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This	study	assessed	the	efficacy	and	safety	of	the	anti‐CD40	monoclonal	antibody	
bleselumab	(ASKP1240)	in	de	novo	kidney	transplant	recipients	over	36	months	post‐
transplant.	Transplant	recipients	were	randomized	(1:1:1)	to	standard	of	care	(SoC:	
0.1	 mg/kg	 per	 day	 immediate‐release	 tacrolimus	 [IR‐TAC];	 target	 minimum	 blood	
concentration	 [Ctrough]	 4‐11	 ng/mL	 plus	 1	 g	 mycophenolate	 mofetil	 [MMF]	 twice	
daily)	or	bleselumab	(200	mg	on	days	0/7/14/28/42/56/70/90,	and	monthly	there‐
after)	plus	either	MMF	or	IR‐TAC	(0.1	mg/kg	per	day;	target	Ctrough	4‐11	ng/mL	days	
0‐30,	then	2‐5	ng/mL).	All	received	basiliximab	induction	(20	mg	pretransplant	and	
on	days	3‐5	posttransplant)	and	corticosteroids.	One	hundred	thirty‐eight	transplant	
recipients	received	≥1	dose	of	study	drug	(SoC	[n	=	48];	bleselumab	+	MMF	[n	=	46];	
bleselumab	+	IR‐TAC	[n	=	44]).	For	the	primary	endpoint	(incidence	of	biopsy‐proven	
acute	rejection	[BPAR]	at	6	months),	bleselumab	+	IR‐TAC	was	noninferior	to	SoC	(dif‐
ference	2.8%;	95%	confidence	interval	[CI]	−8.1%	to	13.8%),	and	bleselumab	+	MMF	
did	not	demonstrate	noninferiority	to	SoC	(difference	30.7%;	95%	CI	15.2%‐46.2%).	
BPAR	incidence	slightly	increased	through	month	36	in	all	groups,	with	bleselumab	+	
IR‐TAC	continuing	to	demonstrate	noninferiority	to	SoC.	Bleselumab	had	a	favorable	
benefit–risk	 ratio.	Most	 treatment‐emergent	adverse	events	were	as	expected	 for	
kidney	transplant	recipients	(ClinicalTrials.gov	NCT01780844).
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1  | INTRODUC TION

Kidney	 transplantation	 is	 the	 preferred	 renal	 replacement	 ther‐
apy	 for	 most	 patients	 with	 end‐stage	 renal	 disease1,2; compared 
with	dialysis,	kidney	transplantation	is	associated	with	significantly	
lower	mortality	 and	 improved	 quality	 of	 life.3‐5	 The	 current	 stan‐
dard	of	care	 (SoC)	 immunosuppressive	regimen	for	 the	prevention	
of	graft	 rejection	 in	kidney	transplantation	 includes	calcineurin	 in‐
hibitors,	such	as	tacrolimus	or	cyclosporine.6,7	Because	calcineurin	
inhibitors	 are	 associated	 with	 the	 development	 of	 nephrotoxicity	
and	cardiometabolic	events,	 and	have	 long‐term	 failure	 rates	with	
a	high	incidence	of	chronic	antibody‐mediated	rejection,	interstitial	
fibrosis,	 and	 tubular	 atrophy,	 there	 is	 a	 need	 to	 develop	 effective	
immunosuppressive	regimens	with	reduced	exposure	to	calcineurin	
inhibitors.8‐14

Bleselumab	(ASKP1240)	is	a	fully	human	anti‐CD40	monoclonal	
antibody	that	inhibits	both	humoral	and	cellular	immune	responses	
by	blocking	the	interaction	of	the	cell	surface	receptor	CD40	and	its	
ligand	CD40L	(CD154)	between	T	cells,	B	cells,	and	antigen‐present‐
ing	cells.15,16	Blocking	this	interaction	prevents	the	generation	of	co‐
stimulatory	signals	required	for	effective	T	cell	activation.16	Several	
humanized	anti‐CD40L	monoclonal	 antibodies	have	demonstrated	
efficacy	 in	nonhuman	primate	renal	allograft	models,	but	develop‐
ment	was	halted	following	unexpected	thromboembolic	events.15,17 
Chimeric	 monoclonal	 antibodies	 against	 CD40	 demonstrated	 ef‐
fective	 immunosuppression	 in	 nonhuman	 primate	models	without	
thromboembolic	events,	but	were	associated	with	 some	other	 im‐
portant	 limitations	 including	 cytotoxicity	 associated	 with	 the	 use	
of	 immunoglobulin	G1	 (IgG1)	 and	 immunogenicity	 associated	with	
the	 use	 of	 chimeric	 molecules.15,18,19	 Bleselumab	 aims	 to	 circum‐
vent	these	 limitations	because	 it	 is	an	 IgG4	 isotype,	and	therefore	
has	a	low	binding	affinity	for	Fc	gamma	receptors,	which	are	known	
to	cross‐link	antibodies	 to	 induce	antagonistic	activity	and	cellular	

cytotoxicity.	Because	it	is	a	fully	human	molecule,	it	is	similarly	ex‐
pected	to	have	 low	immunogenicity.15	For	the	prophylaxis	of	graft	
rejection	post–kidney	transplantation,	bleselumab	has	been	investi‐
gated	in	3	phase	1	studies:	2	in	healthy	volunteers	(NCT01565681	
and	NCT01582399)	and	1	 in	de	novo	kidney	 transplant	 recipients	
(NCT01279538).	 In	 kidney	 transplant	 recipients,	 bleselumab	 was	
well	 tolerated,	with	 no	 evidence	 of	 cytokine	 release	 syndrome	or	
thromboembolic	events.20

Here	we	describe	the	results	of	a	phase	2a,	randomized,	open‐
label,	 noninferiority	 study	 designed	 to	 evaluate	 the	 efficacy	 and	
safety	 of	 bleselumab	 in	 combination	 with	 either	 mycophenolate	
mofetil	 (MMF)	or	 immediate‐release	tacrolimus	 (IR‐TAC)	compared	
with	 SoC	 (containing	 MMF	 +	 IR‐TAC)	 in	 kidney	 transplant	 recipi‐
ents	who	also	received	low‐dose	maintenance	corticosteroids	over	
36	months	posttransplant.

2  | MATERIAL S AND METHODS

2.1 | Study design

This	phase	2a,	randomized,	open‐label,	active	control,	multicenter	
study	 was	 conducted	 at	 42	 sites	 in	 the	 United	 States	 between	
March	 2013	 and	 January	 2017	 (Clinicaltrials.gov	NCT01780844)	
(Figure	 1).	 Kidney	 transplant	 recipients	 were	 randomized	 in	 a	
1:1:1	 ratio	 to	 1	 of	 3	 treatment	 groups:	 SoC,	 bleselumab	 +	MMF,	
or	 bleselumab	+	 IR‐TAC.	Bleselumab	was	 administered	 as	 a	200‐
mg	 intravenous	 infusion	 (dose	selected	based	on	 the	 results	of	2	
phase	1	studies20	 [ClinicalTrials.gov	NCT01279538])	on	days	0,	7,	
14,	28,	42,	56,	70,	and	90,	and	monthly	thereafter,	relative	to	the	
day	of	transplantation	(day	0).	MMF	was	administered	orally	or	in‐
travenously	at	a	dose	of	1	g	twice	daily.	In	the	SoC	group,	IR‐TAC	
was	 administered	 at	 an	 initial	 dose	 of	 0.1	mg/kg	 per	 day	with	 a	
target	minimum	blood	concentration	(Ctrough)	of	4‐11	ng/mL	for	the	

F I G U R E  1  Study	design.	*After	6	months	of	treatment,	kidney	transplant	recipients	continued	to	receive	their	original	treatment	in	the	
LTE	(unless	the	sponsor	discontinued	development	of	bleselumab,	or	the	transplant	recipient	no	longer	wished	to	participate	in	the	study	or	
they	were	switched	to	SoC	for	clinical	reasons).	All	kidney	transplant	recipients	received	corticosteroids	and	1	bolus	injection	of	basiliximab	
20	mg	prior	to	transplantation,	and	a	second	bolus	injection	of	basiliximab	20	mg	between	days	3	and	5	posttransplant.	Bleselumab	200	mg	
was	administered	on	days	0,	7,	14,	28,	42,	56,	70,	and	90,	and	monthly	thereafter,	relative	to	the	day	of	transplantation	(day	0).	Ctrough,	
minimum	blood	concentration;	IR‐TAC,	immediate‐release	tacrolimus;	LTE,	long‐term	extension;	MMF,	mycophenolate	mofetil;	SoC,	standard	
of	care
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duration	of	the	study.	In	the	bleselumab	+	IR‐TAC	group,	IR‐TAC	was	
administered	at	an	initial	dose	of	0.1	mg/kg	per	day	with	a	target	
Ctrough	of	4‐11	ng/mL	on	day	0	to	day	30,	and	a	lower	target	Ctrough 
of	2‐5	ng/mL	from	day	31	onward.	All	kidney	transplant	recipients	
received	corticosteroids	as	an	intravenous	bolus	of	500,	250,	125,	
and	60	mg	of	methylprednisolone	(or	equivalent	oral/intravenous	
corticosteroid	dose),	on	days	0,	1,	2,	and	3,	respectively,	with	sub‐
sequent	tapering	to	a	maintenance	dose	of	5‐10	mg	oral	prednisone	
(or	equivalent)	by	day	29.	All	kidney	transplant	recipients	also	re‐
ceived	basiliximab	as	induction	therapy:	one	20‐mg	bolus	injection	
prior	 to	 transplantation	 or	 intraoperatively	 before	 revasculariza‐
tion,	 and	 a	 second	20‐mg	bolus	 injection	on	days	3‐5	posttrans‐
plant.	For	cytomegalovirus	 (CMV)	prophylaxis,	 valganciclovir	was	
administered	in	accordance	with	the	package	insert	instructions	for	
≈200	days	in	high‐risk	CMV‐seronegative	patients	who	received	a	
kidney	from	a	CMV‐seropositive	donor,	≈100	days	in	moderate‐risk	
CMV‐seropositive	patients,	 and	was	not	administered	 to	 low‐risk	
CMV‐seronegative	patients	who	received	a	CMV‐seronegative	kid‐
ney.	 Pneumocystis jiroveci,	 fungal,	 and	 bacterial	 prophylaxis	 were	
administered	to	all	kidney	transplant	recipients	as	per	institutional	
protocol.	After	completion	of	the	initial	6‐month	study	period,	kid‐
ney	transplant	recipients	entered	a	long‐term	extension	period	of	
up	to	36	months	posttransplant,	during	which	they	were	to	remain	
on	their	original	treatment	(unless	the	sponsor	discontinued	the	de‐
velopment	of	bleselumab	and/or	the	kidney	transplant	recipient	no	
longer	wished	to	participate	in	the	study	or	they	were	switched	to	
SoC	for	clinical	reasons).

The	 Institutional	 Review	 Board	 (IRB;	 protocol	 number	 7163‐
CL‐0108)	of	each	 site	 reviewed	 the	ethical,	 scientific,	 and	medical	
appropriateness	of	the	study	before	it	was	conducted.	IRB	approval	
of	the	protocol,	informed	consent,	and	patient	information	were	ob‐
tained	prior	to	the	authorization	of	drug	shipment	to	a	study	site	(see	
Table	S1	for	the	list	of	IRBs).	The	study	was	conducted	in	accordance	
with	the	protocol,	Good	Clinical	Practice,	the	International	Council	
for	Harmonization	guidelines,	applicable	regulations	and	guidelines	
governing	 clinical	 study	 conduct,	 and	 ethical	 principles	 that	 have	
their	origin	in	the	Declaration	of	Helsinki.

2.2 | Transplant recipients

Adult	(≥18	years	of	age)	men	and	women	who	were	the	recipient	of	
a	kidney	from	a	living	or	deceased	donor	were	considered	eligible.	
Kidney	 transplant	 recipients	 (and	 their	 partners)	 of	 childbearing	
age	were	required	to	take	effective	measures	to	avoid	pregnancy	
and	were	not	 lactating	or	breastfeeding	 at	 screening,	 during	 the	
study	period,	and	for	90	days	after	final	study	drug	administration.	
Exclusion	criteria	included	the	following:	induction	therapy,	other	
than	basiliximab	planned	as	part	of	the	initial	immunosuppressive	
regimen;	 previous	 organ	 transplant	 other	 than	 a	 kidney;	 having	
received	 an	ABO‐incompatible	 donor	 kidney;	most	 recent	 calcu‐
lated	panel	 reactive	antibody	 level	of	>50%;	human	 immunodefi‐
ciency	virus	seropositivity;	a	positive	T	cell	or	B	cell	crossmatch	by	
the	National	 Institutes	of	Health	antiglobulin	 lymphocytotoxicity	

method,	 if	 performed;	 a	 positive	 T	 cell	 or	 B	 cell	 flow	 cytometry	
crossmatch	and	donor‐specific	anti‐human	leukocyte	antigen	(HLA)	
antibody	 detected	 by	 flow	 cytometry/Luminex®‐based	 (Luminex	
Corporation,	 Austin,	 TX),	 specific	 anti‐HLA	 antibody	 testing,	 if	
performed;	 malignancy	 or	 history	 of	 malignancy	 within	 the	 last	
5	 years	 (except	 nonmetastatic	 basal	 or	 squamous	 cell	 carcinoma	
of	the	skin	that	has	been	successfully	treated,	or	a	renal	cell	car‐
cinoma	that	had	been	successfully	treated	>2	years	prior	to	trans‐
plantation);	 significant	 liver	 disease;	 current	 (or	 within	 8	 weeks	
prior	to	transplant)	treatment	with	an	immunologic	biologic	com‐
pound;	and	previous	treatment	with	bleselumab.

2.3 | Endpoints

The	 primary	 study	 objective	 was	 to	 assess	 the	 noninferiority	 of	
bleselumab	+	MMF	or	bleselumab	+	IR‐TAC	compared	with	the	SoC	
for	the	primary	efficacy	endpoint,	which	was	the	proportion	of	kid‐
ney	transplant	recipients	with	biopsy‐proven	acute	(T	or	B	cell)	re‐
jection	 (BPAR;	Banff	 grade	≥1)	by	 local	 review	 through	6	months.	
Secondary	 efficacy	 endpoints,	 through	 6	 months,	 were	 the	 esti‐
mated	glomerular	filtration	rate	(eGFR),	kidney	transplant	recipient	
survival,	and	graft	survival.	Exploratory	efficacy	endpoints,	through	
36	months,	 included	 efficacy	 failure	 (defined	 as	 death,	 graft	 loss,	
BPAR,	or	lost	to	follow‐up),	time	to	first	BPAR,	time	to	first	clinically	
treated	BPAR,	maximum	grade	of	BPAR,	incidence	of	transplant	re‐
cipients	experiencing	multiple	 rejection	episodes,	 incidence	of	 the	
need	for	anti‐lymphocyte	antibody	therapy,	 incidence	of	anti‐HLA	
antibody	 formation,	 and	 incidence	 of	 new‐onset	 diabetes	mellitus	
after	 transplantation	 (NODAT).	 NODAT	 for	 the	 at‐risk	 population	
(patients	with	no	history	of	diabetes	mellitus)	was	defined	as	an	el‐
evated	glucose	 level	 (>126	mg/dL)	on	2	occasions	>30	days	apart,	
a	hemoglobin	A1c	>6.5%,	a	patient	who	died	and	their	last	glucose	
value	was	>126	mg/dL,	 or	 a	 patient	who	was	 lost	 to	 follow‐up	or	
discontinued	early	with	a	last	glucose	value	>126	mg/dL.	Samples	for	
the	analysis	of	the	presence	of	anti‐HLA	antibodies	were	collected	
at	screening,	day	90,	and	months	6,	8,	10,	12,	15,	18,	21,	24,	27,	30,	
33,	and	36	posttransplant.	The	allelic	specificity	of	the	anti‐HLA	an‐
tibody	was	compared	with	the	corresponding	alleles	of	the	donor.	If	
they	matched	the	donor,	then	the	recipient	was	considered	to	have	
donor‐specific	antibodies	(DSAs).

Safety	 assessments	 included	 treatment‐emergent	 adverse	
events	 (TEAEs,	 reported	 using	 the	 National	 Cancer	 Institute—
Common	 Terminology	 Criteria	 for	 Adverse	 Events	 version	 4.03	
grading	 scale)	 through	 6	 months,	 serious	 adverse	 events	 (SAEs)	
through	36	months,	vital	signs,	clinical	laboratory	tests	(hematology,	
biochemistry,	coagulation/thrombotic	pathway,	hepatic	profile,	fast‐
ing	 lipid	profile,	urinalysis,	and	pregnancy	testing),	anti‐bleselumab	
antibodies,	viral	serology,	and	viral	loads.	Details	of	the	definition	of	
specific	adverse	events	can	be	found	in	Table	S2.	A	post‐hoc	anal‐
ysis	of	peak	BK	viral	load	in	patients	in	the	safety	analysis	set	(SAF)	
was	conducted	using	an	analysis	of	variance.	Serum	and	urine	were	
collected	for	BK	viral	 load	analysis	at	days	14,	28,	56,	and	90,	and	
months	4,	5,	and	6.
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Safety	 events	were	 aggregated	 to	 describe	 clusters	 based	 on	
adverse	 events,	 laboratory	 values,	 and	 vital	 signs.	 These	 clusters	
were	 those	 commonly	 seen	 following	 transplantation	 and	 treat‐
ment	with	IR‐TAC,	MMF,	and	corticosteroids,	and	included	BK	virus	
infection	 (replicative	 infection;	 defined	 as	 quantitative	 BK	 viral	
DNA	load	in	blood	or	urine	above	the	detection	threshold	for	the	
given	laboratory's	assay),	cardiac,	cardiovascular,	cytomegalovirus,	
diarrhea,	 dyspepsia,	 gastrointestinal	 disturbances,	 gastroenteri‐
tis,	 gastrointestinal	 pain/discomfort,	 glucose	 abnormality,	 hepatic	
events,	hypertension,	lipids,	malignancy,	neurotoxicity,	opportunis‐
tic	infections,	renal	events,	respiratory	tract	infections,	upper	gas‐
trointestinal	complex,	urinary	tract	infections,	other	infections,	and	
infestations.

If	 laboratory	 testing	 showed	 a	 moderate	 hepatic	 abnormal‐
ity	 (alanine	 aminotransferase	 [ALT]	 or	 aspartate	 aminotransferase	
[AST]	>3	×	the	upper	limit	of	normal	[ULN],	or	bilirubin	>2	×	ULN),	
all	4	serum	hepatic	measures	were	to	be	repeated	(ALT,	AST,	alkaline	
phosphatase,	 and	 total	 bilirubin).	 Confirmed	hepatic	 abnormalities	
were	thoroughly	characterized	by	obtaining	appropriate	expert	con‐
sultations,	 a	 detailed	 pertinent	 history,	 physical	 examination,	 and	
laboratory	 tests.	 Treatment	 discontinuation	was	 considered	 if	 any	
of	the	following	marked	hepatic	abnormalities	occurred:	ALT	or	AST	
>8	×	ULN,	ALT	or	AST	>5	×	ULN	for	>2	weeks,	ALT	or	AST	>3	×	ULN	
and	total	bilirubin	>2	×	ULN,	or	international	normalized	ratio	>1.5	
and	ALT	or	AST	>3	×	ULN	with	the	appearance	of	fatigue,	nausea,	
vomiting,	right	upper	quadrant	pain	or	tenderness,	fever,	rash,	and/
or	eosinophilia	(>5%).	If	it	was	not	possible	to	closely	monitor	a	pa‐
tient	with	moderate	or	marked	hepatic	abnormalities,	treatment	was	
discontinued.

2.4 | Pharmacokinetics

Following	 initiation	of	 IR‐TAC	dosing	for	those	patients	 in	the	SoC	
and	bleselumab	+	 IR‐TAC	 treatment	groups,	blood	 samples	 for	 IR‐
TAC	 whole	 blood	 Ctrough	 monitoring	 were	 collected	 11‐13	 hours	
postdose	and	immediately	before	the	next	dose	on	days	1,	4,	7,	14,	
28,	42,	56,	70,	and	90,	and	then	monthly	thereafter	through	month	
36.

2.5 | Statistical analyses

Efficacy	 assessments	 were	 conducted	 using	 the	 full	 analysis	 set	
(FAS),	which	included	all	randomized	patients	who	received	at	least	
1	 dose	 of	 study	 drug	 (basiliximab,	 bleselumab,	 MMF,	 or	 IR‐TAC),	
and	 received	 a	 kidney	 transplant.	 Safety	 assessments	 were	 con‐
ducted	using	the	SAF,	which	included	all	randomized	patients	who	
received	at	least	1	dose	of	study	drug.	TEAEs	were	assessed	during	
the	6‐month	posttransplant	period,	beyond	which	only	SAEs	were	
assessed.

The	 sample	 size	 was	 estimated	 based	 on	 a	 noninferiority	
test	of	BPAR	 through	month	6	 for	 at	 least	1	of	 the	2	 treatment	
groups	 that	 received	 bleselumab,	 compared	with	 the	 SoC	 treat‐
ment	group.	BPAR	rate	at	6	months	was	assumed	to	be	12%	for	

all	 treatment	 groups	 based	 on	 previous	 data.	 The	 noninferiority	
margin	for	the	treatment	difference	was	set	at	20%,	requiring	an	
estimated	sample	size	of	42	evaluable	kidney	transplant	recipients	
per	treatment	group	to	provide	80%	power	with	a	2.5%	(1‐sided)	
level	of	significance	to	demonstrate	noninferiority	of	either	of	the	
treatment	groups	that	received	bleselumab,	vs	the	SoC	treatment	
group.	To	test	for	noninferiority	of	each	of	the	treatment	groups	
that	received	bleselumab	compared	with	the	SoC	treatment	group	
for	 the	primary	endpoint,	 a	2‐sided	95%	confidence	 interval	 (CI)	
for	the	difference	in	BPAR	rate	was	constructed	using	the	normal	
approximation.	Positive	differences	indicated	a	greater	BPAR	rate	
in	the	bleselumab	treatment	groups,	and	an	upper	confidence	limit	
of	 <20%	 indicated	 achievement	 of	 noninferiority.	 All	 remaining	
statistical	 comparisons	were	made	using	2‐sided	 tests	with	 type	
1	error	controlled	at	a	.05	significance	level	with	no	adjustments	
for	multiplicity.

For	 continuous	 variables,	 descriptive	 statistics	 included	 the	
number	of	patients,	mean,	standard	deviation,	median,	and	range.	
For	 categorical	 variables,	 incidence	 and	 percentage	 were	 dis‐
played	 for	 each	 treatment	 group.	Percentages	by	 category	were	
based	on	the	number	of	kidney	transplant	recipients	within	each	
treatment	 group.	 Analyses	 of	 treatment	 differences	 were	 con‐
ducted	using	Fisher's	exact	 test,	analysis	of	variance,	or	analysis	
of	covariance	(for	the	analysis	of	eGFR,	baseline	eGFR	at	28	days	
was	 the	 covariate).	 Calculations	 of	 eGFR	 used	 an	 abbreviated	
version	of	the	Modification	of	Diet	in	Renal	Disease	Study	equa‐
tion	 (eGFR	=	186	×	 serum	creatinine−1.154	×	 age−0.203	×	 [1.212	 if	
black]	×	[0.742	if	female]),	where	serum	creatinine	was	measured	
in	mg/dL	and	age	was	measured	 in	 integer	 years	 at	baseline.	All	
data	 processing,	 summarization,	 and	 analyses	 were	 performed	
using	SAS®	v9.3	(SAS	Institute,	Cary,	NC).

3  | RESULTS

3.1 | Patient disposition and demographics

Of	 the	 158	 patients	 who	 provided	 informed	 consent,	 149	were	
randomized	(SoC	[n	=	50];	bleselumab	+	MMF	[n	=	49];	bleselumab	
+	IR‐TAC	[n	=	50])	and	139	received	at	least	1	dose	of	study	drug	
(SAF;	Figure	2).	One	patient	in	the	SoC	treatment	group	did	not	re‐
ceive	a	transplant,	leaving	138	kidney	transplant	recipients	in	the	
FAS.	Overall,	93	(62.4%)	transplant	recipients	completed	6	months	
of	 treatment	 (SoC	 [78.0%];	 bleselumab	 +	MMF	 [44.9%];	 blesel‐
umab	+	IR‐TAC	[64.0%]),	and	60	(40.3%)	completed	36	months	of	
treatment	 (SoC	[56.0%];	bleselumab	+	MMF	[24.5%];	bleselumab	
+	 IR‐TAC	[40.0%]).	The	most	common	reason	for	discontinuation	
was	adverse	events	by	month	6	 (n	=	35:	with	n	=	2,	n	=	21,	and	
n	=	12	 in	the	SoC,	bleselumab	+	MMF,	and	bleselumab	+	 IR‐TAC	
groups,	respectively)	and	by	month	36	(n	=	52:	with	n	=	3,	n	=	28,	
and	n	=	21	in	the	SoC,	bleselumab	+	MMF,	and	bleselumab	+	IR‐
TAC	groups,	respectively).

Most	 transplant	 recipients	 (66.9%)	 were	 male,	 white	 (74.1%),	
with	a	mean	(standard	deviation	[SD])	age	of	52.1	(12.4)	years,	and	a	
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mean	(SD)	body	mass	index	of	28.8	(5.4)	kg/m2.	There	were	no	sta‐
tistically	significant	differences	between	treatment	groups	 for	any	
baseline	demographics	or	characteristics	of	kidney	transplant	recip‐
ients	or	donors	(Table	1).

3.2 | Efficacy: primary endpoint

For	the	primary	endpoint	(incidence	of	BPAR	at	month	6),	blesel‐
umab	+	IR‐TAC	was	noninferior	to	SoC	(Figure	3A);	the	BPAR	rate	
was	 6.3%	 (n	 =	 3/48)	 for	 the	 SoC	 group	 and	 9.1%	 (n	 =	 4/44)	 for	
the	 bleselumab	 +	 IR‐TAC	 group	 (difference	 2.8%;	 95%	CI	 −8.1%	
to	13.8%).	The	 incidence	of	BPAR	at	month	6	 in	 the	bleselumab	
+	MMF	group	was	37.0%	(n	=	17/46),	which	did	not	demonstrate	
noninferiority	 to	 SoC	 (difference	 30.7%;	 95%	 CI	 15.2%‐46.2%).	
Counting	those	who	were	lost	to	follow‐up	as	a	BPAR	also	resulted	

in	bleselumab	+	IR‐TAC	being	noninferior	to	SoC	at	month	6	(dif‐
ference	−5.5%;	95%	CI	−18.6%	to	7.6%;	Figure	3B).	The	bleselumab	
+	MMF	 group	 did	 not	 demonstrate	 noninferiority	 to	 SoC	 when	
counting	 those	who	were	 lost	 to	 follow‐up	 as	BPAR	at	month	6	
(difference	 26.7%;	 95%	 CI	 9.3%‐44.1%).	 The	 incidence	 of	 BPAR	
slightly	increased	through	month	36	for	all	treatment	groups,	with	
bleselumab	+	IR‐TAC	continuing	to	demonstrate	noninferiority	to	
SoC	(Figure	3C,D).

3.3 | Efficacy: secondary endpoints

At	months	6	and	36	there	were	no	statistically	significant	differ‐
ences	between	the	SoC	group	and	either	of	the	bleselumab	groups	
for	least	squares	(LS)	mean	eGFR;	however,	LS	mean	change	from	
baseline	 eGFR	was	 positive	 at	 all	 time	 points	 posttransplant	 in	

F I G U R E  2  Patient	disposition.	*The	
patient	received	a	prohibited	medication	
(thymoglobulin).	IR‐TAC,	immediate‐
release	tacrolimus;	MMF,	mycophenolate	
mofetil;	SoC,	standard	of	care
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TA B L E  1  Demographic	and	baseline	characteristics	(SAF)

 SoC (n = 49)
Bleselumab + 
MMF (n = 46)

Bleselumab + 
IR‐TAC (n = 44)

Bleselumab 
total (n = 90) P valuea

Recipient	characteristics

	Male,	n	(%) 33	(67.3) 30	(65.2) 30	(68.2) 60	(66.7) .949

	Hispanic	or	Latino,	n	(%)b 7	(14.3) 6	(13.0) 10	(22.7) 16	(17.8) .468

	Race,	n	(%)b

	White 36	(73.5) 36	(78.3) 31	(70.5) 67	(74.4) .941

	Black 10	(20.4) 9	(19.6) 11	(25.0) 20	(22.2)

	Asian 2	(4.1) 1	(2.2) 2	(4.5) 3	(3.3)

	Other 1	(2.0) 0 0 0

	Age	(y),	mean	(SD) 52.8	(11.2) 51.1	(14.7) 52.4	(11.1) 51.7	(13.0) .798

	BMI	(kg/m2),	mean	(SD) 29.2	(5.6) 28.5	(5.5) 28.6	(5.0) 28.5	(5.3) .791

	Panel	reactive	antibody,	mean	(SD) 4.1	(8.9)c 1.6	(5.0) 3.5	(8.7) 2.6	(7.1) .275

Panel	reactive	antibody	group,	n	(%)

	≤0% 35	(72.9) 37	(80.4) 31	(70.5) 68	(75.6) .337

	>0%–20% 7	(14.6) 8	(17.4) 10	(22.7) 18	(20.0)

	>20%–50% 6	(12.5) 1	(2.2) 3	(6.8) 4	(4.4)

	>50% 0 0 0 0

	Previously	received	a	transplant,	n	(%) 2	(4.2) 3	(6.5) 1	(2.3) 4	(4.4) .780

	Reason	for	ESRD,	n	(%)

	Hypertensive	nephrosclerosis 11	(22.9) 10	(21.7) 13	(29.5) 23	(25.6) .793

	Diabetes	mellitus 8	(16.7) 11	(23.9) 11	(25.0) 22	(24.4)

	IgA	nephropathy 6	(12.5) 6	(13.0) 3	(6.8) 9	(10.0)

	Polycystic	kidney	disease 5	(10.4) 3	(6.5) 6	(13.6) 9	(10.0)

	Glomerulonephritis 5	(10.4) 2	(4.3) 3	(6.8) 5	(5.6)

	Other 13	(27.1) 14	(30.4) 8	(18.2) 22	(24.4)

	Dialysis	prior	to	transplant,	n	(%) 33	(68.8) 37	(80.4) 39	(88.6) 76	(84.4) .063

Donor	characteristics

	Male,	n	(%) 28	(57.1) 23	(50.0) 21	(47.7) 44	(48.9) .667

	Race,	n	(%)

	White 43	(87.8) 37	(80.4) 38	(86.4) 75	(83.3) .775

	Black 3	(6.1) 7	(15.2) 5	(11.4) 12	(13.3)

	Asian 2	(4.1) 1	(2.2) 1	(2.3) 2	(2.2)

	Other 1	(2.0) 1	(2.2) 0 1	(1.1)

	Age	(y),	mean	(SD) 42.7	(13.0) 42.5	(12.1) 42.7	(12.3) 42.6	(12.1) .998

	BMI	(kg/m2),	mean	(SD) 27.2	(4.8) 26.1	(4.6) 26.8	(4.6) 26.4	(4.6) .535

	Source	of	current	transplant,	n	(%)

 Deceased donor 21	(42.9) 21	(45.7) 20	(45.5) 41	(45.6) .637

	Living	unrelated	donor 15	(30.6) 11	(23.9) 16	(36.4) 27	(30.0)

	Living	related	donor 12	(24.5) 14	(30.4) 8	(18.2) 22	(24.4)

	Longest	primary	organ	preservation	method,	n	(%)

	Cold	storage 45	(91.8) 43	(93.5) 39	(88.6) 82	(91.1) .392

	Pump 3	(6.1) 1	(2.2) 4	(9.1) 5	(5.6)

	Cold	ischemic	time	(h),	mean	(SD)

	Living	donors n	=	26 n	=	23 n	=	22 n	=	45 .607

2.21	(2.95) 1.64	(1.13) 1.79	(1.42) 1.7	(1.3)

 Deceased donors n	=	21 n	=	21 n	=	19 n	=	40 .316

15.90	(7.53) 18.86	(5.29) 16.66	(6.41) 17.8	(5.9)

ANCOVA,	analysis	of	covariance;	BMI,	body	mass	index;	ESRD,	end‐stage	renal	disease;	IgA,	immunoglobulin	A;	IR‐TAC,	immediate‐release	tacroli‐
mus;	MMF,	mycophenolate	mofetil;	SAF,	safety	analysis	set;	SD,	standard	deviation;	SoC,	standard	of	care.
aFisher's	exact	test	for	categorical	variables	and	1‐way	ANOVA	with	treatment	as	a	predictor	for	continuous	variables.	
bEthnicity	and	race	were	self‐reported.	
cn	=	48.	
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the	 bleselumab	 +	 IR‐TAC	 group	 (Figure	 4A).	 In	 addition,	 there	
were	 no	 statistically	 significant	 differences	 between	 the	 SoC	
group	and	either	of	the	bleselumab	groups	for	transplant	recipi‐
ent	survival	(Figure	4B)	or	graft	survival	(Figure	4C)	at	months	6	
and	36.

3.4 | Efficacy: exploratory endpoints

The	 incidence	 of	 efficacy	 failure	 by	 months	 6	 and	 36	 were	 sig‐
nificantly	greater	 in	the	bleselumab	+	MMF	treatment	group	com‐
pared	with	the	SoC	treatment	group	(month	6	P	=	.0028;	month	36	
P	=	 .0128),	and	was	similar	between	the	bleselumab	+	 IR‐TAC	and	
SoC	treatment	groups	(month	6	[P	=	1.0000];	month	36	[P	=	.6692])	
(Figure	5).

Compared	with	the	SoC	group,	the	bleselumab	+	MMF	group	
demonstrated	a	significantly	earlier	time	to	first	BPAR	(Figure	6A;	
P	 =	 .001)	 and	 time	 to	 first	 clinically	 treated	 acute	 rejection	
(Figure	6B;	P	<	.0001).	There	were	no	statistically	significant	differ‐
ences	between	the	SoC	group	and	the	bleselumab	+	IR‐TAC	group	
for	time	to	first	BPAR	(P	=	 .765)	or	time	to	first	clinically	treated	
acute	 rejection	 (P	 =	 .681).	 The	majority	 of	 BPARs	 and	 clinically	
treated	acute	rejections	occurred	within	the	first	2	months	post‐
transplant.	There	were	no	statistically	significant	differences	 for	
the	cumulative	 incidence	of	multiple	rejection	episodes	between	
either	of	the	bleselumab	treatment	groups	and	the	SoC	group	at	
month	 6	 or	 month	 36	 (Table	 S3).	 Higher	 grade	 T	 cell–mediated	

BPARs	were	more	common	 in	 the	bleselumab	+	MMF	treatment	
group	at	month	6	and	month	36	compared	with	the	SoC	treatment	
group	 (Table	S4).	There	were	minimal	differences	 in	 the	number	
and	 grade	of	 T	 cell–mediated	BPARs	between	 the	 bleselumab	+	
IR‐TAC	treatment	group	and	the	SoC	treatment	group	at	month	6	
and	month	36.

DSAs	 were	 detected	 in	 a	 total	 of	 11	 transplant	 recipients	
(Table	S5).	 In	the	SoC	treatment	group,	6	transplant	recipients	be‐
came	DSA‐positive	 after	 screening,	 4	 of	 whom	 had	 rejections.	 In	
the	 bleselumab	 +	 MMF	 treatment	 group,	 2	 transplant	 recipients	
were	 DSA‐positive	 at	 screening,	 and	 both	 had	 rejections.	 In	 the	
bleselumab	+	IR‐TAC	treatment	group,	2	transplant	recipients	were	
DSA‐positive	pre‐	and	postscreening,	and	1	was	DSA‐positive	post‐
screening;	none	of	these	3	patients	had	rejections.

In	patients	with	no	history	of	diabetes	mellitus	(SoC	[n	=	33];	ble‐
selumab	+	MMF	[n	=	25];	bleselumab	+	IR‐TAC	[n	=	23]),	there	was	no	
statistically	significant	difference	in	the	incidence	of	NODAT	between	
the	bleselumab	+	 IR‐TAC	and	SoC	 treatment	groups	 (P	 =	 .588).	The	
incidence	of	NODAT	in	the	bleselumab	+	MMF	treatment	group	was	
marginally	lower	than	in	the	SoC	treatment	group	(P	=	.067;	Table	S6).

The	 need	 for	 anti‐lymphocyte	 antibody	 therapy	 was	 signifi‐
cantly	greater	in	the	bleselumab	+	MMF	treatment	group	compared	
with	the	SoC	treatment	group	at	month	6	(P	=	.0379)	and	month	36	
(P	=	.0286;	Table	S7).	The	need	for	anti‐lymphocyte	antibody	ther‐
apy	was	not	significantly	different	between	the	bleselumab	+	IR‐TAC	
and	SoC	treatment	groups	at	month	6	and	month	36.

F I G U R E  3   Incidence	of	biopsy‐proven	
acute	rejection	(FAS).	A,	Month	6:	Not	
including	transplant	recipients	who	were	
lost	to	follow‐up.	B,	Month	6:	Including	
transplant	recipients	who	were	lost	to	
follow‐up.	C,	Month	36:	Not	including	
transplant	recipients	who	were	lost	
to	follow‐up.	D,	Month	36:	Including	
transplant	recipients	who	were	lost	to	
follow‐up.	Transplant	recipients	who	
were	lost	to	follow‐up	were	counted	as	a	
BPAR	event.	BPAR,	biopsy‐proven	acute	
rejection;	CI,	confidence	interval;	FAS,	full	
analysis	set;	IR‐TAC,	immediate‐release	
tacrolimus;	MMF,	mycophenolate	mofetil;	
SoC,	standard	of	care
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F I G U R E  4  A,	Estimated	glomerular	
filtration	rate.	B,	Patient	survival.	C,	Graft	
survival	(FAS).	CI,	confidence	interval;	
eGFR,	estimated	glomerular	filtration	rate;	
FAS,	full	analysis	set;	IR‐TAC,	immediate‐
release	tacrolimus;	MMF,	mycophenolate	
mofetil;	SoC,	standard	of	care
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3.5 | Safety

Overall,	 138	patients	 (99.3%)	 reported	at	 least	1	TEAE	during	 the	
6	months	posttransplant	(Tables	2	and	S8).	The	most	commonly	re‐
ported	TEAEs	were	procedural	pain	 (n	=	77	 [55.4%]),	 constipation	
(n	=	75	[54.0%]),	nausea	(n	=	64	[46.0%]),	hypomagnesemia	(n	=	57	

[41.0%]),	 and	 hypophosphatemia	 (n	 =	 56	 [40.3%]).	 SAEs	 were	 re‐
ported	by	108	patients	(77.7%)	during	the	36	months	posttransplant.	
The	most	commonly	reported	SAEs	were	BK	virus	infection	(n	=	16	
[11.5%]),	 acute	 renal	 failure	 (n	=	15	 [10.8%]),	 and	complications	of	
kidney	 transplant	 (n	 =	 13	 [9.4%]).	 Drug‐related	 adverse	 events	
(DRAEs)	were	 reported	by	106	patients	 (76.3%).	 The	 incidence	of	

F I G U R E  5  Efficacy	failure.	Efficacy	
failure	was	defined	as	death,	graft	loss,	
any	BPAR,	or	lost	to	follow‐up.	BPAR,	
biopsy‐proven	acute	rejection;	CI,	
confidence	interval;	IR‐TAC,	immediate‐
release	tacrolimus;	MMF,	mycophenolate	
mofetil;	SoC,	standard	of	care

F I G U R E  6  A,	Time	to	first	biopsy‐
proven	acute	rejection	(FAS).	B,	Time	to	
first	clinically	treated	acute	rejection.	
BPAR,	biopsy‐proven	acute	rejection;	
FAS,	full	analysis	set;	IR‐TAC,	immediate‐
release	tacrolimus;	MMF,	mycophenolate	
mofetil;	SoC,	standard	of	care
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TA B L E  2  Summary	of	TEAEs	(6	months	and	LTE	perioda;	SAF)

Number of patients (%) SoC (n = 49)
Bleselumab + MMF 
(n = 46)

Bleselumab + IR‐TAC 
(n = 44)

Bleselumab 
total (n = 90)

Any	TEAEs	through	month	6 48	(98.0) 46	(100) 44	(100) 90	(100)

SAEs	through	month	36 32	(65.3) 42	(91.3) 34	(77.3) 76	(84.4)

DRAEs	through	month	6 34	(69.4) 36	(78.3) 36	(81.8) 72	(80.0)

	Related	to	bleselumab NA 32	(69.6) 31	(70.5) 63	(70.0)

	Related	to	tacrolimus 29	(59.2) 3	(6.5) 32	(72.7) 35	(38.9)

	Related	to	MMF 31	(63.3) 30	(65.2) NA 30	(33.3)

	Related	to	basiliximab 7	(14.3) 19	(41.3) 9	(20.5) 28	(31.1)

TEAEs	leading	to	permanent	discontinua‐
tion	of	study	drug	through	month	6

0 22	(47.8) 15	(34.1) 37	(41.1)

Clusters	of	TEAEs	through	month	6a

	GI	disturbances 43	(87.8) 36	(78.3) 36	(81.8) 72	(80.0)

	Constipation,	nausea,	diarrhea,	vomit‐
ing,	or	dyspepsia

42	(85.7) 35	(76.1) 36	(81.8) 71	(78.9)

	Constipation,	diarrhea,	ileus,	or	
gastroenteritis

37	(75.5) 29	(63.0) 25	(56.8) 54	(60.0)

 Renal events 31	(63.3) 26	(56.5) 28	(63.6) 54	(60.0)

	Nausea,	vomiting,	dyspepsia,	gastroe‐
sophageal	reflux	disease,	dysphagia,	
gastritis,	or	Helicobacter	gastritis

31	(63.3) 22	(47.8) 24	(54.5) 46	(51.1)

	Anemia,	leukopenia,	or	neutropenia 21	(42.9) 29	(63.0) 16	(36.4) 45	(50.0)

	Opportunistic	infections 20	(40.8) 18	(39.1) 24	(54.5) 42	(46.7)

	Glucose	abnormality 27	(55.1) 24	(52.2) 17	(38.6) 41	(45.6)

	Viral	and	fungal	infections 22	(44.9) 17	(37.0) 24	(54.5) 41	(45.6)

	Neurotoxicity 18	(36.7) 16	(34.8) 12	(27.3) 28	(31.1)

	BK	infection 14	(28.6) 9	(19.6) 16	(36.4) 25	(27.8)

	Cardiac 15	(30.6) 14	(30.4) 11	(25.0) 25	(27.8)

	Hepatic	events 6	(12.2) 11	(23.9) 13	(29.5) 24	(26.7)

	Urinary	tract	infections 13	(26.5) 10	(21.7) 13	(29.5) 23	(25.6)

	Hypertension 10	(20.4) 12	(26.1) 10	(22.7) 22	(24.4)

	Diarrhea 21	(42.9) 10	(21.7) 10	(22.7) 20	(22.2)

	Upper	GI	complex 9	(18.4) 6	(13.0) 9	(20.5) 15	(16.7)

	Dyspepsia 8	(16.3) 6	(13.0) 8	(18.2) 14	(15.6)

	Abdominal	distension,	abdominal	pain,	
abdominal	pain	lower,	abdominal	
discomfort,	abdominal	pain	upper,	or	
GI	hemorrhage

9	(18.4) 9	(19.6) 4	(9.1) 13	(14.4)

	Cardiovascular 5	(10.2) 8	(17.4) 5	(11.4) 13	(14.4)

	CMV 4	(8.2) 7	(15.2) 6	(13.6) 13	(14.4)

	Respiratory	tract	infections 12	(24.5) 8	(17.4) 4	(9.1) 12	(13.3)

	Malignancy 2	(4.1) 3	(6.5) 6	(13.6) 9	(10.0)

	GI	pain/discomfort 9	(18.4) 5	(10.9) 3	(6.8) 8	(8.9)

	Lipids 5	(10.2) 5	(10.9) 3	(6.8) 8	(8.9)

	Gastroenteritis 4	(8.2) 1	(2.2) 0 1	(1.1)

CMV,	cytomegalovirus;	DRAE,	drug‐related	adverse	event;	GI,	gastrointestinal;	IR‐TAC,	immediate‐release	tacrolimus;	LTE,	long‐term	extension;	
MMF,	mycophenolate	mofetil;	NA,	not	applicable;	SAE,	serious	adverse	event;	SAF,	safety	analysis	set;	SoC,	standard	of	care;	TEAEs,	treatment‐
emergent	adverse	event.
aClusters	of	TEAEs	were	determined	based	on	the	investigator‐reported	terms	after	the	study	was	completed.	
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DRAEs	was	higher	 in	the	bleselumab	+	MMF	(n	=	36	[78.3%])	and	
bleselumab	+	 IR‐TAC	 (n	=	36	 [81.8%])	 treatment	groups	compared	
with	the	SoC	treatment	group	(n	=	34	[69.4%]).	TEAEs	led	to	treat‐
ment	discontinuation	in	37	(26.6%)	cases,	mostly	in	the	bleselumab	
+	MMF	treatment	group	(n	=	22	[47.8%];	Table	S9).	Kidney	transplant	
rejection	was	the	most	common	adverse	event	leading	to	study	dis‐
continuation	 in	 the	bleselumab	+	MMF	group	 (n	=	17/22	 [77.3%]).	
There	were	4	deaths	during	the	study:	2	in	the	bleselumab	+	MMF	
treatment	group	(1	cardiac	arrest	on	day	3	and	1	unknown	cause	on	
day	517	posttransplant)	and	2	in	the	bleselumab	+	IR‐TAC	group	(1	
case	of	sepsis	on	day	44	posttransplant,	possibly	related	to	IR‐TAC,	
and	1	unknown	cause	on	day	420	posttransplant).

After	6	months	of	treatment,	safety	events	clustered	under	the	
term	“hepatic	events”	occurred	more	commonly	 in	the	bleselumab	
+	MMF	(n	=	11	[23.9%])	and	bleselumab	+	 IR‐TAC	(n	=	13	[29.5%])	
groups	compared	with	the	SoC	treatment	group	(n	=	6	[12.2%]).	No	
patients	had	both	elevations	in	ALT	or	AST	>3	×	ULN	and	total	biliru‐
bin	>2	×	ULN.	All	patients	with	elevated	levels	of	liver	enzymes	had	
additional	liver	safety	monitoring	until	liver	function	tests	returned	
to,	or	approached,	normal	levels	(Table	3).

During	the	6	months	posttransplant,	BK	virus	infection	occurred	
more	frequently	in	the	bleselumab	+	IR‐TAC	treatment	group	(n	=	12	
[27.3%])	 compared	with	 the	 SoC	 (n	 =	 6	 [12.2%])	 and	 bleselumab	 +	
MMF	(n	=	7	[15.2%])	treatment	groups.	In	a	post‐hoc	analysis	of	peak	
BK	viral	load	in	patients	in	the	SAF,	serum	BK	viral	loads	were	signifi‐
cantly	greater	in	the	bleselumab	+	IR‐TAC	group	compared	with	the	
SoC	group	(P	=	.006),	while	there	were	no	significant	differences	be‐
tween	the	bleselumab	+	MMF	group	and	the	SoC	group.	There	were	
no	statistically	significant	differences	in	urine	BK	viral	loads	between	
either	of	the	bleselumab	groups	and	the	SoC	group.	There	were	also	
no	differences	between	the	treatment	groups	for	BK	virus–associated	
nephropathy	during	the	6	months	posttransplant	(SoC	[n	=	1	(2.0%)];	
bleselumab	+	MMF	[n	=	1	(2.2%)];	bleselumab	+	IR‐TAC	[n	=	1	(2.3%)]).

Malignancies	occurred	more	frequently	in	the	bleselumab	+	IR‐TAC	
treatment	group	(n	=	6	[13.6%])	compared	with	the	SoC	(n	=	2	[4.1%])	

and	bleselumab	+	MMF	(n	=	3	 [6.5%])	 treatment	groups;	 the	malig‐
nancies	were	 the	 following:	SoC	group	 (n	=	2),	 renal	cell	 carcinoma	
on	day	667	and	squamous	cell	carcinoma	on	day	977;	bleselumab	+	
MMF	group	(n	=	3),	basal	cell	carcinoma	on	day	831,	squamous	cell	
carcinoma	on	day	194	plus	lung	neoplasm	malignant	on	day	627,	renal	
cell	 carcinoma	on	day	43;	bleselumab	+	 IR‐TAC	group	 (n	=	6),	basal	
cell	carcinoma	plus	squamous	cell	carcinoma	of	skin	on	day	398,	basal	
cell	carcinoma	on	day	301,	polycythemia	vera	on	day	256,	non–small	
cell	 lung	 cancer	 stage	 IV	on	day	482,	 pancreatic	 carcinoma	on	day	
422,	and	squamous	cell	carcinoma	of	skin	on	day	117.	There	were	no	
events	of	posttransplant	lymphoproliferative	disorder	in	this	study.

3.6 | IR‐TAC levels

Mean	tacrolimus	dose	and	Ctrough	levels	were	similar	in	the	SoC	and	
bleselumab	 +	 IR‐TAC	 groups	 through	 day	 28,	 and	 were	 generally	
maintained	in	the	range	of	4‐11	ng/mL	(Figure	7).	In	the	bleselumab	
+	IR‐TAC	treatment	group,	a	tacrolimus	target	Ctrough	of	2‐5	ng/mL	
was	specified	from	day	31	onwards;	in	this	group,	mean	IR‐TAC	dose	
per	visit	decreased	after	day	28,	but	mean	IR‐TAC	Ctrough levels de‐
creased	slowly	and	only	reached	the	targeted	2‐5	ng/mL	at	month	4;	
this	target	level	was	then	sustained	for	the	rest	of	the	study.

4  | DISCUSSION

In	 this	 study,	 treatment	with	bleselumab	+	 IR‐TAC	demonstrated	
noninferiority	compared	with	SoC	treatment	for	the	prevention	of	
BPAR	in	kidney	transplant	recipients	at	months	6	and	36.	Treatment	
with	 bleselumab	+	MMF	did	 not	meet	 the	 noninferiority	 criteria	
when	compared	with	SoC	at	month	6	or	36,	and	demonstrated	a	
greater	incidence	of	BPAR	compared	with	bleselumab	+	IR‐TAC	at	
months	6	and	36.	Early	BPARs	did	not	appear	to	have	a	negative	
impact	on	kidney	function	or	survival,	 regardless	of	 the	grade	of	
rejection.	One	patient	in	each	of	the	bleselumab	+	IR‐TAC	and	SoC	

TA B L E  3  Potentially	clinically	significant	liver	enzymes	and	total	bilirubin	(SAF)

Number of patients (%)

SoC (n = 49)
Bleselumab + MMF 
(n = 46)

Bleselumab + IR‐TAC 
(n = 44)

Bleselumab 
total (n = 90)Parameter Criteriaa

ALT >3	×	ULNb 7/48	(14.6) 10	(21.7) 6	(13.6) 16	(17.8)

>5	×	ULNb 4/48	(8.3) 6	(13.0) 3	(6.8) 9	(10.0)

AST >3	×	ULNb 3/48	(6.3) 1	(2.2) 4	(9.1) 5	(5.6)

>5	×	ULNb 2/48	(4.2) 1	(2.2) 3	(6.8) 4	(4.4)

ALT	or	AST >3	×	ULNb 7/48	(14.6) 10	(21.7) 6	(13.6) 16	(17.8)

Total	bilirubin >2	×	ULNb 0/48 0 1	(2.3) 1	(1.1)

ALP >1.5	×	ULN 7/48	(14.6) 10	(21.7) 13	(29.5) 23	(25.6)

ALP	or	AST	and	total	
bilirubin

>3	×	ULN	and	
>2	×	ULNb

0/48 0 0 0

ALP,	alkaline	phosphatase;	ALT,	alanine	aminotransferase;	AST,	aspartate	aminotransferase;	IR‐TAC,	immediate‐release	tacrolimus;	MMF,	mycophe‐
nolate	mofetil;	SAF,	safety	analysis	set;	SoC,	standard	of	care;	ULN,	upper	limit	of	normal.
aThresholds	as	defined	by	local	laboratory	normal	ranges.	For	each	patient,	the	worst	value	among	all	postbaseline	measurements	was	used.	
bPatients	requiring	additional	liver	safety	monitoring.	
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groups	with	a	BPAR	completed	<24	months	of	the	study,	and	8	of	
19	 subjects	who	 had	 a	 BPAR	 in	 the	 bleselumab	 +	 IR‐TAC	 group	
completed	<6	months	(n	=	2)	or	between	12	and	36	months	(n	=	6)	
of	the	study.	Complete	follow‐up	of	patients	 in	the	bleselumab	+	
MMF	 group	may	 have	 shown	 an	 impact	 on	 kidney	 function	 and	
survival	in	this	group.	There	were	no	differences	in	eGFR	between	
either	 of	 the	 bleselumab	 groups	 and	 the	 SoC	 group	 at	month	 6	
or	36.	However,	there	were	patients	who	discontinued	the	study,	
notably	before	month	36	in	the	bleselumab	+	MMF	group,	meaning	
that	estimates	of	eGFR	are	subject	to	ascertainment	bias.

Overall,	bleselumab	had	a	favorable	benefit–risk	ratio,	with	few	
transplant	recipients	experiencing	TEAEs	that	are	not	commonly	ob‐
served	in	kidney	transplant	recipients	receiving	immunosuppressive	
therapies,	such	as	MMF	or	IR‐TAC.21,22	During	this	study	there	were	
no	 thromboembolic	 events	deemed	 related	 to	bleselumab,	 such	 as	
those	reported	with	other	anti‐CD40	compounds.15	Instances	of	clin‐
ically	significant	liver	enzyme	changes	did	occur,	which	is	consistent	
with	other	monoclonal	antibodies.23	The	incidence	of	DSAs	was	low,	
and	there	were	no	statistically	significant	differences	in	the	incidence	
of	NODAT	between	groups.	It	should	be	noted	that	the	definition	of	
NODAT	used	 in	 this	study	was	stringent	and	very	 inclusive,	 result‐
ing	in	a	relatively	high,	but	similar,	incidence	in	all	groups.	There	was	
a	trend	of	higher	incidences	of	some	infectious	complications,	such	
as	CMV	and	BK	virus	infections,	in	patients	treated	with	bleselumab	
vs	SoC.	A	post‐hoc	analysis	demonstrated	that	serum	BK	viral	loads	
were	significantly	greater	in	the	bleselumab	+	IR‐TAC	group	compared	
with	the	SoC	group	(P	=	.006).	These	patients	may	be	at	an	increased	
risk	of	BK	virus	nephropathy	and	may	require	a	modified	immunosup‐
pression	regimen	until	their	BK	virus	titers	are	undetectable.

To	minimize	calcineurin	inhibitor‐associated	adverse	events,	this	
study	sought	to	decrease	IR‐TAC	Ctrough	levels	to	4‐11	ng/mL	in	the	
SoC	group,	and	to	2‐5	ng/mL	in	the	bleselumab	+	IR‐TAC	group.	A	
limitation	of	this	study	was	that	the	target	IR‐TAC	Ctrough	levels	in	the	
bleselumab	+	IR‐TAC	group	were	not	achieved	until	month	4,	which	
could	 be	 attributed	 to	 the	 investigators’	 familiarity	with	 custom‐
ary	tacrolimus	doses	and	the	associated	positive	efficacy,	meaning	
that	 they	were	 hesitant	 to	 decrease	 the	 IR‐TAC	 dose	 early	 post‐
transplant.	It	is	possible	that	the	negative	effects	of	higher	IR‐TAC	

levels	 limited	 the	 identification	of	a	positive	effect	on	eGFR.	The	
achievement	of	noninferiority	of	the	bleselumab	+	IR‐TAC	regimen,	
which	utilized	low‐dose	IR‐TAC,	vs	the	SoC	regimen	for	the	preven‐
tion	of	BPAR,	provides	impetus	for	further	study.	As	the	quality	of	
transplanted	kidneys	declines	over	time	as	the	population	ages,	kid‐
neys	from	donors	with	diabetes	mellitus,	hypertension,	and	other	
illnesses	that	decrease	kidney	function	are	increasingly	being	used	
for	transplantation.	Maintenance	of	an	adequate	eGFR	by	avoiding	
the	negative	effects	of	high‐dose	calcineurin	inhibitors	could	be	key	
to	maximizing	the	duration	of	sufficient	kidney	function.

In	conclusion,	treatment	with	bleselumab	+	IR‐TAC	demonstrated	
noninferiority	compared	with	the	SoC	for	the	prevention	of	BPAR	in	
kidney	transplant	recipients	at	month	6	and	at	month	36.	The	 inci‐
dence	of	efficacy	failure	was	significantly	greater	in	the	bleselumab	+	
MMF	treatment	group	compared	with	the	SoC	treatment	group,	and	
was	similar	in	the	bleselumab	+	IR‐TAC	and	SoC	treatment	groups.
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