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Belatacept is the first costimulatory blockade agent clinically approved for transplant immunosuppression.

Although more than 10 years of study have demonstrated that belatacept offers superior long-term renal

allograft and patient survival compared to conventional calcineurin inhibitor (CNI)-based immunosup-

pression regimens, the clinical adoption of belatacept has continued to lag because of concerns of an early

risk of acute cellular rejection (ACR) and various logistical barriers to its administration. In this review, the

history of the clinical development of belatacept is examined, along with the findings of the seminal

BENEFIT and BENEFIT-EXT trials culminating in the clinical approval of belatacept. Recent efforts to

incorporate belatacept into novel CNI-free immunosuppression regimens are reviewed, as well as the

experience of the Emory Transplant Center in using a tapered course of low-dose tacrolimus in belatacept-

treated renal allograft patients to garner the long-term outcome benefits of belatacept without the short-

term increased risks of ACR. Potential avenues to increase the clinical adoption of belatacept in the future

are explored, including surmounting the logistical barriers of belatacept administration through subcu-

taneous administration or more infrequent belatacept dosing. In addition, belatacept conversion strategies

and potential expanded clinical indications of belatacept are discussed for pediatric transplant recipients,

extrarenal transplant recipients, treatment of antibody-mediated rejection (AMR), and in patients with

failed renal allografts. Finally, we discuss the novel immunosuppressive drugs currently in the develop-

ment pipeline that may aid in the expansion of costimulation blockade utilization.
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C
NIs, such as cyclosporine and tacrolimus, have
served as the backbone of transplant immuno-

suppression for the vast majority of renal transplant
recipients over the past 40 years. The advent of CNI
therapy undoubtedly ushered in the modern era of
transplantation, establishing renal transplant as the
gold-standard therapy for end-stage renal failure.
However, although CNI therapy has secured excep-
tional short-term outcomes with transplantation,
progress in improving long-term renal allograft sur-
vival has stagnated for many years,1 spurring interest
in other immunosuppressive strategies. The nephro-
toxicity and well-defined adverse metabolic effects
of CNIs have also driven a desire to explore alternative
immunosuppressive agents.2-4
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Costimulation blockade emerged as a promising
immunosuppression strategy based on seminal work in
the 1990s demonstrating that blockade of critical cos-
timulatory pathways (such as CD28-CD80/86 and CD40-
CD154 interaction) could substantially prolong allograft
survival in murine transplant models.5-7 Whereas the
clinical development of anti-CD154 was initially halted
because of the development of unexpected thrombotic
complications (later attributed to cross-linkage of
platelet-expressed CD154),8 the pursuit of drugs to
disrupt CD28-B7 interaction culminated in the devel-
opment and clinical trials of belatacept, a potent CD28
antagonist.9 Subsequent clinical trials have validated
the promise of belatacept, demonstrating superior long-
term outcomes of graft and patient survival compared to
renal transplant recipients treated with cyclosporine-
based immunosuppression.10,11 However, persistent
fears about early ACR and logistical challenges associ-
ated with chronic intravenous infusion requirement
have limited the widespread adoption of this drug. In
this review, we explore the history of costimulation
blockade in renal transplantation, the present use of
2529
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belatacept in transplant recipients, and the future of
costimulatory blockade in transplantation.

The Past
Clinical Development of Belatacept

The “three signal hypothesis” of T cell activation
emerged from careful experimentation in the 1980s and
1990s.12 This paradigm established that activation of
naïve T cells required antigen recognition via T cell
receptor interaction with cognate MHC-antigen com-
plex, costimulatory signals, and cytokine-mediated
differentiation/expansion. A variety of costimulation
receptors were identified to mediate the second signal
required for T cell activation, including CD28-CD80/86,
CD40-CD154, OX40-OX40L (CD134-CD252), and ICOS-
ICOSL (CD278/CD275). Many of these costimulatory
receptors were also found to significantly contribute to
alloreactive T cell activation.13,14 Indeed, murine
transplant models revealed that alloreactive T cell
activation is critically dependent on the interaction
between CD28 (expressed on naïve alloreactive T cells)
and CD80/86 (expressed on antigen presenting cells).5

Abatacept, a fusion protein composed of the extra-
cellular domain of CTLA-4 fused to the Fc region of IgG1,
emerged as one of the earliest drugs to target this
interaction through competitive inhibition, given that
CTLA-4 binds to CD80/86with higher avidity than CD28
binding to CD80/86.15 However, though abatacept has
proven to be a clinically effective therapeutic for auto-
immune disorders such as rheumatoid and psoriatic
arthritis,16 it demonstrated limited ability to prolong
allograft survival in nonhuman primates.17,18 This
shortcoming spurred the development of belatacept,
which has 2 point sequence variations of the abatacept
backbone which significantly enhance avidity for CD80/
CD86, enabling belatacept to better sequester the CD80/
86 ligand required for CD28 engagement.9 Unlike aba-
tacept, belatacept more effectively prolonged renal
allograft survival in nonhuman primate transplant sys-
tems.9 Prompted by these promising preclinical results,
the clinical development of belatacept ensued. The
initial phase II trial of belatacept in human renal trans-
plant recipients generated much enthusiasm in that it
found similar rates of 6 month biopsy-proven ACR be-
tween patients treated with belatacept and those treated
with cyclosporine-based immunosuppression, but a
marked improvement in glomerular filtration rate at 12
months associated with belatacept use (estimated
glomerular filtration rate [eGFR] 66.3 vs. 53.5 ml/min per
1.73 m2).19

The BENEFIT and BENEFIT-EXT Clinical Trials

The further clinical development of belatacept was
underpinned by the phase 3 Belatacept Evaluation
2530
of Nephroprotection and Efficacy as First-line Immu-
nosuppression (BENEFIT) trial, which remains the
largest clinical trial of transplant immunosuppression
ever conducted.11 The BENEFIT trial tested 2 different
doses of belatacept (a more intensive regimen and a less
intensive regimen, which ultimately would be the
regimen to gain clinical approval) against a control
group of renal transplant recipients treated with
conventional cyclosporine-based immunosuppression.
This trial, along with the similar BENEFIT-EXT trial of
belatacept use in recipients of extended criteria donor
kidneys,20 demonstrated that renal transplant
recipients treated with belatacept demonstrated supe-
rior measured glomerular filtration rates at 12 months
posttransplant compared to recipients treated with
conventional cyclosporine-based immunosuppression
(63 vs. 50 ml/min, P < 0.001). Interestingly, there was
also a reduction in the prevalence of biopsy-proven
chronic allograft nephropathy at month 12 in the
belatacept-treated groups compared to CNI in the
BENEFIT study (18% for more intensive regimen
belatacept vs. 32% for cyclosporine)11; however, this
difference in chronic allograft nephropathy rates was
not observed in the BENEFIT-EXT trial.21 The reasons
for this are unclear; however this discrepancy could
perhaps be due to the relatively early 12 month time-
point of the protocol biopsies in these trials, when the
early improvement in eGFR could be primarily due to
prerenal hemodynamic benefits of belatacept compared
to CNI rather than a reduction in interstitial fibrosis,
which would be expected to occur at later time points.
It is also possible that any early benefits in chronic
allograft nephropathy were masked by the use of more
marginal allografts in the BENEFIT-EXT study as
compared to the living and standard criteria deceased
donors used in the BENEFIT study. The original
BENEFIT trial found that this improved graft function
was at the cost of a higher incidence and severity of
ACR in recipients treated with belatacept (17% vs. 7%
incidence of biopsy-proven rejection at 12 months).11

This increased risk of acute rejection was confined to
the early posttransplant period, because the 3 year
follow-up of the BENEFIT trial found no additional
rejection episodes in the belatacept group after year
2.22 Interestingly, neither the initial or follow-up
BENEFIT-EXT reports found any acute rejection
signature with belatacept.20,21,23 In addition, a higher
incidence of posttransplant lymphoproliferative disease
was observed in belatacept-treated renal transplant
recipients who were naïve for prior Epstein-Barr virus
infection at the time of transplant (5/369 patients on
belatacept vs. 0/184 patients on cyclosporine), resulting
in a black-box warning to be placed on the use of
belatacept in this subpopulation of transplant
Kidney International Reports (2023) 8, 2529–2545
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recipients. The BENEFIT and BENEFIT-EXT trials
culminated in clinical approval of belatacept for renal
transplant recipients by the US Food and Drug
Administration and the European Medicines Agency in
2011.24

The 7-year follow-up study of the BENEFIT trial
participants confirmed that renal transplant recipients
treated with belatacept maintained improved eGFR and
experienced enhanced survival compared to those
treated with cyclosporine-based regimens. A 43%
reduction in risk of death or graft loss as a composite
end point was observed for the belatacept-treated
patients compared to cyclosporine-treated patients,
with a similar marked difference in eGFR (70.4 vs. 44.9
ml/min per 1.73 m2, P < 0.001).10 The benefit in patient
and graft survival with belatacept was significant in
this long-term follow-up study, and the sustained
improvement in eGFR associated with belatacept may
be just as (if not more) meaningful, given that the vast
majority of trial participants were alive with a func-
tioning graft by the end of study and the percentage of
reduced risk might predict more impressive changes in
long-term allograft losses should belatacept have wider
clinical adoption. Ten-year follow-up of the original
phase II trial evaluating belatacept versus cyclosporine
for de novo immunosuppression in renal transplant
recipients also found that (similar to the BENEFIT trial)
belatacept was associated with improved long-term
eGFR of renal allografts counterbalanced by an
increased incidence of early biopsy-proven ACR.25

Impact of Belatacept on Cardiovascular Risk and

Glucose Metabolism

Other potential advantages of belatacept emerged from
the BENEFIT trial. Studies of physical health-related
quality of life surveys in the BENEFIT and
BENEFIT-EXT patient populations showed improved
patient-reported physical health 12 months and 36
months posttransplant in belatacept-treated compared
to CNI-treated patients.26 A post hoc analysis of the
patients in the BENEFIT and BENEFIT-EXT trial also
revealed that compared to the cyclosporine-treated
control group, the belatacept-treated group had lower
mean systolic blood pressure (6–9 mm Hg), lower mean
diastolic blood pressure (3–4 mm Hg), lower non-HDL
cholesterol, lower serum triglycerides, and a lower
rate of new-onset diabetes after transplant (19% vs.
25%).27 These advantages in glucose metabolism were
validated in a subsequent retrospective trial that used
oral glucose tolerance tests to show that renal trans-
plant recipients treated with belatacept had a 93%
lower odds of developing diabetes or prediabetes
compared to recipients on tacrolimus-based immuno-
suppression.28 One study using a validated risk
Kidney International Reports (2023) 8, 2529–2545
calculator of major adverse cardiac events in renal
transplant recipients used the BENEFIT and BENEFIT-
EXT data sets to predict that belatacept use may result
in a >20% reduction in major adverse cardiac events
compared to CNI treatment, as well as an approxi-
mately 18% to 30% reduction in cardiovascular
mortality.29 This promising data recently spurred a
prospective, randomized, open-label international
multicenter trial to assess the impact of belatacept
conversion on cardiovascular risk in renal transplant
patients. A total of 105 renal transplant patients in
Denmark, the Netherlands, Norway, and Sweden with
stable graft function were randomized to either remain
on CNI-based immunosuppression, or to convert to
belatacept. The patients were 3 to 60 months post-
transplant (mean 25.3 months) and 96% were on
tacrolimus-based immunosuppression prior to
randomization. After 1 year of treatment, the previ-
ously mentioned validated 7-year cardiovascular risk
calculator was applied. Although belatacept use was
associated with a significant reduction in diastolic
blood pressure and a trend to reduction in systolic
blood pressure, there was no difference in the calcu-
lated 7-year risk of major adverse cardiac events
between the conversion group and the patients
remaining on CNI.30 However, this result was
predominantly due to the fact that the belatacept
conversion group had no improvement in eGFR, which
runs counter to the findings of almost every other
belatacept conversion trial. In addition, given that this
trial converted patients up to 60 months posttrans-
plant, it is possible that the cardiovascular benefits of
belatacept conversion were underestimated, because
the adverse metabolic changes of initial CNI use may
have been irreversible at these late time points.
Therefore, further research into the cardiovascular and
diabetic risk reduction associated with belatacept is
needed.

Impact of Belatacept on Donor-Specific Antibody

An increasingly recognized advantage of belatacept is
its ability to prevent and reduce alloantibodies.31 Post
hoc analysis of the long-term extensions of these
clinical trials revealed a lower incidence of de novo
donor-specific antibody (DSA) production in the pa-
tients treated with low-intensity belatacept versus
cyclosporine (after 7 years of follow-up, the rates of de
novo DSA were 3.5% vs. 12.1% in the BENEFIT trial,
and 1.1% vs. 11.2% in the BENEFIT-EXT trial).32

Mechanistic studies in renal transplant recipients
shows that belatacept may control humoral allores-
ponses by inhibiting plasmablast differentiation,
reducing the expression of the major transcription
factor involved in plasma cell function (Blimp-1), and
2531
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blocking activation of T follicular helper cells.33 There
is even some evidence that belatacept use could reduce
the mean fluorescent intensity of preexisting DSA
levels after transplantation compared to cyclosporine
therapy.34 Support for this hypothesis was also pro-
vided by the BELACOR pilot study, which tested the de
novo use of belatacept in renal transplant recipients
with low-level preformed DSA (mean fluorescent in-
tensity 500–3000). No recipients in this BELACOR
group developed acute AMR, and a significantly higher
number of patients in the belatacept-treated group
displayed a complete disappearance of class II DSA
compared to a retrospective control group treated with
CNI-based immunosuppression.35

Comparisons of Belatacept to Tacrolimus for De

Novo Immunosuppression

One common criticism of the BENEFIT and BENEFIT-
EXT trials is that the comparator group of patients
received cyclosporine-based rather than tacrolimus-
based immunosuppression, because tacrolimus is
associated with lower rates of acute rejection and
possibly less toxicity than cyclosporine.36 Although
this comparator group was chosen for regulatory
reasons impacting the potential clinical approval of
belatacept, it did raise the question of whether the
clinical benefits of belatacept therapy would persist
compared to patients treated with tacrolimus-based
immunosuppression. In one small study, de Graav
et al.37 performed a randomized study of tacrolimus
versus belatacept for de novo renal transplant immu-
nosuppression. Unlike the BENEFIT trial, this
randomized controlled trial (RCT) found no difference
in 12 month GFR between the belatacept and
tacrolimus-treated groups; however, there was a sub-
stantial increase in the incidence of biopsy-proven ACR
associated with belatacept use (55% vs. 10%, P ¼
0.006), resulting in 3 graft losses in the belatacept
group. A substantial limitation of this study, however,
was that it was very small (40 total patients) and
neither designed nor powered to truly assess differ-
ences in eGFR between treatment groups. In addition,
as discussed more comprehensively later, the real-
world published experience with several hundred pa-
tients at Emory demonstrates notable long-term bene-
fits in eGFR in patients receiving belatacept-based
maintenance immunosuppression compared to histori-
cal controls receiving tacrolimus-based maintenance.38

The Present
Limited Clinical Adoption of Belatacept

Belatacept remains a promising, but underutilized,
option for transplant immunosuppression. No immu-
nosuppressive agent has demonstrated as profound an
improvement in patient and renal allograft survival as
2532
belatacept has since the introduction of CNIs 4 decades
ago; however, its adoption has been stymied by logis-
tical barriers as well as concerns of increased short-
term incidence of ACR. An analysis of the Scientific
Registry of Transplant Recipients revealed that from
2011 to 2016, the number of patients receiving de novo
belatacept-based immunosuppression increased from
0.74% to 3.11%.39 However, less than half of US
transplant centers used any de novo belatacept in renal
transplant patients, and only 3% of transplant centers
used it in over 50% of their patients, highlighting the
limited adoption of belatacept in recent years.39 Even
in the most recent Scientific Registry of Transplant
Recipients Annual Report, only 5.52% of de novo renal
transplant recipients in 2020 received a non-tacroli-
mus–based initial maintenance immunosuppression
regimen and only a portion of these patients will have
received belatacept.40

Novel Belatacept-Based Immunosuppression

Regimens

The higher rate of biopsy-proven ACR associated with
belatacept use is undoubtedly one of its chief barriers
to wider adoption, and a number of randomized clinical
trials and studies have sought to establish the ideal way
to mitigate this concern with belatacept.41 Experi-
mental approaches have included employing more
aggressive depletional induction methods (often
coupled with mTOR inhibitor-based and/or steroid-free
CNI-sparing maintenance regimens) or utilizing bela-
tacept with a short-term taper of low-dose CNI to
achieve long-term CNI-free immunosuppression.

Depletional Induction, mTOR Inhibition, and Early Steroid

Withdrawal. Several trials have sought to develop a
CNI-sparing and steroid-sparing immunosuppression
regimen based on coupling belatacept with depleting
induction agents such as rabbit anti-thymocyte glob-
ulin (rATG) or alemtuzumab. In one early trial con-
ducted at the Ohio State College of Medicine, 89
patients were randomized to receive belatacept-
mycophenolate mofetil (MMF), belatacept-sirolimus or
tacrolimus-MMF42 as de novo immunosuppression after
kidney transplant. All these patients received induc-
tion with rATG and a short course of rapidly-tapered
corticosteroids. The authors found a higher risk of
rejection in the belatacept-MMF group compared to
either of the 2other groups; however, two-thirds of
patients in the belatacept groups remained on CNI-free
and steroid-free regimens 1 year posttransplant, and
the belatacept groups had a calculated GFR that was 8–
10 ml/min higher than the patients in the tacrolimus/
MMF group. Another pilot trial of CNI-sparing and
corticosteroid-sparing immunosuppression conducted
by Kirk et al.43 treated living donor kidney transplant
Kidney International Reports (2023) 8, 2529–2545
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recipients with belatacept, daily sirolimus, and alem-
tuzumab induction; patients were also randomized 1:1
to either receive or not receive unfractionated donor
bone marrow. Of 20 patients transplanted, weaning of
all oral immunosuppression (to maintain patients on
belatacept monotherapy) was attempted in 10 patients
and successfully achieved in 7 patients. Although there
were no episodes of ACR in the first year post-
transplant (regardless of donor bone marrow infu-
sion), protocol biopsies revealed subclinical rejection in
10% of recipients. Five year follow-up of this patient
cohort revealed a patient and graft survival rate of
100% and 95%, respectively, with 12 of 20 patients
ultimately successful in weaning to belatacept mono-
therapy.44 The early success of these 2 trials spurred 2
separate Clinical Trials in Organ Transplant trials.

The Clinical Trials in Organ Transplant-10 trial was a
randomized trial of CNI and corticosteroid avoidance
using belatacept and alemtuzumab induction. Howev-
er, this trial was aborted early because of the higher
incidence of biopsy-proven rejection and vascular
thrombosis rates in the alemtuzumab/belatacept
experimental group compared to the alemtuzumab/
tacrolimus experimental group.45 The subsequent
Clinical Trials in Organ Transplant-16 trial also
demonstrated the potential perils of attempting steroid-
sparing immunosuppression regimens based on bela-
tacept. This trial compared a control arm receiving
rATG, rapid steroid taper, maintenance MMF, and
tacrolimus with 2 different belatacept regimens; one
involving rATG induction, rapid steroid taper, MMF,
and belatacept and the other regimen involving basi-
liximab induction, rapid steroid taper, a 5-month
course of tacrolimus, and maintenance therapy with
MMF and belatacept. Although this study did not
encounter the same high rate of vascular thromboses
seen in the Clinical Trials in Organ Transplant-10
study, it was also terminated because of the high rate
of ACR in the belatacept therapy arms of the study.46

Another recent trial of belatacept-based CNI-sparing
and corticosteroid-sparing immunosuppression was the
BEST trial, a 2-year prospective, randomized
multicenter trial of rapid steroid withdrawal immuno-
suppression that randomized renal transplant re-
cipients to receive belatacept with alemtuzumab
induction, belatacept with rATG, or tacrolimus with
rATG induction.47 Whereas 2-year eGFR <45ml/min
per 1.73 m2 was observed in only 8% of both the
belatacept/alemtuzumab and belatacept/rATG groups,
it was observed in 19% of the tacrolimus/rATG group
(P < 0.05). However, this was counterbalanced with a
higher rate of biopsy-proven acute rejection in the
belatacept/alemtuzumab (19%) and belatacept/rATG
Kidney International Reports (2023) 8, 2529–2545
(25%) groups compared to the tacrolimus/rATG group
(7%, P < 0.006).48

The most recent trial of belatacept-based CNI-sparing
and maintenance corticosteroid-sparing immunosuppres-
sion was a multicenter phase 2 study that used rATG in-
duction and a rapidly tapered steroid induction (weaning
off by postop day 7), and compared renal transplant re-
cipients receiving belatacept and daily everolimus versus
control group recipients treated with conventional tacro-
limus and MMF immunosuppression. This study showed
similar biopsy-proven rejection rates at 6 months (7.7%
vs. 9.4%) and 24 months (16.0% vs. 15.2%) in the
belatacept þ everolimus and tacrolimus þ MMF groups,
though there was no identified benefit in 24-month mean
unadjusted eGFRs between these regimens (71.8 vs. 68.7
ml/min per 1.73 m2).49 Although promising based on
similar rejection rates between groups, the lack of
improvement in renal function by coupling belatacept
with both depleting induction and mTOR inhibitor use
may limit enthusiasm for this regimen.

Transient CNI-Minimization and Early Withdrawal (The

Emory Protocol). At Emory, belatacept was adopted as
the standard of care for all renal transplant recipients
upon US Food and Drug Administration approval in
2011, except for patients who were EBV-seronegative,
HIVþ or had a history of prior blood malignancy.
When we first adopted belatacept using the same
completely CNI-sparing regimen as the BENEFIT trial,
we observed a sharp increase in ACR (50.5% vs. 20.5%
in a historical cohort of Emory renal transplant re-
cipients treated with a tacrolimus-based protocol).
Most of these rejection episodes occurred within the
first 6 months of transplant, leading us to adopt a
strategy of coupling belatacept with a transient low-
dose course of tacrolimus to protect the renal allo-
graft from early episodes of ACR. The addition of a
transient course of tacrolimus that was weaned off from
9 to 11 months posttransplant resulted in a more
acceptable 16% incidence of ACR,38 consistent with
historical results using tacrolimus-based immunosup-
pression. In our data, all belatacept-treated patients
(with or without transient tacrolimus therapy) who
remained on a belatacept-based maintenance immuno-
suppression regimen demonstrated superior 4-year
posttransplant eGFR compared to the historical cohort
of tacrolimus-only patients (63.8 vs. 46.2 ml/min per
1.73 m2, P < 0.0001).

Since our initial published experience, the Emory
belatacept protocol has continued to evolve (Figure 1).
Currently, qualifying renal transplant recipients receive
tacrolimus (4 mg) and MMF (1000 mg) preoperatively,
and then receive solumedrol (500 mg IV), basiliximab
induction (20mg IV) and belatacept (10 mg/kg)
2533



Figure 1. Relative contributions of immunosuppression drugs in the current Emory University belatacept protocol. The protocol consists of
basiliximab induction and an early low-dose bridge of tacrolimus to minimize early rejections that is weaned off starting at 9 months post-
transplant, leaving patients on calcineurin inhibitor-free prednisone, MMF and monthly belatacept maintenance therapy long-term. MMF,
mycophenolate mofetil.
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intraoperatively. MMF is continued, and corticosteroids
are weaned to a maintenance dose of 5 mg oral predni-
sone by posttransplant day 3. No further basiliximab is
administered, and belatacept is administered at 5 mg/kg
beginning at month 1 and monthly thereafter. Tacroli-
mus is titrated to a goal trough level of 5 to 8 ng/ml for
months 0 to 1 posttransplant, and 3 to 5 ng/ml formonths
1 to 9 posttransplant. Tacrolimus taper begins atmonth 9
posttransplantwith a decrease in tacrolimus dose by one-
third, with a further decrease in tacrolimus dose by
another one-third at month 10, and a discontinuation of
tacrolimus 11 months posttransplant.

Overall, these novel approaches have certainly
improved upon prohibitively high initial acute rejec-
tion rates observed with the US Food and Drug
Administration-approved (package insert) belatacept-
based protocol, enabling the achievement of accept-
able rejection rates of 15% to 20%. Ongoing efforts to
optimize current regimens, identify immunosuppres-
sive agents that may synergize with belatacept to
prevent “belatacept-resistant” rejection, and the
development of biomarkers to identify patients at
higher or lower risk of rejection on belatacept should
help elucidate the best path forward to enhance the
clinical efficacy of belatacept.

Defining Recipient Populations at Risk

Beyond considerations of how belatacept can be
incorporated into immunosuppression regimens that
provide the long-term benefit of improved eGFR and
graft survival with an acceptably low rate of ACR,
further clinical use of belatacept has highlighted
unique recipient populations that might not be ideal
candidates for belatacept-based immunosuppression.

Patient Populations at Risk. As previously discussed,
the BENEFIT and BENEFIT-EXT trials highlighted that
2534
belatacept should not be used in EBV-seronegative re-
cipients due to a concern of high rates of posttransplant
lymphoproliferative disease in these patients.50 Because
of the risk of post-transplant lymphoproliferative dis-
ease associated with belatacept, we also avoid admin-
istration of belatacept to any patient with a history of
hematologic malignancy. Based on their higher risk of
allograft rejection in general and the exclusion of these
patients from the BENEFIT and BENEFIT-EXT trials,
some centers have historically avoided administration
of belatacept de novo to any patient with a history of
HIV infection. Nonetheless, the use of belatacept in
HIVþ recipients has been reported51-53 and its use in
this unique population remains to be established.

In addition, there is emerging evidence that belata-
cept should be administered with caution to de novo re-
cipients who are at a high-risk for cytomegalovirus
(CMV), namely CMV seronegative recipients of kidneys
from CMV seropositive donors, given associated risks of
greater CMV-relatedmorbidity. In one study of 308 CMV
seronegative transplant recipients (including 203
belatacept-treated patients and 168 CMV high-risk pa-
tients), belatacept use in CMV high-risk patients was
associated with a higher incidence of CMV viremia at 2
years posttransplant (50% vs. 34.4%, P ¼ 0.047), a
higher rate of CMV resistance to ganciclovir (22.1% vs.
1.6%, P ¼ 0.001), and a longer time to virus clearance
compared to recipients treated with tacrolimus.54 While
there was a trend to lower graft survival in high-risk
patients with CMV treated with belatacept, it was not
significant. A subsequent multistate Markov model
confirmed these findings, demonstrating that among
CMV high-risk renal transplant recipients, belatacept-
treated recipients exhibited a significantly higher
probability of entering moderate viremia compared to
tacrolimus-treated recipients, and they persisted in
Kidney International Reports (2023) 8, 2529–2545
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moderate viremia for significantly longer than did
tacrolimus-treated recipients (128 vs. 70 days).55

Experience with belatacept administration in rare
instances when recipients require posttransplant plas-
mapheresis (such as recurrent primary focal segmental
glomerulosclerosis or thrombotic microangiopathy) is
limited and alternative immunosuppression should be
considered, because the plasmapheresis usually used to
treat this disease would also eliminate circulating
belatacept.56 Finally, there is some indication that
belatacept-based immunosuppression may be a risky
choice for recipients who have not been vaccinated
against SARS-CoV-2 prior to transplant, given that
transplant recipients treated with belatacept had
markedly worse antibody and cellular immune re-
sponses to SARS-CoV-2 vaccine doses administered
posttransplant, even after up to 5 doses of vaccine were
administered.57-63

Biomarkers. Some groups have defined some bio-
markers that can identify additional patients that might
by at higher risk of belatacept-resistant ACR. Using a
nonhuman primate renal transplant model, Mathews
et al.64 found that pretransplant frequencies of CD28þ

CD8þ TEMRA cells (CD28þCD95þCD45RAþCCR7�CD8 T
cells) greater than 3% was highly correlated with
eventual allograft rejection on belatacept therapy,
whereas a similar signature was not observed in
recipients treated with tacrolimus-based immunosup-
pression. Similarly, another group using banked
samples from human renal allograft recipients found
that patients with a higher frequency of CD28þ CD4þ

TEM cells were more vulnerable to subsequent rejection
on belatacept therapy, again highlighting the potential
role of CD28þ memory T cells in the pathogenesis of
costimulatory blockade-resistant transplant rejection.65

Higher pretransplant frequencies of CD57þPD1- CD4 T
cells have also been implicated in belatacept-resistant
transplant rejection in human renal transplant re-
cipients; these cells are also enriched in rejecting
kidney allografts and exhibit cytolytic properties.66

Though promising, these subsets require further clin-
ical validation and have yet to be implemented clini-
cally for prospective use to guide belatacept usage.
Other emerging technologies such as cell-free donor-
derived DNA67,68 and eplet HLA mismatching69 may
also ultimately prove useful in risk-stratifying patients
for de novo or conversion use of belatacept, although
further studies are certainly needed to validate these
biomarkers in patients receiving belatacept therapy.
Interestingly, an examination of predicted indirectly
recognizable HLA epitopes (PIRCHE-II) by our group
suggests that belatacept may modify the immune event
risk for acute rejection, DSA and AMR based on risk
Kidney International Reports (2023) 8, 2529–2545
PIRCHE-II scores that could serve to guide immuno-
suppression management (unpublished data).

Conversion Trials of Belatacept

Accruing evidence that belatacept may be associated
with superior long-term allograft outcomes has also
spurred the development of several conversion trials,
switching patients from conventional CNI-based
immunosuppression regimens to belatacept. These
conversions have occurred both “per protocol” (i.e., at
specified intervals in defined patient populations) and
for cause as “rescue therapy,” initiated due to either
the development of chronic histologic lesions of the
allograft accompanied by poor allograft function, or
due to the development of acute CNI intolerance (e.g.,
the development of thrombotic microangiopathy,70

neurologic intolerance of CNI, or prolonged CNI-
induced delayed graft function71).

Per Protocol Conversion. The opportunity to garner
the long-term renal function benefits of belatacept and
avoid the early rejection risk window drove interest in
protocol conversion trials of CNIs to belatacept. The
initial phase 2 trial studied the conversion of renal
transplant recipients maintained on CNI-based immu-
nosuppression to belatacept with a primary outcome of
change in eGFR from baseline to 12 months post-
randomization.72 Low immunologic risk patients were
randomized 6 to 36 months after transplant to either
remain on CNI-based immunosuppression (56% on
tacrolimus) or switch to belatacept-based immunosup-
pression. At 12 months postconversion, patients con-
verted to belatacept had significantly improved renal
function without increased death or graft loss and 7%
rejection occurring within the first 6 months. Between
12 and 24 months postconversion, no additional
rejection episodes occurred in the belatacept group (vs.
3 episodes in those on CNI) with maintenance of su-
periority in renal function.73 The 3-year follow-up of
this study demonstrated no statistically significant in-
crease in serious adverse events, infections, malig-
nancies, or ACR episodes.74 The belatacept conversion
group did maintain a significantly greater gain in mean
eGFR (1.9 vs. 0.07 ml/min per 1.73 m2 per year)
compared to the group randomized to maintain on CNI-
based immunosuppression.74 A subsequent phase 3b
RCT conducted by Budde et al.75 randomized stable
adult kidney transplant recipients 6 to 60 months
posttransplant to either continue on CNI-based immu-
nosuppression (with 90% of these patients being on
tacrolimus) or switch to belatacept. Whereas 24-month
graft survival was identical in these 2 groups, eGFR
was significantly higher in the belatacept group (55.5
vs. 48.5 ml/min per 1.73 m2) with lower rates of de novo
2535
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DSAs (1% vs. 7%), albeit at a cost of a higher incidence
of biopsy-proven ACR (8% vs. 4%).

For Cause (Rescue) Conversion. By far, the most com-
mon indication for belatacept conversion rescue ther-
apy is allograft dysfunction resulting from either CNI
toxicity, interstitial fibrosis/tubular atrophy, or devel-
opment of de novo DSAs.76-84 The vast majority of these
studies found that belatacept conversion rescue ther-
apy stabilizes or even improves eGFR in this patient
population with allograft dysfunction. One pilot study
even found improvements in eGFR associated with
very late posttransplant conversion (mean 11.9 years
posttransplant) from CNI to belatacept in renal trans-
plant recipients with chronic CNI nephrotoxicity
changes.85 Another study of relatively late (median 44
months posttransplant) conversion from tacrolimus to
belatacept in renal transplant patients with biopsy-
proven chronic active mediated rejection found that
conversion resulted in a progressive improvement in
eGFR compared to a propensity-matched control cohort
of patients remaining on tacrolimus.79 A recently
published retrospective cohort study of 139 renal
transplant recipients with chronic vascular lesions
(Banff cv score >2) and impaired graft function
(eGFR #40 ml/min per 1.73 m2) affirmed these earlier
findings, demonstrating that conversion to belatacept
was associated with a significant improvement in
death-censored graft survival (at 3 years, 84% vs.
65.1% in the control group, P ¼ 0.001), with less de
novo DSA formation and no increase in the rate of
biopsy-proven ACR.80 However, the role of belatacept
conversion in this patient population still needs further
study, given that a recent retrospective single-center
study of 48 patients with chronic AMR failed to
show any improvement in mean GFR or de novo DSA
Figure 2. Current obstacles to the widespread clinical adoption of belatac
belatacept clinical use. AMR, antibody-mediated rejection; CNI, calcineur
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incidence in patients converted to belatacept versus
maintained on tacrolimus/MMF/prednisone immuno-
suppression.86 Future studies may help identify pa-
tients likely to benefit most from belatacept conversion
rescue therapy depending on offending etiology and
preexisting degree of renal allograft dysfunction and
injury. At least 1 study suggesting that patients with
higher levels of proteinuria at time of conversion may
be less likely to benefit from belatacept treatment
supports the possibility that certain instances of allo-
graft injury may be irreversible and beyond benefiting
from belatacept conversion.84

The Future
Reducing the Logistical Barriers to Belatacept

Adoption

The future of costimulatory blockade immunosup-
pression in transplantation will likely proceed along 2
fronts: progress in surmounting barriers to wider
clinical adoption of belatacept, as well as expansion
into new clinical indications (Figure 2). Several
promising developments offer hope of addressing the
logistical barriers to the wider clinical utilization of
belatacept.

Every-2 Month Dosing. Although some transplant
centers have struggled to provide a clinical infra-
structure for monthly intravenous infusions of trans-
plant patients with belatacept, this might be partially
addressed if bimonthly rather than monthly infusions
of belatacept maintenance therapy were possible.
Several RCTs have compared monthly infusion of
belatacept to infusion every 2 months. The phase 2
IM103-100 study randomized renal transplant re-
cipients at 3 to 6 months posttransplant to receive
maintenance belatacept either every 4 weeks or every 8
ept, and potential avenues to surmount these obstacles and expand
in inhibitor; DSA, donor-specific antibody.
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weeks. Estimated mean eGFR values at year 10 were
identical for the monthly versus bimonthly belatacept
maintenance groups (and significantly better than
groups treated with cyclosporine-based immunosup-
pression), even though there was a nonsignificant trend
toward increased rates of biopsy-proven rejection with
patients administered belatacept only every 8 weeks.25

However, all these rejections occurred early (within the
first year) and it was unclear if the heightened risk of
rejection could really be attributed to the interval of
belatacept administration due to the double randomi-
zation trial design and lack of sufficient power. An
additional RCT compared monthly versus every 2
months infusion of belatacept in immunologically low-
risk transplant recipients at least 1 year posttransplant,
finding that patient and allograft survival with
bimonthly therapy was noninferior to monthly treat-
ment in this patient population, although there was a
higher incidence of acute rejection associated with
medical nonadherence in the group infused every 2
months.87 Promising 3-year follow-up data demon-
strated continued maintenance of renal function
without significant additional immunologic events in
the patients administered belatacept every 2 months.88

Further studies are needed to better define which
transplant recipients might be good candidates for this
lower dose-intensive belatacept maintenance therapy,
as well as to characterize the ideal timing to start
spacing out belatacept infusions and the optimal
monitoring of graft function in patients treated with
bimonthly belatacept maintenance.

Subcutaneous Administration. Another central logis-
tical barrier to wider utilization of costimulation
blockade is that currently, belatacept requires intrave-
nous infusion, which few transplant centers have the
clinical infrastructure to provide at a large scale. How-
ever, whereas no subcutaneous formulations of belata-
cept exist, its precursor drug, abatacept (humanized
CTLA-4-Ig) is available in subcutaneous formulations for
use in rheumatoid arthritis.89 Several investigators have
explored whether subcutaneous abatacept may be
effective for long-term maintenance transplant immu-
nosuppression, obviating the need for frequent intrave-
nous infusions of belatacept. We reported a series of 9
CNI-intolerant renal transplant recipients who were
converted early after transplant to abatacept as rescue
immunosuppression during periods of belatacept un-
availability. There was 100% patient and graft survival
(median 115 months posttransplant follow-up) after
conversion to abatacept.90 Pandemic-related limitations
on monthly infusion therapy also led some transplant
centers to attempt subcutaneous abatacept rescue ther-
apy in kidney transplant recipients, with similar good
Kidney International Reports (2023) 8, 2529–2545
results.91 The efficacy of subcutaneous abatacept main-
tenance immunosuppression was also demonstrated in a
phase 2 trial of abatacept to prevent graft-versus-host
disease in hematopoietic cell transplant recipients,92 a
trial that culminated in an US Food and Drug
Administration–approved indication for abatacept in
this setting.We are currently recruiting for a randomized
controlled phase 2b conversion trial, studying whether
patients receiving monthly intravenous belatacept in-
fusions after renal transplant can be converted to sub-
cutaneous injections of abatacept (ClinicalTrials.gov
NCT04955366).

Expanded Clinical Indications for Belatacept

Pediatric Transplantation. Although only approved
currently for isolated adult renal transplant recipients,
several case series illustrate a potential to expand the
clinical indications of belatacept in transplantation.
Several centers have published case reports of the use of
belatacept in adolescent and pediatric renal transplant
recipients.93-96 Belatacept offers several unique benefits
in this patient population. First, the benefits of belata-
cept on long-term eGFR may be augmented in a pedi-
atric population due to the longer period of time they
would otherwise be subjected to nephrotoxic CNI drugs
compared to adult recipients. Second, adherence to
immunosuppression is a notorious challenge in pediat-
ric populations, and a drug such as belatacept requiring
supervised monthly infusion may offer distinct adher-
ence benefits compared to CNI, which require daily
administration. However, the requirement that belata-
cept recipients be EBV-seropositive to mitigate risks of
posttransplant lymphoproliferative disease may limit
the application of belatacept in younger children, given
that only 54% of children between the ages of 6 and 8
years are estimated to be EBV-seropositive versus 83%
of children aged 18 to 19 years.97

Extrarenal and Multiorgan Transplantation. In addition
to its potential indications in pediatric patients, bela-
tacept may have some exciting potential in multiorgan
and extrarenal transplant recipients. Although the
initial multicenter trial of belatacept in liver transplant
patients was terminated due to an increased risk of the
composite outcome (rejection, graft loss, or death)
within 6 months of transplant,98 we reported the
Emory experience with 8 patients who underwent
kidney-after-liver transplantation who were treated
with belatacept-based immunosuppression (in
conjunction with transient CNI therapy).99 No episodes
of rejection, major systemic infection, or graft loss were
observed, and all these patients demonstrated pre-
served liver and excellent renal allograft function, with
3 of the patients weaned completely off CNI and
2537
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another 3 poised to transition off CNI at time of pub-
lication. Successful use of belatacept has also been
published for kidney-after-heart transplantation,100

isolated heart transplant,101 and conversion trials in
lung transplant recipients who developed renal insuf-
ficiency or hemolytic uremic syndrome on tacroli-
mus.102-104 Although 1 report of successful use of
belatacept in 2 pancreas transplant patients was pub-
lished,105 a later phase 2 multicenter RCT of simulta-
neous pancreas kidney recipients randomized to
tacrolimus-based therapy or an investigational arm
with low-dose CNI plus belatacept with intended CNI
withdrawal was prematurely terminated due to a high
rate of pancreas allograft rejection in the investigational
arm following CNI withdrawal.106 A pilot study of de
novo belatacept use in lung transplantation was also
terminated early, after 5 of 13 patients in the
belatacept-arm died compared to none in the control
arm with conventional tacrolimus-based immunosup-
pression.107 Therefore, the optimal use of belatacept in
extrarenal or multiorgan transplant recipients remains
poorly defined. Although it may have a role in select
patients who demonstrate intolerance of CNI or mTOR
inhibitors, the use of belatacept as de novo immuno-
suppression in these patients should be approached
with caution and may be better utilized initially as
conversion therapy.

AMR. Belatacept may also have a role in treating renal
transplant patients with early AMR. Based on prom-
ising data in murine transplant models, Jain and
colleagues reported a pilot investigation of 6 renal
transplant recipients with active AMR refractory to
conventional therapy (plasmapheresis, steroids, and
IVIG) who were treated with a combination of belata-
cept and bortezomib, a protease inhibitor thought to
target plasma cells. They found that all 6 of these
patients resolved their AMR and had sustained disap-
pearance of circulating DSA for #30 months.108 Some
preliminary evidence suggests that belatacept may also
have efficacy in reducing HLA class I antibodies in
highly sensitized recipients, suggesting that pretrans-
plant treatment of highly sensitized transplant candi-
dates with belatacept may potentially improve their
pretransplant compatibility with organ donors. In a
study of 72 highly-sensitized kidney transplant
candidates (cPRA 98%–100%) who underwent
transplant, 60 patients were maintained on belatacept
immunosuppression for at least 6 months, and these
patients showed a significant reduction in third-party
HLA class I antibodies by FlowPRA compared to
those recipients not treated with belatacept (P <
0.0009).109 Luminex single-antigen bead analysis was
conducted on pretransplant and posttransplant sera
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from these highly-sensitized belatacept-treated renal
transplant recipients, and whereas the pretransplant
cPRA values ranged from 98% to 100% in all patients,
50% of the posttransplant cPRA were <98%, and 18%
of patients had cPRA values <90.109 Nonhuman pri-
mate transplant models have also demonstrated the
potential of desensitization with combined belatacept
and proteasome inhibitors such as bortezomib110 and
carfilzomib,111 supporting a phase 1/2 pilot trial
(ADAPT Study, Clinicaltrials.gov NCT05017545) eval-
uating the ability of carfilzomib and belatacept to
desensitize highly sensitized kidney transplant waitlist
candidates to facilitate HLA compatible trans-
plantation. Several additional clinical trials testing
similar belatacept-based desensitization protocols with
daratumumab (anti-CD38 plasma cell depletion) and
bortezomib (a proteosome inhibitor) are also ongoing
and recruiting (Clinicaltrials.gov NCT04827979,
NCT05345717).

Failed Renal Allografts. Another potential expanded
clinical indication for belatacept includes treatment of
patients with failed renal allografts to prevent the
development of de novo DSA that would preclude
retransplant. The BENEFIT and BENEFIT-EXT trials
both demonstrated the efficacy of belatacept in pre-
venting the establishment of de novo DSA in patients
with working renal allografts.32 This observation
spurred a pilot randomized clinical trial at the Emory
Transplant Center, comparing patients with failed renal
allografts who were randomized to either immuno-
suppression discontinuation or to belatacept mono-
therapy at the time of dialysis reinitiation.112 After 36
months follow-up, there was no difference in the
number of patients who developed DSA in both
groups; however, belatacept monotherapy was associ-
ated with a delay in the onset of DSA (median 2.5 vs.
13.5 months, P ¼ 0.0067) and complete prevention of
the development of third-party alloantibody that often
precludes retransplantation. Although larger studies
are needed, these results highlight a potential role of
belatacept maintenance in patients with failed renal
allografts who are otherwise potential candidates for
retransplantation.

Optimization of Belatacept Conversion Strategies

Overall, whether per protocol or as rescue therapy,
conversion to belatacept has consistently resulted in
improved renal function compared to maintenance on
CNI therapy and is associated with an acceptably low
risk of rejection, especially at later time-points post-
transplant. The ideal strategy of belatacept conversion
from CNI is currently unclear; indeed, one recent
report found 13 distinct belatacept conversion
Kidney International Reports (2023) 8, 2529–2545
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protocols in place just within the 8 transplant centers
affiliated with Kaiser Permanente Southern Califor-
nia.113 No current consensus exists to dictate the timing
of belatacept conversions (early or late posttransplant),
the ideal “loading” dose and frequency of belatacept
administration, or the rapidity of tacrolimus taper.

The ideal timing of belatacept conversion has been
examined by at least 2 large retrospective studies,
comparing “early” (<3 month posttransplant) to “late”
(>3 month posttransplant) conversions.114,115

Although one European multicenter study of 219
belatacept conversion patients found that early con-
version was associated with a more significant increase
in eGFR than later conversion, this was counter-
balanced by a markedly higher rate of ACR in early
conversions (33.3% vs. 4.3%, P < 0.0001).114 A
nonsignificant increase in acute rejection with early
belatacept conversions was also found in the other
study (20% vs. 9.8%, P ¼ 0.14).115 A randomized trial
of early protocol belatacept conversion in patients with
early steroid withdrawal also found a prohibitive rate
of ACR associated with early belatacept conversion,
resulting in the early closure of that treatment arm
(interestingly, the group receiving belatacept and low-
dose tacrolimus had no episodes of rejection and an 8.8
ml/min per 1.73 m2 increase in eGFR compared to
a �0.38 ml/min per 1.73 m2 drop in the group main-
tained on tacrolimus þ MMF).116 Therefore, the timing
of belatacept conversion likely must balance the risk of
a higher ACR rate associated with early conversions
against the risks of late conversion, namely that more
time on CNI risks the development of irreversible his-
tologic changes in the kidney. Based on our published
experience at Emory with de novo belatacept and
transient CNI therapy,38 we have observed that early
CNI withdrawal (less than 6 months posttransplant) is
associated with prohibitively higher rates of ACR;
thus, we begin to wean off the low-dose tacrolimus we
provide our belatacept-treated patients at 9 months
posttransplant. The phase 2 and 3 conversion trials,
published literature, and the Emory experience indi-
cate protocol conversions should ideally occur no
earlier than 6 months posttransplant to minimize
rejection risk yet maintain long-term renal function
benefits.

Both published and practiced belatacept conversion
protocols differ significantly in both the initial
“loading” of belatacept and the rapidity of CNI with-
drawal.113 Many centers practice the protocol outlined
by Budde et al.75 in their large randomized clinical trial
of belatacept conversion, which called for administra-
tion of belatacept (5 mg/kg) every 2 weeks for the first
8 weeks, and then monthly thereafter as a maintenance
regimen. In this study, the CNI dose was tapered to
Kidney International Reports (2023) 8, 2529–2545
40% to 60% by day 15 and 20% to 30% by day 22,
and it was discontinued by 29 � 3 days post-
randomization. In their analysis of 13 different belata-
cept protocols practiced in Southern California, Yazdi
and colleagues found that the dose and duration of
belatacept “induction” was rather irrelevant on trans-
plant outcome; however, that there was a trend toward
higher rates of rejection in patients with lower tacro-
limus exposure. They therefore advocated for a con-
version protocol of 5 mg/kg belatacept induction given
every 2 weeks for only 1 month, with a slow tacrolimus
taper over at least 2 months.113 At Emory, we imme-
diately stop CNI and dose belatacept per package insert
for indications necessitating immediate conversion and
discontinuation of CNI. For protocol conversions or
those that require less urgent discontinuation of CNI,
we dose belatacept monthly and wean CNI over at least
3 months or until at least 6 months posttransplant.
Emerging evidence is also suggesting that serial im-
mune monitoring with biomarkers such as urinary
chemokine CXCL9117 or donor-derived cell-free DNA68

may help facilitate the safe transition from CNI to
belatacept by identifying patients at higher risk of ACR
on belatacept, although the results of these pilot studies
remain to be validated in larger patient cohorts.

Novel Immunosuppression in the Development

Pipeline

Selective CD28 Blockade. Besides the logistical barriers
of belatacept administration, concerns regarding short-
term increased risks of ACR have also constrained the
clinical growth of costimulation blockade-based
immunosuppression strategies. Numerous “third-gen-
eration” costimulation blockade drugs are currently in
the clinical pipeline with hopes of addressing these
concerns. Many of these new agents offer “selective”
costimulation blockade, antagonizing CD28-CD80/86
interaction while leaving inhibitory signaling mediated
by CTLA-4 interaction with CD80/86 unimpaired (un-
like belatacept, which blocks both the activating and
inhibitory pathways).13 Preclinical animal models
support enhanced suppression of cellular and humoral
alloimmunity by these selective costimulation blockade
agents.118-120 FR104 is a novel antagonistic pegylated
anti-CD28 Fab antibody fragment that selectively
blocks CD28-CD80/86 interaction. It has been shown to
have efficacy in nonhuman primate renal allograft
transplant models,121 and it currently is in phase 1/2
studies in renal transplant patients at Nantes Univer-
sity Hospital in France (ClinicalTrials.gov
NCT04837092). Lulizumab, a pegylated domain anti-
body against human CD28, has also shown efficacy in
preclinical nonhuman primate transplant models122,123

and has undergone successful initial pharmacokinetic,
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pharmacodynamic, and safety profile analysis in hu-
man subjects.124 Whether selective CD28 blockade
improves the efficacy of current costimulation blockade
with belatacept remains to be determined in human
transplant recipients.

CD40/CD154 Blockade. Beyond the CD28-CD80/86
costimulatory pathways, other therapeutics targeting
the CD40-CD154 costimulatory pathway are also in
preclinical study and have shown special promise as
the cornerstone of immunosuppression in several pre-
clinical xenotransplant models,125 and early phase ef-
forts in kidney allotransplantation persist with Fc
modified agents that do not precipitate platelet aggre-
gation or thrombosis (ClinicalTrials.gov NCT05027906).
The most notable of these studies is a phase 2a trial
evaluating dual costimulation blockade with dazodali-
bep (Fc silent CD40L protein antagonist, VIB4920 or
HZN4920) and belatacept with thymoglobulin induc-
tion for prophylaxis of kidney allograft rejection
(NCT04046549).

Anti-CD2 Depletion With Siplizumab. Novel more se-
lective induction therapies may also enhance the clin-
ical efficacy of belatacept-based immunosuppression,
limiting the development of costimulatory blockade-
resistant rejection. One promising candidate is sipli-
zumab, a humanized anti-CD2 monoclonal that has
been shown to selectively expand alloreactive regula-
tory T cells while depleting effector memory T cells,126

which are thought to be prime mediators of cos-
timulatory blockade-resistant rejection.127 Siplizumab
combination therapy with belatacept or abatacept
broadly inhibited human T cell alloreactivity128 and
was found to be safe in initial phase 1 dosing studies in
renal transplant recipients.129 Future trials combining
siplizumab induction with costimulatory blockade
maintenance therapy are underway and may introduce
a promising approach to achieve de novo CNI-free
immunosuppression with improved acute rejection
rates (ClinicalTrials.gov NCT05669001).
Conclusion

More than 10 years of clinical experience with belata-
cept in transplant recipients have yielded many
insights into the potential of costimulatory
blockade-based immunosuppression to secure
improved long-term allograft function and patient
outcomes. Belatacept offers one of the most promising
opportunities to achieve the transplant community’s
goal of “one transplant for life,” securing superior
long-term allograft function through CNI avoidance
and prevention of de novo DSA formation. Although
limitations of belatacept, namely an increased incidence
and severity of early ACR, are now fully evident,
2540
experience with belatacept has highlighted strategies to
incorporate belatacept safely into transplant immuno-
suppression regimens while mitigating this short-term
risk of ACR. The limited clinical adoption of belata-
cept to date (despite the accruing evidence of its su-
perior long-term efficacy) is also likely driven by
logistical barriers of belatacept administration. New
approaches to addressing these barriers may promote
increased adoption of belatacept in the future, both for
de novo use and for conversion in renal transplant re-
cipients experiencing allograft dysfunction and the
negative sequelae of long-term CNI usage. As these
optimization strategies continue to evolve, increased
use of belatacept in clinical practice might also be
facilitated by resumption of manufacturer support by
way of reintroduction of clinical specialists and
investigator-initiated studies to reinvigorate the
development of strategies focused on optimizing bela-
tacept. Improved synergy between the pharmaceutical
industry and transplant community leadership will be
necessary to achieve the ultimate goal of improving
long-term outcomes in transplantation.
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