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Calcineurin	inhibitor	(CNI)	therapy	after	lung	transplantation	increases	risk	of	kidney	
failure.	Early	everolimus‐based	quadruple	low	CNI	immunosuppression	may	improve	
renal	function	without	compromising	efficacy	or	safety.	A	prospective,	randomized,	
open‐label,	12‐month	multicenter	 trial	was	conducted	at	8	German	sites.	Patients	
3‐18	months	after	lung	transplantation	were	randomized	(1:1),	stratified	by	baseline	
estimated	glomerular	filtration	rate	(eGFR).	 In	the	quadruple	 low	CNI	regimen,	pa‐
tients	received	everolimus	(target	trough	level	3‐5	ng/mL)	with	reduced	CNI	(tacroli‐
mus	3‐5	ng/mL	or	cyclosporine	25‐75	ng/mL)	and	a	cell	cycle	inhibitor	plus	prednisone.	
In	the	standard	triple	CNI	regimen,	patients	received	tacrolimus	(target	trough	level	
>5	ng/mL)	or	cyclosporine	(>100	ng/mL)	and	a	cell	cycle	inhibitor	plus	prednisone.	Of	
the	180	patients	screened,	130	were	randomized:	67	in	the	quadruple	low	CNI	group	
and	63	in	the	standard	triple	CNI	group.	The	primary	endpoint	(eGFR	after	12	months)	
demonstrated	 superiority	 of	 the	 quadruple	 low	 CNI	 regimen:	 64.5	mL/min	 vs	
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1  | INTRODUCTION

The	number	of	lung	transplants	has	been	rising	steadily	over	the	past	
decades.1	Advances	in	donor	management	and	preservation	meth‐
ods	have	expanded	the	donor	pool	and,	increasingly,	elderly	patients	
with	 comorbidities	 are	 undergoing	 transplantation.1,2	 Long‐term	
outcomes,	however,	remain	inferior	compared	to	other	forms	of	solid	
organ	transplantation.	Fifty‐six	percent	of	lung	transplant	recipients	
survive	more	than	5	years,1	with	chronic	lung	allograft	dysfunction	
(CLAD)	and	infections	being	the	leading	causes	of	death.1

Lung	transplant	recipients	are	at	high	risk	of	graft	rejection,	neces‐
sitating	a	more	intensive	immunosuppressive	therapy	relative	to	other	
solid	organ	 transplants.3	Maintenance	 therapy	 typically	consists	of	a	
calcineurin	 inhibitor	 (CNI),	 a	 cell	 cycle	 inhibitor,	 and	corticosteroids.4 
Chronic	CNI	therapy,	however,	 is	frequently	associated	with	nephro‐
toxicity5	 and	 is	an	 independent	predictor	 for	a	decline	 in	glomerular	
filtration	rate	(GFR)	after	lung	transplantation.6	This	effect	is	dose	de‐
pendent.7,8	End‐stage	kidney	disease	including	the	need	for	renal	trans‐
plantation	affects	almost	5%	of	the	recipients	within	the	first	5	years.9 
End‐stage	kidney	disease	adversely	affects	mortality.	In	large	epidemi‐
ological	studies,	an	estimated	glomerular	filtration	rate	(eGFR)	<60	mL/
min per 1.73 m2	was	independently	associated	with	higher	rates	of	car‐
diovascular	 deaths,	 overall	mortality,	 and	 hospitalizations.10,11	 These	
effects	were	more	pronounced	in	patients	with	lower	GFR.

Maintaining	 immunosuppressive	 efficacy	 and	 preserving	 long‐
term	renal	function	has	prompted	interest	in	the	use	of	mammalian	
target	 of	 rapamycin	 (mTOR)	 inhibitors	 to	 minimize	 CNI	 exposure.	
Additionally,	 consistent	 with	 evidence	 from	 renal12,13	 and	 heart14 
transplantation,	the	risk	of	cytomegalovirus	(CMV)	infections	is	re‐
duced	in	lung	transplant	patients	receiving	an	mTOR	inhibitor–based	
immunosuppressive	protocol.15‐17

Everolimus	 in	 conjunction	with	 reduced‐exposure	CNI	 therapy	
maintains	 immunosuppressive	 efficacy	 in	 de	 novo	 renal,18	 liver,19 
and	heart20	transplant	patients.	 In	 lung	transplantation,	2	random‐
ized	trials	of	everolimus	with	reduced	CNI	exposure,	initiated	early	
posttransplant,	have	shown	a	lower	rate	of	acute	rejection	than	stan‐
dard	CNI‐based	triple	therapy	in	comparison	to	mycophenolic	acid	
(MPA)	formulations	without	affecting	the	incidence	of	CLAD.15,21	In	

terms	of	renal	function,	de	novo	use	of	everolimus	with	moderately	
reduced	CNI	exposure	does	not	appear	to	influence	posttransplant	
renal	 deterioration	 after	 lung	 transplantation.15,21	 In	 contrast,	 a	
moderate	improvement	in	renal	function	was	observed	in	long‐term	
thoracic	transplant	recipients,	including	lung	transplanted	patients,	
who	were	switched	to	add‐on	everolimus	with	 low‐dose	CNI	ther‐
apy	late	after	transplantation.22,23

The	aim	of	the	current	study	was	to	demonstrate	that	everolimus	
with	low	CNI	exposure	in	a	quadruple	immunosuppression	regimen	is	
superior	to	a	standard	triple	CNI	regimen	in	terms	of	renal	function,	
as	assessed	by	eGFR,	in	patients	with	impaired	kidney	function	early	
after	lung	transplantation.	The	study	included	patients	with	mild‐to‐
moderate	impairment	of	kidney	function	and	excluded	those	with	se‐
vere	impairment	in	whom	an	improvement	in	function	was	less	likely.

2  | METHODS

2.1 | Study design and conduct

The	 Efficacy	 of	 Everolimus	 in	 Combination	with	 Specific	 Standard	
Immunosuppressive	 Regimen	 Lung	 Transplant	 Recipients	
(4EVERLUNG)	study	was	performed	at	8	 lung	transplant	centers	 in	
Germany	between	February	2012	(first	patient	in)	and	January	2017	
(last	patient	out).	The	study	was	conducted	 in	accordance	with	the	
ICH	Harmonized	Tripartite	Guidelines	for	Good	Clinical	Practice	and	
the	ethical	principles	 laid	down	 in	 the	Declaration	of	Helsinki.	The	
study	protocol	was	approved	by	the	institutional	review	board	or	eth‐
ics	committee	at	each	center	and	was	registered	at	clinicaltrials.gov	
(NCT01404325).	All	patients	provided	written	informed	consent.

In	this	12‐month,	prospective,	open‐label	study,	patients	with	
mild‐to‐moderate	 renal	 dysfunction	 (eGFR	 ≥50	 and	 ≤90	mL/min	
per 1.73 m2	according	to	the	Chronic	Kidney	Disease	Epidemiology	
Collaboration	[CKD‐EPI]	formula)	were	randomized	at	3‐18	months	
after	lung	transplantation	to	a	regimen	of	everolimus	with	reduced	
CNI	 exposure	 (quadruple	 low	 CNI)	 or	 to	 standard	 CNI	 therapy	
(standard	 triple	 CNI).	 All	 patients	 in	 both	 groups	 received	 a	 cell	
cycle	 inhibitor	 and	 steroids.	 The	 study	 design	 is	 summarized	 in	
Figure	1.

54.6	mL/min	for	the	standard	triple	group	(least	squares	mean,	analysis	of	covariance; 
P	<	.001).	Key	efficacy	parameters	(biopsy‐proven	acute	rejection,	chronic	lung	allo‐
graft	dysfunction,	and	death)	and	safety	endpoints	were	similar	between	both	groups.	
Quadruple	low	CNI	immunosuppression	early	after	lung	transplantation	was	demon‐
strated	 to	 be	 efficacious	 and	 safe.	 Clinical	 trials	 registry:	 ClinicalTrials.gov	
NCT01404325.

K E Y WO RD S

clinical	research/practice,	cyclosporine	A	(CsA),	everolimus,	immunosuppressant	‐	calcineurin	
inhibitor,	immunosuppressant	‐	mechanistic	target	of	rapamycin,	immunosuppressant	‐	
mechanistic	target	of	rapamycin	(mTOR),	immunosuppression/immune	modulation,	lung	
transplantation/pulmonology,	rejection,	tacrolimus
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2.2 | Eligibility criteria

The	 study	 population	 comprised	 adults	 (>18	years)	 who	 had	 re‐
ceived	a	 lung	transplant	from	a	deceased	donor	3‐18	months	prior	
to	study	entry.	All	patients	were	required	to	have	mild‐or‐moderate	
renal	impairment,	defined	as	eGFR	≥50	and	≤90	mL/min	per	1.73	m2 
(CKD‐EPI),	prior	to	 inclusion	confirmed	by	1	measurement	prior	to	
screening	(maximum	42	days),	a	second	measurement	at	screening,	
and	a	third	measurement	at	baseline	(ie,	the	randomization	visit).	Any	
1	of	 these	3	measurements	 in	 the	 range	≥50	and	≤90	mL/min	per	
1.73 m2	qualified	patients	for	study	entry.	All	3	measurements	had	
to	be	in	the	range	≥40	and	≤100	mL/min	per	1.73	m2.

Patients	were	also	 required	 to	be	 receiving	CNI	 therapy,	a	cell	
cycle	 inhibitor,	 and	 steroids	 at	 the	 time	of	 randomization.	Key	ex‐
clusion	criteria	were	bronchiolitis	obliterans	syndrome	(BOS)	grade	
>1	 at	 time	 of	 randomization,	 ≥2	 episodes	 of	 antibody‐treated	
acute	 rejection	 or	 ≥1	 steroid‐sensitive	 episode	 of	 acute	 rejection	
in	 the	 3	months	 prior	 to	 randomization,	 urinary	 protein	 excretion	
>1	g/24	hours	at	randomization,	a	history	of	thrombotic	microangi‐
opathy,	and	significant	cytopenia,	as	per	protocol‐specified	defini‐
tions	(see	Table	S1	for	detailed	exclusion	criteria).

2.3 | Randomization and treatment

Randomization	(1:1	ratio)	was	performed	centrally.	The	randomiza‐
tion	list	was	produced	by	an	independent	statistician	not	otherwise	
involved	 in	the	study	using	a	validated	system	that	automated	the	
random	assignment	of	treatment	arms	to	randomization	numbers	in	
the	specified	ratio.	Investigators	were	notified	of	the	randomization	
group	 by	 fax.	 Randomization	was	 stratified	 by	 eGFR	 at	 the	 base‐
line	visit,	ie,	at	randomization	(40	to	60	mL/min	per	1.73	m2,	>60	to	
75	mL/min	per	1.73	m2,	and	>75	to	100	mL/min	per	1.73	m2).

In	patients	randomized	to	the	quadruple	low	CNI	regimen,	ever‐
olimus	was	 initiated	within	24	hours	after	 randomization	 to	 target	
a	 trough	 concentration	 of	 3‐5	ng/mL.	 Immediate	 reduction	 of	 the	
current	CNI	dose	by	50%	was	recommended,	to	target	a	tacrolimus	
trough	concentration	of	3‐5	ng/mL	or	a	cyclosporine	 (CsA)	 trough	
concentration	 of	 25‐75	ng/mL	 in	 conjunction	with	mycophenolate	
mofetil	(MMF,	maximum	dose	2000	mg/d)	or	enteric‐coated	myco‐
phenolate	 sodium	 (EC‐MPS,	maximum	dose	1440	mg/d)	or	 azathi‐
oprine	(2	mg/kg	with	leukocyte	count	maintained	at	5000/μL),	and	
corticosteroids	 (prednisone	 equivalent	 ≤0.15	mg/kg)	 were	 to	 be	
given	from	randomization	to	the	end	of	the	study	(Figure	1).

In	patients	randomized	to	the	standard	triple	CNI	arm,	triple	im‐
munosuppression	was	continued	as	per	center	practice,	with	either	
a	 tacrolimus	 trough	concentration	>5	ng/mL	or	a	CsA	 trough	con‐
centration	≥100	ng/mL	(≥50	ng/mL	at	2	years	posttransplant),	with	
MMF,	EC‐MPS,	or	azathioprine	without	specified	doses	and	steroids	
(prednisone	equivalent	≤0.2	mg/kg).

Prophylactic	 treatment	 for	 CMV	 was	 at	 the	 discretion	 of	 the	
investigator.	 Lifelong	 prophylactic	 treatment	 for	 Pneumocystis ca-
rinii	 pneumonia	 with	 trimethoprim/sulfamethoxazole	 was	 recom‐
mended;	aerosolized	pentamidine	or	dapsone	could	be	administered	
to	patients	unable	to	tolerate	oral	trimethoprim/sulfamethoxazole.

2.4 | Evaluation and definitions

The	 primary	 endpoint	 was	 renal	 function	 at	 month	 12	 after	 rand‐
omization,	as	assessed	by	GFR	estimated	by	the	CKD‐EPI	formula.24 
Secondary	endpoints	are	shown	in	Table	S2.	Exercise	capacity	was	as‐
sessed	by	the	6‐minute	walk	test.	Quality	of	life	was	assessed	using	
the	Short	Form	Health	Survey	(SF‐36),	where	higher	scores	on	a	scale	
of	1‐100	indicate	better	quality	of	life.	Both	were	measured	at	rand‐
omization	and	12	months	thereafter.	CLAD	was	defined	as	persistent	

F I G U R E  1  Study	design.	AZA,	azathioprine;	CNI,	calcineurin	inhibitor;	EC‐MPS,	enteric‐coated	mycophenolate	sodium;	MMF,	
mycophenolate	mofetil;	CsA,	cyclosporine;	TAC,	tacrolimus;	LTx,	lung	transplantation;	W,	week;	M,	month

Standard triple CNI
N=116

LTx
N=232

M12M9

Open label

Everolimus (3–5 ng/ml)
TAC (3–5 ng/ml) or CsA (25–50 ng/ml)
MMF, EC-MPS or AZA
Steroids

TAC (>5 ng/ml) or CsA (≥100 ng/ml)
MMF, EC-MPS or AZA
Steroids

Quadruple low CNI
N=116

M6

Time post-randomization

Randomization Control assessment

3–18
months
post-LTx

M3M1W1 W2
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decline	of	forced	expiratory	volume	in	1	second	(FEV1)	below	81%	of	
baseline.25	Acute	rejection	was	defined	as	the	presence	of	at	least	1	
symptom	(dyspnea,	fever,	or	malaise)	or	finding	(infiltrates,	decrease	
of	FEV1	≥10%	compared	to	previous	measurement,	pleural	effusion,	
biopsy	 ≥A0)	 combined	 with	 exclusion	 of	 new	 infective	 agents	 and	
reversibility	 by	 rescue	 immunosuppression.	When	 diagnosing	 acute	
rejection,	other	possible	causes	of	pulmonary	dysfunction	such	as	in‐
fections	had	to	be	excluded	and	reversibility	in	response	to	standard	
treatment	had	to	be	proven.	Biopsy‐proven	acute	rejection	(BPAR)	was	
defined	as	 acute	 rejection	with	biopsy	grade	>A0.	Treatment‐emer‐
gent	adverse	events	are	reported,	 ie,	adverse	events	that	started	at	
the	date	of	randomization	or	subsequently,	up	to	the	end	of	the	study	
period	 (excluding	events	occurring	≥7	days	after	 study	drug	discon‐
tinuation).	Where	no	new	causative	organism	was	identified	in	cases	
of	infection,	the	source	was	reported	as	“not	specified.”	CMV	infection	
as	an	adverse	event	was	defined	at	the	discretion	of	the	investigator.

2.5 | Statistical analysis

A	sample	size	of	116	randomized	patients	in	each	group,	allowing	for	
a	dropout	rate	of	20%,	was	calculated	to	have	80%	power	to	detect	
a	difference	in	mean	eGFR	of	7	mL/min	per	1.73	m2	between	groups	
at	month	12	based	on	a	SD	of	15	mL/min	per	1.73	m2	and	using	a	t 
test	with	a	5%	2‐sided	significance	level.	A	difference	of	7	mL/min	
per 1.73 m2	was	considered	appropriate	based	on	evidence	from	the	
Nordic	Certican	Trial	in	Heart	and	Lung	Transplantation	(NOCTET)	
study,22	 allowing	 for	 the	 shorter	 time	 from	 transplantation	 ex‐
pected	in	the	current	trial	compared	to	that	 in	the	NOCTET	study	
population.22	Due	to	slow	recruitment,	enrollment	was	stopped	 in	
December	2015	when	130	patients	had	been	randomized.	Post	hoc,	
the	 power	 to	 detect	 a	 between‐group	 difference	 for	 the	 primary	
endpoint	was	 calculated	 to	 be	 62%.	No	 interim	 analysis	 was	 per‐
formed	at	that	time	point.

The	 primary	 endpoint	 was	 evaluated	 using	 analysis	 of	 covari‐
ance	(ANCOVA)	with	treatment	and	center	as	factors,	and	eGFR	at	
randomization	as	covariate.	Unadjusted	values	and	adjusted	means	
(least	square	[LS]	means)	are	presented	with	2‐sided	95%	confidence	
intervals	(CIs)	and	a	2‐sided	P	value.	If	a	patient	discontinued	from	
the	 study	prematurely	 after	 randomization,	missing	data	were	 im‐
puted	via	a	multiple	imputation	procedure.	As	a	sensitivity	analysis,	
the	primary	analysis	was	repeated	(1)	with	missing	values	imputed	by	
the	 last	observation	carried	forward	 (LOCF)	method	using	the	 last	
available	postbaseline	value	and	 (2)	 in	 the	per	protocol	population	
based	on	unadjusted	values.

The	intention‐to‐treat	(ITT)	population	comprised	all	randomized	
patients	who	 received	at	 least	1	dose	of	 study	drug	and	provided	
a	 valid	 eGFR	value	 at	 randomization.	The	per	protocol	 population	
comprised	 all	 ITT	patients	without	major	 protocol	 deviations.	 The	
safety	 population	 comprised	 all	 patients	 who	 received	 at	 least	 1	
dose	 of	 study	 drug	 and	 underwent	 at	 least	 1	 postrandomization	
safety	assessment.

2.6 | Role of the funding source

The	funders	of	the	study	(Novartis	Pharma	GmbH)	contributed	to	the	
study	design	and	coordinated	data	collection,	and	reviewed	drafts	of	
the	manuscript	for	factual	accuracy.	The	corresponding	author	had	
full	access	to	all	the	data	in	the	study	and	had	final	responsibility	for	
the	decision	to	submit	for	publication.

3  | RESULTS

3.1 | Study population

Of	 the	 180	 screened	 patients,	 130	 were	 randomized	 (Figure	2).	
Sixty‐seven	 patients	 were	 randomized	 to	 the	 quadruple	 low	 CNI	

F I G U R E  2  CONSORT	diagram.	
CLAD,	chronic	lung	allograft	dysfunction;	
CNI,	calcineurin	inhibitor;	CONSORT,	
Consolidated	Standards	of	Reporting	
Trials;	eGFR,	estimated	glomerular	
filtration	rate

180 screened

130 randomized

67 quadruple low CNI 63 standard triple CNI

63 completed study
(47 on study drug)

a20 abnormal eGFR, 14 low eGFR, 4 leukopenia
b4 transplant rejection, 3 leukopenia, 10 other
c1 transplant rejection/pulmonary function decline, 2 hematological abnormality, 1 worsening of general condition

61 completed study
(57 on study drug)

20 discontinued study drug
   17 adverse eventsb

   1 abnormal laboratory value
   1 protocol violation
   1 withdrew consent

6 discontinued study drug
   4 adverse eventsc

   2 protocol violation

4 discontinued study
   3 deaths (1 CLAD, 1 septic shock, 
   1 hemorrhagic shock) 
   1 lost to follow-up

2 discontinued study
   1 death (CLAD) 
   1 protocol violation

50 not randomized
   38 unacceptable laboratory valuea

   5 intercurrent medical event
   1 consent withdrawal
   8 other reason
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group:	63	of	these	(94%)	completed	the	study	and	47	(70%)	were	still	
on	study	drug	at	the	end	of	the	study.	Of	the	63	patients	randomized	
to	standard	triple	CNI	therapy,	61	(97%)	completed	the	study,	with	
57	(90%)	remaining	on	study	drug.	All	130	randomized	patients	were	
included	 in	 the	 ITT	and	safety	populations,	while	 the	per	protocol	
population	included	89	patients	(37	quadruple	low	CNI	therapy,	52	
standard	triple	CNI	therapy).	The	most	frequent	reasons	for	exclu‐
sion	from	the	per	protocol	population	were	discontinuation	of	study	
drug	 before	 the	month	12	 visit	 (20	 quadruple	 low	CNI	 therapy,	 6	
standard	triple	CNI	therapy)	and	study	drug	exposure	outside	target	
range	on	≥2	consecutive	study	visits	(10	quadruple	low	CNI	therapy,	
3	standard	triple	CNI	therapy).

Patient	demographics	and	clinical	characteristics	at	the	time	of	
randomization	were	well	matched	between	the	2	treatment	groups	
other	than	a	slightly	higher	rate	of	hypertension	in	the	standard	tri‐
ple	CNI	arm	 (Table	1).	Prior	 to	 randomization,	13	patients	 (19%)	 in	
the	quadruple	low	CNI	group	and	16	patients	(25%)	in	the	standard	
triple	CNI	group	had	experienced	acute	rejection	before	 inclusion.	
The	median	 time	between	 transplantation	 and	 randomization	was	
10.6	months	in	the	quadruple	low	CNI	group	and	8.7	months	in	the	
standard	 triple	CNI	group.	At	 randomization,	 the	mean	 (SD)	unad‐
justed	eGFR	was	65.7	 (11.5)	mL/min	per	1.73	m2	 in	 the	quadruple	
low	CNI	group	and	67.3	(11.7)	mL/min	per	1.73	m2	 in	the	standard	
triple	CNI	group	(P	=	.437).

3.2 | Immunosuppression

In	the	quadruple	low	CNI	group,	the	mean	(SD)	everolimus	level	was	4.2	
(1.4)	ng/mL	at	month	1	and	4.3	(1.1)	ng/mL	at	month	12	(Figure	S1A).	 
The	proportion	of	patients	with	an	everolimus	concentration	below	
target	was	5%	to	15%	between	months	1	and	12	in	the	quadruple	
low	CNI	group.	In	this	group,	45	patients	were	receiving	tacrolimus	
and	22	were	receiving	CsA	at	randomization.	Mean	tacrolimus	ex‐
posure	from	month	1	to	month	12	was	5.4	(1.9)	ng/mL	at	month	12	
(Figure	S1B);	between	47%	and	56%	of	the	patients	were	within	tar‐
get	 range	and	18%−27%	of	 the	patients	exceeded	5	ng/mL	at	 any	
given	study	visit.	Mean	CsA	levels	were	within	target	range	at	most	
time	points	 in	the	quadruple	low	CNI	group	(Figure	S1C);	between	
76%	and	94%	of	the	patients	were	within	target	range	and	6%‐24%	
were	 above	 target	 range	 at	 any	 given	 study	 visit.	 The	majority	 of	
patients	(63/67	[94%])	were	receiving	MMF.	The	mean	(SD)	dose	of	
MMF	from	month	1	to	the	end	of	the	study	was	1472	(666)	mg/d,	
with	 48%	 receiving	 a	 mean	 dose	 of	 <2	g	 over	 this	 period	 in	 the	 
quadruple	group.

In	the	standard	triple	CNI	group,	45	patients	were	receiving	tacro‐
limus	and	18	patients	were	receiving	CsA	at	randomization.	The	mean	
tacrolimus	level	was	≈10	ng/mL	throughout	the	study	(Figure	S1B),	 
with	 between	 98%	 and	 100%	 of	 patients	 above	 the	 minimum	 
target	threshold	 at	 any	given	 study	visit.	 The	mean	CsA	 level	was	
≈105	ng/mL	(Figure	S1C),	with	50%‐77%	of	the	patients	above	the	
minimum	target	threshold	at	any	given	study	visit.	 In	the	standard	
triple	CNI	group,	68	patients	 (92%)	received	MMF.	The	mean	 (SD)	
dose	of	MMF	from	month	1	to	the	end	of	the	study	was	1472	(666)	

mg/d	in	the	standard	triple	group,	with	52%	of	the	patients	receiving	
a	mean	dose	of	<2	g	or	over	the	study	period.

3.3 | Renal function

The	 primary	 endpoint,	 adjusted	mean	 of	 eGFR	 at	month	 12	 pos‐
trandomization,	 was	 64.5	mL/min	 per	 1.73	m2	 (95%	CI	 59.4;	 69.6)	
in	the	quadruple	low	CNI	group	and	54.6	mL/min	per	1.73	m2	(95%	
CI	49.5;	59.7)	in	the	standard	triple	CNI	group	with	a	difference	of	
9.9	mL/min	per	1.73	m2	(95%	CI	5.3;	14.5),	P	<	.001	(LS	mean	values,	
ANCOVA).	 A	 significant	 between‐group	 difference	 was	 also	 seen	
when	the	analysis	was	confirmed	using	the	LOCF	method	or	in	the	
per	protocol	population	(Table	2).

In	the	standard	triple	CNI	group	there	was	a	gradual	decrease	in	
eGFR	over	the	12	months	after	randomization	(Figure	3).	In	contrast,	
mean	eGFR	increased	in	the	quadruple	low	CNI	group	within	the	first	
week	after	 randomization,	becoming	significantly	higher	 than	 in	 the	
standard	triple	CNI	group	by	month	1	after	randomization	and	remain‐
ing	so	thereafter	(Figure	3).	At	month	12	postrandomization,	the	mean	
(SD)	unadjusted	eGFR	was	68.6	(16.3)	mL/min	per	1.73	m2	in	the	qua‐
druple	low	CNI	group	vs	61.2	(14.3)	mL/min	per	1.73	m2	in	the	stan‐
dard	triple	CNI	group	(P	=	.006)	(LOCF).	Similar	results	were	seen	when	
eGFR	was	calculated	using	the	Modification	of	Diet	in	Renal	Disease	
or	Cockcroft‐Gault	method,	 but	 the	 between‐group	 difference	was	
nonsignificant	at	the	month	12	visit	when	eGFR	was	calculated	by	the	
cystatin	C–based	Hoek's	formula	(P	=	.184)	(Table	2,	Table	S3).

In	 a	 post	 hoc	 analysis,	 the	 primary	 endpoint	was	 calculated	 ac‐
cording	 to	 baseline	 eGFR.	 For	 patients	 with	 baseline	 eGFR	 in	 the	
range	40‐60	mL/min	per	1.73	m2,	the	between‐group	difference	was	
15.4	mL/min	per	1.73	m2	(95%	CI	5.8;	25.0)	in	favor	of	the	quadruple	
low	CNI	group	(P	=	.003);	for	patients	with	baseline	eGFR	in	the	range	
61‐75	mL/min	per	1.73	m2,	the	difference	was	6.6	mL/min	per	1.73	m2 
(95%	CI	−1.2;	14.3)	(P	=	.097);	and	for	patients	with	baseline	eGFR	in	
the	range	76‐100	mL/min	per	1.73	m2	the	difference	was	6.1	mL/min	
per 1.73 m2	(95%	CI	−3.3;	15.6)	(P	=	.194)	(LS	mean	values,	ANCOVA).

Between	baseline	and	month	12,	eGFR	improved	by	>10	mL/
min per 1.73 m2	 in	 30%	 (20/67)	 and	 3%	 (2/63)	 of	 the	 patients	
in	 the	 quadruple	 low	 CNI	 and	 standard	 triple	 CNI	 groups,	 
respectively	(P	<	.001).	The	proportion	of	patients	in	whom	eGFR	
declined	by	>10	mL/min	per	1.73	m2	was	24%	(16/67)	in	the	qua‐
druple	low	CNI	group	and	38%	(24/63)	in	the	standard	triple	CNI	
group	 (P	=	.090).	No	patient	required	renal	replacement	therapy	
during	the	study.

Mean	 (SD)	 total	protein	at	month	12	was	similar	 in	both	 treat‐
ment	groups:	66.8	(5.0)	g/L	in	the	quadruple	low	CNI	group	and	66.9	
(4.6)	 g/L	 in	 the	 standard	 triple	 CNI	 group.	 New‐onset	 proteinuria	
was	not	reported	for	patients	in	the	quadruple	low	CNI	group,	and	
for	1	patient	in	the	standard	triple	CNI	group.

3.4 | Immunosuppressive efficacy

By	 month	 12,	 10	 patients	 had	 experienced	 11	 episodes	 of	 clinically	
suspected	 acute	 rejection	 during	 treatment	 in	 each	 group	 (P	=	.811),	
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including	6	episodes	of	BPAR	(n	=	5	grade	A1,	n	=	1	grade	A2)	in	the	quad‐
ruple	low	CNI	group	and	4	episodes	of	BPAR	(all	grade	A1)	in	the	stand‐
ard	triple	CNI	group	(P	=	.670).	In	total,	45	and	41	biopsies	(P	=	.738)	were	

performed	in	the	quadruple	low	CNI	and	standard	triple	CNI	groups.	The	
majority	of	biopsy	results	(77%	in	the	quadruple	low	CNI	group,	76%	in	
the	standard	triple	CNI	group)	were	A0,	similar	in	both	groups	(P	=	.956).

TA B L E  1  Baseline	characteristics	(ITT/safety	population)

Quadruple low CNI (N = 67) Standard triple CNI (N = 63)

Age	(y),	median	[25th,	75th	quartiles] 58	[49,	61] 56	[50,	60]

Sex	(male/female),	n	(%) 40	(60)/27	(40) 41	(65)/22	(35)

Body	mass	index,	mean	±	SD 24	±	4 25	±	3

Blood	pressure	(mm	Hg),	mean	±	SD 135/80 135/80

White,	n	(%) 67	(100) 61	(97)

Concurrent	disease	at	time	of	transplantation,	n	(%)

Diabetes	mellitus 5	(7) 3	(5)

Hypertension 24	(36) 30	(48)

Primary	diagnosis,	n	(%)

COPD/emphysema 28	(42) 27	(43)

Pulmonary	fibrosis 18	(27) 18	(29)

Cystic	fibrosis 8	(12) 5	(8)

Other 13	(19) 13	(21)

eGFR	category,	n	(%)

40‐60	mL/min	per	1.73	m2 23	(34) 17	(27)

61‐75	mL/min	per	1.73	m2 29	(43) 29	(46)

76‐100	mL/min	per	1.73	m2 15	(22) 17	(27)	

eGFR	(CKD‐EPI),	mL/min	per	1.73	m2

Mean	±	SD 66	±	12 67	±	12

Median	[25th,	75th	quartiles] 64	[57,	72] 65	[58,	77]

CMV	risk	category,	n	(%)

High	(D+/R‐) 17	(25) 15	(24)

Intermediate	(D+/R+,	D‐/R+) 37	(55) 31	(49)

Low	(D‐/R‐) 13	(19)	 15	(24)	

Time	posttransplant	at	randomization,	mo

Median	[25th,	75th	quartiles]	 10.9	[6.5,	14.4] 8.7	[6.5,	12.4]

Prior	acute	rejection	episodes	n	(%) 13	(19) 16	(25)

Donor	age	(y)

Median	[25th,	75th	quartiles]	 52	[42,	60] 50	[39,	56]

Cold	ischemia	time	(h),	mean	±	SD 8.6	±	2.5 9.0	±	2.6

Transplant	procedure,	n	(%)

Unilateral	left 3	(4.5) 2	(3.2)

Unilateral	right 3	(4.5) 3	(4.8)

Bilateral 61	(91.0) 58	(92.1)

Immunosuppression,	n	(%)

Cyclosporine 22	(33) 18	(29)

Tacrolimus 45	(67) 45	(71)

Mycophenolate	mofetil 63	(94) 58	(92)

Enteric‐coated	mycophenolate	sodium 2	(3) 1	(2)

Azathioprine 2	(3) 4	(6)

Steroids	(prednisone) 67	(100) 63	(100)

CKD‐EPI,	Chronic	Kidney	Disease	Epidemiology	Collaboration;	CMV,	cytomegalovirus;	CNI,	calcineurin	inhibitor;	COPD,	chronic	obstructive	pulmo‐
nary	disease;	D,	donor;	ITT,	intention‐to‐treat;	R,	recipient;	SD,	standard	deviation.
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New‐onset	CLAD	developed	in	5	patients	(7%)	in	the	quadruple	
low	CNI	group	and	9	patients	in	the	standard	triple	CNI	group	(14%)	
by	month	12	(P	=	.197).

One	patient	in	each	group	died	due	to	CLAD	(log	rank	P	=	.897).	
Two	additional	patients	died	in	the	quadruple	low	CNI	group,	due	to	
septic	shock	(day	239)	and	hemorrhagic	shock	(day	209).	There	was	
no	difference	in	mortality	between	the	groups	(log	rank	P	=	.251).	All	
deaths	occurred	>30	days	after	study	drug	discontinuation.

3.5 | Exercise capacity and quality of life

The	mean	(SD)	distance	in	the	6‐minute	walk	test	in	the	quadruple	
low	CNI	group	and	standard	triple	CNI	groups,	respectively,	was	475	
(80)	m	vs	492	 (92)	m	at	baseline,	and	484	 (104)	m	vs	496	 (104)	at	
month	12	(P	=	.785).

At	month	12,	the	mean	(SD)	physical	component	summary	score	of	
the	SF‐36	was	47.2	(8.8)	vs	47.7	(7.1)	in	the	quadruple	low	CNI	and	stan‐
dard	triple	CNI	groups,	respectively	(P	=	.734),	while	the	mean	(SD)	men‐
tal	component	summary	score	was	49.7	(11.8)	vs	53.8	(9.1)	(P	=	.032).

3.6 | Safety

Almost	all	patients	experienced	at	least	1	adverse	event	(quadruple	low	
CNI	99%,	standard	triple	CNI	97%;	P	=	.611),	with	acne	(P	=	.002)	and	
peripheral	edema	(P	=	.027)	occurring	more	frequently	in	the	quadru‐
ple	 low	CNI	arm	 (Table	3).	Adverse	events	with	a	 suspected	 relation	
to	 study	 drug	 occurred	 in	 47	 patients	 (70%)	 in	 the	 quadruple	 low	
CNI	group	and	 in	40	patients	 (64%)	 in	the	standard	triple	CNI	group	
(P	=	.459),	with	 acne	 again	more	 frequent	 in	 the	 quadruple	 low	CNI	
group	(P	=	.009)	(Table	3).	Serious	adverse	events	were	reported	in	29	

TA B L E  2  Renal	endpoints	at	month	12	postrandomization

ANOVA analysis: eGFR (CKD‐EPI), mL/min per 
1.73 m2

Quadruple low CNI Standard triple CNI Difference

LS mean (95% CI) LS mean (95% CI) LS mean (95% CI) P value

ITT	population,	multiple	imputation 64.5	(59.4;	69.6) 54.6	(49.5;	59.7) 9.9	(5.3;	14.5) <.001

ITT	population,	LOCF 64.4	(59.1;	69.7) 55.4	(50.1;	60.7) 9.1	(4.3;	13.8) <.001

Per	protocol	populationa 72.1	(65.9;	78.2) 60.1	(55.0;	65.2) 12.0	(6.5;	17.5) <.001

Unadjusted eGFRb, mL/min per 1.73 m2 Mean (SD) Mean (SD) P value

CKD‐EPI	formula24 68.6	(16.3) 61.2	(14.3) .006

Hoek's	formula26c 60.8	(14.2) 57.5	(14.1) .184

MDRD	formula27 67.0	(14.8) 60.5	(14.4) .033

Cockcroft‐Gault	formula28 76.2	(20.6) 68.4	(17.8) .023

ANOVA,	analysis	of	variance;	CI,	confidence	interval;	CKD‐EPI,	Chronic	Kidney	Disease	Epidemiology	Collaboration;	CNI,	calcineurin	inhibitor;	eGFR,	
estimated	GFR;	ITT,	intention‐to‐treat;	LOCF,	last	observation	carried	forward;	LS,	least	squares;	MDRD,	Modification	of	Diet	in	Renal	Disease;	SD,	
standard deviation.
aQuadruple	low	CNI,	n	=	37;	standard	triple	CNI,	n	=	52.	
bLast	observation	carried	forward	(LOCF)	method.	
cHoek's	formula	calculates	GFR	=	−4.32	+	80.35/cystatin	C	(mg/L).	

F I G U R E  3  Mean	unadjusted	eGFR,	
CKD‐EPI	according	to	treatment	group	
(last	observation	carried	forward	method).	
Vertical	bars	indicate	standard	deviation.	
BL,	baseline;	CKD‐EPI,	Chronic	Kidney	
Disease	Epidemiology	Collaboration;	CNI,	
calcineurin	inhibitor;	eGFR,	estimated	
glomerular	filtration	rate;	D,	day;	M,	
month
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quadruple	low	CNI	patients	and	22	standard	triple	CNI	patients	(43%	vs	
35%,	P	=	.372),	the	most	common	being	decreased	FEV	(quadruple	low	
CNI	13%,	standard	triple	CNI	8%;	P	=	.400).	No	serious	adverse	event	
showed	a	significantly	different	incidence	between	treatment	groups.

Adverse	events	led	to	study	drug	discontinuation	in	17	patients	(25%)	
in	the	quadruple	low	CNI	group	(graft	rejection	4,	leukopenia	3,	and	1	
case	 each	 of	 various	 other	 adverse	 events	 including	 abdominal	 pain,	
acne,	CMV	infection,	chest	pain,	and	decline	in	graft	function).	No	pa‐
tient	who	continued	the	standard	triple	CNI	regimen	after	randomization	
stopped	the	study	drug	due	to	adverse	events	 (P	<	.001	vs	quadruple	
low	CNI	therapy).	Adverse	events	led	to	dose	adjustment	or	temporary	
interruption	of	study	drug	in	28	patients	(41.8%)	in	the	quadruple	low	
CNI	group	and	29	patients	(46.0%)	in	the	standard	triple	group.

Infectious	episodes	occurred	 in	44	patients	 in	the	quadruple	 low	
CNI	group	 (66%)	and	 in	46	patients	 (73%)	 in	 the	standard	triple	CNI	
group.	Of	the	153	infectious	episodes	reported,	the	source	organism	
was	determined	in	79	cases,	the	most	frequent	being	viral	 infections	
(Table	3).	The	most	commonly	reported	infections	were	nasopharyngitis	

(25%	and	27%	of	the	patients	in	the	quadruple	low	CNI	group	and	stan‐
dard	 triple	CNI	groups,	 respectively),	CMV	 infection	 (15%	and	22%),	
respiratory	tract	infection	(13%	and	13%),	pneumonia	(8%	and	5%),	and	
urinary	tract	infection	(6%	and	5%).	CMV	was	reported	as	a	serious	ad‐
verse	event	in	1	patient	in	the	quadruple	low	CNI	group	and	in	3	pa‐
tients	in	the	standard	triple	CNI	group,	while	pneumonia	was	reported	
as	a	serious	adverse	event	in	3	patients	in	each	group.	BK	virus	infec‐
tion	was	newly	detected	in	1	patient	in	the	standard	triple	CNI	group	
and	no	patient	in	the	quadruple	low	CNI	group.

There	were	more	new	or	prolonged	hospitalization	episodes	 in	
the	quadruple	 low	CNI	group,	but	 these	occurred	 in	a	comparable	
proportion	of	patients	in	both	groups	(Table	3).

4  | DISCUSSION

In	 this	 randomized	 trial,	 renal	 function	 at	 1	year	was	 significantly	
higher	in	maintenance	lung	transplant	patients	who	were	converted	

Quadruple low CNI 
(n = 67)

Standard triple CNI 
(n = 63) P value

Any	adverse	event,	n	(%) 66	(99) 61	(97) .611

Any	adverse	event	with	a	suspected	
relation	to	study	drug,	n	(%)

47	(70) 40	(64) .459

Any	serious	adverse	event,	n	(%) 29	(43) 22	(35) .372

Any	fatal	serious	adverse	event,	n	(%) 0 0 —

Any	adverse	event	leading	to	study	
drug	discontinuation,	n	(%)

17	(25) 0	(0) <.001

Any	adverse	event	requiring	dose	
adjustment,	n	(%)

24	(36) 35	(56) .034

Selected	adverse	events	occurring	in	≥5%	of	patients	in	either	treatment	group,	n	(%)	

Leukopenia	 15	(22) 20	(32) .242

Nasopharyngitis 17	(25) 17	(27) .845

Peripheral	edema 22	(33) 10	(16) .027

Decreased	FEV1 15	(22) 13	(21) .834

Acne 12 1 .002

CMV	infection	 10	(15) 14	(22) .367

Diarrhea	 9	(13) 12	(19) .477

Nausea	 9	(13) 10	(16) .805

Respiratory	tract	infection 9	(13) 8	(13) 1.000

Infections	–	no.	of	events

Specified 41	 38 —

Not	specified	 33 41	 —

Bacterial	infection 14	 9 —

Viral	infection 21 28 —

Fungal	infection 6 1 —

(Prolonged)	hospitalization	–	no.	of	
events,	n

91 65 .520

(Prolonged)	hospitalization	–	no.	of	
patients	with	events	(%)

24	(36)	 19	(30)	 .577

CMV,	cytomegalovirus;	CNI,	calcineurin	inhibitor;	FEV1,	forced	expiratory	volume	in	1	second.

TA B L E  3  Adverse	events,	infections,	
and	hospitalizations	(safety	population)
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early	 to	 a	 quadruple	 protocol	 containing	 everolimus	with	 reduced	
CNI	compared	to	a	standard‐dose	CNI‐based	regimen,	while	immu‐
nosuppressive	efficacy	was	maintained.

An	 epidemiological	 study	 of	 >1.2	million	 patients	with	 a	mean	
age	of	52	years	has	demonstrated	impaired	survival	in	patients	with	
eGFR	 lower	 than	 60	mL/min	 per	 1.73	m2	 with	 an	 adjusted	 hazard	
ratio	of	1.2.	This	effect	was	related	not	only	to	cardiovascular	death	
but	also	to	hospitalizations,	and	was	more	pronounced	in	advanced	
renal	insufficiency	with	a	hazard	ratio	of	3.2	for	patients	with	eGFR	
between	 15	 and	 29	mL/min	 per	 1.73	m2.10	While	 chronic	 lung	 al‐
lograft	dysfunction	and	infections	are	the	main	causes	of	death	after	
lung	 transplantation,	 improved	 survival	 in	 recent	 years	 has	meant	
that	 late	 death	 due	 to	 cardiovascular	 comorbidities	 is	 becoming	
more	important.	Although	the	4EVERLUNG	study	was	not	powered	
to	detect	survival	differences	or	the	incidence	of	end‐stage	kidney	
disease,	the	difference	in	kidney	function	based	on	these	large	epide‐
miological	studies	may	be	regarded	as	clinically	significant.

The	study	selectively	 recruited	patients	with	mild‐or‐moderate	
renal	dysfunction,	since	the	potential	to	improve	renal	function	was	
considered	necessary	to	justify	conversion	to	the	quadruple	regimen.	
The	most	marked	benefit,	however,	was	observed	in	the	subpopu‐
lation	with	baseline	eGFR	in	the	range	40‐60	mL/min	per	1.73	m2. 
Most	previous	randomized	trials	of	everolimus	with	reduced	CNI	ex‐
posure	initiated	early	after	lung	transplantation	did	not	specify	cri‐
teria	for	renal	function	at	study	entry,	and	no	advantage	for	kidney	
function	was	noted	 for	 everolimus‐based	 immunosuppression.15,21 
In	the	randomized	NOCTET	study,	a	small	improvement	in	measured	
GFR	using	everolimus	with	reduced	CNI	was	observed	after	1	and	
2	years	 in	 long‐term	 thoracic	 transplant	 patients.22,23	 In	 that	 trial,	
patients	were	 required	 to	 have	 a	minimal	 baseline	measured	GFR	
of	20	mL/min,	and	the	mean	baseline	eGFR	was	only	43	mL/min	per	
1.73 m2	 in	 the	 cohort	 of	 lung	 transplant	 recipients22 compared to 
65	mL/min	per	1.73	m2	in	the	quadruple	low	CNI	cohort	of	our	study.	
In	 the	 current	 trial	 the	quadruple	 low	CNI	patients	were	 included	
much	earlier,	 at	an	average	of	10.8	months	after	 lung	 transplanta‐
tion,	 in	 contrast	 to	 52	months	 in	 the	 NOCTET	 trial.	 This	 window	
seems	appropriate	to	minimize	the	time‐dependent	development	of	
irreversible	CNI‐related	kidney	damage.29

The	everolimus	target	range	(3‐5	ng/mL)	in	the	4EVERLUNG	trial	
was	 lower	 than	 in	other	 recent	 trials	of	 lung	 transplant	 recipients,	
most	of	which	used	a	range	of	3‐8	ng/mL.15,22	In	contrast	to	all	but	
the	NOCTET	study,	the	everolimus	group	received	quadruple	ther‐
apy,	including	a	cell	cycle	inhibitor	(almost	always	MMF)	and	steroids	
to	ensure	immunosuppressive	efficacy	with	reduced	CNI	exposure	
with	limited	side	effects.	This	was	confirmed	by	the	fact	that	adverse	
events	 were	 similar	 to	 those	 with	 standard	 triple	 therapy	 within	
12	months	of	treatment.

The	 incidence	and	 severity	of	 acute	 rejection	 showed	no	 rele‐
vant	differences	between	treatment	groups	in	our	trial.	Numerically,	
more	patients	in	the	standard	triple	CNI	group	developed	new‐onset	
CLAD	by	12	months	than	in	the	quadruple	low	CNI	group,	but	the	
study	was	 not	 powered	 for	 this	 endpoint.	 Published	 evidence	 re‐
garding	the	effect	of	everolimus‐based	therapy	on	the	risk	of	CLAD	

has	not	shown	a	clear	benefit.	Two	recent	randomized	trials	did	not	
observe	an	overall	reduction	in	CLAD	among	patients	who	remained	
on	 everolimus	 therapy	 for	 up	 to	3	years	 compared	 to	 those	 given	
mycophenolate,15,21	although	1	of	the	studies	reported	a	lower	inci‐
dence	of	CLAD	for	everolimus	vs	MMF	in	a	per	protocol	analysis.15

We	did	not	detect	signals	of	overimmunosuppression	with	regard	
to	infections	within	the	1‐year	time	frame	of	this	trial.	In	contrast	to	
all	other	trials	of	everolimus	in	lung	transplantation,15,22,30	the	rates	
of	adverse	events	or	serious	adverse	events	were	similar	between	
treatment	groups	 in	 the	4EVERLUNG	study.	Use	of	 the	quadruple	
protocol	also	had	the	potential	to	increase	specific	side	effects.	The	
known	hematological	effects	of	MPA31,32	may	have	promoted	leuko‐
penia	and	other	hematological	abnormalities,	although	MMF	doses	
were	not	different	between	treatment	arms.	Differences	in	the	pat‐
tern	of	adverse	events	(for	example,	the	higher	rates	of	peripheral	
edema	and	acne)	may	have	accounted	for	the	small	but	significant	
reduction	in	the	SF‐36	mental	component	summary	score	in	patients	
randomized	to	the	quadruple	therapy	group.

There	were	numerically	fewer	cases	of	CMV	infection	in	the	qua‐
druple	low	CNI	arm,	compatible	with	significantly	fewer	CMV	infec‐
tions	in	2	randomized	everolimus	trials.15,21	Discontinuation	due	to	
adverse	events	was	more	frequent	in	the	quadruple	low	CNI	group.	
Only	2	adverse	events	(graft	rejection	and	leukopenia)	led	to	discon‐
tinuation	 in	more	than	1	patient.	Given	the	fact	 that	overall	 rejec‐
tions	and	leukopenia	were	not	different	between	groups,	there	was	
no	clear	pattern	of	everolimus‐related	events	leading	to	a	change	in	
regimen.	 It	 seems	possible	 that	 in	 this	open‐label	 study	 there	was	
a	 tendency	 to	 revert	 to	 standard	 therapy	 rather	 than	 to	 try	 and	
manage	side	effects	under	the	novel	everolimus‐based	regimen.	In	
other	recent	randomized	trials	of	immunosuppression	following	lung	
transplantation,	the	proportion	of	patients	not	on	study	treatment	
after	3	years	has	ranged	from	35%	to	55%.15,21,33	The	29%	rate	of	
discontinuation	of	the	quadruple	regimen	in	the	1‐year	4EVERLUNG	
study	was	comparable	to	these	numbers,	and	reflects	the	limitation	
of	open‐label	studies	and	the	tendency	of	investigators	towards	re‐
verting	to	conventional	treatment	when	adverse	events	occur.

The	sample	size	was	smaller	than	planned.	Slow	recruitment	re‐
quired	early	termination	of	recruitment,	such	that	the	expected	pop‐
ulation	of	232	patients	was	not	achieved	and	a	post	hoc	calculation	
indicated	that	the	randomized	population	of	130	offered	only	62%	
power	to	detect	a	significant	between‐group	difference	 in	the	pri‐
mary	endpoint.	Additionally,	certain	limitations	in	terms	of	the	study	
design	 and	 implementation	 should	 be	 considered.	 First,	 like	most	
randomized	trials	of	immunosuppression	in	solid	organ	transplant	re‐
cipients,	it	was	an	open‐label	study.	This	is	explained	by	the	fact	that	
most	 immunosuppressants	 (including	everolimus)	 are	narrow	 ther‐
apeutic	 index	 drugs,	 and	 an	 open‐label	 trial	 permitted	 concentra‐
tion‐controlled	dosing	of	the	study	drugs.	Second,	tacrolimus	levels	
were	slightly	above	target	in	the	quadruple	arm,	which	might	have	
underscored	the	renal	protective	effect	in	the	quadruple	low	group.	
Third,	 direct	measurement	of	GFR	 is	 ideal	 but	 challenging	 in	daily	
practice,	so	GFR	was	estimated	using	the	CKD‐EPI	equation,	which	
is	 considered	 appropriate	 in	 the	 setting	 of	 lung	 transplantation.34 
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GFR	formulae	for	estimation	may	have	limitations	in	overweight	or	
underweight	 patients.	 Lastly,	 it	 should	 be	 stressed	 that	 the	 study	
selected	patients	with	baseline	eGFR	in	the	range	50‐90	mL/min	per	
1.73 m2,	and	who	were	3‐18	months	posttransplant,	and	these	find‐
ings	cannot	necessarily	be	extrapolated	to	other	types	of	patients.

In	 conclusion,	 despite	 being	 underpowered,	 this	 randomized	
trial	 demonstrated	 that	 renal	 function	 in	 lung	 transplant	 patients	
was	significantly	higher	1	year	after	early	conversion	to	everolimus	
with	reduced	CNI	exposure	than	with	standard	triple	CNI	therapy.	
Immunosuppressive	efficacy	was	comparable	using	these	regimens,	
both	of	which	included	MPA	(or	azathioprine)	and	steroids.	Based	on	
these	findings,	 introduction	of	everolimus	to	support	reduced	CNI	
exposure	can	be	considered	in	lung	transplant	patients	with	mild‐to‐
moderate	renal	dysfunction.
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