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Abstract
Background: The	present	study	evaluated	the	relative	survival	benefits	associ-
ated	with	enasidenib	and	current	 standard	of	care	 (SoC)	 therapies	 for	patients	
with	relapsed/refractory	(R/R)	acute	myeloid	leukemia	(AML)	and	an	isocitrate	
dehydrogenase	2	(IDH2)	mutation	who	are	ineligible	for	hematopoietic	stem	cell	
transplantation	(HSCT).
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1 	 | 	 INTRODUCTION

Acute	 myeloid	 leukemia	 (AML)	 is	 a	 rare	 hematological	
malignancy	 that	originates	 in	 the	myeloid	 line	of	hema-
topoietic	precursor	cells.1,2	Current	global	prevalence	es-
timates	range	from	approximately	0.6	to	11.0	per	100,000	
persons,	 with	 most	 cases	 occurring	 in	 older	 individuals	
(median	age	at	diagnosis:	67 years).3,4	AML	typically	pro-
gresses	rapidly,	with	an	estimated	5-	year	overall	survival	
(OS)	 of	 20%–	27%.5,6	 The	 prognosis	 is	 particularly	 poor	
among	patients	with	relapsed	or	refractory	(R/R)	disease,	
with	a	median	OS	of	3–	6 months	and	an	estimated	5-	year	
survival	of	5%–	10%.7,8

Enasidenib	 is	 a	 first-	in-	class,	 selective	 inhibitor	 of	
mutant	 isocitrate	 dehydrogenase	 2	 (IDH2)	 proteins	
that	 is	 indicated	 for	 the	 treatment	 of	 adult	 patients	
with	 R/R	 AML	 with	 an	 IDH2	 mutation	 (mIDH2+)	 in	
the	 United	 States.9–	13	 In	 the	 phase	 I/II	 AG221-	C-	001	
trial	 in	 patients	 with	 mIDH2+	 R/R	 AML,	 enasidenib	
was	 associated	 with	 prolonged	 survival	 among	 re-
sponding	 patients.14,15	 To	 date,	 no	 published	 studies	
have	directly	compared	 treatment	outcomes	 for	enas-
idenib	and	current	standard	of	care	(SoC)	therapies	in	
patients	 with	 mIDH2+	 R/R	 AML.	 The	 present	 study	
sought	to	indirectly	compare	the	relative	survival	ben-
efits	associated	with	enasidenib	and	current	SoC	thera-
pies	in	these	patients	using	propensity	score	matching	
(PSM)	analyses.

2 	 | 	 METHODS AND PATIENTS

2.1	 |	 Data sources and patient population

2.1.1	 |	 Data	sources

Data	 were	 obtained	 from	 the	 AG221-	C-	001	 trial	 of	
enasidenib	 monotherapy	 and	 the	 French	 chart	 review	
(FCR)	study	of	patients	receiving	SoC	therapies.

AG221- C- 001 trial
The	AG221-	C-	001	trial	(NCT01915498)	was	a	phase	I/II,	
multicenter,	 open-	label,	 dose	 escalation,	 and	 expansion	
trial	that	investigated	the	efficacy	and	safety	of	enasidenib	
in	 patients	 with	 advanced	 mIDH2+	 hematological	 ma-
lignancies.	The	trial	enrolled	345	patients	(280	with	R/R	
AML)	aged	≥18 years	who	were	ineligible	for	hematopoi-
etic	 stem	 cell	 transplantation	 (HSCT),	 had	 a	 baseline	
Eastern	 Cooperative	 Oncology	 Group	 (ECOG)	 perfor-
mance	 status	 score	 of	 0–	2,	 adequate	 renal	 and	 hepatic	
function,	and	a	platelet	count	of	≥20,000/µl.

The	 AG221-	C-	001	 trial	 included	 three	 phases:	 phase	
I	dose	escalation	(n = 113),	phase	I	expansion	(n = 126),	
and	phase	II	expansion	(n = 106).	Combining	the	phase	I	
and	phase	II	data	sets	produced	a	total	of	214	patients	with	
mIDH2+	R/R	AML	who	received	enasidenib	100 mg/day	
(i.e.,	the	current	indicated	dose	in	the	United	States;	phase	
I:	n = 109;	phase	II:	n = 105;	data	cutoff:	1	September	2017).

Methods: Propensity	 score	 matching	 (PSM)	 analysis	 compared	 survival	 out-
comes	observed	with	enasidenib	100 mg	daily	in	the	phase	I/II	AG221-	C-	001	trial	
and	SoC	outcomes	obtained	from	a	real-	world	chart	review	of	patients	in	France.
Results: Before	matching,	enasidenib	(n = 195)	was	associated	with	numerically	
improved	overall	survival	(OS)	relative	to	SoC	(n = 80;	hazard	ratio	[HR],	0.82;	
95%	confidence	interval	[CI],	0.61–	1.11).	After	matching	and	adjusting	for	covari-
ates	(n = 78	per	group),	mortality	risk	was	significantly	 lower	with	enasidenib	
than	with	SoC	(HR,	0.67;	95%	CI,	0.47–	0.97).	The	median	OS	was	9.26 months	
for	enasidenib	(95%	CI,	7.72–	13.24)	and	4.76 months	for	SoC	(95%	CI,	3.81–	8.21).	
Results	remained	robust	across	all	sensitivity	analyses	conducted.
Conclusions: PSM	 analyses	 indicate	 that	 enasidenib	 significantly	 prolongs	
survival	relative	to	SoC	among	patients	with	R/R	AML	and	an	IDH2	mutation	
who	are	 ineligible	 for	HSCT.	Future	prospective	studies	are	needed	to	validate	
these	findings	using	other	data	sources	and	to	assess	the	comparative	efficacy	of	
enasidenib	for	other	treatment	outcomes.
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FCR study
The	FCR	study	was	a	retrospective,	observational,	mul-
ticenter,	chart-	review	study	of	patients	treated	with	SoC	
therapies	 (n = 103).	The	 inclusion	criteria	used	 in	 the	
FCR	study	aligned	with	those	used	in	the	AG221-	C-	001	
trial	 (i.e.,	 patients	 aged	 ≥18  years	 with	 mIDH2+	 R/R	
AML),	 as	 determined	 from	 health	 records	 or	 medical	
charts.	The	chart	review	was	carried	out	at	nine	centers	
in	 France	 that	 had	 inpatient	 diagnostic	 and	 treatment	
facilities	 for	 patients	 diagnosed	 with	 AML	 between	 1	
September	 2011	 and	 30	 September	 2016,	 belonged	 to	
a	 network	 of	 oncologists	 or	 hematologists	 treating	 pa-
tients	 with	 R/R	 AML,	 had	 been	 operational	 and	 treat-
ing	patients	with	AML	for	≥24 months,	and	had	clinical	
records	available	for	review.	All	patients	identified	with	
R/R	 AML	 and	 a	 mIDH2+	 were	 screened	 for	 inclusion	
until	>100	eligible	patients	were	enrolled.

The	 SoC	 therapies	 administered	 included:	
5-	azacitidine	 (37%),	 cytarabine-	containing	 regimens	
(22%),	 ′7  +  3′	 chemotherapy	 (16%),	 methotrexate	 and	
mercaptopurine	 (1%),	mercaptopurine	 (1%),	decitabine	
(1%),	clofarabine	(1%),	best	supportive	care	(BSC;	11%),	
and	 other	 therapies	 (11%).	 Data	 were	 collected	 by	 a	
trained	 data	 reviewer	 to	 ensure	 accuracy,	 consistency,	
appropriateness,	and	completeness.	Relevant	data	were	
also	 reviewed	 by	 the	 sponsor’s	 clinical	 research	 scien-
tist	 and	 clinical	 research	 physician	 to	 ensure	 accurate	
chronology	of	patient	data,	and	to	confirm	that	defini-
tions	 of	 therapy	 lines	 and	 disease	 progression	 aligned	
with	those	used	in	the	AG221-	C-	001	trial.

Data	in	the	FCR	study	were	collected	from	the	time	
of	 initial	 AML	 diagnosis.	 Conversely,	 patients	 in	 the	
AG221-	C-	001	trial	were	enrolled	at	various	times	after	
their	 first	 diagnosis	 of	 R/R	 AML	 and	 data	 were	 only	
collected	after	enrollment;	the	date	of	enasidenib	treat-
ment	initiation	was	defined	as	the	baseline	date.	Since	
the	 FCR	 study	 was	 a	 real-	world	 evidence	 study	 and	
lacked	a	clear	date	of	treatment	initiation,	baseline	(or	
the	 time	 origin	 [T0];	 i.e.,	 the	 time	 at	 which	 a	 patient	
entered	the	study)	was	defined	as	the	initiation	date	of	
the	last	treatment	line	after	the	initial	R/R	disease	diag-
nosis	(Figure S1).	This	allowed	comparability	between	
the	 two	 study	 populations	 in	 terms	 of	 the	 number	 of	
treatment	 lines.	 For	 patients	 who	 did	 not	 receive	 any	
treatment	after	the	first	diagnosis	of	R/R	AML,	or	who	
had	missing	information	(e.g.,	no	initiation	date	of	the	
last	treatment	line	after	the	last	diagnosis	of	R/R	AML),	
T0	was	defined	as	 the	date	of	R/R	diagnosis.	Baseline	
characteristics	 of	 patients	 in	 the	 FCR	 study	 were	 as-
sessed	at	T0.	For	example,	the	patient	age	collected	in	
the	 FCR	 study	 was	 the	 age	 at	 initial	 AML	 diagnosis,	
but	was	adjusted	to	reflect	the	age	at	T0	for	the	present	
analyses.

2.2	 |	 Statistical methods

2.2.1	 |	 Propensity	score	matching

After	consultation	with	clinical	experts,	it	was	determined	
that	 the	propensity	score	 (PS)	covariates	with	 the	greatest	
impact	 on	 treatment	 response	 in	 patients	 with	 mIDH2+	
R/R	AML	were:	prior	history	of	HSCT	(yes	or	no),	age	at	
baseline	(<65 years	vs.	≥65 years),	number	of	prior	lines	of	
AML	therapy	(<2	vs.	≥2),	cytogenetic	risk	profile	(i.e.,	inter-
mediate,	poor,	or	failure/unevaluable;	as	per	International	
Working	 Group	 cytogenetic	 risk	 criteria14),	 and	 history	 of	
myelodysplastic	syndromes	(MDS;	yes	vs.	no)	(Tables	S1	and	
S2).	Details	regarding	the	calculation	of	the	PS	are	provided	
in	the	supplementary	information.	For	the	primary	analysis,	
patients	from	the	enasidenib	group	were	matched	with	pa-
tients	from	the	SoC	group	using	an	optimal	1:1	matching	al-
gorithm	based	on	the	logit	transform	of	the	PS	(LTPS)	(Figure	
S2).16	As	the	number	of	patients	in	the	SoC	group	(n = 78)	
was	 lower	 than	 the	 number	 of	 patients	 in	 the	 enasidenib	
group	(n = 195),	1:1	optimal	matching	was	considered	more	
appropriate	 than	 other	 1:1	 matching	 algorithms.17	 Other	
potential	matching	algorithms	were	evaluated	in	the	sensi-
tivity	analyses	as	described	below.	In	addition,	the	means,	
standard	deviation	(SD),	and	standardized	mean	difference	
(SMD)	of	each	covariate	were	compared	between	treatment	
groups	before	and	after	matching.18–	20

2.2.2	 |	 Primary	analysis

The	main	outcome	of	interest	was	OS,	defined	as	the	time	
from	baseline	(T0)	to	death	from	any	cause.	Kaplan–	Meier	
plots	 were	 generated	 to	 summarize	 OS	 in	 the	 two	 treat-
ment	groups.	A	robust	variance	structure	was	incorporated	
in	subsequent	analyses	to	account	for	the	use	of	PSM	meth-
ods.19,21,22	The	estimated	hazard	ratio	(HR;	and	the	corre-
sponding	 confidence	 interval	 [CI])	 for	 OS	 is	 the	 primary	
endpoint	 of	 this	 analysis.	 They	 were	 derived	 from	 Cox	
proportional	hazards	models	that	accounted	for	matching	
using	robust	variance	estimators,	where	the	time	to	death	
was	regressed	based	on	the	treatment	received.	The	appro-
priateness	of	the	proportional	hazards	assumption	neces-
sary	 for	 Cox	 proportional	 hazards	 models	 were	 assessed	
based	on	visual	inspection	of	the	Kaplan–	Meier	plots,	vis-
ual	inspection	of	the	Schoenfeld	residuals	plot,	and	a	global	
test	 for	non-	proportional	hazards	of	any	covariate	 (i.e.,	a	
two-	tailed	p	value	of	<0.05	indicated	a	violation	of	the	as-
sumption).23	 A	 Cox	 model	 with	 multivariable	 regression	
adjustments	using	covariates	identified	by	clinical	experts	
(as	mentioned	above)	was	applied.24	In	addition	to	the	HR,	
the	median	survival	time	and	survival	at	3	and	12 months	
were	reported	to	compare	OS	in	the	two	treatment	groups.
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2.2.3	 |	 Sensitivity	analyses

Sensitivity	 analyses	 were	 conducted	 to	 assess	 the	 ro-
bustness	 of	 the	 primary	 analysis	 against	 the	 choice	 of	
matching	 algorithm.	 These	 included:	 using	 alternative	
applications	 of	 PS	 (i.e.,	 full	 matching	 with	 caliper	 of	
width	equal	to	0.2	of	the	SD	of	the	LTPS,	inverse	prob-
ability	 of	 treatment	 weighting	 [IPTW],	 and	 nearest	
neighbor	 matching),	 alternate	 weighting	 approaches	
(i.e.,	average	treatment	effect	in	the	untreated,	average	
treatment	 effect	 in	 the	 treated,	 and	 average	 treatment	
effect	 in	 the	 entire	 sample),	 as	 well	 as	 analyses	 strati-
fied	 by	 matched	 pairs.25	 In	 sensitivity	 analyses	 using	
PS	 weighting	 methods	 instead	 of	 matching,	 weighted	
Cox	 models	 were	 used.	 The	 following	 sensitivity	 anal-
yses	 were	 also	 conducted:	 (1)	 adding	 ECOG	 as	 a	 sixth	
covariate	to	the	primary	analysis	and	(2)	using	optimal	
1:1	matching	based	upon	LTPS	by	treating	age	as	a	con-
tinuous	variable	 for	both	PS	estimation	and	multivari-
able	modeling	in	the	Cox	proportional	hazards	analysis.	
Additional	variables	were	not	considered	for	sensitivity	
analyses	because	of	the	missingness	of	data.

All	 statistical	 analyses	 were	 performed	 using	 R	 soft-
ware	 (version	 3.4.2;	 R	 Core	Team),	 through	 the	 applica-
tion	 of	 the	 ‘MatchIt’26	 (version	 3.0.2)	 and	 ‘optmatch’27	
(version	0.9-	11)	packages.	Statistical	significance	was	de-
fined	using	a	two-	tailed	p	value	of	<0.05,	and	all	compar-
isons	 between	 groups	 were	 reported	 with	 the	 respective	
HR	 and	 associated	 95%	 CI,	 which	 incorporated	 robust	
variance	estimators.

3 	 | 	 RESULTS

3.1	 |	 Primary analysis population

The	primary	analysis	population	included	patients	with	
mIDH2+	R/R	AML.	Notably,	 the	AG221-	C-	001	 trial	ex-
cluded	patients	for	whom	potentially	curative	anticancer	
therapy	(i.e.,	HSCT)	was	available	at	 the	time	of	enroll-
ment.	 However,	 patients	 could	 become	 eligible	 to	 un-
dergo	 HSCT	 during	 the	 course	 of	 the	 trial.	 In	 contrast,	
the	FCR	study	did	not	have	such	an	exclusion	criterion,	
given	 its	 retrospective	 and	 observational	 nature.	 To	 en-
sure	a	valid	estimate	of	comparative	efficacy	and	align-
ment	between	the	patient	populations,	the	PSM	analysis	
population	excluded	patients	who	underwent	HSCT	after	
baseline	 in	both	data	sources	(n = 19	for	 the	AG221	C-	
001	trial	and	n = 23	for	the	FCR	study).	As	the	estimation	
of	 PS	 requires	 complete	 information	 for	 all	 covariates,	
the	 primary	 analysis	 population	 excluded	 patients	 with	
missing	data	for	any	of	the	covariates	assessed.	After	the	
exclusion	of	patients	with	subsequent	HSCT	or	missing	

data,	 the	 primary	 analysis	 population	 consisted	 of	 195	
patients	treated	with	enasidenib	in	the	AG221	C-	001	trial	
and	 78	 patients	 treated	 with	 SoC	 therapies	 in	 the	 FCR	
study.

3.2	 |	 Pre- match and post- match balance 
between treatment groups

After	exclusion	of	patients	who	underwent	HSCT	after	
baseline,	 the	 pre-	match	 population	 included	 195	 pa-
tients	treated	with	enasidenib	in	the	AG221-	C-	001	trial	
and	80	patients	treated	with	SoC	therapies	in	the	FCR	
study	(Table S3).	After	matching	for	all	possible	covari-
ates	 and	 excluding	 patients	 with	 missing	 data,	 a	 total	
of	 156	 patients	 were	 included	 in	 the	 primary	 analysis	
(n = 78	for	each	treatment	group).	For	each	covariate,	
the	 SMD	 was	 compared	 before	 and	 after	 matching	 to	
determine	 if	 the	 PSM	 methods	 resulted	 in	 sufficient	
balance	between	groups	 (Table S3).	A	decrease	 in	 the	
SMD	 indicated	 an	 improved	 balance	 between	 the	 two	
groups,	 whereas	 a	 threshold	 of	 ≥0.10	 indicated	 a	 po-
tentially	 relevant	 remaining	 imbalance	 between	 the	
groups.28

3.3	 |	 Pre- matching comparison

Before	 matching,	 the	 treatment	 groups	 had	 a	 similar	
proportion	of	patients	with	prior	MDS	(enasidenib:	22%;	
SoC:	20%)	and	age	≥65 years	(enasidenib:	64%;	SoC:	62%).	
However,	considerable	differences	were	observed	for	the	
number	of	prior	treatment	lines,	prior	HSCT,	and	cytoge-
netic	 risk	 profile,	 as	 indicated	 by	 an	 SMD	 of	 ≥0.10	 for	
each	 covariate.	 Fewer	 patients	 in	 the	 enasidenib	 group	
had	 prior	 HSCT	 (enasidenib:	 14%;	 SoC:	 24%),	 and	 more	
patients	had	previously	received	≥2	prior	lines	of	therapy	
(enasidenib:	 53%;	 SoC:	 33%).	 Cytogenetic	 risk	 was	 also	
more	 unfavorable	 in	 the	 enasidenib	 group,	 with	 fewer	
intermediate-	risk	patients	(enasidenib:	49%	vs.	SoC:	84%),	
and	more	poor-	risk	patients	(enasidenib:	27%	vs.	SoC:	6%)	
or	failure/unevaluable	patients	(enasidenib:	24%	vs.	SoC:	
10%)	(Table S3).

3.4	 |	 Post- matching comparison

The	enasidenib	and	SoC	groups	were	well	balanced	after	
1:1	 optimal	 matching,	 with	 most	 SMDs	 improving	 after	
matching	(Table S3).	Density	plots	of	the	PS	estimates	pre-		
and	 post-	matching	 are	 depicted	 in	 Figure  S3.	 The	 post-	
matching	 PS	 distribution	 was	 nearly	 identical	 between	
treatment	groups.
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3.5	 |	 Primary analysis

Before	 matching,	 enasidenib	 was	 associated	 with	 nu-
merically	prolonged	OS	relative	to	SoC	(HR,	0.82;	95%	CI,	
0.61–	1.11;	Table S4).	After	matching,	enasidenib	was	as-
sociated	 with	 significantly	 prolonged	 OS	 relative	 to	 SoC	
(HR,	0.67;	95%	CI,	0.47–	0.97;	Figure 1).	The	median	OS	
was	9.26 months	for	enasidenib	(95%	CI,	7.72–	13.24)	and	
4.76 months	 for	SoC	 (95%	CI,	3.81–	8.21).	The	estimated	
3-	month	survival	rates	for	enasidenib	and	SoC	were	82%	
and	64%,	respectively,	with	estimated	12-	month	survival	
rates	of	40%	and	26%,	respectively	(Figure 2).

3.6	 |	 Sensitivity analyses

Multiple	sensitivity	analyses	were	conducted	to	assess	the	
robustness	of	the	primary	OS	analysis,	including	alterna-
tive	applications	of	PS	and	weighting	approaches,	as	well	
as	strata-	adjusted	analyses.	Across	all	analyses,	effect	esti-
mates	remained	either	numerically	or	statistically	signifi-
cantly	in	favor	of	enasidenib	(Figure 2,	Table S4).

4 	 | 	 DISCUSSION

In	the	absence	of	head-	to-	head	randomized	clinical	 trial	
data,	PSM	methods17	 can	be	used	 to	 leverage	 individual	
patient	 data	 to	 estimate	 the	 treatment	 effect	 between	
two	 interventions	 from	 separate	 studies,	 as	 shown	 in	

an	 analysis	 by	 Takahashi	 and	 colleagues.29	 In	 the	 pre-
sent	 study,	 a	 PSM	 analysis	 was	 conducted	 to	 compare	
survival	 outcomes	 for	 patients	 with	 mIDH2+	 R/R	 AML	
treated	with	enasidenib	 from	the	AG221-	C-	001	 trial	and	
SoC	therapies	from	the	FCR	study.	After	matching,	treat-
ment	with	enasidenib	was	associated	with	a	 statistically	
significant	reduction	in	mortality	risk	compared	with	SoC	
(HR,	0.67;	95%	CI,	0.47–	0.97).	The	results	remained	robust	
across	a	range	of	sensitivity	analyses	(i.e.,	with	HR	values	
ranging	from	0.46	to	0.72),	suggesting	consistent	survival	
benefits	for	enasidenib	beyond	those	provided	by	current	
SoC	therapies.	The	estimated	12-	month	probability	of	sur-
vival	 remained	 significantly	 higher	 in	 patients	 receiving	
enasidenib	 (37.3%–	47.2%)	 compared	 with	 SoC	 therapies	
(18%–	25.9%)	 through	 sensitivity	 analyses	 for	 matching,	
IPTW,	 nearest	 neighbor	 matching,	 and	 ECOG	 perfor-
mance	status	score.

Current	treatment	options	for	patients	with	R/R	AML	
are	 limited,	 and	 there	 is	 a	 substantial	 unmet	 need	 for	
effective,	 well-	tolerated	 therapies.2,30–	33	 This	 is	 the	 first	
study	conducted	to	compare	enasidenib	and	SoC	therapies	
for	the	treatment	of	patients	with	mIDH2+	R/R	AML,	and	
results	suggest	that	enasidenib	significantly	prolongs	sur-
vival	relative	to	SoC	therapies.	These	findings	provide	evi-
dence	in	support	of	enasidenib	as	an	important	treatment	
option	for	patients	with	mIDH2+	R/R	AML.

A	recent	study	by	Largeaud	and	colleagues	evaluated	
real-	world	 treatment	 outcomes	 among	 patients	 with	
mIDH2+	 R/R	 AML	 who	 received	 treatment	 before	 the	
introduction	 of	 IDH2	 inhibitors.34	 Available	 treatment	

F I G U R E  1  Kaplan–	Meier	estimate	
of	overall	survival	(OS)	for	optimal	1:1	
PS-	matched	sample	of	patients	receiving	
enasidenib	(AG221-	C-	001	trial)	and	
standard	of	care	(SoC)	(French	chart	
review	[FCR]	study)
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options	 were	 associated	 with	 similar	 survival	 rates	 to	
those	observed	in	patients	treated	with	enasidenib	in	the	
AG221-	C-	001	 trial.14,15	 However,	 it	 is	 important	 to	 note	
that	the	baseline	definition	used	in	the	study	by	Largeaud	
and	colleagues34	differed	from	the	present	analyses	of	the	
AG221-	C-	001	trial	and	the	FCR	study,	meaning	that	sur-
vival	was	not	calculated	from	the	same	line	of	therapy.	The	
use	of	 salvage	 treatment	 (including	 intensive	 treatment)	
was	excluded	from	the	present	analyses	but	was	allowed	
in	 the	Largeaud	study,34	which	may	also	have	 led	 to	 the	
improved	survival	rates.

An	estimated	12%	of	enasidenib-	treated	patients	with	
mIDH2+	 AML	 eventually	 develop	 isocitrate	 dehydroge-
nase	differentiation	syndrome	(IDH-	DS).34	The	syndrome	
is	difficult	to	diagnose,	as	it	is	not	characterized	by	a	sin-
gle	symptom	but	rather	a	collection	of	symptoms	that	can	
mimic	those	of	leukemic	progression	or	other	comorbid-
ities.	IDH-	DS	has	the	potential	to	be	life-	threatening,	but	
can	be	managed	with	appropriate	care.35	Patients	treated	
with	enasidenib	should	be	monitored	for	IDH-	DS,	to	en-
sure	prompt	diagnosis	and	subsequent	treatment.

There	are	several	potential	limitations	to	consider	when	
interpreting	 the	 findings	 of	 this	 study.	 First,	 certain	 fac-
tors	could	not	be	included	for	PS	estimation	or	subsequent	
statistical	 adjustments	 because	 of	 limited	 available	 data,	
such	as	the	duration	of	first	response.	However,	the	most	
comprehensive	 set	 of	 available	 covariates	 was	 included,	
considering	 the	 prognostic	 significance	 rankings	 of	 the	
four	 clinical	 experts	 and	 the	 availability	 of	 patient	 infor-
mation	 from	 the	 study	data	 sources.	This	 resulted	 in	 the	
majority	of	the	most	highly	ranked	prognostic	factors	being	

included	 in	 the	analyses.	Secondly,	criticisms	of	analyses	
based	 on	 PSM	 techniques,	 such	 as	 incomplete	 sampling	
from	 the	 treatment	 and	 control	 groups,	 have	 previously	
been	reported.17	To	address	 this	 limitation,	 this	 study	 in-
cluded	 a	 comprehensive	 set	 of	 sensitivity	 analyses	 using	
well-	established	PSM	methods.	In	addition	to	the	primary	
analysis,	full	matching	and	IPTW	methods	were	conducted	
so	 that	all	patients	 in	 the	pre-	match	population	could	be	
retained	for	analysis.	This	was	important,	as	 it	 is	rare	for	
the	control	group	to	include	fewer	patients	than	the	inter-
vention	group,	as	was	 the	case	 in	 this	 study.	Thirdly,	pa-
tients	with	missing	data	were	excluded	from	the	analyses	
(i.e.,	 imputations	 for	 missing	 data	 were	 not	 performed).	
However,	 none	 of	 the	 patients	 in	 the	 AG221-	C-	001	 trial	
and	only	two	patients	in	the	FCR	study	were	excluded	be-
cause	of	missing	data;	therefore,	the	impact	on	the	overall	
findings	was	likely	minimal.	Lastly,	as	is	the	case	with	any	
non-	randomized	study,	analyses	employing	multivariable	
modeling	 or	 matching	 techniques	 cannot	 adjust	 for	 un-
known	confounding	variables	 that	may	 influence	patient	
outcomes.	Of	note,	arbitrarily	defining	T0	as	the	start	of	the	
last	 treatment	 in	the	FCR	study	may	have	 influenced	OS	
in	the	SoC	group.	Future	research	adjusting	for	additional	
factors	not	captured	in	this	study	should	be	completed	to	
further	understand	how	these	variables	might	impact	clin-
ical	outcomes	among	patients	with	mIDH2+	R/R	AML.

In	conclusion,	the	present	findings	suggest	that	enas-
idenib	 offers	 greater	 survival	 benefit	 than	 SoC	 therapies	
among	 patients	 with	 mIDH2+	 R/R	 AML	 who	 are	 in-
eligible	 for	 HSCT.	 Future	 studies	 are	 needed	 to	 validate	
these	findings	using	other	data	sources,	and	to	assess	the	

F I G U R E  2  Comparison	of	overall	
survival	(OS)	as	determined	through	
various	PSM	algorithms
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comparative	 efficacy	 of	 enasidenib	 for	 other	 treatment	
outcomes.
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