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Abstract: Transplantation is the preferred treatment option for individuals with end-stage 

renal disease. Individuals who undergo transplantation must chronically be maintained on an 

immunosuppression regimen for rejection prophylaxis to help ensure graft survival. Current 

rejection prophylaxis consists of using a combination of calcineurin inhibitors, mTOR inhibi-

tors, antimetabolite agents, and/or corticosteroids. These agents have collectively improved 

the short-term outcomes of renal transplantation, but improvements in late/chronic graft loss 

and recipient survival have lagged significantly behind challenging the field of transplantation 

to develop novel prophylactic agents. There have been several clinical trials conducted within 

the last 5 years in an attempt to bring such novel agents to the commercial market. These trials 

have resulted in the US Food and Drug Administration (FDA) approval of extended-release 

tacrolimus, as well as belatacept, which has the potential to replace calcineurin inhibitors 

for rejection prophylaxis. Other trials have focused on the development of novel calcineurin 

inhibitors (voclosporin), costimulation blockade (ASKP1240 and alefacept), kinase inhibitors 

(tofacitinib and sotrastaurin), and inhibitors of leukocyte migration (efalizumab). While these 

later agents have not been FDA-approved for use in transplantation, they remain noteworthy, as 

these agents explore pathways not previously targeted for allograft-rejection prophylaxis. The 

purpose of this review was to consolidate available clinical trial data with regard to the recent 

developments in rejection prophylaxis in kidney transplantation.
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Introduction
Transplantation is the preferred treatment for individuals with end-stage renal disease, 

and has consistently been associated with superior survival compared to long-term 

dialysis. The early years of kidney transplantation were marked by early graft failure, 

due to the lack of safe and effective immunosuppressive drug therapy. Early graft fail-

ure due to immunologic rejection is now a rare occurrence in the modern era, where 

noncompliance is not a factor, due to significant advances in immunosuppression.

Transplant immunosuppression typically includes the use of an induction agent 

at the time of transplantation followed by a maintenance regimen for the duration of 

graft survival. Induction agents are typically antibodies (antithymocyte globulins) 

or an interleukin (IL)2-receptor antagonist (basiliximab). Alemtuzumab is also 

used as a lymphocyte-depleting induction agent in renal transplantation at some 

centers, as it targets the CD52 protein on the surface of mature lymphocytes. While 

alemtuzumab has officially been removed from the US market, it is still available 

through a special manufacturer program. The drug classes that currently comprise the 
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majority of maintenance regimens are calcineurin inhibitors 

(CNIs; tacrolimus and cyclosporine), mammalian target of 

rapamycin (mTOR) inhibitors (sirolimus and everolimus), 

antimetabolite agents (azathioprine and mycophenolic acid 

derivatives), and corticosteroids. Kidney Disease: Improving 

Global Outcomes clinical practice guidelines suggest that 

first-line agents should include basiliximab induction for 

low-risk patients and an antithymocyte globulin for high-risk 

patients in conjunction with maintenance immunosuppres-

sion of tacrolimus and mycophenolate.1

The improvement in early graft survival using the afore-

mentioned immunosuppression agents has unfortunately not 

equally translated into improved long-term graft or recipient 

survival, as late/chronic graft loss and recipient survival have 

remained virtually unchanged. Chronic allograft injury as 

a result of immunosurveillance in addition to unfavorable 

medication side effects contribute to this unfortunate 

observation. Side effects, such as new-onset diabetes, dyslipi-

demia, and hypertension, contribute to cardiovascular disease 

that is the major cause of recipient death posttransplant. 

Immunosuppression medication can also contribute to 

increased infection and malignancy risk, which are also 

major causes of recipient morbidity and mortality. Therefore, 

continued research and development of novel immunosup-

pression agents for the prevention of rejection while simul-

taneously minimizing long-term morbidity and mortality in 

transplant recipients is warranted.

There have been several clinical trials conducted within 

the last 5 years in an attempt to bring such novel agents to 

the commercial market for use in transplantation (Table 1). 

Some trials have resulted in new medications approved 

(extended-release tacrolimus, belatacept), while other 

efforts have unfortunately fallen short. This review discusses 

developments and clinical trial outcomes with regard to new 

agents for the prophylaxis of rejection in kidney-transplant 

recipients. Novel agents for the treatment of acute rejection 

are outside the scope of this review.

Calcineurin-inhibitor derivatives
Calcineurin is a calcium-dependent serine/threonine phos-

phatase that activates nuclear factor of activated T-cells 

(NFAT), allowing it to translocate to the nucleus, where it 

upregulates IL2, resulting in an escalation of the immune sys-

tem. Historically, the introduction of CNIs changed the face 

of transplantation by dramatically improving graft survival in 

transplant recipients, and CNIs have become the backbone of 

immunosuppressive therapy to prevent allograft rejection.1,2 

While CNI use has led to excellent short-term graft-survival 

rates, CNIs have a relatively narrow	 therapeutic window 

between rejection prevention and an unfavorable side-effect 

profile, including neurotoxicity and nephrotoxicity.3 Standard 

CNIs (tacrolimus and cyclosporine) also require twice-daily 

dosing, and recipient compliance is a potential issue.4

Extended-release tacrolimus
Prolonged or extended-release tacrolimus has been intro-

duced in an effort to potentially reduce the peak-level 

neurologic side effects and improve adherence due to single 

daily dosing.5 In a Phase III, open-label, comparative, non-

inferiority study, 638 subjects receiving de novo kidney 

transplants were randomized to one of three treatment arms: 

daily tacrolimus extended release (Astagraf XL®), tacrolimus 

(Prograf®) twice daily, or cyclosporine A (CsA) twice daily. 

All subjects received basiliximab induction, mycophenolate 

Table 1 Summary of investigational and new agents approved for rejection prophylaxis in renal transplantation

Agent Mechanism of action FDA indication

Extended-release  
tacrolimus

Calcineurin inhibitor Prevention of organ rejection in kidney-transplant recipients,  
as combination therapy with mycophenolate mofetil and  
corticosteroids, with or without basiliximab induction

Voclosporin Calcineurin inhibitor Not FDA-approved
Belatacept Costimulation inhibitor,  

CTLA4 analog
Prevention of acute rejection in renal transplant recipients

ASKP1240 Costimulation inhibitor,  
anti-CD40 monoclonal antibody

Not FDA-approved

Alefacept* Costimulation inhibitor,  
CD2–LFA3 interaction

Treatment of moderate-to-severe chronic plaque psoriasis  
in adults who are candidates for systemic therapy or phototherapy

Tofacitinib Janus kinase 3 inhibitor Treatment of moderate-to-severe rheumatoid arthritis
Efalizumab* Humanized LFA1 antibody Management of moderate-to-severe chronic plaque psoriasis in adults
Sotrastaurin Protein kinase C inhibitor Not FDA-approved

Note: *Voluntarily withdrawn from the market.
Abbreviation: FDA, US Food and Drug Administration; CTLA, cytotoxic T-lymphocyte-associated protein; LFA, lymphocyte function-associated antigen; CD, cluster of 
differentiation.
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mofetil, and corticosteroids. After 4 years, 129 Astagraf XL, 

113 Prograf, and 79 CsA patients had continued follow-up, 

and Kaplan–Meier estimates of patient survival were 93.2%, 

91.2%, and 91.7%, while graft survival was 84.7%, 82.7%, 

and 93.9%, respectively. Renal function was not significantly 

different between Astagraf XL and Prograf, but was signifi-

cantly different comparing Astagraf XL and CsA with higher 

mean renal function in the Astagraf XL group. While overall 

efficacy and safety profiles were similar between arms, the 

notable exception was that the incidence of new-onset diabe-

tes (HbA
1c

 .6.5%) was significantly higher for both extended 

and regular tacrolimus formulations (41.1% and 33.6%, 

respectively) compared to the CsA group (21.3%).6

A Phase III trial examining the efficacy and safety of 

another extended-release formulation (LCP-tacrolimus 

[LCPT]) vs twice-daily tacrolimus (Prograf) in de novo renal 

transplants has also been completed. A total of 543 patients 

were randomized, and the 12-month composite treatment-

failure end point (death, graft failure, biopsy-proven acute 

rejection [BPAR], or loss to follow-up) was 18.3% in the 

LCPT group vs 19.6% in the twice-daily tacrolimus group. 

No significant differences in adverse events were noted 

between groups.7

Another Phase III noninferiority trial examined the 

efficacy and safety of converting stable renal transplant 

recipients from twice-daily tacrolimus (Prograf) to LCPT. 

Controls for the study were maintained on twice-daily 

tacrolimus. A total of 326 patients were randomized, and at 

12 months there were four efficacy failures (death, graft fail-

ure, BPAR, or loss to follow-up) in each group. The mean 

daily dose of LCPT was significantly lower than preconver-

sion tacrolimus dose at each follow-up visit, illustrating that 

LCPT required lower doses to achieve target trough levels. 

The incidence of adverse events was also similar between 

the two groups.8

The collective results of these Phase III clinical trials 

illustrate that an extended-release formulation of tacrolimus 

is a safe, efficacious, and effective immunosuppressive 

option in renal transplantation. These results also led to 

the approval for use in renal transplantation in the USA in 

July 2013. There are several ongoing clinical trials further 

evaluating the extended-release formulation of tacrolimus 

in organ transplantation (Table 2). Continued observation is 

warranted to determine if the extended-release formulation 

with its once-daily dose requirement translates into improved 

chronic allograft outcomes.

Voclosporin
Voclosporin (VCS; ISA247) is an analog of CsA developed 

in the mid-1990s by the addition of a single-carbon extension 

to amino acid 1 of CsA. This single-carbon extension as a 

trans isomer yields a more potent CNI compared to CsA, due 

to improved interaction between the modified amino acid 1 

residue and cyclophilin.9 Amino acid 1 is also the primary 

site of metabolism for CsA, but modification of this site in 

VCS changes the primary site for VCS metabolism to the 

amino acid 9 position, yielding IM9 as the primary metabo-

lite, which has approximately 10% of the parent-compound 

activity. IM9 is produced in significantly smaller amounts 

than AM1, the major CsA metabolite, resulting in less com-

petitive antagonism of the metabolite with the parent VCS 

compound.10 This combination of increased potency and a 

more favorable metabolite profile for VCS allows for admin-

istration of lower doses compared to CsA and an improved 

Table 2 Active ongoing clinical trials further evaluating extended-release tacrolimus in organ transplantation

Study name Identifier Start date

Study to Evaluate the Safety and Efficacy of Extended Release Tacrolimus (Advagraf®) +  
Sirolimus (Rapamune®), Versus Extended Release Tacrolimus (Advagraf®) +  
Mycophenolate Mofetil in Kidney Transplant Patients

NCT01680952 September 2012

Study Comparing in Liver Transplantation Recipients With Tacrolimus Alone Versus  
Tacrolimus and Sirolimus

NCT01958190 January 2011

Comparison of Standard Versus Low Dose Advagraf® with or without Angiotensin- 
Converting Enzyme Inhibitor (ACEi)/Angiotensin Receptor Blocker (ARB) on Histology  
and Function of Renal Allografts

NCT00933231 June 2009

Once-a-Day Immunosuppression (CISECON_a_Day) NCT01964014 October 2013
Conversion of Prograf to Advagraf in Pediatric Renal Transplant Recipients NCT01476488 July 2011
Crossover Study to Compare PK of Once Daily LCP-Tacro Tablets to Generic Tacrolimus  
Capsules Twice Daily

NCT01962922 November 2013

Advagraf/Prograf Conversion Trial NCT01410162 December 2010
Pharmacokinetics of Immunosuppressants in Renal Transplant  
Candidates Who Have Undergone Laparoscopic Sleeve Gastrectomy

NCT02221583 May 2014
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safety profile, as demonstrated initially in both in vitro and 

in vivo animal models, followed by significantly longer renal 

allograft-survival times in nonhuman primates.11,12

Pharmacokinetic and pharmacodynamic studies in 

humans have demonstrated that over 99% of the drug is 

eliminated as metabolite, that the parent molecule is 97% 

protein-bound, and that VCS inhibits calcineurin activity 

in a dose-related fashion, with maximal inhibition peaking 

at 3.0 mg/kg. VCS was safe and well tolerated in healthy 

human volunteers after oral administration at doses rang-

ing from 0.25 to 4.5 mg/kg. Decreased drug exposure 

occurs with simultaneous food administration, with a more  

pronounced effect following a high-fat meal.10 Administration 

of VCS with strong inhibitors and inducers of CYP3A results 

in increased and decreased VCS exposure, respectively, 

and administration of VCS with inhibitors and substrates 

of P-glycoprotein results in increased VCS and substrate 

exposure, respectively.13 Appropriate safety monitoring 

would be needed with coadministration of VCS with 

CYP3A inhibitors/inducers and P-glycoprotein inhibitors/

substrates.

VCS has also been evaluated in human subjects with renal 

and hepatic impairment. A total of 33 subjects were enrolled 

into one of four groups based on renal function, as defined 

by creatinine clearance (.80 mL/min, 50–80 mL/min, 

30–50 mL/min, and ,30 mL/min), and 18 subjects were 

enrolled into one of three groups based on hepatic function 

defined by Child–Pugh class (normal, class A, and class B). 

Results demonstrated that VCS can be administered safely 

to patients with mild-to-moderate renal impairment without 

dose modification, but dose adjustments are recommended 

for patients with severe renal impairment, as well as for 

patients with hepatic impairment.14

PROMISE was a 6-month Phase IIB multicenter, ran-

domized, open-label clinical trial comparing three doses of 

VCS (0.4 mg/kg, 0.6 mg/kg, and 0.8 mg/kg) vs tacrolimus 

(0.05 mg/kg) in combination with a standard immunosup-

pression regimen (anti-CD25 antibody induction, mycophe-

nolate mofetil, and corticosteroids) in 334 low-risk renal 

transplant recipients. Rejection rates, the primary end point 

for the study, for all three VCS doses were noninferior to 

tacrolimus (10.7%, 9.1%, and 2.3% vs 5.8%, respectively). 

Secondary objectives included renal function, new-onset 

diabetes after transplant, hyperlipidemia, hypertension, 

and pharmacokinetic–pharmacodynamic evaluation. Renal 

function was clinically similar (68–72 mL/min) at 6 months 

after transplantation among all groups. Compared to the 

tacrolimus group (16.4%), the incidence of new-onset 

diabetes after transplantation was significantly lower in 

the 0.4 mg/kg VCS group (1.6%), but not in the 0.6 mg/kg 

and 0.8 mg/kg VCS arms (5.7% and 17.7%, respectively).  

There were no clinically significant patterns of hyperlipidemia 

or hypertension development among the groups. There was 

exceptional correlation between trough and area under 

the curve for the VCS groups (r2=0.97), and there was no 

difference in mycophenolic acid exposure for the VCS groups 

compared to the tacrolimus group. The incidence of adverse 

events was similar among all four treatment groups, with no 

specific safety concerns raised. The major limitation of this 

trial was that only low-risk patients with immediate graft 

function were studied, but the results showed great promise 

for use of VCS for prevention of graft loss.15

INSPIRE was a Phase III randomized, multicenter, open-

label, concentration-controlled safety and efficacy study to 

compare VCS and tacrolimus in renal transplant recipients. 

The trial was scheduled to begin in March 2013, with a plan 

for completion by December 2015 (NCT01586845). The 

primary end point for this noninferiority study was to assess 

efficacy failure at 12 months postrandomization; however, 

the study was withdrawn prior to enrollment for unclear 

reasons.

The Special Access for the Use of Voclosporin for Kidney 

Transplant study (NCT01236287) is listed as an active renal 

transplantation trial where subjects previously participating 

in the PROMISE study may be eligible to continue to receive 

VCS. Under this compassionate-release program, subjects 

previously taking VCS may continue to receive the study 

medication until the drug is US Food and Drug Administra-

tion (FDA)-approved and commercially available in the US; 

however, the status of this study has not been verified in more 

than 2 years. Outside the scope of renal transplantation, the 

use of VCS has been evaluated in the treatment of keratocon-

junctivitis sicca, noninfectious uveitis, and plaque psoriasis, 

and is currently under evaluation to achieve complete remis-

sion of active lupus nephritis (NCT02141672).

Costimulation blockade
T-cells require two signals to become fully activated. The first 

signal is antigen-specific, and is provided through interaction 

between the peptide contained within the major histocom-

patibility-complex structure on the antigen-presenting cell 

and the T-cell receptor on the T-cell. The second signal is an 

antigen-independent costimulatory signal provided by inter-

action between other molecules on the antigen-presenting 

and T-cells. Of importance, without costimulation, T-cell 

activation does not occur, and anergy of the T-cell ensues.16,17 
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The T-cell requirement for costimulation provides a novel 

target for development of effective non-CNI immunosup-

pressant agents.

Belatacept
The interaction between B7 molecules (CD80 and CD86) 

on the antigen-presenting cell and the CD28 molecule on 

the T-cell is the most characterized costimulation pathway. 

Cytotoxic T-lymphocyte-associated protein 4 (CTLA4) is 

also expressed on T-cells, and can competitively bind with 

the CD80 and CD86 molecules, but this interaction prevents 

T-cell activation.18 Abatacept (Orencia®) was the initial 

CTLA4 analog, combining the extracellular binding domain 

of CTLA4 with a modified fragment-crystallizable domain 

of human IgG
1
, which resulted in a soluble fusion protein.19 

Abatacept is FDA-approved for treatment of moderate-to-

severe rheumatoid arthritis and was even effective in murine 

transplant models, but unfortunately it was not effective in 

nonhuman primate transplant models.20,21

It was determined that abatacept rapidly dissociated from 

the B7 molecules, and this likely explained its ineffective-

ness in the nonhuman primate transplant models. Amino acid 

changes were made to the abatacept molecule: leucine was 

substituted for glutamate in position 104, and alanine was 

substituted for tyrosine in position 29 (LEA29Y, belatacept, 

Nulojix®). These amino acid changes doubled the avidity for 

CD80 and increased the avidity for CD86 fourfold compared 

to abatacept, in addition to increasing the capacity to inhibit 

T-cell activation tenfold. This modified LEA29Y molecule, 

belatacept, was then demonstrated to be effective for rejection 

prevention in a nonhuman primate renal transplant model and 

transitioned to human studies.22

BENEFIT was a 3-year, randomized, active-controlled, 

parallel-group, multicenter Phase III study that assessed a 

more intensive (MI) or less intensive (LI) regimen of belata-

cept vs CsA in adults receiving a kidney transplant from living 

or standard-criteria deceased donors. First-time recipients 

with a panel-reactive antibody of $50%, retransplants with 

a panel-reactive antibody of $30%, recipients of prior or 

concurrent nonrenal solid organ transplants, and recipients of 

extended-criteria donor kidneys were excluded. All random-

ized patients received induction therapy with basiliximab and 

maintenance therapy with daily mycophenolate mofetil and 

corticosteroids. The coprimary end points were patient/graft 

survival, a composite renal impairment end point (percentage 

with measured glomerular filtration rate [GFR] ,60 mL/min 

at month 12 or a decrease in measured GFR $10 mL/min in 

months 3–12), and the incidence of acute rejection. A total 

of 527 patients completed month 12 of the study (173 MI, 

181 LI, and 173 CsA). At month 12, both belatacept regimens 

had similar patient/graft survival vs CsA (95% and 97% vs 

93%, respectively) and were associated with superior renal 

function as measured by the composite renal end point (55% 

and 54% vs 78%, respectively). Measured GFR was 65 mL/

min and 63 mL/min vs 50 mL/min, respectively. Belatacept 

patients experienced a higher incidence (22% and 17% vs 7%, 

respectively) and grade of acute rejection episodes compared 

to CsA. Almost 100% of rejections occurred within the first 

6 months posttransplantation.23

At 3 years, a total of 471 patients had completed $3 years 

of therapy (158 MI, 170 LI, 143 CsA). A total of 92% MI, 92% 

LI, and 89% CsA patients survived with a functioning graft. 

Belatacept-treated patients continued to have a higher GFR 

compared with CsA-treated recipients, with mean calculated 

GFR of 65.2 mL/min, 65.8 mL/min, and 44.4 mL/min, 

respectively. Between years 1 and 2, an additional eight 

patients experienced an acute rejection episode (four MI, zero 

LI, and four CsA, all nonrecurrent). There were no new cases 

of acute rejection in the belatacept groups from years 2 to 3, 

whereas one patient in the CsA group experienced an acute 

rejection episode. Mean blood pressure was significantly lower 

and the rise in non-high-density lipid cholesterol was signifi-

cantly less in belatacept-treated patients, while the incident 

of new-onset diabetes was not significantly different between 

groups. Overall safety was generally similar, but posttransplant 

lymphoproliferative disorder (PTLD) was more common in 

the belatacept groups (three MI, two LI, and one CsA). Four 

of these six patients had known risk factors (Epstein–Barr 

virus-negative serology and/or received lymphocyte-depleting 

therapy as treatment for an acute rejection).24

BENEFIT-EXT was a Phase III trial with similar study 

design and end points as BENEFIT, but was conducted in 

recipients of extended-criteria donors, defined as $60 years 

old, $50 years old and at least two other risk factors (cerebro-

vascular accident, hypertension, serum creatinine .1.5 mg/

dL), anticipated cold ischemia time of at least 24 hours, or 

donation after cardiac death. Lymphocyte-depleting therapy 

was permitted for anticipated delayed graft function only in 

the CsA-treated patients and for the treatment of rejection 

in all patient groups. A total of 387 patients were analyzed 

at 12 months (133 MI, 129 LI, and 125 CsA), and results 

demonstrated that both belatacept regimens had similar 

patient/graft survival vs cyclosporine (86% and 89% vs 85%, 

respectively), and were associated with superior renal func-

tion as measured by the composite renal end point (71% and 

77% vs 85%, respectively). Measured GFR was 52 mL/min, 
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50 mL/min, and 45 mL/min, respectively. The incidence of 

acute rejection was also similar across groups (18%, 18%, 

and 14%, respectively).25

At 3 years, a total of 323 patients had completed $3 years 

of therapy (109 MI, 114 LI, and 100 CsA). A total of 80% MI, 

82% LI, and 80% CsA patients survived with a functioning 

graft. Measured GFR was 42.7 mL/min, 42.2 mL/min, and 

31.5 mL/min, respectively. More CsA-treated patients (44%) 

progressed to GFR ,30 mL/min than belatacept-treated 

patients (27%–30%). Acute rejection rates were also similar 

between groups (18%, 19%, and 16%, respectively). No 

significant difference in mean blood pressure, rise in non-

high-density lipid cholesterol, or incidence of new-onset 

diabetes was noted. PTLD was again more common in the 

belatacept groups (two MI, six LI, and one CsA).26

In June 2011, the US FDA approved belatacept for the 

prophylaxis of organ rejection in adult kidney-transplant 

Table 3 Active ongoing clinical trials further evaluating belatacept in organ transplantation

Study name Identifier Start date

Belatacept and Risk of Post-transplant Lymphoproliferative Disorder in USA  
Renal Transplant Recipients

NCT01656343 June 2011

Safety and Efficacy of a Steroid-Free, Calcineurin Inhibitor-Free,  
Belatacept-Based Immunosuppressive Regimen

NCT01856257 July 2013

Pattern of Use of Belatacept in US Transplant Recipients NCT01670058 January 2012
Patterns of Use of Belatacept: Analysis of Data from the  
Collaborative Transplant Study

NCT01476943 April 2012

Belatacept 3 Month Post Transplant Conversion Study NCT02213068 July 2014
Evaluating Nulojix (Belatacept) Long-Term Safety in Transplant NCT01386359 February 2012
Early Conversion from CNI to Belatacept in Ren al Transplant Recipients  
with Delayed and Slow Graft Function

NCT01837043 June 2013

Optimization of Nulojix® (Belatacept) Usage as a Means of Minimizing CNI  
Exposure in Simultaneous Pancreas and Kidney Transplantation

NCT01790594 February 2013

A Study in Maintenance Kidney Transplant Recipients Following  
Conversion to Nulojix® (Belatacept)-Based

NCT01820572 March 2013

Mechanisms of Belatacept Effect on Alloimmunity and Antiviral Response after  
Kidney Transplantation (BMS IM 103-309)

NCT01953120 October 2013

Belatacept Compared to Tacrolimus in Deceased Donor Renal Transplant Recipients NCT02152345 April 2014
Belatacept in Renal Transplantation with Intermediate Risk  
Maryland Aggregate Pathology Index (MAPI) Scores

NCT01496417 March 2012

Switch from Calcineurin Inhibitor to Belatacept in Pancreas Transplant Recipients NCT02103855 June 2014
Belatacept Early Steroid Withdrawal Trial NCT01729494 September 2012
Belatacept Post Depletional Repopulation to Facilitate Tolerance NCT00565773 December 2007
Immunomodulation to Optimize Vascularized Composite Allograft  
Integration for Limb Loss Therapy

NCT02310867 March 2015

Belatacept in Kidney Transplantation of Moderately Sensitized Patients NCT02130817 May 2014
Belatacept for Renal Transplant Recipients with Delayed Graft Function NCT02134288 April 2014
Phase II Pharmacokinetics, Efficacy, and Safety of Belatacept in 
Pediatric Renal Transplant Recipients

NCT01791491 May 2013

Efficacy of Belatacept in Reducing DSA NCT02078193 November 2013
Infusion of T-Regulatory Cells in Kidney Transplant Recipients (The ONE Study) NCT02091232 May 2014
Belatacept Therapy for the Failing Renal Allograft NCT01921218 August 2013
Prevention of Autoimmune Destruction and Rejection of Human Pancreatic Islets  
Following Transplantation for Insulin Dependent Diabetes Mellitus

NCT00501709 February 2004

recipients. The recommended dosing is 10 mg/kg administered 

prior to transplantation, on day 5, and at the end of weeks 

2, 4, 8, and 12, followed by 5 mg/kg every 4 weeks, which 

corresponds to the LI regimen tested in the aforementioned 

clinical trials. There is a listed contraindication for patients 

that are Epstein–Barr virus-seronegative, due to the observed 

increased occurrence of PTLD in the clinical trials. There are 

several ongoing clinical trials further evaluating belatacept 

in organ transplantation (Table 3).

ASKP1240
Another attempt at developing a novel immunosuppres-

sant agent through costimulation blockade focused on the 

CD40–CD154 interaction. Efforts first focused on developing 

anti-CD154 monoclonal antibodies, which resulted in potent 

immunosuppression in nonhuman primates, but research 

was discontinued because these monoclonal antibodies 
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stimulated platelet activation and increased thrombi.27–31 

Focus then shifted to the development of anti-CD40 mono-

clonal antibodies.

ASKP1240 is a fully human anti-CD40 monoclonal 

antibody, and has demonstrated initial promise by signifi-

cantly prolonging kidney, liver, and pancreatic islet survival 

in nonhuman primate transplant models with no serious 

side effects, including no thromboembolic complica-

tions.32–35 The first human Phase I study in healthy subjects 

(72 active drug vs 36 placebo) examined single ascending 

doses of intravenous ASK1240 (0.00003–10 mg/kg), and 

demonstrated that the antibody was both safe and well 

tolerated. The most common treatment-emergent adverse 

events experienced were headache, upper respiratory tract 

infection, and cough, but no thromboembolic events were 

reported.36 A Phase IIA randomized, open-label, active-

control, multicenter study to assess the efficacy and safety 

of ASKP1240 in de novo kidney transplantation is ongoing 

(NCT01780844), with estimated completion scheduled for 

December 2016.

Alefacept
Alefacept (Amevive®) is a combination of the CD2-binding 

portion of lymphocyte function-associated antigen (LFA) 3 

with the fragment-crystallizable domain of human IgG
1
, 

resulting in a soluble fusion protein. It acts by binding to 

the CD2 receptor, which is upregulated on effector memory 

T-cells, thereby inhibiting effector memory T-cell func-

tion and evoking apoptosis. Alefacept has demonstrated a 

dose-dependent effect on memory T-cells, and is currently 

FDA-indicated for treatment of moderate-to-severe chronic 

plaque psoriasis.37

In a Phase II study, patients were randomized in a double-

blind fashion to receive alefacept (n=105) or placebo (n=107) 

for 3 months, and were then followed for an additional 

3 months. Alefacept was administered at the time of transplan-

tation, postoperatively on day 3, and then weekly to complete 

3 months. All patients also received tacrolimus, mycophenolic 

acid, and corticosteroids. The primary efficacy end point – the 

incidence of BPAR through month 6 – was not significantly 

different (11% drug vs 7% placebo). Patient and graft survival 

as well as renal function were also similar between groups. 

Safety and tolerability were generally similar between the two 

arms, except that the occurrence of malignancy was higher 

in the alefacept arm (5.7%) compared to the placebo group 

(0.9%).38 Alefacept was voluntarily withdrawn from the mar-

ket by Astellas Pharmaceuticals in November 2011, due to 

“business needs” and not based on any specific safety concern 

or FDA mandate.39 There are currently no active clinical trials 

using alefacept in organ transplantation.

Novel mechanisms
In addition to targeting the interactions between antigen-

presenting and T-cells necessary for T-cell activation and 

dampening IL2 amplification via calcineurin inhibition, other 

novel targets have been explored. Agents that inhibit biologic 

pathways involved in T-cell growth and differentiation, leu-

kocyte trafficking and adhesion, and cytokine production 

have also been developed. While each agent represented an 

exciting novel therapeutic target, mixed efficacy results have 

been obtained.

Tofacitinib
Tofacitinib (CP-690550, Xeljanz®) is a selective inhibitor of 

Janus kinase 3 (JAK3). Interleukin signaling during T-cell 

activation occurs through the IL2Rγ chain, which is modu-

lated in part by JAK3. Inhibition of this interleukin signaling 

pathway decreases T-cell growth and differentiation, leading 

to immunosuppression.40

A pilot study in de novo kidney-allograft recipients com-

pared two separate doses of tofacitinib (15 mg twice daily 

vs 30 mg twice daily) in 20 patients each arm vs 21 patients 

receiving tacrolimus. All patients received an IL2-receptor 

antagonist with concomitant mycophenolic acid and cor-

ticosteroids. There were one, four, and one BPARs at 6 

months in each group, respectively. Mycophenolic acid was 

discontinued in the 30 mg twice-daily tofacitinib group due 

to a high incidence of BK nephropathy (four total cases). 

Cytomegalovirus occurred in two patients receiving tofaci-

tinib 15 mg twice daily and in four patients receiving 30 mg 

twice daily, while no cases of cytomegalovirus occurred in 

the tacrolimus group. There were also modest lipid elevations 

and a trend toward more frequent anemia and neutropenia 

during the first 6 months in the tofacitinib arms compared 

to tacrolimus.41

A Phase IIB study examined 331 low- to moderate-risk 

de novo kidney-transplant recipients randomized to an MI 

(15 mg twice daily in months 1–6, then 10 mg twice daily in 

months 7–12) or LI (15 mg twice daily in months 1–3, then 

10 mg twice daily in months 4–12) regimen of tofacitinib vs 

CsA (target trough levels of 125–400 ng/mL in months 1–3 

and 100–300 ng/mL in months 4–12). All patients received 

basiliximab induction, mycophenolic acid, and corticoster-

oids. Primary end points were incidence of BPAR at month 6 

and measured GFR at month 12. Similar 6-month incidences 

of BPAR (11%, 7%, and 9%, respectively) were observed and 
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measured GFRs were higher at month 12 for the tofacitinib 

groups vs CsA (65, 65, and 54 mL/min, respectively). Seri-

ous infections developed in 45%, 37%, and 25% of the 

patients, respectively, while anemia, neutropenia, and PTLD 

occurred more frequently in the tofacitinib groups compared 

with CsA.42 Currently, an extension of this trial is ongoing 

to assess the long-term (72-month) safety and efficacy of 

tofacitinib in renal allograft recipients (NCT00658359) by 

following patients who completed the Phase IIB study, and 

is estimated to be completed in 2015.

Efalizumab
Efalizumab (Raptiva®) is a humanized anti-CD11a mono-

clonal antibody directed against LFA1. The binding of 

efalizumab to LFA1 inhibits adhesion and trafficking of 

leukocytes.43 The ability of efalizumab to effectively decrease 

adhesion and trafficking of leukocytes without lymphocyte 

depletion led to its FDA approval for use in the treatment of 

moderate-to-severe plaque psoriasis.44

A Phase I/II trial using efalizumab in organ transplanta-

tion produced initially promising results. A total of 38 patients 

undergoing their first renal transplant (living or deceased 

donor) were randomized to receive weekly subcutaneous 

efalizumab at two different doses (0.5 mg/kg vs 2 mg/kg). 

Patients were maintained on full-dose CsA, mycophenolate 

mofetil and corticosteroids, or half-dose CsA, sirolimus, 

and prednisone. At 6 months following transplant, overall 

patient survival was 97% and overall graft survival 95%. 

There were four BPARs (11%) in the first 6 months after 

transplantation. Three patients (8%) developed PTLD, all 

treated with the higher dose of efalizumab.45 Additional 

studies were initiated for efalizumab use in transplantation, 

but use of the drug was discontinued in these studies after 

the medication was withdrawn from the market in April 2009 

due to an observed increased risk for progressive multifocal 

leukoencephalopathy.46–49 There are currently no active clini-

cal trials using efalizumab in organ transplantation.

Sotrastaurin
Sotrastaurin (STN; AEB071) is a selective inhibitor of protein 

kinase C (PKC) isoforms θ and α. PKCθ is involved with 

IL2 production, while PKCα is involved with interferon 

(IFN)γ production. Inhibition of these cytokine-production 

pathways dampens the effect of T-cell activation.50,51 Three 

separate Phase II trials have looked for a potential role for 

STN in renal transplantation.

Friman et  al randomized de novo renal transplant 

recipients with immediate graft function in a 1:2 fashion to 

receive either tacrolimus or STN. All 125 patients received 

basiliximab, mycophenolic acid, and corticosteroids. The 

study was terminated early, due to higher BPAR rates in the 

STN group compared to the tacrolimus group (23.6% vs 

4.5%, respectively).52

The efficacy and safety of STN in combination with 

tacrolimus was assessed in a dose-ranging noninferiority 

study using 298 de novo renal transplant recipients. Patients 

were randomized in a 1:1:1:1 fashion to receive either 

100 mg twice-daily STN plus standard-dose tacrolimus 

(5–12 ng/mL predose trough levels) or 200 mg twice daily 

STN plus standard-dose tacrolimus or 300 mg twice daily 

STN plus reduced tacrolimus (2–5 ng/mL predose trough 

levels) or mycophenolic acid plus standard-dose tacrolimus. 

All patients received basiliximab and corticosteroids. Com-

posite efficacy failure (treated BPAR $ grade 1A, graft loss, 

death, or loss to follow-up) rates at month 12 were 18.8%, 

12.4%, 10.9%, and 14%, respectively, for the four groups. 

Episodes of leukopenia were higher in the mycophenolic acid 

group compared to the STN groups (16.5% vs 1.3%–5.5%, 

respectively), but more dose-dependent gastrointestinal side 

effects were experienced in the STN groups.53

The efficacy and safety of STN in a CNI-free regimen in 

de novo kidney-transplant recipients has also been assessed. 

Stage 1 of the study randomized 2:1 131 patients to STN 

300 mg twice daily or CsA, respectively. Stage 2 randomized 

180 patients in a 1:1:1 fashion to STN 300 mg twice daily, 

STN 200 mg twice daily, or CsA. All patients received basi-

liximab, everolimus, and prednisone. Composite efficacy 

failure (treated BPAR, graft loss, death, or loss to follow-up) 

rates were higher in the STN arms compared to CsA (stage 1 

16.5% vs 10.9%; stage 2 34.5%, 27.2%, and 19.4%, respec-

tively). Gastrointestinal and cardiac events were also more 

frequent with STN.54

The efficacy and safety of STN in combination with tac-

rolimus has also been assessed in a multicenter randomized 

Phase II study in de novo liver-transplant recipients. Patients 

were randomized in a 1:1:1:1 fashion to receive either 

200 mg twice daily STN plus standard-dose tacrolimus 

(5–10 ng/mL predose trough levels), 200 mg twice-daily 

STN plus reduced-dose tacrolimus (2–5 ng/mL predose 

trough levels), or 300 mg twice-daily STN plus reduced-dose 

tacrolimus or mycophenolic acid plus standard tacrolimus. 

All patients received corticosteroids. Composite efficacy 

failure (treated BPAR $ grade 1A, graft loss, or death) 

rates at month 6 were 25.0%, 16.5%, 20.9%, and 15.9%, 

respectively. The study was terminated early, given the 

higher composite efficacy failure rates in the STN group.55 
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Currently, there are no active clinical trials using STN in 

organ transplantation.

Conclusion
Transplantation provides improved survival and quality-of-

life benefits compared with long-term dialysis in end-stage 

renal disease patients. The ability to adequately suppress 

the immune response of the transplant recipient toward the 

allograft has significantly reduced short-term rejection rates, 

but chronic rejection and unfavorable side-effect profiles 

remain significant obstacles. The search for effective immu-

nosuppressant agents with limited adverse events remains an 

important target in the field of solid organ transplantation.

Maintenance regimens have predominantly consisted of 

a combination of CNIs, mTOR inhibitors, antimetabolite 

agents, and/or corticosteroids, but newer agents continue to 

be explored. Extended-release tacrolimus has been approved 

for use in renal transplantation, while VCS, a novel CNI, has 

been evaluated but has not demonstrated superior efficacy 

outcomes. Targeting T-cell costimulation blockade has 

resulted in approval of a novel non-CNI immunosuppres-

sant, belatacept, for use in renal transplantation, while other 

costimulation blockers, ASKP1240 and alefacept, have been 

evaluated. A Phase II study with ASKP1240 is ongoing, but 

alefacept has been voluntarily withdrawn from the market.  

A JAK3 inhibitor (tofacitinib), an LFA1 inhibitor (efalizumab), 

and a PKC inhibitor sotrastaurin have also been evalu-

ated as novel immunosuppressant agents in renal transplant 

recipients. Evaluation of the long-term safety and efficacy of 

tofacitinib in renal allograft recipients is ongoing, while there 

are no active ongoing trials with sotrastaurin or efalizumab, 

suggesting that these agents will likely not be studied further 

in transplantation.

Currently, there are few ongoing trials evaluating novel 

immunosuppressant agents for the prophylaxis of rejection in 

kidney-transplant recipients. While the development of new 

agents should remain a focus for continued transplantation 

research, optimization of existing agents, including recently 

approved extended-release tacrolimus and belatacept, 

should also be a continued emphasis of study in solid organ 

transplantation. Cost will unfortunately remain a significant 

barrier to the development of novel agents, as the combination 

of standard tacrolimus and a mycophenolic acid derivative 

is effective and relatively inexpensive. The quest for an immu-

nosuppression regimen that improves long-term graft and 

patient survival while simultaneously reducing chronic graft 

injury and unfavorable side effects remains a high-priority 

area of continued drug development.
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