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The goal of immunosuppression in transplantation has shifted to improving long-term 
outcomes, reducing drug-induced toxicities while preserving the already excellent short-
term outcomes. Long-term gains in solid organ transplantation have been limited at 
least partly due to the nephrotoxicity and metabolic side effects of calcineurin inhibitors 
(CNIs). The alloimmune response requires activation of the costimulatory pathway for 
T  cell proliferation and amplification. Belatacept is a molecule that selectively blocks 
T cell costimulation. In June 2011, the U.S. Food and Drug Administration approved it 
for maintenance immunosuppression in kidney transplantation based on two open-label, 
randomized, phase III trials. Since its introduction, belatacept has shown promise in 
both short- and long-term renal transplant outcomes in several other trials. It exhibits a 
superior side effect profile compared to CNIs with a comparable efficacy. Across all solid 
organ transplants, the burden of chronic kidney disease, its associated cardiovascular 
morbidity, mortality, and inferior patient/allograft survival is a well-documented problem. 
In this review, we aim to discuss the evidence behind the use of belatacept in solid organ 
transplants as an effective alternative to CNIs for renal rescue in patients with acute and/
or chronic kidney injury.

Keywords: kidney transplantation, solid organ transplantation, T cell costimulation, immunosuppression, graft 
rejection

iNTRODUCTiON

Transplantation is the treatment of choice for end stage organ failure. In non-renal solid organ 
transplants, with no replacement therapies, transplantation is a lifesaving procedure. When com-
pared to dialysis, kidney transplantation provides patients with a better quality of life and decreased 
cardiovascular morbidity and mortality (1). The introduction of calcineurin inhibitors (CNIs) has 
reduced acute rejection rates and markedly improved short-term graft survival (1 year-93%). A com-
mensurate improvement in long-term graft (5 years-72%, 10 years-46%) and patient survival still 
leaves much to be desired (2–4).

Chronic renal failure is a common complication of non-renal solid organ transplantation. The 
presence of chronic renal failure is associated with an increased risk of death (relative risk, 4.55; 
p < 0.001) (5, 6). At 3 years posttransplant, chronic renal failure developed in 16.5% of patients of 
whom 29% required either dialysis or renal transplantation. The risk of renal failure increases over 
time in patients with non-renal solid organ transplants (7). There is substantial evidence to suggest 
that CNIs lead to nephrotoxicity and contribute to progression of chronic kidney disease in this 
patient population (8).
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In renal transplantation, the leading causes of death and 
graft loss are cardiovascular disease and chronic allograft 
nephropathy (9). These drugs that are the mainstay of mod-
ern day immunosuppression contribute to cardiovascular 
mortality due to their deleterious effects on blood pressure, 
dyslipidemias, and diabetes (10). Successful renal transplanta-
tion may increase life expectancy by 10–20 years; however, the 
annual risk of death by cardiovascular causes is 50-fold higher 
in kidney transplant recipients when compared to the general 
population (11).

Graft survival in the long run is impaired by the nephrotoxic-
ity of CNIs. Five years after transplantation histological evidence 
of CNI induced nephrotoxicity is seen in greater than 50% of 
allografts, and by 10 years, this finding is universal (12).

Many alternative regimens such as CNI minimization, with-
drawal and avoidance with use of mammalian target of rapamycin 
(mTOR) inhibitors (sirolimus and everolimus) have been tried 
but rejection risks are higher, and sustained improvement in 
kidney function has not been seen consistently across different 
studies (13–15).

The overall goal of immunosuppression in transplantation 
includes minimization of acute and chronic rejection while 
managing the adverse cardiovascular, nephrotoxic, infectious, 
and malignant sequelae of chronic immunosuppression.

Belatacept (Bristol-Myers Squibb, New York, NY, USA), a 
molecule that blocks T  cell costimulation, has shown promise 
in both short- and long-term renal transplant outcomes with a 
superior side-effect profile compared to CNIs (16).

AiMS AND MeTHODS

In this review, we aim to discuss the mechanism of action of 
belatacept, its role in kidney transplantation as an effective 
alternative to CNIs, and its future in non-kidney solid organ 
transplantation.

Mechanism of Action and Preclinical  
Trials of Belatacept
Many immunosuppressive agents in use today interfere with 
specific steps that lead to T cell activation. It was theorized that a 
CTLA4-Ig protein with high affinity for CD80/86 could attenu-
ate the T cell response by blocking “Signal 2” or costimulation. 
Abatacept was the first such molecule that was developed. Even 
though it proved successful in treating diseases mediated by an 
autoimmune T cell response (rheumatoid arthritis and psoriasis) 
it had an inadequate response in non-human primate transplant 
models (17–19).

Using a rational mutagenesis and screening strategy, a daughter 
molecule LEA29Y (belatacept) with two amino acid substitutions 
(L104 → E and A29 → Y) was developed (20). Belatacept was 
found to bind four times more avidly to CD86 and two times 
more avidly to CD80 than the parent abatacept. This improved 
binding resulted in approximately 10-fold more potent inhibition 
of T cell activation (20).

Preclinical trials in non-human primate transplant models 
by Kirk et  al. and Montgomery et  al. revealed that treatment 

with anti-CD80 and anti-CD86 monoclonal antibodies delayed 
allograft rejection but did not induce tolerance (21, 22). The 
pioneering study by Larsen et al. showed that LEA29Y in com-
bination with conventional immunosuppression was synergistic 
and superior with respect to graft survival when compared to 
LEA29Y alone (20).

De Novo Belatacept in Renal 
Transplantation
Belatacept Evaluation of Nephroprotection and 
Efficacy As First-line Immunosuppression Trial 
(BENEFIT) and Belatacept Evaluation of 
Nephroprotection and Efficacy As First-line 
Immunosuppression Trial—EXTended Criteria 
Donors (BENEFIT-EXT) Studies: Short-term 
Outcomes
The use of belatacept as first-line immunosuppression was first 
published in a phase III study by Vincenti et al. (BENEFIT study) 
(9). This study randomized patients to three groups: cyclosporine 
(CsA) (n  =  221), less intensive (LI) belatacept (n  =  226), and 
more intensive (MI) belatacept (n  =  219). Induction regimen 
included basiliximab and maintenance immunosuppression 
included mycophenolate mofetil (MMF) and corticosteroids. At 
12 months, the mean measured estimated glomerular filtration 
rate (eGFR) was higher in the belatacept arms as compared to 
the CsA group by 13–15 ml/min. Episodes of acute rejection at 
12 months were higher in the belatacept groups compared with 
CsA (22% MI; 17% LI; 7% CsA). The majority of acute rejection 
episodes occurred in the first 3 months, and all of the rejection 
occurred within 6  months of transplantation. Despite higher 
rejection rates in the belatacept groups, the mean measured GFR 
at month 12 was higher than in the CsA group without acute 
rejection. No cases of antibody-mediated rejection were reported, 
and development of de novo anti-HLA donor-specific antibody 
(DSA) was lower in the belatacept groups (3% MI; 1% LI; 7% CsA). 
The prevalence of biopsy-proven chronic allograft nephropathy at 
month 12 was lower in the belatacept groups compared with CsA 
(18% MI; 24% LI; 32% CsA). There was no statistical difference 
in patient and graft survival at the end of 1 year between all three 
groups (95% MI; 97% LI; 93% CsA).

The belatacept treated group had better cardiovascular and 
metabolic outcomes. Mean blood pressure (systolic and diastolic) 
were statistically lower in patients treated with either belatacept 
regimen when compared to the CsA group. Mean systolic blood 
pressure was 133, 131, and 139  mmHg in the belatacept MI, 
belatacept LI, and CsA group, respectively (p = 0.001 MI vs CSA, 
p < 0.0001 LI vs CsA). Mean non-HDL cholesterol increased by 
8.1, 8.0, and 18.3 mg/dl in the belatacept MI, belatacept LI, and 
CsA arms, respectively (p = 0.01 MI vs CSA, p = 0.01 LI vs CsA). 
Patients in either belatacept arm had a significant reduction in 
triglycerides; −23.6 mg/dl (belatacept MI, p = 0.0165 vs CsA), 
−27.8 mg/dl (belatacept LI, p = 0.0047 vs CsA) compared to an 
increase in the CsA group, +6.6 mg/dl. There was no statistically 
significant difference in the incidence of new onset diabetes after 
transplant (NODAT) between the belatacept treatment arms and 
the CsA treatment arm.
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An extended criteria donor (ECD) is any donor who at the 
time of death is over the age of 60, or over the age of 50 with 
two of the following three criteria: (1) history of high blood 
pressure, (2) a terminal creatinine of >1.5 mg/dl, and (3) death 
by cerebrovascular accident. ECD kidney allografts are associ-
ated with delayed graft function (DGF) and poorer long-term 
outcomes (23). In recipients of ECD kidneys, donors deceased 
after cardiac death and elderly donors with preexisting vascular 
lesions, arteriolar vasoconstriction could lead to acute allograft 
dysfunction, which could promote chronic interstitial fibrosis 
and tubular atrophy (24).

De novo use of belatacept in ECD kidneys was studied in the 
BENEFIT-EXT study. The mean measured GFR at 12 months was 
significantly different in the MI belatacept (52.1 ml/min/1.73 m2) 
vs the CsA group (45.2  ml/min/1.73  m2) p  =  0.008. There 
was no difference between the belatacept LI group (49.5  ml/
min/1.73 m2) and CsA group, p = 0.1. Similar to the BENEFIT 
study, the belatacept-treated groups had non-inferior patient and 
graft survival compared to the CsA group (86% MI; 89% LI; 85% 
CsA). The rates of DGF were also similar between the groups 
(47% MR; 47% LI; 49% CsA).

The belatacept treated groups in the BENEFIT-EXT study 
also had better cardiovascular and metabolic outcomes. Mean 
non-HDL cholesterol increased by 12.6, 11.2, and 29.3  mg/dl 
in the belatacept MI, belatacept LI, and CsA arms, respectively 
(p =  0.0016 MI vs CSA, p =  0.0006 LI vs CsA). Mean triglyc-
erides decreased by 1  mg/dl (belatacept MI) and 18.2  mg/dl 
(belatacept LI) compared to an increase of 34.5 mg/dl in the CsA 
arm (p = 0.0106 MI vs CSA, p = 0.0001 LI vs CsA). Incidence of 
NODAT at 12 months was lower in the belatacept MI group (2%) 
compared to the CsA group 5% (p = 0.03 MI vs CsA) (25).

BENEFIT and BENEFIT-EXT Study: Long-term 
Outcomes
The 7-year outcomes from the BENEFIT study have yielded 
encouraging results. One hundred fifty-three of the 219 patients 
(70%) treated with the MI belatacept regimen; 163 of the 226 
(72%) treated with the LI belatacept regimen; and 131 of the 215 
(61%) treated with CsA were followed for the full 7-year period. 
While the results were not conclusive (likely due to inadequate 
power), there was a trend toward a decrease in the likelihood of 
death at 7 years by 38% (HR 0.62, 95% CI, 0.33–1.14; p = 0.11) in 
the MI belatacept group and by 45% (HR 0.55, 95% CI, 0.30–1.04; 
p  =  0.06) in the LI belatacept group when compared with the 
CsA group. Similarly, the likelihood of graft loss at 7 years was 
reduced by 44% (HR 0.56, 95% CI, 0.26–1.23; p = 0.12) in the MI 
belatacept group and by 41% (0.49, 95% CI, 0.22–1.09; p = 0.07) 
in the LI belatacept group.

Over the 7 years, the belatacept groups had a sustained yearly 
improvement in eGFR while the CsA group had a persistent 
decline in eGFR. At 12, 36, 60, and 84 months, the mean eGFR 
values were 67.0, 68.9, 70.2, and 70.4 ml/min/1.73 m2 of body-
surface area, respectively, with MI belatacept and 66.0, 68.9, 70.3, 
and 72.1  ml/min/1.73  m2 with LI belatacept. This was much 
improved when compared to the corresponding declining values 
for CsA: 52.5, 48.6, 46.8, and 44.9 ml/min/1.73 m2.

Development of de novo DSA remained markedly lower in the 
belatacept groups when compared with the CsA group. Rates of 
development of donor-specific antibodies at months 36, 60, and 
84 were 1.2, 1.9, and 1.9%, respectively, with the MI belatacept 
regimen and 3.4, 4.6, and 4.6% with the LI belatacept regimen. 
The corresponding values for CsA were 8.7, 16.2, and 17.8% (16).

Seven-year outcomes from the BENEFIT-EXT study were also 
reported recently. Of the original 543 patients who comprised 
the intent-to-treat population, 372 (69%) had data available for 
analysis at 7  years; 128 of the 184 (70%) treated with the MI 
belatacept regimen, 138 of the 175 (79%) treated with the LI 
belatacept regimen, and 108 of the 184 (59%) treated with CsA. At 
7 years, there was no difference in the likelihood of death between 
the belatacept MI (HR 1.108; 95% CI 0.679–1.808; p = 0.69) or 
belatacept LI group (HR 1.119; 95% CI 0.688–1.822; p = 0.66) 
and the CsA group. Similarly, there was no significant difference 
in death censored graft lost at 7 years between the belatacept MI 
regimen (12.4%; HR 0.700; 95% CI 0.399–1.228; p  =  0.21), or 
belatacept LI regimen (13.6%; HR 0.783; 95% CI 0.452–1.353; 
p = 0.36) and the CsA group (19.3%).

Over the 7 years, the ECD LI belatacept treated group showed 
a sustained yearly improvement in eGFR while the CsA treated 
group had a persistent decline in eGFR. The MI belatacept 
group showed an overall improvement in eGFR. At 12, 36, 60, 
and 84 months, the mean eGFR values were 48.3, 52.5, 52.2, and 
53.9  ml/min/1.73  m2 of body-surface area, respectively, with 
MI belatacept and 47.8, 50.1, 52.7, and 54.2  ml/min/1.73  m2 
with LI belatacept. This was improved when compared to the 
corresponding declining values for CsA: 40.3, 38.0, 35.8, and  
35.3 ml/min/1.73 m2.

Development of de novo DSA remained lower in the belata-
cept groups when compared to the CsA treated group. Rates of 
development of donor-specific antibodies at months 36, 60, and 
84 were 2.3, 6.2, and 6.2%, respectively, with the MI belatacept 
regimen and 1.5, 2.4, and 4.5% with the LI belatacept regimen. 
The corresponding values for CsA were 11.3, 17.1, and 22.9% 
(26). Data from the BENEFIT and BENEFIT-EXT studies are 
summarized in Table 1.

Cardiovascular outcomes were not reported in the 7-year out-
comes from the BENEFIT or BENEFIT-EXT trial. Cardiovascular 
outcomes appeared to be improved at 1  year. In both trials at 
7 years, patients randomized to the two belatacept treatment arms 
had improved renal function but failed to show improved patient 
or graft survival. Longer follow-up in needed to determine the 
long-term benefits of a belatacept-based/CNI-free immunosup-
pression regimen.

Ferguson et al. reported 1-year data from an open-labeled phase 
II trial evaluating immunosuppression with a belatacept-based 
corticosteroid avoidance regimen in de novo kidney transplant 
recipients. Patients were randomized in a 1:1:1 ratio to either belata-
cept–MMF (n = 33), belatacept–sirolimus (n = 26), or Tac–MMF 
(n = 30). All patients received induction with thymoglobulin, 6 mg/
kg total dose. At 6 months, four patients in the belatacept–MMF 
group (12%), one in the belatacept–sirolimus (4%), and one in the 
Tac–MMF (3%) had acute rejection. At 12 months, one additional 
patient in the belatacept–MMF group had acute rejection. Patient 
survival with a functioning graft was similar at 12  months; 91, 
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TABle 1 | Clinical trials of de novo belatacept in renal transplantation.

Trial Treatment 
groups

Acute rejection Graft loss GFR at end 
of study (ml/
min/1.73 m2)

Notes

Phase III, randomized, partially blinded, 
multicenter (BENEFIT)

1-year outcomes (9)

MI Belatacept 49/219 (22%) 4/219 (2%) 65a Basiliximab induction 
with MMF + steroids as 
maintenance

LI Belatacept 39/226 (17%) 5/226 (2%) 63a

CsA 16/221 (7%) 8/221 (4%) 50

Phase III, randomized, partially blinded, 
multicenter (BENEFIT)

7-year outcomes (16)

MI Belatacept 54/219 (24%) 25/219 (12.7%) 70b Basiliximab induction 
with MMF + steroids as 
maintenance

LI Belatacept 41/226 (18%) 26/226 (12.8%) 72b

CsA 24/221 (11%) 40/221 (21.7%) 45

Phase III, randomized, partially blinded, 
multicenter (BENEFIT-EXT)

1-year outcomes (25)

MI Belatacept 33/184 (18%) 17/184 (9%) 52a Basiliximab induction 
with MMF + steroids as 
maintenance

LI Belatacept 31/175 (18%) 16/175 (9%) 49c

CsA 26/184 (14%) 20/184 (11%) 45

Phase III, randomized, partially blinded, 
multicenter (BENEFIT-EXT)

7-year outcomes (26)

MI Belatacept 39/184 (21.1%) 21/184 (12.4%) 53.9b Basiliximab induction 
with MMF + steroids as 
maintenance

LI Belatacept 34/175 (19.5%) 23/175 (13.6%) 54.2b

CsA 32/184 (17.3%) 29/184 (19.3%) 35.3

ap < 0.01 vs standard CsA.
bp < 0.001 vs standard CsA.
cp = 0.1 vs standard CsA.
MI Belatacept, more intensive belatacept; LI Belatacept, less intensive belatacept; CsA, cyclosporine A; CNI, calcineurin inhibitor; MMF, mycophenolate mofetil; GFR, glomerular 
filtration rate; BENEFIT, Belatacept Evaluation of Nephroprotection and Efficacy as First-line Immunosuppression Trial; BENEFIT-EXT, Belatacept Evaluation of Nephroprotection and 
Efficacy as First-line Immunosuppression Trial—EXTended criteria donors.
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92, and 100% in the belatacept–MMF, belatacept–sirolimus, and 
Tac–MMF groups, respectively. Renal function was better in 
both belatacept groups compared to the Tac–MMF group. Mean 
calculated GFR was 63.6 ml/min/1.73 m2 in the belatacept–MMF 
group, 61.8  ml/min/1.73  m2 in the belatacept–sirolimus group, 
and 54.0 ml/min/1.73 m2 in the Tac–MMF group. No difference in 
cardiovascular risk factors including blood pressure, cholesterol, 
or new onset diabetes was noted (27). This trial provides initial 
data about the efficacy of a steroid free belatacept-based immuno-
suppression in combination with anti-T cell depleting induction 
therapy. Major limitations include small sample size, inadequate 
power, and limited follow-up. More robust phase III trials are need.

A Cochrane database review published in 2016 by Masson 
et al. compared belatacept- and CNI-based immunosuppression 
regimens. The findings mirrored and summarized the findings 
in the BENEFIT and BENEFIT-EXT studies. Overall, the use of 
belatacept was associated with better graft function (eGFR: mean 
difference 9.96  ml/min/1.73  m2, 95% CI 3.28–16.64) and less 
risk of chronic kidney scarring (RR 0.72, 95% CI 0.55–0.94) as 
compared to the CNI-treated transplant recipients. There was no 
statistically significant difference in risk of death, loss of allograft, 
and acute rejection. Cardiovascular and metabolic outcomes 
also were congruent with the BENEFIT study with lower blood 
pressures, better lipid profiles, and reduced incidence of NODAT  
(RR 0.61, 95% CI 0.40–0.93) in the belatacept-treated groups (28).

There are major limitations in the BENEFIT and BENEFIT-
EXT studies that make it difficult to apply these data to a wide 
patient population. Patients in both studies received basiliximab 
induction therapy. In the latest OPTN/SRTR Annual Data Report, 
it was reported that over 60% of kidney transplant patients received 
induction immunosuppression with a T-cell depleting agent 
compared to only 33% of patient who received an IL-2 receptor 

antagonist. In addition, tacrolimus has replaced CsA as the CNI 
of choice (29). Overall, the patient population in these trials 
were immunologically low risk. In the BENEFIT study, patients 
were included if the cold ischemia time was <24 h. Patients were 
excluded if they had a previous non-renal transplant, simultane-
ous organ transplant, panel reactive antibody (PRA) >50% in 
first-time renal transplant patients, and PRA >30 in regrafts (9). 
Twelve month biopsy results were not available for all enrolled 
patients. Finally, there was evidence of increased non-adherence 
in the CsA groups compared with the belatacept groups. This 
could have biased the results in favor of the belatacept groups.

Conversion to Belatacept in Renal 
Transplantation
To avoid prolonged exposure to CNIs, Rostaing et al. in a phase II  
study randomized kidney transplant recipients to switch from a CNI-
based regimen to a belatacept-based regimen (Table 2). Patients 
who were 6 months posttransplant with stable graft function were 
randomized to belatacept conversion (n = 84) or remained on their 
CNI-based regimen (n = 89). At 1 year, the mean GFR improved 
by 7 ml/min/1.73 m2 in the belatacept group as compared to 2.1 ml/
min/1.73 m2 in the CNI group (p = 0.0058). There were six (7%) 
cases of acute rejection in the belatacept group as compared to none 
in the CNI group. No grafts were lost in the belatacept group, and 
one patient died with a functioning graft in the CNI group due to 
myocardial infarction. Cardiovascular and metabolic outcomes did 
not differ clinically between the two groups (30).

Two-year results from the same study population continued 
to show a sustained improvement in GFR in the belatacept group 
(Table 2). From baseline, the mean GFR improved by 8.8 ml/min/ 
1.73 m2 in the belatacept group as compared to 0.3 ml/min/1.73 m2 
in the CNI group. The mean difference in GFR between the two 
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TABle 2 | Clinical trials of belatacept conversion in renal transplantation.

Trial Treatment 
groups

Acute rejection Graft loss GFR change (ml/
min/1.73 m2) per year

Notes

Phase II, randomized

Switching CNI to belatacept (30)

Belatacept 6/84 (7%) 0/84 (0%) +7a 1-year results, patients converted after 
6 months with stable renal function

CsA/Tac 0/89 (0%) 1/89 (1.1%) +2

Phase II, randomized

Switching CNI to belatacept

2-year outcomes (31)

Belatacept 6/84 (7%) 1/84 (1.2%) +9 2-year results, patients converted 
after 6 months with stable renal 
function

CsA/Tac 3/89 (3%) 2/89 (2.2%) +0.3

Phase II, randomized

Switching CNI to belatacept

3 year outcomes (32)

Belatacept 7/84 (8.4%) 2/84 (2.4%) +1.9b 3-year results, patients converted 
after 6 months with stable renal 
function

CsA/Tac 3/89 (3.6%) 2/89 (2.2%) +0.07

Retrospective review
Early switch from CNI to belatacept in 
extended criteria donor kidney donor 
transplantation (33)

CNI converted  
to Belatacept

1/25 (4%) 11/25 (44%) +17c Patients converted for prolonged 
delayed graft function and/or poor 
allograft function

ap = 0.0058 for difference between treatment groups in change from baseline.
bp = 0.01 for difference between treatment groups in change from baseline.
cp = 0.001.
CsA, cyclosporine A; CNI, calcineurin inhibitor; MMF, mycophenolate mofetil; GFR, glomerular filtration rate; Tac, tacrolimus.
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groups rose from 4.3 ml/min/1.73 m2 to 8.5 ml/min/1.73 m2 in 
favor of the belatacept group. The higher rate of rejection seen in 
the first year post-conversion did not persist in the second year. 
There were no additional episodes of rejection seen from year 1 
to 2 in the belatacept group. Patient and graft survival at the end 
of 2 years were equivalent in both groups (31).

Three-year results from the same group showed continued 
improvement in eGFR. At three years, eGFR increased by 1.9 ml/min/ 
1.73 m2 per year in the group switch to a belatacept-based immu-
nosuppression regimen compared to 0.07 ml/min/1.73 m2 in the 
group who remained on a CNI-based regimen (p = 0.01). At 3 years 
8.4% of patients converted to belatacept had experienced an acute 
rejection compared to 3.6% of patients who remained on a CNI (HR 
2.50 95% CI, 0.65–9.65; p = 0.2). There was no difference in patient 
or graft survival between groups. A trend in improvement of renal 
function may have been blunted by the addition of 16 patients who 
were switched from a CNI-based immunosuppression regimen to 
belatacept after 24 months post-randomization (32).

Conversion to belatacept in patients with allograft dysfunction 
after exposure and established intolerance to CNI-based regimens 
has also revealed encouraging results. In a retrospective analysis, Le 
Meur et al. looked at 25 patients who were converted to belatacept 
for indications of prolonged DGF and/or poor allograft function. 
All but one patient in this study received ECD kidneys. Twenty-four 
of the 25 patients (96%) underwent pre-conversion biopsies. The 
majority of these biopsies revealed histological patterns of acute 
tubular injury due to ischemia reperfusion and/or donor-derived 
vascular lesions, which are associated with renal dysfunction and 
CNI nephrotoxicity. Having failed CNI minimization, the patients 
were converted to belatacept-based regimen within 6 months of 
transplantation. Six months after conversion 22 (88%), at 12 months 
20 (80%), and at 24 months 14 (56%), patients had functioning 
grafts. Three patients did not recover kidney function. Of the 
remaining 22 patients, renal function improved from a nadir eGFR 
of 18.28 ± 12.3 ml/min before conversion to a sustained long-term 

improvement of 33.9  ±  10.1  ml/min at 6  months (p  <  0.001), 
34.9 ± 14.5 ml/min at 1 year (p = 0.001), and 35.6 ± 13.6 ml/min 
at 2 years (p = 0.001) (Table 2). One patient suffered acute cellular 
rejection that was reversed completely with methylprednisolone 
pulse treatment and remained on belatacept (33).

Data from two German transplant centers were recently pub-
lished detailing 79 kidney transplant patients with chronic renal 
allograft dysfunction who were converted to belatacept from a CNI 
or mTOR inhibitor. The mean time from transplant to belatacept 
conversion was 69 months. The major indication for conversion was 
biopsy confirmed CNI toxicity (51.9%). Seventeen of the 22 patients 
who were switched from an mTOR inhibitor had previously been 
switched from a CNI due to biopsy confirmed CNI toxicity. Mean 
eGFR at the time of conversion was 26.1 ± 15 ml/min/1.73 m2 and 
increased to 29.7 ± 15.0 ml/min/1.73 m2 (p = 0.002), 31.6 ± 14.5 ml/
min/1.73  m2 (p  <  0.005), and 34.0  ±  15.2  ml/min/1.73  m2 
(p < 0.005) at 3, 6, and 12 months post-conversion, respectively. 
Proteinuria improved at all time points’ post-conversion but did 
not differ significantly from baseline. Nine (11.4%) patients experi-
enced biopsy-proven acute rejection; of these two suffered graft loss 
shortly after conversion to belatacept (34).

Based on data from these trials conversion from CNI-based 
immunosuppression regimen to a belatacept-based regimen appears 
safe with a slight increase in acute rejection soon after conversion. 
Patients converted to belatacept have been shown to have stabilization 
of renal function and some experience improvement in eGFR. Long-
term data are need to assess whether short-term improvements in 
renal function lead to improvements in graft survival.

Belatacept Conversion for  
High-immunologic Risk Patients
Highly sensitized recipients are at a disadvantage due to the small 
available donor pool. This results in pressure to use marginal 
donor kidneys. This combination could come with unfavorable 
donor-derived histological characteristics and along with chronic 
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alloimmune mediated injury could predispose the recipient to 
early allograft dysfunction and poor long-term outcomes. Even in 
a low immunological risk population, higher rates of acute rejec-
tion were seen in the BENEFIT study. This led to a natural aversion 
to using belatacept in this group of patients. There is almost no 
literature on the use of belatacept in the sensitized patient popula-
tion. In our initial experience reported in the American Journal of 
Transplantation, we converted six highly sensitized patients with a 
median calculated panel reactive antibody of 88% to a belatacept-
based regimen. Indications for conversion were biopsy-proven 
CNI toxicity and/or interstitial fibrosis and tubular atrophy along 
with poor allograft function. MMF was maximized to a dose of 
2–3 g/day as tolerated, and tacrolimus was weaned off at a slower 
rate than published previously over a period of 2–3  months. 
Renal function improved significantly from a mean eGFR of 
23.8 ± 12.9 ml/min/1.73 m2 prior to the conversion to an eGFR of 
42 ± 12.5 ml/min/1.73 m2 (p = 0.028) at the end of a mean follow-
up of 16.5  months. Surveillance biopsies after conversion were 
performed on five of six patients. Histologically, no new episodes of 
rejection were observed, and there was no worsening of chronicity 
scores. Immunologically, there was no emergence of new DSA. 
One patient who had DSA prior to conversion had declining DSA 
post-conversion without histological evidence of rejection (35).

Data are lacking to recommend conversion to belatacept from 
a CNI-based immunosuppression regimen in highly sensitized 
patients. Additional follow-up to assess new DSA formation, rates 
of antibody-mediated rejection, and renal function is needed.

Belatacept and Thrombotic 
Microangiopathy (TMA)
The incidence of de novo TMA posttransplant has been reported as 
0.8–3.3% (36, 37). Drug-induced TMA has been associated with 
both CNIs (38, 39) and with mTOR inhibitors (40). Conventional 
therapies such as withdrawal of the offending drug (usually CNI), 
switching drugs, and plasma exchange have resulted in poor graft 
outcomes. Drug withdrawal has been associated with a 50% graft 
survival rate at 3 years (36). Plasma exchange has been associated 
with an immediate graft loss rate of 20% and 1-year graft survival 
of only 66% (41). There continues to be no treatment guidelines 
of de novo TMA recurrence posttransplant.

Successful conversion to belatacept in the setting of drug-
induced TMA has been described in case series (42) and case 
reports (43, 44). These reports have demonstrated encouraging 
short-term outcomes after withdrawal of CNI and/or sirolimus.

Belatacept in Non-Kidney Solid Organ 
Transplantation
Liver Transplantation
A phase II randomized multicenter trial was the first to explore the 
de novo use of belatacept in liver transplant recipients. The study by 
Klintmalm et al. compared the 1-year outcomes of a belatacept- vs 
tacrolimus-based maintenance immunosuppression in liver trans-
plantation. At the conclusion of this study, two of three belatacept 
groups had higher rates of death and graft loss (42–48%) relative 
to the standard-of-care tacrolimus and MMF (15%) control 
group (45). The belatacept arms had a higher incidence of death 

primarily related to infections. The etiology behind this increased 
risk of infections remains unclear. Liver transplant patients are 
more immunocompromised at baseline than kidney transplant 
patients, and perhaps the CD28 pathway is critical to their protec-
tive immunity (46). At 12 months, all three belatacept groups also 
had higher rates of acute rejection (31–40%) as compared with 
the control group (13%). The glomerular filtration rate (GFR) was 
better in the belatacept group as compared with the tacrolimus 
group. A total of 47–65% of patients had a greater than 10 ml/min 
improvement in GFR at 12 months vs 12–27% in the tacrolimus 
groups. However, these findings did not allow for the identifica-
tion of a safe and effective role for belatacept in liver transplant 
recipients (45).

It is possible that the use of induction immunosuppression along 
with belatacept or short-term belatacept therapy might allow for 
preservation of the renal benefits of belatacept without compromis-
ing graft outcomes. In an interesting case series by LaMattina et al., 
the authors converted seven hepatitis C-positive liver transplant 
recipients to belatacept between 2 and 89 days posttransplant for 
renal dysfunction. All patients had a creatinine clearance of less 
than 35 ml/min/1.73 m2 at the time of conversion, and three of them 
were on dialysis. All patients received basiliximab-based induction. 
After conversion to belatacept, all patients recovered renal function 
to a point that they could be transitioned back to CNIs. The mean 
calculated GFR improved to 86 ± 23 ml/min/1.73 m2. One biopsy-
proven rejection episode was observed while on belatacept. This 
patient had already suffered acute rejection while being maintained 
on low dose CNI therapy to preserve renal function. All patients 
and grafts survived the duration of belatacept therapy. Six month 
graft and patient survival was 86% (47).

With the available data the use of belatacept cannot be recom-
mended in liver transplant recipients. Additional studies with 
sufficient power are needed to determine efficacy of belatacept in 
the liver transplant population.

Lung Transplantation
In a retrospective analysis by Timofte et al., eight lung transplant 
recipients with renal dysfunction had belatacept added to their 
regimen with further reduction or complete discontinuation of 
CNIs. These patients had failed or were deemed unsuitable for iso-
lated CNI minimization and mTOR-based avoidance protocols. 
They were then compared with a historical cohort of lung trans-
plant recipients who had renal dysfunction and did not receive 
belatacept. There was a trend toward improved renal function in 
the belatacept treated group. One episode of low-grade steroid 
responsive acute rejection was seen in the belatacept group (48).

Heart Transplantation
The use of belatacept in heart transplantation has been reported 
in only one case report to date. Enderby et al. added belatacept 
to the immunosuppressive regimen of a 26–year-old recipient 
of an orthotopic heart transplant. This was done in an effort to 
improve suspected non-compliance after multiple episodes of 
rejection related to erratic tacrolimus and sirolimus levels. While 
on belatacept, surveillance biopsies revealed no new episodes of 
rejection; coronary angiogram revealed normal coronaries and 
echocardiography revealed a left ventricular ejection fraction of 
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61%. The patient died from cardiac arrest 6 months after addition 
of belatacept due to unclear reasons (49).

Belatacept Safety and Adverse events
The 7-year outcomes from the BENEFIT study reveal that belata-
cept has acceptable and comparable safety to traditional immu-
nosuppressive regimens. The adverse event rates (69–71 vs 76%), 
serious infection rates (11 vs 13 events per 100 person-years of 
treatment), and cancer incidence rates (1.8–2.1 vs 2.6 events per 
100 person-years of treatment) were equivalent to the CNI-based 
immunosuppression (16). Also, in the Cochrane database review, 
there was no difference in risk of any malignancy or infection in 
both treatment arms (28).

There was a higher incidence of posttransplant lymphopro-
liferative disease (PTLD) with belatacept in the first year after 
transplantation. Epstein–Barr virus (EBV) seronegative status 
was the strongest associated risk factor and represented a ninefold 
increase in risk (50). Owing to these concerns, current belatacept 
trial protocols have now been modified to enroll EBV seropositive 
patients only (51). The Food and Drug Administration has also 
provided a black box warning against using belatacept in EBV-
seronegative patients. In the seven-year follow-up, only one case 
of PTLD was noted to occur after the first 24 months of therapy 
in the belatacept group (16).

DiSCUSSiON

Progressive chronic kidney disease is a well-known complica-
tion of all solid organ transplants. Prior disease, peri-operative 
insults, and long-term exposure of vasoconstrictive CNIs can all 
contribute to this. In addition, chronic kidney disease worsens 
cardiovascular morbidity and mortality and has been shown to 
be an independent risk factor for adverse transplant outcomes.

In kidney transplantation, the BENEFIT studies that investi-
gated the use of de novo belatacept as compared to CsA showed 
that belatacept was associated with higher rates of early low-grade 
steroid responsive acute rejection. This was offset by higher GFR, 
lower blood pressures, and lower incidence of NODAT. A few 
important limitations of these studies included the use of CsA as 
the comparator of choice rather than the more potent tacrolimus. 
In addition, only low immunologic risk patients were enrolled. 
Long-term outcomes have now been reported to show a clear 
trend toward improved patient and graft survival. Nevertheless, it 
remains to be seen whether the improved metabolic profile leads 
to a reduction in cardiovascular morbidity and mortality.

From an immunological standpoint, the observed reduced rate 
of development of donor-specific antibodies in belatacept-treated 

groups has encouraging long-term implications. Inadequate 
immunosuppression either due to non-compliance or reduction 
in immunosuppression is the major cause of late DSA formation 
and chronic antibody-mediated rejection (52). Development of 
DSA and chronic antibody-mediated rejection has been impli-
cated as a major cause of long-term graft loss (53–55). The nature 
of administration of belatacept that involves delivery by a trained 
health-care professional and once a month dosing might ensure 
better compliance and lesser variability in baseline immunosup-
pression. There is also some suggestion that belatacept might also 
diminish the B-cell responses (56).

In randomized conversion trials, as with the de novo studies, 
a higher rate of early acute rejection post-belatacept conversion 
was reported. Despite this, belatacept was shown to improve 
or stabilize intermediate-term kidney allograft function at up 
till 3  years follow-up. Thus, based on the data available so far, 
a careful conversion strategy might be safe in allografts with 
stable function and even those with dysfunction and established 
intolerance to CNIs. The findings of belatacept conversion studies 
that are ongoing are eagerly awaited.

The use of belatacept should be carefully individualized in 
kidney transplant recipients. Factors to be taken into account are 
the cardiovascular and hemodynamic complications associated 
with poor allograft function along with the immunological risk 
of the recipient. Future studies are underway to assess the safety 
and efficacy of belatacept in the setting of immunological sensi-
tization and in combination with lymphocyte depleting agents. 
The results of these studies may help broaden the scope of this 
well-tolerated drug and make CNI free immunosuppression a 
real possibility for the vast majority of kidney transplant patients.

As outlined in this review, the non-kidney solid organ trans-
plant experience with belatacept is sorely lacking. The role of 
belatacept is not yet established in this group of transplant patients. 
The scarce data that are available currently do not lend itself to 
generalizability. More studies are urgently needed in these end 
organ failure transplant groups where renal dysfunction remains 
a widely prevalent and important contributor to patient mortality.
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