
Am J Transplant. 2017;17:3219–3227.	 		 	 | 	3219amjtransplant.com

 

Received:	10	March	2017  |  Revised:	30	June	2017  |  Accepted:	20	July	2017
DOI: 10.1111/ajt.14452

B R I E F  C O M M U N I C A T I O N

Ten- year outcomes in a randomized phase II study of kidney 
transplant recipients administered belatacept 4- weekly or 
8- weekly 

F. Vincenti1 | G. Blancho2 | A. Durrbach3 | G. Grannas4 | J. Grinyó5 |  
H.-U. Meier-Kriesche6 | M. Polinsky6 | L. Yang6 | C. P. Larsen7

Abbreviations:	AE,	adverse	event;	BENEFIT,	Belatacept	Evaluation	of	Nephroprotection	and	Efficacy	as	First-line	Immunosuppression	Trial;	BENEFIT-EXT,	BENEFIT-Extended	Criteria	Donors	
Trial;	BPAR,	biopsy-proven	acute	rejection;	CI,	confidence	interval;	CsA,	cyclosporine;	HR,	hazard	ratio;	LI,	less	intensive;	MI,	more	intensive;	PTLD,	posttransplant	lymphoproliferative	disorder;	
SD,	standard	deviation.

1University	of	California,	San	Francisco,	San	
Francisco,	CA,	USA
2University	Hospital	of	Nantes,	Nantes,	France
3University	Hôpital	of	Bicêtre,	Le	Kremlin-
Bicêtre,	France
4Medizinische	Hochschule	Hannover,	
Hannover,	Germany
5University	Hospital	of	Bellvitge,	Barcelona,	
Spain
6Bristol-Myers	Squibb,	Lawrenceville,	NJ,	USA
7Emory	University	Transplant	Center,	Atlanta,	
GA,	USA

Correspondence
Flavio	Vincenti
Email:	flavio.vincenti@ucsf.edu

Funding information
Bristol-Myers	Squibb

In	the	phase	II	IM103-	100	study,	kidney	transplant	recipients	were	first	randomized	to	
belatacept	more-	intensive-	based	(n	=	74),	belatacept	less-	intensive-	based	(n	=	71),	or	
cyclosporine-	based	 (n	=	73)	 immunosuppression.	 At	 3-	6	months	 posttransplant,	
belatacept-	treated	patients	were	re-	randomized	to	receive	belatacept	every	4	weeks	
(4-	weekly,	n	=	62)	or	every	8	weeks	(8-	weekly,	n	=	60).	Patients	initially	randomized	to	
cyclosporine	continued	to	receive	cyclosporine-	based	immunosuppression.	Cumulative	
rates	 of	 biopsy-	proven	 acute	 rejection	 (BPAR)	 from	 first	 randomization	 to	 year	 10	
were	 22.8%,	 37.0%,	 and	 25.8%	 for	 belatacept	 more-	intensive,	 belatacept	 less-	
intensive,	and	cyclosporine,	respectively	(belatacept	more-	intensive	vs	cyclosporine:	
hazard	ratio	[HR]	=	0.95;	95%	confidence	interval	[CI]	0.47-	1.92;	P	=	.89;	belatacept	
less-	intensive	 vs	 cyclosporine:	 HR	=	1.61;	 95%	 CI	 0.85-	3.05;	 P	=	.15).	 Cumulative	
BPAR	rates	from	second	randomization	to	year	10	for	belatacept	4-	weekly,	belatacept	
8-	weekly,	and	cyclosporine	were	11.1%,	21.9%,	and	13.9%,	respectively	(belatacept	
4-	weekly	vs	cyclosporine:	HR	=	1.06,	95%	CI	0.35-	3.17,	P	=	.92;	belatacept	8-	weekly	
vs	 cyclosporine:	HR	=	2.00,	95%	CI	0.75-	5.35,	P =	.17).	Renal	 function	 trends	were	
estimated	using	a	repeated-	measures	model.	Estimated	mean	GFR	values	at	year	10	
for	belatacept	4-	weekly,	belatacept	8-	weekly,	and	cyclosporine	were	67.0,	68.7,	and	
42.7	mL/min	per	1.73	m2,	respectively	(P<.001	for	overall	treatment	effect).	Although	
not	statistically	significant,	rates	of	BPAR	were	2-	fold	higher	in	patients	administered	
belatacept	every	8	weeks	vs	every	4	weeks.
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1  | INTRODUCTION

Short-	term	outcomes	 in	kidney	transplant	recipients	have	 improved,	
with	 reductions	 in	 the	 incidence	 of	 early	 acute	 rejection,	 but	 there	
have	been	only	modest	 improvements	 in	 long-	term	 survival.1	There	
are	multiple	 causes	 for	 the	 lack	of	progress	 in	 long-	term	outcomes,	
including	the	adverse	effects	of	calcineurin	inhibitors	on	cardiovascu-
lar	risk	factors,	which	can	lead	to	premature	death	with	a	functioning	
graft;2,3	calcineurin	inhibitor–associated	nephrotoxicity;4-6 and chronic 
antibody-	mediated	rejection.	A	calcineurin	inhibitor–free	immunosup-
pressive	regimen	could	potentially	provide	improved	efficacy,	safety,	
and	preservation	of	renal	function.

Belatacept	is	a	selective	T	cell	co-	stimulation	blocker	approved	in	
the	United	States,	European	Union,	and	other	countries	for	preventing	
organ	rejection	in	adult	kidney	transplant	recipients.7,8	Belatacept	was	
evaluated	 as	 part	 of	 a	 calcineurin	 inhibitor–free	 immunosuppressive	
regimen	in	the	phase	II	IM103-	100	study,	in	which	patients	undergoing	
renal	 transplantation	were	 randomized	 to	 receive	1	of	2	belatacept-	
based	dosing	regimens	or	cyclosporine	 (CsA)-	based	 immunosuppres-
sion.9	While	the	efficacy	of	belatacept	was	comparable	with	CsA,	renal	
function	was	significantly	better	in	belatacept-	treated	vs	CsA-	treated	
patients at 12 months posttransplant.9	The	present	post	hoc	analysis	
compared	outcomes	at	10	years	posttransplant	 in	belatacept-	treated	
and	CsA-	treated	patients	participating	in	IM103-	100.

2  | METHODS

2.1 | Study design

The	 design	 of	 IM103-	100	 (NCT00035555)	 has	 been	 described.9 
Briefly,	 IM103-	100	was	 a	12-	month,	 open-	label,	 phase	 II	 study	of	
kidney	transplant	recipients	aged	≥18	years.	Study	participants	were	
recipients	of	a	primary	or	repeat	transplant	from	a	living	or	deceased	
donor.	Patients	were	 first	 randomized	 to	 receive	belatacept	more-	
intensive	 (MI)-	based,	 belatacept	 less-	intensive	 (LI)-	based,	 or	 CsA-	
based	 immunosuppression,	hereafter	 referred	 to	as	 the	population	
at	first	randomization	(see	Figure	1	for	dose	schedule).	The	belata-
cept	LI	 regimen	used	 in	 this	 study	differed	 from	 the	 subsequently	
approved	regimen.7,8	Patients	randomized	to	belatacept	MI	or	belata-
cept	LI	were	re-	randomized	at	6	months	or	3	months	posttransplant,	

respectively,	to	receive	belatacept	5	mg/kg	either	every	4	weeks	or	
every	8	weeks,	hereafter	referred	to	as	the	population	at	second	ran-
domization	(Figure	1);	the	belatacept	4-	weekly	and	8-	weekly	dosing	
schedules	were	 unique	 to	 this	 study.	 Patients	 first	 randomized	 to	
CsA	received	CsA-	based	immunosuppression	throughout	the	study.	
All	patients	received	basiliximab	induction,	mycophenolate	mofetil,	
and	corticosteroids.	 If	approved	by	 the	 treating	physician,	patients	
were	eligible	to	continue	the	treatment	to	which	they	had	been	as-
signed	at	the	second	randomization	beyond	12	months.10

This	study	was	conducted	in	accordance	with	the	principles	out-
lined	 in	 the	Declaration	 of	Helsinki.	The	 institutional	 review	board/
ethics	committee	at	each	site	approved	the	study	protocol.	All	patients	
provided	written	informed	consent.

2.2 | Outcomes and statistics

This	intent-	to-	treat	post	hoc	analysis	examined	efficacy	and	safety	in	all	
evaluable	patients	at	10	years	posttransplant.	The	evaluable	population	
was	composed	of	patients	who	were	alive	and	observable	at	10	years	
postrandomization	or	who	had	died	or	experienced	graft	loss	by	year	10.

Biopsy-	proven	acute	rejection	(BPAR)	was	defined	as	histologically	
confirmed	acute	rejection	by	the	central	pathologist,	regardless	of	the	
reason	for	biopsy.	The	cumulative	event	rates	for	BPAR	were	calcu-
lated	for	each	regimen	using	the	Kaplan-	Meier	method	and	compared	
using	a	log-	rank	test.	Hazard	ratios	(HRs)	and	95%	confidence	intervals	
(CIs)	were	derived	using	Cox	 regression.	Time	 to	death	or	graft	 loss	
was	determined	using	 the	Kaplan-	Meier	method	 and	 compared	be-
tween	regimens	using	a	log-	rank	test.

Renal	 function	 was	 estimated	 using	 the	 6-	variable	 Modification	
of	Diet	 in	 Renal	Disease	 equation.11	 Estimated	mean	GFR	 and	 95%	
CIs	were	determined	 from	month	1	 to	month	120	 (year	10)	 using	 a	
repeated-	measures	model	with	an	unstructured	covariance	matrix.	This	
model	 included	time,	treatment,	and	a	time-	by-	treatment	interaction.	
No	 further	 adjustment	 was	 made	 for	 other	 potentially	 confounding	
covariates.	 Time	was	 regarded	 as	 a	 categorical	 variable	 (intervals	 of	
3	months	up	to	month	12	and	every	6	months	thereafter).	Missing	data	
were	assumed	to	be	missing	at	random.	A	slope-	based	model	was	also	
used	to	determine	whether	there	was	a	difference	between	the	slope	
for	each	belatacept	 regimen	and	the	slope	 for	 the	CsA	regimen.	The	
slope-	based	model	assumed	that	the	relationship	between	GFR	values	

F IGURE  1 Study	design.	CsA,	
cyclosporine;	LI,	less	intensive;	MI,	more	
intensive.	*All	patients	received	basiliximab	
induction,	mycophenolate	mofetil,	and	
corticosteroid taper
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over	time	was	linear.	The	difference	between	slopes	was	tested	using	
a	contrast	statement	within	the	SAS	model	(SAS	software,	version	9.2;	
SAS	Institute,	Cary,	NC).	Time	was	regarded	as	a	continuous	variable,	
treatment	as	a	fixed	effect,	and	the	intercept	and	time	as	random	ef-
fects;	no	further	adjustment	was	made	for	other	potentially	confound-
ing	covariates.	Sensitivity	analyses	were	performed	in	which	GFR	values	
that	were	missing	due	to	death	or	graft	loss	were	imputed	as	zero;	the	
same	models	were	used	as	for	the	analyses	without	imputation.

Adverse	 events	 (AEs)	 were	 mapped	 to	 terms	 from	 the	Medical	
Dictionary	 for	 Regulatory	 Activities	 version	 15.0	 (MedDRA	 MSSO,	
McLean,	 VA)	 and	 expressed	 as	 incidence	 rates	 adjusted	 per	 100	
person-	years	of	exposure	to	assigned	treatment.

3  | RESULTS

3.1 | Population at first randomization

3.1.1 | Efficacy

Of	the	218	patients	enrolled,	74	were	initially	randomized	to	belata-
cept	MI,	71	to	belatacept	LI,	and	73	to	CsA	(Figure	2).	The	cumulative	
event	rate	for	BPAR	from	first	randomization	to	year	10	was	22.8%	for	
belatacept	MI,	37.0%	for	belatacept	LI,	and	25.8%	for	CsA	(Figure	3A).	
The	HR	for	the	comparison	of	belatacept	MI	with	CsA	was	0.95	(95%	
CI	0.47−1.92;	P	=	.89).	 The	HR	 for	 the	 comparison	of	belatacept	 LI	
with	CsA	was	1.61	(95%	CI	0.85−3.05;	P =	.15).	Grades	of	BPAR	are	
summarized	in	Table	S1.

Death	or	graft	loss	status	at	10	years	posttransplant	was	assessed	in	
37.8%	(28	of	74)	of	belatacept	MI-	treated	patients,	25.4%	(18	of	71)	of	
belatacept	LI-	treated,	and	15.1%	(11	of	73)	of	CsA-	treated	patients.	The	

Kaplan-	Meier	estimated	rate	of	death	or	graft	loss	at	year	10	was	24.0%	
for	belatacept	MI,	6.1%	for	belatacept	LI,	and	16.8%	for	CsA	(Figure	4A).	
The	HR	for	the	comparison	of	belatacept	MI	with	CsA	was	0.95	(95%	CI	
0.38-	2.36;	P =	.91);	the	HR	for	the	comparison	of	belatacept	LI	with	CsA	
was	0.24	(95%	CI	0.06-	0.91;	P =	.037).	Adjudicated	causes	of	death	and	
graft	loss	are	summarized	in	Tables	S2	and	S3,	respectively.

3.1.2 | Renal function

Estimated	mean	GFR	was	stable	over	10	years	for	both	belatacept-	
based	regimens,	but	declined	for	the	CsA-	based	regimen.	Estimated	
mean	GFR	values	at	year	10	for	belatacept	MI-	treated,	belatacept	
LI-	treated,	and	CsA-	treated	patients	were	66.3,	66.6,	and	42.4	mL/
min per 1.73 m2,	 respectively.	 The	 estimated	 differences	 in	GFR	
significantly	 favored	 each	 belatacept-	based	 regimen	 vs	 the	 CsA-	
based	 regimen	 (P <	.001	 for	overall	 treatment	effect)	 (Figure	5A).	
Per	 the	 slope-	based	model	 (and	 relative	 to	month	 1),	 belatacept	
MI-	treated	 and	 belatacept	 LI-	treated	 patients	 experienced	 esti-
mated	mean	GFR	gains	of	+0.25	(95%	CI	−0.38	to	0.87)	and	+0.38	
(95%	CI	−0.25	to	1.00)	mL/min	per	1.73	m2	per	year,	respectively.	
Patients	randomized	to	CsA	had	an	estimated	mean	decline	in	GFR	
equivalent	to	−1.14	(95%	CI	−2.06	to	−0.22)	mL/min	per	1.73	m2 
per	year.	Compared	with	CsA,	the	GFR	slopes	diverged	over	time	
for	belatacept	MI	(P =	.015)	and	belatacept	LI	(P =	.008).	The	sensi-
tivity	analysis	yielded	similar	results	(Figure	S1).

3.1.3 | Safety

Serious	AEs	occurred	in	83.8%	(62	of	74)	of	belatacept	MI-	treated,	
87.3%	(62	of	71)	of	belatacept	LI-	treated,	and	69.9%	(51	of	73)	of	

F IGURE  2 Patient	disposition.	LI,	less	intensive;	MI,	more	intensive
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CsA-	treated	patients.	The	incidence	rates	of	serious	infections,	any-	
grade	 viral	 infections,	 any-	grade	 fungal	 infections,	 and	 malignan-
cies	per	100	person-	years	of	 treatment	exposure	are	 summarized	

in	 Table	1.	 Four	 patients	 experienced	 posttransplant	 lymphopro-
liferative	 disorder	 (PTLD)	 by	 year	 10	 (belatacept	 MI,	 n	=	3;	 be-
latacept	 LI,	 n	=	0;	CsA,	 n	=	1).	 The	3	 cases	 of	 PTLD	 in	 belatacept	

F IGURE  3 Biopsy-	proven	acute	rejection	from	randomization	to	year	10	in	(A)	the	population	at	first	randomization,	(B)	the	population	at	
second	randomization,	and	(C)	the	population	at	second	randomization	stratified	by	belatacept	dosing	frequency.	BPAR,	biopsy-	proven	acute	
rejection;	CI,	confidence	interval;	CsA,	cyclosporine;	HR,	hazard	ratio;	LI,	less	intensive;	MI,	more	intensive
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MI-	treated	 patients	 had	 their	 onset	 on	 days	 112,	 262,	 and	 396	
posttransplantation.

3.2 | Subgroup analysis of the population at second 
randomization

3.2.1 | Efficacy

Between	 the	 first	 and	 second	 randomizations,	 23	belatacept-	treated	
patients	 discontinued	 the	 study,	 and	 2	 patients	 randomized	 to	 CsA	
did	 not	 receive	 treatment.	 Consequently,	 62	 belatacept-	treated	 pa-
tients	 were	 subsequently	 randomized	 to	 receive	 belatacept	 every	
4	weeks	and	60	were	subsequently	randomized	to	receive	belatacept	
every	 8	weeks.	 Seventy-	one	 CsA-	treated	 patients	 continued	 with	
CsA-	based	 immunosuppression	 (Figure	2).	The	cumulative	event	 rate	
for	BPAR	 from	 second	 randomization	 to	 year	10	was	11.1%	 for	be-
latacept	4-	weekly,	21.9%	for	belatacept	8-	weekly,	and	13.9%	for	CsA	
(Figure	3B).	Although	not	statistically	significant,	the	HR	was	2.00	(95%	
CI	0.75-	5.35;	P =	.17)	for	the	comparison	of	belatacept	8-	weekly	with	
CsA.	The	HR	for	the	comparison	of	belatacept	4-	weekly	with	CsA	was	

1.06	 (95%	 CI	 0.35-	3.17;	 P =	.92).	 Grades	 of	 BPAR	 are	 presented	 in	
Table	S4.

In	 total,	 21.0%	 (13	 of	 62)	 of	 patients	 assigned	 to	 belatacept	
4-	weekly,	 20.0%	 (12	 of	 60)	 of	 patients	 assigned	 to	 belatacept	
8-	weekly,	and	14.1%	(10	of	71)	of	CsA-	treated	patients	were	assessed	
for	death	or	graft	 loss	at	10	years	posttransplant.	The	Kaplan-	Meier	
estimated	rate	of	death	or	graft	 loss	at	year	10	was	13.1%	for	bela-
tacept	4-	weekly,	12.5%	for	belatacept	8-	weekly,	and	14.4%	for	CsA	
(Figure	4B).	The	HR	for	the	comparison	of	belatacept	4-	weekly	with	
CsA	was	0.55	(95%	CI	0.17-	1.73;	P =	.30);	the	HR	for	the	comparison	
of	belatacept	8-	weekly	with	CsA	was	0.52	(95%	CI	0.16-	1.74;	P =	.29).

3.2.2 | Renal function

Estimated	mean	GFR	was	stable	over	10	years	 for	both	belatacept-	
based	regimens	 (4-	weekly	or	8-	weekly),	but	declined	for	CsA-	based	
treatment.	Estimated	mean	GFR	values	at	year	10	for	the	belatacept	
4-	weekly,	belatacept	8-	weekly,	and	CsA	groups	were	67.0,	68.7,	and	
42.7	mL/min	 per	 1.73	m2,	 respectively.	 The	 estimated	 differences	
in	 GFR	 significantly	 favored	 each	 belatacept-	based	 regimen	 vs	 the	

F IGURE  4 Time	to	death	or	graft	loss	from	randomization	to	year	10	in	(A)	the	population	at	first	randomization	and	(B)	the	population	at	
second	randomization.	CI,	confidence	interval;	CsA,	cyclosporine;	HR,	hazard	ratio;	LI,	less	intensive;	MI,	more	intensive
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CsA-	based	regimen	(P <	.001	for	overall	treatment	effect)	(Figure	5B).	
Per	 the	 slope-	based	 model	 (and	 relative	 to	 month	 1),	 patients	 ad-
ministered	 belatacept	 every	 4	weeks	 had	 an	 estimated	 mean	 GFR	

change	of	−0.08	(95%	CI	−0.68	to	0.52)	mL/min	per	1.73	m2	per	year.	
Patients	 randomized	 to	belatacept	every	8	weeks	had	an	estimated	
mean	GFR	gain	of	+0.50	(95%	CI	−0.16	to	1.15)	mL/min	per	1.73	m2 

F IGURE  5 Estimated	mean	GFR	over	10	years	in	(A)	the	population	at	first	randomization	and	(B)	the	population	at	second	randomization	
(repeated-	measures	modeling	without	imputation).	CsA,	cyclosporine;	LI,	less	intensive;	MI,	more	intensive
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per	year,	respectively.	Patients	randomized	to	CsA	had	an	estimated	
mean	GFR	decline	equivalent	to	−1.15	(95%	CI	−2.07	to	−0.23)	mL/
min per 1.73 m2	per	year.	The	GFR	slopes	diverged	over	time	between	
belatacept	8-	weekly	and	CsA	(P =	.004),	but	not	between	belatacept	
4-	weekly	and	CsA	(P =	.06).	The	sensitivity	analysis	yielded	similar	re-
sults	(Figure	S2).

3.2.3 | Safety

Serious	AEs	occurred	 in	67.7%	 (42	of	 62)	 of	 patients	 receiving	be-
latacept	4-	weekly,	73.3%	(44	of	60)	of	patients	receiving	belatacept	
8-	weekly,	and	60.6%	(43	of	71)	of	CsA-	treated	patients.	The	incidence	
rates	of	serious	infections,	any-	grade	viral	infections,	any-	grade	fungal	
infections,	and	malignancies	per	100	person-	years	of	treatment	expo-
sure	are	presented	in	Table	S5.

3.3 | Biopsy- proven acute rejection from the 
time of second randomization by treatment arm and 
belatacept dosing frequency

BPAR	rates	from	the	time	of	second	randomization	to	year	10	were	
stratified	by	treatment	arm	and	belatacept	dosing	frequency.	Of	those	
patients	initially	randomized	to	belatacept	MI,	31	were	subsequently	
randomized	to	receive	belatacept	MI	every	4	weeks	and	29	were	sub-
sequently	 randomized	 to	 receive	belatacept	MI	every	8	weeks.	The	
corresponding	patient	numbers	in	the	original	belatacept	LI	treatment	
group	were	31	 and	31,	 respectively.	 The	 cumulative	 event	 rate	 for	
BPAR	from	second	randomization	to	year	10	was	6.9%	for	belatacept	
MI	4-	weekly,	12.4%	for	belatacept	MI	8-	weekly,	15.2%	for	belatacept	
LI	 4-	weekly,	 30.4%	 for	 belatacept	 LI	 8-	weekly,	 and	 13.9%	 for	 CsA	
(Figure	3C).	The	HR	for	the	comparison	of	belatacept	LI	8-	weekly	with	
CsA	was	statistically	significant	(HR	3.02;	95%	CI	1.07-	8.52;	P =	.037).

4  | DISCUSSION

In	this	post	hoc	analysis	of	the	IM103-	100	study,	no	statistically	sig-
nificant	 differences	 in	 the	Kaplan-	Meier	 cumulative	 event	 rates	 for	
BPAR	were	 observed	 at	 10	years	 posttransplant	 for	 the	 belatacept	
MI,	belatacept	LI,	or	CsA	regimens	overall.	The	comparable	rates	of	

acute	 rejection	 for	belatacept-	based	vs	CsA-	based	 immunosuppres-
sion	were	preserved	over	10	years:	acute	rejection	rates	in	the	belata-
cept	treatment	arms	(6%-	7%)	were	noninferior	to	that	observed	in	the	
CsA	treatment	arm	(8%)	at	6	months	posttransplant	in	IM103-	100.10 
Most	 acute	 rejection	 events	 in	 belatacept-	treated	 patients	 occur	
within	 6	months	 of	 treatment	 initiation.10,12,13	 In	 IM103-	100,	 most	
BPAR	events	in	the	population	at	first	randomization	were	reported	
by	month	6	(28	of	41,	68.3%).

The	 efficacy	 and	 safety	 of	 belatacept	 have	 also	 been	 exam-
ined	 in	 2	 phase	 III	 studies	 of	 de	 novo	 kidney	 transplant	 recipients:	
Belatacept	Evaluation	of	Nephroprotection	 and	Efficacy	 as	First-	line	
Immunosuppression	Trial	 (BENEFIT)	 and	 BENEFIT-	Extended	Criteria	
Donors	 (BENEFIT-	EXT).	 Like	 the	 present	 phase	 II	 study,	 patients	 in	
BENEFIT	and	BENEFIT-	EXT	were	randomized	to	1	of	2	belatacept	dos-
ing	regimens	(MI	and	LI)	or	CsA.	However,	it	is	difficult	to	compare	the	
results	from	these	phase	III	studies	to	IM103-	100	because	enrollment	
to	this	phase	II	study	was	substantially	lower	and	both	the	definition	
of	 acute	 rejection	 and	 the	 belatacept	 LI	 regimen	 administered	were	
different.	With	regard	to	the	latter,	patients	allocated	to	belatacept	LI-	
based	immunosuppression	in	IM103-	100	received	5	doses	of	belata-
cept	10	mg/kg	during	the	induction	phase,	while	patients	randomized	
to	belatacept	LI	 in	BENEFIT12	and	BENEFIT-	EXT13	received	6	induc-
tion	doses	of	 belatacept	10	mg/kg.	The	 additional	 dose	 in	BENEFIT	
and	BENEFIT-	EXT	was	administered	on	day	4	posttransplant	 to	op-
timize	saturation	of	CD80/CD86	ligands	and	blockade	of	CD28	acti-
vation.	Despite	these	caveats,	in	analyses	performed	at	1	and	7	years	
posttransplant,	 rates	 of	 acute	 rejection	were	 higher	 for	 belatacept-	
treated	 vs	 CsA-	treated	 patients	 participating	 in	 BENEFIT12,14,15 and 
similar	for	belatacept-	treated	vs	CsA-	treated	patients	participating	in	
BENEFIT-	EXT.13,16

At	10	years	posttransplant	in	IM103-	100,	the	risk	of	death	or	graft	
loss	was	similar	for	belatacept	MI-	based	and	CsA-	based	immunosup-
pression,	but	was	lower	by	76%	in	belatacept	LI-	treated	vs	CsA-	treated	
patients.	The	improved	patient	and	graft	survival	seen	with	belatacept	
LI	vs	belatacept	MI	at	10	years	posttransplant	in	IM103-	100	further	
supports	the	United	States	Food	and	Drug	Administration	approval	of	
the	reduced-	dose	regimen.

Long-	term	use	of	belatacept	was	not	associated	with	discernible	
nephrotoxicity	in	IM103-	100;	estimated	mean	GFR	was	significantly	
higher	for	belatacept	MI-	based	and	belatacept	LI-	based	vs	CsA-	based	

Belatacept MI 
(n = 74)

Belatacept LI 
(n = 71)

CsA  
(n = 73)

Serious	infectionsa 10.36 6.71 14.99

Any-	grade	fungal	infectionb 7.89 4.23 3.74

Any-	grade	viral	infectionb 17.53 16.89 14.92

Any	malignancya 3.14 2.54 3.01

CsA,	cyclosporine;	LI,	less	intensive;	MI,	more	intensive.
aThe	exposure	 (patient-	years)	of	a	patient	was	calculated	from	the	randomization	date	to	the	event	
date,	to	the	date	of	last	follow-	up,	or	to	year	10,	whichever	was	earliest.
bThe	exposure	(patient-	years)	of	a	patient	was	calculated	from	the	randomization	date	to	the	event	
date,	to	the	date	of	last	dose	of	study	medication	plus	56	d,	or	to	year	10,	whichever	was	earliest.

TABLE  1 Cumulative	incidence	rates	of	
selected	safety	events	adjusted	per	100	
person-	years	of	treatment	exposure	in	the	
population	at	first	randomization



3226  |     VINCENTI ET al.

immunosuppression	 at	 10	years	 posttransplant.	 Further,	 renal	 func-
tion	was	stable	in	belatacept-	treated	patients,	with	marginal	GFR	gains	
of	+0.25−0.38	mL/min	per	1.73	m2	per	year,	while	GFR	in	CsA-	treated	
patients	 declined	 by	 −1.14	mL/min	 per	 1.73	m2	 per	year.	 Estimated	
yearly	gains	 in	GFR	were	greater	 in	belatacept-	treated	patients	par-
ticipating	 in	 BENEFIT	 (1.30-	1.39	mL/min	 per	 1.73	m2	 per	 year)	 and	
BENEFIT-	EXT	(1.45-	1.51	mL/min	per	1.73	m2	per	year).14,16

Unlike	BENEFIT	and	BENEFIT-	EXT	wherein	maintenance	doses	
of	 belatacept	 were	 only	 administered	 every	 4	weeks,	 the	 dose-	
finding	 IM103-	100	 study	 analyzed	 outcomes	 following	 a	 second	
randomization	of	belatacept-	treated	patients	to	either	every	4-	week	
or	 every	8-	week	belatacept	 dosing.	As	observed	 in	 the	population	
at	 first	 randomization,	 cumulative	 rates	of	BPAR	 in	 the	population	
at	second	randomization	did	not	differ	statistically	across	treatment	
regimens	 at	 10	years	 posttransplant,	 although	 rates	 of	BPAR	were	
2-	fold	higher	 in	patients	administered	belatacept	every	8	weeks	vs	
every	 4	weeks.	 Among	 belatacept-	treated	 patients	 in	 the	 popula-
tion	at	second	randomization,	most	BPAR	events	occurred	by	month	
6	 (13	of	18,	72.2%).	 In	 a	 further	 subgroup	analysis	 in	which	 study	
participants	were	stratified	by	both	belatacept	dosing	 regimen	and	
frequency,	 the	cumulative	BPAR	rate	was	greatest	 in	the	subset	of	
patients	who	received	belatacept	LI	every	8	weeks.	From	the	avail-
able	data,	it	is	not	possible	to	determine	whether	the	increased	rate	
of	BPAR	 in	 the	belatacept	 LI	 every	8-	week	 treatment	 arm	was	 at-
tributable	 to	 differences	 in	 the	 timing	 of	 belatacept	 conversion	
and/or	 dosing	 frequency.	 However,	 conversion	 of	 some	 patients	
to	8-	weekly	administration	could	offer	both	 logistical	and	practical	
advantages.	A	precision	medicine	 study,	Precision	Medicine	Offers	
Belatacept	Monotherapy	(PROBE;	NCT02939365),	will	seek	to	con-
vert	 patients	 to	 belatacept	 monotherapy.	 Following	 conversion	 to	
belatacept	monotherapy,	the	dosing	regimen	in	eligible	patients—as	
determined	via	biomarker	assessment—will	be	extended	from	every	
4	weeks	to	every	8	weeks.

Time	 to	death	or	 graft	 loss	was	 similar	 for	 belatacept	4-	weekly,	
belatacept	 8-	weekly,	 and	 CsA.	 Renal	 function	 was	 significantly	
greater	 for	both	belatacept	groups	 (4-	weekly	and	8-	weekly)	vs	CsA.	
Notably,	estimated	mean	GFR	at	year	10	was	similar	 for	 the	belata-
cept	4-	weekly	(67.0	mL/min	per	1.73	m2)	and	8-	weekly	(68.7	mL/min	
per 1.73 m2)	regimens.	Although	extended-	interval	belatacept	dosing	
during	the	maintenance	phase	has	the	potential	to	reduce	healthcare	
costs	and	ease	administrative	burdens,	8-	weekly	dosing	may	lead	to	
trough	levels	of	belatacept	that	result	in	reduced	CD86-	receptor	occu-
pancy	and,	consequently,	less	efficacy	in	some	patients.17	Collectively,	
the	data	 suggest	 that	belatacept	8-	weekly	dosing	may	not	be	 suffi-
cient	for	all	patients,	if	initiated	3−6	months	posttransplant.	Additional	
studies	may	be	warranted	to	determine	the	optimal	timing	of	and	to	
identify	patients	most	likely	to	benefit	from	less	frequent	administra-
tion	of	belatacept.

With	up	to	10	years	of	follow-	up,	IM103-	100	represents	the	lon-
gest	randomized	prospective	clinical	trial	evaluating	a	non-	calcineurin	
inhibitor–based	 immunosuppressive	 regimen	 conducted	 in	 kidney	
transplant	recipients.	However,	these	exploratory	analyses	should	be	
interpreted	with	 caution	 as	 they	were	 conducted	 post	 hoc	with	 no	

adjustment	 for	multiplicity	 testing,	 and	 patient	 numbers	were	 small	
(both	because	of	the	original	sample	size	and	the	rate	of	attrition	over	
time).	 In	addition,	we	assumed	that	confounders	were	randomly	dis-
persed,	which	may	not	have	been	the	case	with	such	a	long	duration	
of	follow-	up.

In	 conclusion,	 in	 both	 the	 population	 at	 first	 randomization	
and	the	population	at	second	randomization,	 there	were	no	statis-
tically	 significant	 differences	 in	 the	 cumulative	 rates	 of	 BPAR	 be-
tween	belatacept-	treated	and	CsA-	treated	patients,	although	BPAR	
rates	were	 2-	fold	 higher	 for	 the	 belatacept	 8-	weekly	 vs	 4-	weekly	
regimen.	 In	 addition,	 belatacept-	based	 immunosuppression	 was	
associated	with	 significantly	 higher	 levels	 of	 renal	 function,	which	
were	 sustained	 over	 10	years.	 These	 data	 support	 the	 long-	term	
trends	observed	at	7	years	posttransplant	in	the	phase	III	BENEFIT	
and	 BENEFIT-	EXT	 studies.14,16	 Importantly,	 no	 new	 safety	 signals	
emerged	for	belatacept	with	up	to	10	years	of	exposure.	These	post	
hoc	 analyses	 suggest	 that	 extending	belatacept	dosing	 from	every	
4	weeks	to	every	8	weeks	during	the	maintenance	phase	is	not	asso-
ciated	with	an	increased	risk	of	death	or	graft	loss.	However,	further	
study	is	needed.
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