at 12 and 24 mo; and 
safety and tolerability.

Diagnosis of acute rejection was based on clinical suspi-
cion confirmed by biopsy findings consistent with cellular- or 
antibody-mediated acute rejection using the Banff classifica-
tion of renal allograft pathology.25,26 Per protocol, clinical sus-
picion was based on the presence of ≥1 of the following: an 
unexplained increase in serum creatinine concentration ≥25% 
from baseline values, decreased urine output, fever or allo-
graft tenderness, or clinically suspected acute rejection for any 
other reason.

Statistical Considerations
A total of 240 patients were targeted for enrollment, but 

enrollment was prematurely discontinued on December 31, 
2016, because of an unanticipated BELA manufacturing–
related supply constraint (owing to the transition to a novel 
manufacturing process). However, even at the originally tar-
geted enrollment of 240 patients, this exploratory study was 
not designed to be sufficiently powered to demonstrate sta-
tistically significant treatment differences for any outcome 
measure.

The primary endpoint was assessed in the intention-to-
treat (ITT) population, defined as all patients who were 

randomized, transplanted, and received ≥1 dose of rATG and 
≥1 dose of study treatment (BELA or TAC), as well as by the 
subgroup (donor condition [living versus deceased] and recip-
ient sex, race, and presence of diabetes). Safety outcomes were 
assessed in the modified ITT (mITT) population, whereby 
patients were grouped according to the treatment they actu-
ally received, regardless of randomization.

Biopsy-proven acute rejection rates were summarized by 
treatment group at 6, 12, and 24 mo after transplant using 
point estimates (and 95% confidence intervals [CIs]) of the 
proportion of patients who experienced ≥1 episode of clini-
cally suspected and biopsy-proven acute rejection. Two-sided 
95% CIs were generated for the differences between treat-
ment groups. A descriptive summary of eGFR was provided 
at months 3, 6, 12, and 24 after transplant. GFR was assumed 
to be 0 (or close to it) in patients with end-stage kidney dis-
ease receiving maintenance dialysis, as defined in the statisti-
cal analysis plan. The month-3 eGFR served as the baseline 
for adjustment of subsequent eGFR values for each patient at 
6, 12, and 24 mo after transplant. To analyze changes from 
month-3 eGFR, adjusted renal function estimates were based 
on a linear mixed-effects model with treatment, month (cate-
gorical variable), month-3 eGFR, and the interaction of treat-
ment-by-month as covariates. For any patient with ≥1 missing 
eGFR value because of graft loss or death, the missing values 
were imputed as 0.

RESULTS

Patient Disposition and Baseline Characteristics
From December 24, 2015, to December 31, 2016,  

68 patients were enrolled. Enrollment was then prematurely 
discontinued because of a BELA manufacturing–related sup-
ply constraint. The study completed on February 5, 2019 
(Table 1; Figure 1). Sixty-three patients were randomized, of 
whom 58 underwent renal transplantation and were treated 
(ITT population: 26 in the BELA+EVL group and 32 in the 
TAC+MMF group). One patient who was randomized to 
BELA+EVL inadvertently received TAC+MMF throughout 
the 2-y study period; this was documented as an important 
protocol deviation (mITT population: 25 in the BELA+EVL 
group and 33 in the TAC+MMF group). In the BELA+EVL 
and TAC+MMF groups, 3 and 6 patients, respectively, discon-
tinued assigned therapy during the treatment period and did 
not enter follow-up (Figure 1).

Most patients were male and white, and all had negative 
T-cell and B-cell crossmatches at the time of transplantation. 
Demographic and baseline disease characteristics were gen-
erally well balanced between the treatment groups (Table 1). 
However, the BELA+EVL group had a numerically higher 
proportion of males and patients with 4 to 6 donor HLA mis-
matches and a numerically lower proportion of Black/African 
American individuals.

Treatment Exposure
In the mITT population, the median treatment dura-

tion was 757 d in the BELA+EVL group and 737 d in the 
TAC+MMF group (Table S2, SDC, http://links.lww.com/
TXD/A480). In the BELA+EVL group, a median of 29 BELA 
infusions were administered. The average daily steroid doses 
at each timepoint were comparable in the 2 groups, as were 
the body weight–adjusted doses of rATG. TAC predose trough 
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concentrations were maintained between 8 and 12 ng/mL for 
most of the 24-mo period (Table S3, SDC, http://links.lww.
com/TXD/A480).

Clinically Suspected and Biopsy-proven Acute 
Rejection at 6 and 24 Mo

The episodes of clinically suspected and biopsy-proven 
acute rejection reported in this study were predominantly 
T-cell–mediated events, with or without an antibody-medi-
ated (humoral) component; all were Banff grade I or IIA in 
severity (Table 2). No cases of pure antibody-mediated rejec-
tion were reported in either treatment group. In the ITT popu-
lation, 7.7% (2/26) of patients in the BELA+EVL group and 
9.4% (3/32) of patients in the TAC+MMF group had experi-
enced ≥1 biopsy-proven acute rejection episode by month 6 
(Table 2; Figure 2); 1 patient in the BELA+EVL group expe-
rienced 2 episodes. A humoral component was also identified 
in both patients treated with BELA+EVL who had biopsy-
proven acute rejection; 1 patient had discontinued EVL 95 
d before the onset of the biopsy-proven acute rejection epi-
sode because of the appearance of new-onset proteinuria, and 
the second patient, who started receiving EVL on day 6 after 
transplant, experienced biopsy-proven acute rejection on day 
15 after transplant.

In the ITT population, 19.2% (5/26) of patients in the 
BELA+EVL group and 12.5% (4/32) of patients in the 
TAC+MMF group had experienced ≥1 episode of biopsy-proven 
acute rejection by 24 mo after transplant; in the mITT popula-
tion, the rates of biopsy-proven acute rejection at 24 mo were 
similar at 16.0% (4/25) in the BELA+EVL group and 15.2% 
(5/32) in the TAC+MMF group (Table 2). Biopsy-proven acute 
rejection was treated with increased doses of corticosteroids in 
all 9 patients; 3 patients (1 in the BELA+EVL group; 2 in the 
TAC+MMF group) also received lymphocyte-depleting therapy.

Subgroup analyses of biopsy-proven acute rejection rates 
at 6 mo after transplant were uninformative because of the 
small number of study participants available for analysis  
(≤3 patients in each subgroup).

Patient and Graft Survival
No deaths were reported during the 2-y study period. 

During the study, graft loss was reported for 2 patients, both 
because of allograft thrombosis—1 in the BELA+EVL group 
following percutaneous angioplasty for renal artery stenosis 
(day 107) and 1 in the TAC+MMF group following trans-
plant surgery involving a complicated vascular anastomosis 
(day 2). Neither of these patients experienced biopsy-proven 
acute rejection before graft loss.

TABLE 1.

Demographic and baseline disease characteristics (ITT population)

 BELA+EVL (n = 26)a TAC+MMF (n = 32)a 

Age, mean (SD), y 51.7 (12.8) 50.8 (10.9)
 Age ≥65 y, n (%) 4 (15.4) 4 (12.5)
Male, n (%) 21 (80.8) 23 (71.9)
Race, n (%)   
 White 23 (88.5) 21 (65.6)
 Black/African American 3 (11.5) 6 (18.8)
 Other 0 5 (15.6)
Kidney donor type   
 Living, n (%) 23 (88.5) 25 (78.1)
 Deceased, n (%) 3 (11.5) 7 (21.9)
Renal transplant setting, n (%)   
 First 26 (100.0) 31 (96.9)
 Second 0 1 (3.1)
Panel reactive antibody   
 Mean (SD) 2.4 (7.4) 0.5 (1.5)
 Median 0 0
 Patients with panel reactive antibody >20%, n (%) 1 (3.8) 0
Recipient/donor HLA mismatches, n (%)   
 0–3 9 (34.6) 15 (46.9)
 4–6 17 (65.4) 17 (53.1)
Primary etiology of ESKD, n (%)   
 Glomerular disease 10 (38.5) 5 (15.6)
 Diabetes 5 (19.2) 5 (15.6)
 Hypertensive nephrosclerosis 3 (11.5) 7 (21.9)
 Polycystic kidney disease 3 (11.5) 9 (28.1)
 Renovascular disease 2 (7.7) 0
 Tubulointerstitial disease 1 (3.8) 0
 Other 2 (7.7) 6 (18.8)
Cytomegalovirus serostatus before randomization, n (%)   
 Positive 18 (69.2) 22 (68.8)
 Negative/unknown 8 (30.8) 10 (31.2)

aRefers to patients who were randomized and treated; 1 patient in the BELA+EVL arm received TAC+MMF for the 2-y study period.
BELA, belatacept; ESKD, end-stage kidney disease; EVL, everolimus; ITT, intention-to-treat; MMF, mycophenolate mofetil; TAC, tacrolimus.
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Renal Function
At month 24, the unadjusted mean eGFR was higher 

in the BELA+EVL group than in the TAC+MMF group  
(71.8 versus 68.7 mL/min/1.73 m2); however, the baseline-
adjusted mean eGFR was lower in the BELA+EVL group than 
in the TAC+MMF group (68.2 versus 71.4 mL/min/1.73 m2) 
(Table 3). This was attributed to the time at which graft loss 
occurred in each group. The month-3 value for eGFR was 
imputed to 0 for the patient treated with TAC+MMF who 
experienced graft loss on day 2, which meant that the impact 
of this imputation was reflected in (and lowered) the month-3 
“baseline” value against which all subsequent adjusted mean 
eGFR values for the TAC+MMF group were calculated, 
whereas the graft loss in the BELA+EVL group did not occur 
until day 107 (after the month-3 study visit).

New-onset diabetes mellitus was reported for 4 patients 
in each group. No clinically significant changes in mean sys-
tolic or diastolic blood pressure were noted during the study. 

Lipid-lowering and antihypertensive medication use was 
comparable between groups, both at baseline and month 24 
(Table S4, SDC, http://links.lww.com/TXD/A480).

Donor-specific Antibodies
No patient in the BELA+EVL group developed de novo 

donor-specific antibodies. De novo donor-specific antibodies 
(class I) were detected in 1 patient in the TAC+MMF group 
at month 24.

Safety
In the mITT analysis at month 24, the safety profiles of the 

2 treatment regimens were generally similar, with no new or 
unexpected adverse events (AEs) observed. Although similar 
proportions of patients in each treatment group experienced 
AEs of any cause, a higher proportion of patients treated with 
BELA+EVL experienced treatment-related AEs compared 
with patients treated with TAC+MMF (72.0% [18/25] versus 

FIGURE 1. Trial profile. aOne patient randomized to BELA+EVL received TAC+MMF for the 2-y study period. BELA, belatacept; EVL, everolimus; 
ITT, intention-to-treat; MMF, mycophenolate mofetil; TAC, tacrolimus.

http://links.lww.com/TXD/A480
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42.4% [14/33]) (Table 4). However, serious AEs were less fre-
quent with BELA+EVL than TAC+MMF (52.0% [13/25] ver-
sus 60.6% [20/33]) (Table 4). Similar proportions of patients 
in the BELA+EVL and TAC+MMF groups experienced seri-
ous infections (16.0% [4/25] and 15.2% [5/33], respectively). 
Urinary tract infection was the most common serious infec-
tion, reported for 12% (3/25) of patients in the BELA+EVL 
group and for 0 of 33 (0%) in the TAC+MMF group (Table 4).

Two cases of posttransplant lymphoproliferative disorder 
(PTLD) were reported, 1 in each treatment group. One patient 
treated with BELA+EVL who reported abnormal-appearing 
bowel movements was found to have PTLD localized to the 
colon with no evidence of systemic or central nervous system 
involvement. BELA was discontinued for this patient, who 
subsequently completed a course of chemotherapy for PTLD. 
This patient was alive with a functioning graft at the last 
follow-up visit at week 104 but died poststudy (783 d after 
randomization) because of complications from PTLD. Central 
nervous system PTLD was reported for 1 patient treated with 
TAC+MMF. MMF was discontinued, and the patient com-
pleted a course of chemotherapy for PTLD. This patient also 
completed the week 104 study visit alive and with a func-
tioning graft. In each group, 1 case of malignancy other than 
PTLD was reported (basal cell carcinoma in the BELA+EVL 

group; multiple myeloma in the TAC+MMF group). No cases 
of progressive multifocal leukoencephalopathy were reported 
during the study.

AEs led to treatment discontinuation in 2 patients in the 
BELA+EVL group (PTLD and worsening vascular skin 
lesions) and 2 patients in the TAC+MMF group (plasma cell 
myeloma and renal transplant failure). The renal transplant 
failure event represented an episode of acute kidney injury 
from which the patient subsequently recovered.

Laboratory values between baseline and month 24 were 
generally consistent with those expected in a population of 
renal allograft recipients during the perioperative period and 
subsequent follow-up. Other than low lymphocyte counts—
reported for 84% (21/25) and 70% (23/33) of patients in the 
BELA+EVL and TAC+MMF groups, respectively—there were 
few marked laboratory abnormalities.

DISCUSSION

In this prospective, randomized phase 2 clinical trial 
that incorporated rATG induction and rapid corticoster-
oid withdrawal in combination with BELA plus an mTORi 
(BELA+EVL) or standard-of-care (TAC+MMF) maintenance 
immunosuppression, biopsy-proven acute rejection rates at 6 

TABLE 2.

Rates and severity distributions of biopsy-proven acute rejection events at months 6 and 24a

 BELA+EVL (n = 26) TAC+MMF (n = 32) 

Primary endpoint: BPAR at month 6 (ITT analysis)b   
Patients with BPAR at month 6, n (%)a 2 (7.7)e 3 (9.4)
 Difference from TAC+MMF (95% CI)c −1.7 (−18.9 to 16.7)
Banff grade events of acute cellular rejection (month 6), n (%)d 3 (11.5) 3 (9.4)
 IA (mild acute) 1 (3.8) 0
 IB (mild acute) 0 1 (3.1)
 IIA (moderate acute) 2 (7.7) 2 (6.3)
 IIB (moderate acute) 0 0
 III (severe acute) 0 0
 Humoral acute rejection events (month 6), n (%)d 2 (7.7) 0
 Humoral only 0 0
 Humoral and cellular 2 (7.7) 0
BPAR at month 24 (ITT analysis)a

Patients with BPAR at month 24, n (%)a 5 (19.2) 4 (12.5)
 Difference from TAC+MMF (95% CI)c 6.7 (−13.0 to 28.8)
Banff grade events of acute cellular rejection (month 24), n (%)d 5 (19.2) 4 (12.5)
 IA (mild acute) 3 (11.5) 1 (3.1)
 IB (mild acute) 0 1 (3.1)
 IIA (moderate acute) 2 (7.7) 2 (6.3)
 IIB moderate acute) 0 0
 III (severe acute) 0 0
Humoral acute rejection events (month 6),n (%)d 3 (11.5) 0
 Humoral only 0 0
 Humoral and cellular 3 (11.5) 0
 BELA + EVL (n = 25) TAC + MMF (n = 33)
BPAR at month 24 (mITT analysis)b

Patients with BPAR at month 24, n (%)a 4 (16.0) 5 (15.2)
 Difference from TAC+MMF (95% CI)c 0.8 (−18.8 to 23.6)

aCellular (Banff IA or higher) or humoral BPAR.
bOne patient randomized to BELA+EVL was treated with TAC+MMF for the entire 2-y study period and was analyzed “as-randomized” (ie, the BELA+EVL group) in the ITT analysis and “as-treated” (ie, 
in the TAC+MMF group) in the mITT analysis.
cThe CI for the difference in BPAR was calculated using the normal approximation if X ≥ 5 and (N–X) ≥ 5 in both treatment groups. Otherwise, the exact method was used.
dA patient could have been counted in >1 category of acute rejection if >1 episode was experienced or findings consistent with both cellular and humoral rejection were identified on biopsy.
eOne patient in the BELA+EVL group experienced 2 episodes of BPAR.
BELA, belatacept; BPAR, biopsy-proven acute rejection; CI, confidence interval; EVL, everolimus; ITT, intention-to-treat; mITT, modified intention-to-treat; MMF, mycophenolate mofetil; TAC, tacrolimus.
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mo after kidney transplant were similar. In addition, the sever-
ity distribution of acute rejection events was similar in both 
groups, which is in sharp contrast with observations in the 
phase 3 BENEFIT and BENEFIT-EXT trials, wherein patients 
treated with BELA experienced biopsy-proven acute rejection 
events that were greater in severity than patients treated with 
cyclosporine.9,10 At 24 mo after transplant, cumulative biopsy-
proven acute rejection rates were similar across groups in the 
mITT population analysis. There were no deaths in either 
treatment group and no graft losses following biopsy-proven 
acute rejection episodes. The isolated cases of graft loss in each 
treatment group occurred because of technical complications 

associated with transplant surgery or a posttransplant diag-
nostic and therapeutic intervention. Clinically meaningful 
improvements in unadjusted eGFR were observed in both 
groups. Only 1 patient in the TAC+MMF group developed 
de novo donor-specific antibodies. No clinically meaningful 
treatment differences in mean systolic or diastolic blood pres-
sures were observed.

The safety profile of the immunosuppressive drug combi-
nations observed in this study was consistent with those of 
the individual agents (BELA,9,10 TAC,27 MMF,28 and EVL29). 
No unexpected AEs or other safety concerns were noted. 
New-onset diabetes was reported in 4 patients in each group. 

FIGURE 2. Kaplan-Meier analysis of the rates of BPARa >24 mo in the ITTb population. aCellular (Banff IA or higher) or humoral BPAR. bOne 
patient randomized to BELA+EVL was treated with TAC+MMF for the entire 2-y study period and was analyzed “as-randomized” (ie, in the 
BELA+EVL group) in the ITT analysis. BELA, belatacept; BPAR, biopsy-proven acute rejection; EVL, everolimus; ITT, intention-to-treat; MMF, 
mycophenolate mofetil; TAC, tacrolimus.

TABLE 3.

Adjusted and unadjusted renal function over time (ITT analysis with imputation)a,b,c

 BELA+EVL (n = 26) TAC+MMF (n = 32) 

Unadjusted mean eGFR, mL/min/1.73 m2 (SD) [no. of patients]   
 Month 3 69.2 (22.0) [n = 25] 62.2 (18.9) [n = 31]
 Month 6 66.0 (24.7) [n = 25] 63.9 (20.2) [n = 29]
 Month 12 66.2 (22.4) [n = 25] 62.0 (22.2) [n = 28]
 Month 18 70.8 (23.0) [n = 23] 67.5 (20.4) [n = 27]
 Month 24 71.8 (21.9) [n = 24] 68.7 (23.1) [n = 25]
Adjusted mean eGFR, mL/min/1.73 m2 (95% CI)d   
 Month 12 62.8 (55.8–69.8) 65.2 (58.7–71.8)
 Month 18 67.5 (61.0–74.0) 69.4 (63.4–75.4)
 Month 24 68.2 (60.9–75.5) 71.4 (64.5–78.3)

aRenal function was estimated using the Modification of Diet in Renal Disease equation (4-variable).
bOne patient randomized to BELA+EVL was treated with TAC+MMF for the entire 2-y study period and was analyzed “as-randomized” (ie, in the BELA+EVL group) in the ITT analysis.
ceGFR was imputed to 0 for the 2 patients who experienced graft loss (1 in each treatment group), but the timing of the imputation differed between treatment groups. The graft loss in the TAC+MMF 
group occurred on day 2, so imputation to an eGFR of 0 negatively affected the baseline (month 3) and all results after month 3; the graft loss in the BELA+EVL group occurred on day 107 and negatively 
affected all values after the month-3 baseline.
dAdjusted renal function estimates were based on a linear mixed-effects model with treatment, month (categorical variable), month-3 eGFR, and interaction of treatment-by-month as covariates. The 
model includes all post–month-3 data during the 24-month period. Missing eGFR values because of death or graft loss were imputed to 0.
BELA, belatacept; CI, confidence interval; eGFR, estimated glomerular filtration rate; EVL, everolimus; ITT, intention-to-treat; MMF, mycophenolate mofetil; TAC, tacrolimus.
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Because of an unexpected BELA supply constraint (owing to 
the transition to a novel manufacturing process), enrollment 
in this study was prematurely discontinued, resulting in the 
recruitment of only 68 of the 240 patients that were planned. 
Of these 68 patients, 58 were randomized, transplanted, and 
analyzed. This reduced sample size affected data interpreta-
tion by amplifying the impact of an isolated protocol devia-
tion in which 1 patient was randomly assigned to BELA+EVL 
but instead received TAC+MMF for the entire study duration. 
This patient subsequently developed biopsy-proven acute 
rejection, resulting in differences in the rates of biopsy-proven 
acute rejection between the ITT and the mITT analyses. The 
small sample size and important differences in the timing of 
the single graft loss in each treatment group relative to the 
month-3 renal function “baseline” also resulted in discordant 
adjusted eGFR outcomes between the ITT and mITT analyses.

The findings reported here are consistent with those of 
earlier trials in which lymphocyte-depleting induction ther-
apy, coupled with a short course of corticosteroids by main-
tenance immunosuppression with BELA plus an mTORi 
(EVL), were associated with rates and severity distributions 
of biopsy-proven acute rejection events that were simi-
lar to those observed with standard-of-care treatment with 
TAC+MMF.22,30 In the phase 2 corticosteroid avoidance 
study of Ferguson et al,22 the rates and severity distributions 
of biopsy-proven acute rejection events were similar in the 
BELA+SRL and TAC+MMF treatment groups, and all such 
events responded to corticosteroids or lymphocyte-depleting 
therapy, with 12-mo rates of survival with a functioning graft 
of 91% and 100%, respectively. In another single-center, 

prospective study30 in which renal transplant recipients  
(N = 40) received alemtuzumab and corticosteroid induction 
followed by SRL and BELA, no clinical rejection occurred 
during the first 12 mo. Four patients experienced biopsy-
proven acute rejection during the first year after transplant, 
all of whom were successfully treated with methylpredniso-
lone  IV.30 At 5 y after transplant, patient and graft survival 
rates were 100% and 95%, respectively.30

In the current study, the initial rATG infusion was separated 
from the BELA infusion by 12 to 24 h, and no patient experi-
enced graft loss due to perioperative renovascular thrombosis. 
This was also true for patients who received alemtuzumab 
induction followed by BELA+SRL in the study by Kirk et 
al,31 wherein an intervening period between BELA and alem-
tuzumab infusions was introduced to avoid AEs caused by 
coinfusion of these biologic agents. In contrast, Ferguson et 
al22 reported 4 graft losses, of which 2 were attributed to allo-
graft thrombosis (BELA+SRL and BELA+MMF); and in the 
Clinical Trials in Organ Transplantation-10 study,32 treatment 
with lymphocyte induction therapy (either alemtuzumab or 
rATG) followed by BELA was associated with perioperative 
allograft thrombosis in 2 patients and graft loss in 3 patients. 
Together, these findings support the avoidance of coadminis-
tering agents from these 2 groups of biologic therapies during 
the perioperative period.

In conclusion, although conducted in a limited patient 
population, the results from this study are consistent with 
previous reports22,30 and suggest that renal allograft recipi-
ents receiving lymphocyte-depleting induction therapy and 
rapid corticosteroid withdrawal, followed by maintenance 

TABLE 4.

Safety summary at 24 mo (mITT analysis)a

 BELA+EVL (n = 25) TAC+MMF (n = 33) 

Patients with any AE of any cause, n (%)b 25 (100.0) 32 (97.0)
 Mouth ulceration 10 (40.0) 0
 Hypophosphatemia 9 (36.0) 8 (24.2)
 Leukopenia 8 (32.0) 7 (21.2)
 Constipation 5 (20.0) 10 (30.3)
 Diarrhea 5 (20.0) 10 (30.3)
 Nausea 5 (20.0) 13 (39.4)
 Hyperkalemia 1 (4.0) 11 (33.3)
Patients with any serious AE of any cause, n (%)c 13 (52.0) 20 (60.6)
 Urinary tract infection 3 (12.0) 0
 Acute cholecystitis 2 (8.0) 0
 Blood creatinine increased 1 (4.0) 3 (9.1)
 Acute kidney injury 0 2 (6.1)
 Febrile neutropenia 0 2 (6.1)
 Neutropenia 0 4 (12.1)
AEs of special interest, n (%)
 Any central nervous system infection 0 0
 Drug-induced liver injury 0 0
 New-onset diabetes after transplant 4 (16.0) 4 (12.1)
 Progressive multifocal leukoencephalopathy 0 0
 Posttransplant lymphoproliferative disorder 1 (4.0) 1 (3.0)
 Tuberculosis (any site) 0 0
Patients with any treatment-related AE, n (%) 18 (72.0) 14 (42.4)
AEs of any cause leading to study drug discontinuation, n (%) 2 (8.0) 2 (6.1)

aOne patient randomized to BELA+EVL was treated with TAC+MMF for the entire 2-y study period and was analyzed “as-treated” (ie, in TAC+MMF group) in the mITT analysis.
bPreferred terms reported for ≥30% of patients in either treatment group are presented.
cPreferred terms reported for ≥2 patients in either treatment group are presented.
AE, adverse event; BELA, belatacept; EVL, everolimus; mITT, modified intention-to-treat; MMF, mycophenolate mofetil; TAC, tacrolimus.
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immunosuppression with BELA plus an mTORi (EVL), have 
acute rejection rates and severity distributions comparable to 
those observed in patients treated with a CNI-based regimen 
(TAC+MMF).
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