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Abstract
Purpose: To determine the optimal maturation method to increase the yield of mature 
oocytes,	especially	 for	cancer	patients	with	 fewer	chances	of	 fertility	preservation	
(FP) before gonadotoxic therapy.
Methods: A	total	of	373	cycles	in	293	patients	undergoing	controlled	ovarian	stimula-
tion	(COS)	for	FP	using	a	gonadotropin-	releasing	hormone	(GnRH)	antagonist	protocol	
were enrolled. The control group (n = 225) received 250 µg of recombinant human 
chorionic gonadotropin (rhCG) while the study group (n =	148)	 received	250	µg of 
rhCG and 0.2 mg of triptorelin for triggering. Subgroup analyses were performed for 
stimulation	 cycles	 with	 diminished	 ovarian	 reserve	 (DOR;	 anti-	Müllerian	 hormone	
(AMH)	levels	<1.1	ng/ml,	n =	86),	with	endometrioma	(n =	104),	or	with	breast	cancer	
and endometrial cancer using 5 mg of letrozole during the COS cycles (n =	84).
Results: There was no significant difference in the baseline characteristics or the 
number of total and mature oocytes between the two groups. Subgroup analyses 
for	women	with	 endometrioma	or	DOR	 showed	 similar	 results.	However,	 the	dual	
trigger group had a significantly higher number of mature oocytes than the rhCG trig-
ger group in breast and endometrial cancer patients using letrozole during the COS 
cycles	(6.9	±	6.0	vs.	4.6	±	3.6,	p = 0.034). The maturation rate was higher in the dual 
trigger	group,	although	the	difference	was	not	statistically	significant	(59.3	±	26.7	vs.	
50.0 ±	28.0,	p = 0.124).
Conclusions: Dual triggering can be an efficient maturation method to maximize the 
yield	 of	 mature	 oocytes	 in	 breast	 or	 endometrial	 cancer	 patients	 using	 letrozole-	
combined GnRH antagonist protocol for FP.
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1  |  INTRODUC TION

According	to	the	national	cancer	statistics	from	Korea	in	2016,	breast	
cancer	ranked	first	in	the	prevalence	of	female	cancers.	Endometrial,	
ovarian,	 and	 cervical	 cancers,	 all	 of	 which	 threaten	 female	 fertil-
ity,	were	also	ranked	in	the	top	ten.1	 In	2021,	the	National	Cancer	
Institute	reported	a	5-	year	survival	rate	of	50%–	90%	for	these	can-
cer	 patients,	 and	 the	 number	 of	 cancer	 survivors	 of	 reproductive	
age is increasing.2	As	the	marriage	age	is	delayed,	pregnancy	is	at-
tempted	while	the	ovarian	function	is	deteriorating.	Furthermore,	as	
the prevalence of diseases that impair ovarian function such as en-
dometrioma	has	increased,	fertility	preservation	(FP)	has	become	a	
necessity.3	For	this	reason,	the	search	for	patient-	oriented	FP	meth-
ods and optimal controlled ovarian stimulation (COS) protocols are 
crucial for the field of FP.

Fertility in women can be preserved either by embryo or oocyte 
cryopreservation. Controlled ovarian stimulation in FP is performed 
in	a	similar	manner	as	in	vitro	fertilization	(IVF),	wherein	both	meth-
ods	 aim	 to	 acquire	 oocytes.	When	FP	 is	 considered	 in	 cancer	 pa-
tients,	they	often	deal	with	problems	that	are	different	from	those	
of infertile patients. These patients usually have only one chance 
for	FP	before	gonadotoxic	treatment,	making	it	necessary	to	obtain	
as many oocytes and mature oocytes as possible in this attempt. 
Patients with benign disease have more opportunities of FP than 
cancer	patients.	Even	so,	there	are	limitations	in	the	number	of	oo-
cyte	collections	or	acquisitions	due	to	factors	such	as	surgery,	age,	
and costs.

To	 induce	 final	 oocyte	maturation	 in	COS	 cycles,	 recombinant	
human chorionic gonadotropin (rhCG) that mimics the luteinizing 
hormone	 (LH)	 surge	 should	 be	 administered	 34–	36	 h	 before	 oo-
cyte	retrieval.	However,	many	studies	have	suggested	the	use	of	a	
gonadotropin-	releasing	hormone	agonist	(GnRHa)	for	oocyte	matu-
ration	due	to	the	long	half-	life	and	continuous	luteotrophic	activity	
of	rhCG,	which	could	increase	the	risk	of	ovarian	hyperstimulation	
syndrome (OHSS).4,5 It has been reported that when using a GnRHa 
trigger,	metaphase	II	oocytes	yielded	similar	or	better	results	com-
pared to when rhCG is used.6,7	 However,	 in	 the	 case	 of	 embryo	
transfer	(ET)	after	GnRHa	trigger,	impaired	luteal	function	can	lower	
the	 pregnancy	 and	 live	 birth	 rates,	 while	 the	 abortion	 rate	 is	 in-
creased.5,8,9 The disadvantage of the GnRHa trigger is that it cannot 
be used in the luteal long protocol that is already suppressed with 
GnRHa.	However,	patients	undergoing	FP	are	free	from	sequential	
ET	 because	 they	 are	 expected	 to	 become	 pregnant	 several	 years	
after	treatment	of	the	primary	diseases.	At	present,	the	most	crucial	
aspect for these patients is to obtain as many mature oocytes as 
possible.

Several studies have described the benefits of dual trigger in 
IVF/intracytoplasmic	 sperm	 injection–	embryo	 transfer	 (ICSI-	ET)	
cycles. The effect of dual trigger is seen not only in normal re-
sponders,	 but	 also	 in	 patients	 with	 diminished	 ovarian	 reserve	
(DOR)	and	a	poor	ovarian	response	(POR),	in	patients	with	many	
immature	 oocytes	 in	 the	 previous	 cycle,	 and	 in	 patients	 with	
suboptimal	 responses	 to	 GnRHa-		 or	 rhCG-	only	 triggers	 in	 the	

previous cycles.10–	17	 Concerning	 the	 oocyte	 acquisition	 index,	
Zhang et al.10	 reported	 that	 the	number	of	mature	oocytes,	 the	
ratio	 of	 mature	 oocytes,	 and	 the	 rate	 of	 oocytes	 recovered	 in-
creased with dual trigger compared with the standard rhCG trig-
ger	 in	 poor	 responders	who	met	 the	Bologna	 criteria.	 Recently,	
similar results were reported by using dual trigger in normal re-
sponders.18,19 The ratio of mature oocytes increased when dual 
trigger was performed in the following cycle in patients who had 
an	immature	oocyte	ratio	exceeding	25%	or	50%	in	the	previous	
cycle	(75%	vs.	35%	or,	79.6%	vs.	43.6%,	respectively).13,20 Castillo 
et al.14 reported a case that reached final follicular maturation and 
succeeded in live birth using the dual trigger method in women 
with repeated immature oocytes and empty follicle syndrome. 
Considering	the	results	of	infertile	patients,	better	COS	outcomes	
could	be	obtained	 in	patients	for	FP;	however,	 few	studies	have	
been reported.

To	the	best	of	our	knowledge,	unlike	in	the	general	IVF	protocol,	
there have been no studies reporting the efficacy of dual trigger for 
final	oocyte	maturation	 in	patients	with	endometrioma,	and	espe-
cially in patients with breast or endometrial cancer using aromatase 
inhibitors.

In	this	study,	we	verified	the	effectiveness	of	dual	trigger	(rhCG	
combined with GnRHa) in final oocyte maturation compared with 
the standard rhCG trigger in women undergoing oocyte or em-
bryo cryopreservation for FP. Subgroup analyses of patients with 
DOR or endometrioma or of those using aromatase inhibitors were 
performed to explore specific groups that could benefit from dual 
trigger.	Therefore,	this	study	aimed	to	establish	a	protocol	that	 in-
creases the yield of whole and/or mature oocytes in a limited num-
ber of COS cycles.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

This retrospective study analyzed patients with GnRH antago-
nist	 cycles	 between	May	 2010	 and	 February	 2021	 at	 the	 Seoul	
National	 University	 Bundang	 Hospital	 (SNUBH).	 All	 informa-
tion was obtained from electronic medical records. The institu-
tional	review	board	(IRB)	of	SNUBH	approved	the	study	(IRB	No.	
B-	2006/616-	110).

2.2  |  Subjects

All	 patients	 for	whom	COS	 cycles	were	 attempted	 for	 oocyte	 re-
trieval for FP were enrolled without age limitation. For final oocyte 
maturation,	the	groups	receiving	rhCG	alone	or	rhCG	with	GnRHa	
were selected as the physician's preference. Diminished ovarian 
reserve	was	defined	as	 an	anti-	Müllerian	 (AMH)	hormone	 level	of	
<1.1 ng/ml within 1 year of the start of the cycle. In the case of 
embryo	cryopreservation,	procedural	outcomes	up	to	 final	oocyte	
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acquisition were analyzed. The exclusion criteria were cycles trig-
gered	by	urinary	hCG,	GnRHa,	a	double	dose	of	rhCG,	and	GnRHa	
plus a half dose of rhCG and natural cycles. Cases that were discon-
tinued	in	the	middle	of	the	procedure,	those	with	no	oocyte	retrieval	
cycles,	those	with	no	record	of	gonadotropin	use,	and	those	using	
other	supplements,	such	as	clomiphene	citrate	or	growth	hormones	
with	gonadotropin,	were	also	excluded	from	the	final	analysis.	When	
one	patient	attempted	multiple	cycles,	each	cycle	was	considered	an	
independent event.

2.3  |  Controlled ovarian stimulation protocol

All	 cycles	 (n =	 373)	 adhered	 to	 GnRH	 antagonist	 protocols.	
Controlled ovarian stimulation was performed using either recombi-
nant	follicle	stimulating	hormone	(rFSH;	Gonal-	F;	Merck	Serono)	or	
a	gonadotropin	mixed	with	LH.	The	latter	contains	a	purified	human	
menopausal	gonadotropin	(Menopur;	Ferring)	or	rFSH	plus	recom-
binant	LH	(Pergoveris;	Merck	Serono).	The	starting	dose	of	gonado-
tropin	was	determined	according	to	age	and	ovarian	reserve.	When	
the	leading	follicle	reached	a	mean	diameter	of	13–	14	mm,	a	GnRH	
antagonist	(Cetrotide,	0.25	mg;	Merck	Serono)	was	added	to	inhibit	
a	premature	LH	surge.	When	two	or	more	leading	follicles	reached	
a	mean	diameter	of	≥18	mm,	either	250	μg	of	rhCG	(Ovidrel;	Merck	
Serono) or 250 μg of rhCG plus 0.2 mg of triptorelin (Decapeptyl; 
Ferring) was administered for final oocyte maturation according to 
the	physician's	decision.	Oocytes	were	retrieved	36	h	after	trigger-
ing	under	ultrasound	guidance.	After	oocyte	acquisition,	oocyte	ma-
turity	was	assessed	by	two	skilled	embryologists.	The	total	dose	of	
gonadotropins used was calculated only for the FSH dose apart from 
the	LH	dose.

In	 patients	 with	 breast	 cancer	 and	 endometrial	 cancer,	 5	 mg	
of	 letrozole	 (Femara;	Novartis)	was	 co-	administered	with	 gonado-
tropins from the cycle start day and continued until the triggering 
day.	 The	 day	 after	 triggering,	 letrozole	 was	 skipped	 for	 one	 day.	
The drug was resumed after oocyte retrieval and continued at least 
one	week	until	the	serum	estradiol	(E2)	levels	remained	lower	than	
50 pg/ml.21	 For	 the	 letrozole	 protocol,	 triggering	 was	 performed	
when two or more leading follicles reached diameters of 20 mm. The 
COS schedule used for each patient group is shown in Figure 1.

2.4  |  Cycle outcomes

The	primary	outcomes	were	the	total	number	of	retrieved	oocytes,	
the	number	of	mature	oocytes,	and	the	maturation	rate.	As	a	sec-
ondary	outcome,	we	reported	the	incidence	of	OHSS.	Other	cycle	
outcome	parameters,	such	as	the	duration	of	stimulation,	total	dose	
of	gonadotropins,	and	peak	estradiol	level	at	the	triggering	day,	were	
also compared. Subgroup analyses were performed for patients with 
DOR or endometrioma or those using letrozole.

2.5  |  Statistical analysis

All	 statistical	 analyses	 were	 performed	 using	 the	 SPSS	 package	
version 25.0 (SPSS Inc.). Quantitative variables were presented as 
mean ±	SD,	and	categorical	variables	were	presented	as	“the	number	
(percentage)” in the tables. The Student's t-	test	was	used	to	compare	
the	data	between	the	two	groups.	The	chi-	square	test	or	Fischer's	
exact	test	was	used	for	categorical	variables.	A	p-	value	< 0.05 was 
considered statistically significant.

F I G U R E  1 (A)	A	controlled	ovarian	
stimulation protocol for patients with 
breast	or	endometrial	cancer.	(B)	A	
controlled	ovarian	stimulation	protocol,	
except for patients with breast or 
endometrial cancer. *Triggering with 
either recombinant human chorionic 
gonadotropin (rhCG) or dual triggering 
(rhCG +	GnRHa).	AI,	aromatase	inhibitor;	
AMH,	anti-	Müllerian	hormone;	E2,	
estradiol;	FSH,	follicle-	stimulating	
hormone;	GnRHa,	gonadotropin-	releasing	
hormone	agonistLF,	leading	follicleLH,	
luteinizing	hormone;	OPU,	ovum	pickup;	
P4,	progesterone
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3  |  RESULTS

Of	the	373	cycles	in	293	patients,	48	cycles	were	for	embryo	cryo-
preservation and 325 cycles were for oocyte cryopreservation. 
Among	these	cycles,	104	had	endometrioma,	86	had	DOR,	and	84	
underwent COS with letrozole. The rhCG group comprised 225 
cycles,	 and	 the	 dual	 trigger	 group	 had	148	 cycles.	Concerning	 in-
dications	 for	 breast	 cancer,	 hematologic	 malignancy,	 gynecologic	
malignancy,	other	solid	tumor,	benign	diseases,	and	DOR	or	planned	
oocyte	cryopreservation	were	noted	in	82,	12,	43,	22,	137,	and	77	
cycles,	respectively.	Benign	diseases	included	mainly	endometrioma	
and	other	benign	ovarian	cysts.	A	total	of	232	patients	proceeded	
with	only	one	cycle,	and	44	patients	continued	until	the	2nd	cycle.	
Fifteen	patients	continued	until	 the	3rd	cycle,	and	only	2	patients	
continued	until	the	4th	cycle.	The	mean	age,	body	mass	index	(BMI),	
and	AMH	level	for	all	cycles	were	31.7	±	6.0	years,	21.3	±	2.9	kg/m2,	
and 2.5 ±	2.5	ng/ml,	respectively.

Across	all	patients,	 there	was	no	difference	 in	 the	mean	age,	
BMI,	 and	 mean	 AMH	 level	 between	 the	 rhCG	 and	 dual	 trigger	
groups. Fertility preservation in the rhCG and dual trigger groups 

was	performed	mostly	 for	 benign	 indications	 (79	 (35.1%)	 versus	
58	 (39.2%))	 and	 breast	 cancer	 (42	 (18.7%)	 versus	 40	 (27.0%)).	
Regarding	cycle	outcomes,	 there	were	no	significant	differences	
between	the	two	groups	in	terms	of	the	total	stimulation	period,	
amount	of	gonadotropins	used,	peak	E2	and	progesterone	 levels	
on	a	triggering	day,	total	number	of	oocytes	obtained,	oocyte	mat-
uration	rate,	and	OHSS	rate.	The	baseline	characteristics	and	cycle	
outcomes for all cycles are summarized in Table 1. There were no 
significant differences between the two groups in cycle outcomes 
when	separated	by	the	start	period,	either	the	follicular	or	the	lu-
teal phase.

When	 the	 cycle	 outcomes	 in	 patients	 with	 breast	 cancer	 (82	
cycles) and endometrial cancer (2 cycles) using letrozole during the 
COS	cycles	(84	total	cycles)	were	analyzed,	there	was	no	difference	
between	 the	 dual	 and	 rhCG	 trigger	 groups	 in	 the	 age,	 BMI,	 and	
AMH	 level	 (Table	2).	There	was	no	difference	 in	 the	 total	number	
of oocytes retrieved from the two groups (11.4 ±	8.6	vs.	8.8	±	6.0,	
p =	 0.112),	 but	 the	 number	 of	mature	 oocytes	 in	 the	 dual	 trigger	
group was significantly higher than that in the rhCG trigger group 
(6.9	±	6.0	vs.	4.6	±	3.6;	p = 0.034). The maturation rate was also 

rhCG trigger 
(n = 225)

Dual trigger 
(n = 148) p- Value

Age	(y) 31.3 ±	6.2 32.2 ±	5.7 0.142

BMI	(kg/m2) 21.3 ±	2.8 21.3 ± 3.1 0.925

AMH	(ng/ml) 2.6	± 2.5 2.4 ± 2.5 0.502

Fertility preservation indication 0.048

Breast cancer 42	(18.7%) 40	(27.0%)

Hematologic malignancy 8	(3.6%) 4	(2.7%)

Gynecologic cancer 30	(13.3%) 13	(8.8%)

Other solid tumor 16	(7.1%) 6	(4.1%)

Benign diseases 79	(35.1%) 58	(39.2%)

Planned oocyte cryopreservation 50	(22.2%) 27	(18.2%)

Duration of stimulation (days) 8.3	±	1.6 8.6	±	1.7 0.185

Total	dose	of	FSH	(IU) 2243.6	±	646.5 2241.4 ±	672.4 0.975

Menstrual	phase	on	start	day 0.862

Follicular 164	(75.2%) 111	(76.0%)

Luteal 54	(24.8%) 35	(24.0%)

Trigger day leading follicle diameter 
(mm)

19.3	±	1.6 19.1	± 1.4 0.375

E2	on	trigger	day	(pg/ml) 1225.3 ±	932.9 1164.6	±	962.0 0.640

P4 on trigger day (ng/ml) 1.2 ±	1.7 1.2 ± 1.5 0.976

Total number of oocytes retrieved 
(n)

7.9	±	5.7 8.8	±	7.2 0.187

Number	of	mature	oocytes	(n) 4.8	±	3.8 5.7	±	4.9 0.052

Maturation	rate	(%) 60.1	±	28.4 63.8	±	24.9 0.205

OHSS	rate	(%) 2.2%	(5/225) 4.7%	(7/148) 0.232

Note: Data are shown as either mean ± SD or n	(%).
Abbreviations:	AMH,	anti-	Müllerian	hormone;	BMI,	body	mass	index;	COS,	controlled	ovarian	
stimulation;	E2,	estradiol;	FSH,	follicle-	stimulating	hormone;	OHSS,	ovarian	hyperstimulation	
syndrome;	P4,	progesterone.

TA B L E  1 Comparison	of	baseline	
characteristics and COS outcomes 
between the rhCG and dual trigger groups 
in all stimulation cycles
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higher	in	the	dual	trigger	group,	although	it	was	not	statistically	sig-
nificant. The frequency of OHSS was not significantly different be-
tween the two groups (n =	2	(5.0%)	vs.	n =	0	(0%),	p = 0.224).

In	 patients	with	DOR,	 there	was	 no	 significant	 difference	 be-
tween	the	two	groups	except	for	the	BMI	(Table	3).	The	same	anal-
ysis	was	performed	for	patients	with	endometrioma,	but	there	was	

rhCG trigger 
(n = 44)

Dual trigger 
(n = 40) p- Value

Age	(y) 33.8	±	4.8 34.0 ± 5.0 0.920

BMI	(kg/m2) 21.9	± 2.1 22.0 ± 3.4 0.841

AMH	(ng/ml) 3.0 ±	1.9 3.6	±	3.6 0.360

Duration of stimulation (days) 8.4	±	1.9 8.8	±	1.8 0.308

Total	dose	of	FSH	(IU) 2229.5	±	729.4 2394.4	±	659.6 0.282

Menstrual	phase	on	start	day 0.061

Follicular 26	(59.1%) 15	(37.5%)

Luteal 18	(40.9%) 25	(62.5%)

Trigger day leading follicle diameter 
(mm)

19.5	± 1.4 19.3	± 2.0 0.727

E2	on	trigger	day	(pg/ml) 482.4	±	309.6 386.4	± 313.4 0.262

P4 on trigger day (ng/ml) 1.7	± 2.5 1.2 ±	0.6 0.306

Total number of oocytes retrieved (n) 8.8	±	6.0 11.4 ±	8.6 0.112

Number	of	mature	oocytes	(n) 4.6	±	3.6 6.9	±	6.0 0.034

Maturation	rate	(%) 50.0 ±	28.0 59.3	±	26.7 0.124

OHSS	rate	(%) 0%	(0/44) 5.0%	(2/40) 0.224

Note: Data are shown as either mean ± SD or n	(%).
Abbreviations:	AMH,	anti-	Müllerian	hormone;	BMI,	body	mass	index;	COS,	controlled	ovarian	
stimulation;	E2,	estradiol;	FSH,	follicle-	stimulating	hormone;	OHSS,	ovarian	hyperstimulation	
syndrome;	P4,	progesterone.

TA B L E  2 Baseline	characteristics	
and COS outcomes between the rhCG 
and dual trigger groups in cycles using 
letrozole in breast and endometrial cancer 
patients

rhCG trigger 
(n = 50)

Dual trigger 
(n = 36) p- Value

Age	(y) 32.0 ±	6.2 34.6	±	6.0 0.053

BMI	(kg/m2) 20.6	± 2.2 21.9	±	3.7 0.039

AMH	(ng/ml) 0.6	± 0.3 0.6	± 0.3 0.785

Duration of stimulation (day) 8.5	± 2.1 8.7	± 2.0 0.651

Total	dose	of	FSH	(IU) 2241.0 ±	890.1 2181.3	±	781.4 0.748

Menstrual	phase	on	start	day 0.647

Follicular 39	(78.0%) 27	(75.0%)

Luteal 9	(18.0%) 8	(22.2%)

Trigger day leading follicle diameter 
(mm)

18.9	± 1.2 18.9	±	0.9 0.877

E2	on	trigger	day	(pg/ml) 999.2	±	678.1 657.0	±	607.8 0.082

P4 on trigger day (ng/ml) 1.3 ±	2.7 1.5 ± 2.4 0.841

Total number of oocytes retrieved (n) 3.7	±	2.7 3.8	± 2.2 0.817

Number	of	mature	oocytes	(n) 1.9	±	1.9 2.2 ± 1.4 0.473

Maturation	rate	(%) 51.1 ±	35.9 56.5	±	27.7 0.436

OHSS	rate	(%) 2.0%	(1/50) 0%	(0/36) 1.000

Note: Data are shown as either mean ± SD or n	(%).
Abbreviations:	AMH,	anti-	Müllerian	hormone;	BMI,	body	mass	index;	COS,	controlled	ovarian	
stimulation;	DOR,	diminished	ovarian	reserve;	E2,	estradiol;	FSH,	follicle-	stimulating	hormone;	
OHSS,	ovarian	hyperstimulation	syndrome;	P4,	progesterone.

TA B L E  3 Baseline	characteristics	and	
COS outcomes between the rhCG and 
dual trigger groups in stimulation cycles 
with DOR
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no significant difference between the two groups except for the 
proportion of the start day of stimulation (Table 4).

4  |  DISCUSSION

The present study offered a more efficient strategy for the acquisi-
tion	of	mature	oocytes,	especially	for	breast	and	endometrial	cancer	
patients using letrozole combined with GnRH antagonist downregu-
lated COS cycles. Dual trigger with rhCG plus GnRHa for final oo-
cyte maturation results in a higher number of mature oocytes than 
with	the	rhCG-	only	trigger.	These	results	confirm	the	rationale	for	
setting up a standard protocol for breast and endometrial cancer pa-
tients using letrozole in COS cycles.

Dual	 trigger	 generates	 an	 endogenous	 midcycle	 FSH	 and	 LH	
surge	to	form	a	hormone	milieu,	similar	to	the	natural	cycle.12 It has 
been suggested that FSH increases the yield of mature oocytes by 
promoting	 the	 resumption	 of	 oocyte	 meiosis,22 cumulus cell ex-
pansion,23	 plasminogen	 activator	 activity,24	 and	 formation	 of	 LH	
receptors	in	luteinizing	granulosa	cells	(GCs),25 which are all essen-
tial steps in oocyte maturation.12	The	LH	surge	occurs	4	h	after	the	
GnRHa	trigger,	and	the	FSH	surge	occurs	8	h	after	injection.	In	the	
case	of	rhCG	injection,	the	LH	surge	occurs	24	h	later.26	Therefore,	
in	the	case	of	dual	trigger,	the	two	agents	act	synergistically	as	res-
cue	triggers,	compared	with	a	single	rhCG	or	GnRHa	trigger.	This	ef-
fect might contribute to further oocyte maturation.27 Similar results 
showing that the dual trigger group was superior in terms of mature 

oocyte acquisition and fertilization have also been reported.28 
Asynchrony	 of	 the	 nuclear	 and	 cytoplasmic	 maturation	 may	 fre-
quently occur in COS cycles; cytoplasmic maturation may not be 
achieved even if with complete nuclear maturation in the case of a 
single trigger.29 Dual triggering increases this ooplasmic maturity.28

The suggested molecular mechanism of this effect could be ex-
plained	by	 the	gene	expression	changes	 in	 the	GCs.	Amphiregulin	
and	 epiregulin,	 which	 are	 involved	 in	 cumulus	 expansion,	 oocyte	
maturation,	 and	meiosis	 resumption,	 are	more	highly	expressed	 in	
the dual trigger group.30–	32	Ben-	Ami	et	al.33 reported that the en-
richment of amphiregulin and epiregulin in the maturation medium 
significantly improved the maturation rate of human germinal ves-
icle	 (GV)	 oocytes.	 FSH	 increases	 the	mRNA	expression	 of	 amphi-
regulin	 and	 epiregulin	 in	 the	 GCs,31,32 and hCG and FSH induce 
mRNA	expression	of	these	two	genes	through	different	pathways.30 
Furthermore,	the	mRNA	expression	of	connexin	43,	a	constituent	of	
gap	junctions,	in	the	cumulus	cells	was	significantly	lower	in	the	dual	
trigger group compared to that in the rhCG trigger group.30 Cumulus 
cells treated with FSH have a higher number of open gap junctions 
than the control group not treated with FSH.34	Atef	et	al.35 demon-
strated	that	FSH	helps	to	keep	the	gap	junction	open	between	the	
oocyte	and	 the	cumulus	cells;	 thus,	 it	may	have	an	 important	 role	
in	signaling	pathways.	Dual	trigger	affects	the	mRNA	expression	of	
these	GC	genes,	which	 can	 impact	 oocyte	maturation.30	 A	 recent	
transcriptomic analysis shows that many genes are changed upon 
dual	trigger,	supporting	key	pathways	of	oocyte	maturation	and	ex-
tracellular matrix remodeling for the growing follicles.36

rhCG trigger 
(n = 60)

Dual trigger 
(n = 44) p- Value

Age	(y) 32.2 ± 5.3 30.7	± 5.2 0.148

BMI	(kg/m2) 20.9	±	2.9 21.1 ± 3.0 0.780

AMH	(ng/ml) 1.7	± 1.0 1.8	± 1.2 0.760

Bilaterality	of	endometrioma	(%) 29	(48.3%) 22	(50.0%) 0.932

Diameter of largest endometrioma (cm) 5.0 ± 2.3 5.8	± 2.3 0.085

Duration of stimulation (days) 8.4	± 1.5 8.5	± 1.4 0.659

Total	dose	of	FSH	(IU) 2480.0	±	606.8 2215.9	±	714.5 0.051

Menstrual	phase	on	start	day 0.029

Follicular 59	(98.3%) 39	(88.6%)

Luteal 0	(0%) 4(9.1%)

Trigger day leading follicle diameter (mm) 19.2	± 1.0 19.1	±	0.9 0.828

E2	on	trigger	day	(pg/ml) 1358.1	±	851.3 1183.7	±	956.3 0.473

P4 on trigger day (ng/ml) 1.1 ± 1.4 1.0 ± 1.4 0.887

Total number of oocytes retrieved (n) 6.8	±	4.8 6.6	±	4.8 0.864

Number	of	mature	oocytes	(n) 4.1 ± 3.2 4.2 ± 3.5 0.836

Maturation	rate	(%) 60.8	±	28.4 60.9	±	26.3 0.996

OHSS	rate	(%) 0%	(0/60) 6.8%	(3/44) 0.073

Note: Data are shown as either mean ± SD or n	(%).
Abbreviations:	AMH,	anti-	Müllerian	hormone;	BMI,	body	mass	index;	COS,	controlled	ovarian	
stimulation;	E2,	estradiol;	FSH,	follicle-	stimulating	hormone;	OHSS,	ovarian	hyperstimulation	
syndrome;	P4,	progesterone.

TA B L E  4 Baseline	characteristics	and	
COS outcomes between the rhCG and 
dual trigger groups in stimulation cycles 
with endometrioma
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A	protocol	 to	 suppress	 E2	 level	 elevations	 by	 taking	 letrozole	
during the COS cycles to prevent the potential negative effect 
caused	by	the	rise	of	supraphysiological	levels	of	serum	E2	in	breast	
cancer	patients	was	first	proposed	by	Oktay.37–	39	Letrozole	has	ad-
ditional benefits of reducing the required dose of gonadotropins by 
suppressing	 the	 negative	 feedback	 to	 the	 hypothalamic–	pituitary	
axis	 along	 with	 E2-	level	 inhibition.38 In many studies comparing 
letrozole-	combined	 protocols	 and	 conventional	 protocols	 in	 the	
COS	cycles,	the	number	of	mature	oocytes	acquired	and/or	the	oo-
cyte maturation rate in the former was reported to decrease sig-
nificantly.38,40,41	The	reason	for	this	effect	remains	unclear,	but	the	
low	intrafollicular	E2	levels	might	be	the	main	cause.40	According	to	
the	in	vitro	study,	aromatase	inhibitors	alter	follicular	fluid	dynam-
ics by promoting early antral cavity formation.42 Reddy et al.7 com-
pared the final oocyte maturation effects of either GnRHa or rhCG 
triggers in breast cancer patients. The maturation rate and mature 
oocyte	 numbers	 were	 significantly	 higher,	 and	 the	 mild	 or	 mod-
erate	OHSS	 rate	was	 lower	 in	 the	GnRHa	 trigger	group.	Similarly,	
GnRHa	 in	 dual	 trigger	 induces	 endogenous	 FSH	 and	 LH	 surges	
that	mimic	the	natural	cycle,	providing	a	more	physiologic	follicular	
fluid	 environment	 for	 the	 follicles.	 Low	maturity	 is	 a	 challenge	 in	
the	letrozole-	combined	COS	regimens,	and	mature	oocytes	can	be	
obtained by maintaining secondary maturation through rhCG while 
taking	 advantage	 of	 the	 physiologic	 benefits	 of	GnRHa	by	 apply-
ing	 the	 results	 in	 the	 IVF/ET	cycle.	While	Revelli	et	al.43 reported 
that	40%	of	 lower	mature	oocytes	were	obtained	 in	 the	 letrozole	
regimen,	the	average	maturation	rate	of	the	dual	trigger	group	was	
60%	in	our	study.	This	 is	an	encouraging	outcome	and	 is	clinically	
meaningful	 for	 the	 letrozole-	combined	 regimen	 compared	 to	 that	
of	the	rhCG	trigger,	where	the	maturation	rate	was	50%.	As	a	result	
of	the	improved	maturation	rate,	significantly	more	mature	oocytes	
were collected in the dual trigger group. The reason for the statisti-
cally nonsignificant difference in the maturation rate might be due 
to the relatively small number of patients enrolled. There have been 
reports that a high maturation rate can be achieved by triggering 
when at least two leading follicles reach 20 mm.38	We	 also	 used	
the	same	triggering	criteria,	and	a	synergistic	effect	 is	expected	if	
dual	 triggering	 is	 performed	 together,	 as	 observed	 in	 our	 results.	
There may be concerns about whether differences in the menstrual 
cycle	start	day	affects	the	FP	outcomes.	Although	the	duration	of	
simulation and total dose of gonadotropins used were higher in 
the	 random-	start	 group,	 the	number	of	 total	 and	mature	oocytes	
and the oocyte maturity rate were even higher in the random start 
group than in the conventional start group.41	Furthermore,	the	addi-
tion of letrozole did not negatively affect the acquisition of total oo-
cytes.	However,	oocyte	maturity	was	slightly	lower	in	the	letrozole	
group	compared	to	that	in	the	conventional	group,	but	this	could	be	
overcome	by	dual	trigger,	as	presented	here.

In	DOR	patients,	 the	number	of	 retrieved	mature	oocytes	and	
maturation	 rates	 did	 not	 differ	 between	 the	 two	groups,	which	 is	
also	 consistent	with	 the	 results	 of	 Lin	 et	 al.	 In	DOR	patients,	 low	
oocyte	 retrieval	 was	 expected,	 so	 it	 was	 challenging	 to	 derive	
meaningful results from the small sample size. Previous studies that 

reported the effect of dual trigger on the number of total oocytes 
obtained or the number of mature oocytes in DOR or POR patients 
had larger sample sizes and stricter inclusion criteria than our study. 
Zhang et al.10	included	1350	patients	who	met	the	Bologna	criteria,	
and	Lin	et	al.	enrolled	427	POR	patients	with	an	antral	follicle	count	
(AFC)	of	≤5	and	an	AMH	level	of	≤1.1	ng/ml.	Contrastingly,	 in	our	
study,	the	definition	of	DOR	was	set	to	an	AMH	level	of	<1.1 ng/
ml because fewer patients were enrolled in our study who met the 
Bologna	criteria.	In	addition,	it	was	difficult	to	recover	an	AFC	value	
because	some	of	the	patients	started	their	cycles	in	the	luteal	phase,	
and most cases were the first cycles without previous attempts. 
Therefore,	our	definition	of	DOR	may	be	broader	than	in	previous	
studies.

While	previous	studies	have	shown	that	COS	outcomes	could	be	
worse	if	endometrioma	is	present,3,44,45 there has been no previous 
study on the effect of dual triggering in patients with endometrioma. 
According	to	this	study,	dual	trigger	does	not	appear	to	be	of	great	
help in these patient groups. It is assumed that the harmful effects of 
the endometrioma cannot be recovered with dual triggering because 
the mechanism of the lower oocyte quantity and quality does not 
originate from an altered oocyte maturation process.

Our	study	has	some	limitations.	Certain	patient	groups,	such	as	
patients	with	DOR,	have	a	 small	 sample	 size,	 and	 the	 study	has	 a	
retrospective	 nature.	 Therefore,	 a	 prospective	 study	 with	 a	 large	
number of patients is needed in future.

To	 the	best	 of	 our	 knowledge,	 this	 is	 the	 first	 study	 to	 report	
the	effect	of	dual	trigger	on	oocyte	maturation	in	hormone-	sensitive	
cancer patients using letrozole in COS cycles for fertility preserva-
tion,	thereby	helping	to	establish	a	patient-	oriented	COS	protocol.	
The combination of a standard dose of rhCG and GnRHa for final 
oocyte maturation can improve the number of mature oocytes and 
the maturation rate in these patient groups.

ACKNOWLEDG EMENTS
None.

CONFLIC T OF INTERE S T
None.

HUMAN RIG HTS S TATEMENTS AND INFORMED 
CONSENT
Informed consent from the patients was waived due to anonym-
ity,	and	the	study	protocol	 for	 this	 research	project	was	approved	
by	 the	appropriate	ethics	 review	board	 (Seoul	National	University	
Bundang	 Hospital	 Institutional	 Review	 Board	 (SNUBH	 IRB)	 No.	
B-	2006/616-	110).

DATA AVAIL ABILIT Y S TATEMENT
The data underlying this article will be shared on reasonable request 
to the corresponding author.

ORCID
Jung Ryeol Lee  https://orcid.org/0000-0003-3743-2934 

https://orcid.org/0000-0003-3743-2934
https://orcid.org/0000-0003-3743-2934


8 of 9  |     HONG et al.

R E FE R E N C E S
	 1.	 Jung	K-	W,	Won	Y-	J,	Kong	H-	J,	Lee	ES.	Cancer	statistics	 in	Korea:	

incidence,	mortality,	survival,	and	prevalence	 in	2016.	Cancer Res 
Treat.	2019;51:417.

	 2.	 Howlader	 N,	 Noone	 A,	 Krapcho	 M,	 et	 al.	 SEER Cancer Statistics 
Review, 1975– 2018.	National	Cancer	Institute;	2021.

	 3.	 Kim	SJ,	Kim	SK,	Lee	JR,	Suh	CS,	Kim	SH.	Oocyte	cryopreservation	
for fertility preservation in women with ovarian endometriosis. 
Reprod Biomed Online.	2020;40(6):827-	834.

	 4.	 Devroey	P,	Polyzos	NP,	Blockeel	C.	An	OHSS-	free	clinic	by	segmen-
tation of IVF treatment. Hum Reprod.	2011;26:2593-	2597.

	 5.	 Youssef	MAFM,	Van	der	Veen	F,	Al-	Inany	HG,	et	al.	The	updated	
Cochrane review 2014 on GnRH agonist trigger: an indispens-
able piece of information for the clinician. Reprod Biomed Online. 
2016;32:259-	260.

	 6.	 Oktay	K,	Türkçüoğlu	I,	Rodriguez-	Wallberg	KA.	GnRH	agonist	trig-
ger for women with breast cancer undergoing fertility preservation 
by aromatase inhibitor/FSH stimulation. Reprod Biomed Online. 
2010;20:783-	788.

	 7.	 Reddy	J,	Turan	V,	Bedoschi	G,	Moy	F,	Oktay	K.	Triggering	final	oo-
cyte	 maturation	 with	 Gonadotropin-	Releasing	 Hormone	 agonist	
(GnRHa) versus Human Chorionic Gonadotropin (hCG) in breast 
cancer patients undergoing fertility preservation: an extended ex-
perience. J Assist Reprod Genet.	2014;31:927-	932.

	 8.	 Kolibianakis	E,	 Schultze-	Mosgau	A,	 Schroer	A,	 et	 al.	A	 lower	on-
going pregnancy rate can be expected when GnRH agonist is 
used for triggering final oocyte maturation instead of HCG in 
patients undergoing IVF with GnRH antagonists. Hum Reprod. 
2005;20:2887-	2892.

	 9.	 Humaidan	 P,	 Ejdrup	Bredkjær	H,	 Bungum	 L,	 et	 al.	 GnRH	 agonist	
(buserelin) or hCG for ovulation induction in GnRH antagonist 
IVF/ICSI cycles: a prospective randomized study. Hum Reprod. 
2005;20:1213-	1220.

	10.	 Zhang	J,	Wang	Y,	Mao	X,	et	al.	Dual	trigger	of	final	oocyte	matura-
tion in poor ovarian responders undergoing IVF/ICSI cycles. Reprod 
Biomed Online.	2017;35:701-	707.

	11.	 Zilberberg	E,	Haas	J,	Dar	S,	Kedem	A,	Machtinger	R,	Orvieto	R.	Co-	
administration	 of	GnRH-	agonist	 and	 hCG,	 for	 final	 oocyte	matu-
ration	 (double	 trigger),	 in	patients	with	 low	proportion	of	mature	
oocytes. Gynecol Endocrinol.	2015;31:145-	147.

	12.	 Lin	M-	H,	Wu	F-	Y,	Hwu	Y-	M,	Lee	RK-	K,	Li	R-	S,	Li	S-	H.	Dual	trigger	
with gonadotropin releasing hormone agonist and human chorionic 
gonadotropin significantly improves live birth rate for women with 
diminished ovarian reserve. Reprod Biol Endocrinol.	2019;17(1):7.

	13.	 Griffin	D,	Feinn	R,	Engmann	L,	Nulsen	J,	Budinetz	T,	Benadiva	C.	
Dual	 trigger	 with	 gonadotropin-	releasing	 hormone	 agonist	 and	
standard dose human chorionic gonadotropin to improve oocyte 
maturity rates. Fertil Steril.	2014;102:405-	409.

	14.	 Castillo	JC,	Moreno	J,	Dolz	M,	Bonilla-	Musoles	F.	Successful	preg-
nancy following dual triggering concept (rhCG+ GnRH agonist) in 
a patient showing repetitive inmature oocytes and empty follicle 
syndrome: case report. J Med Case.	2013;4:221-	226.

	15.	 Lu	X,	Hong	Q,	Sun	L,	 et	 al.	Dual	 trigger	 for	 final	oocyte	matura-
tion improves the oocyte retrieval rate of suboptimal respond-
ers	 to	 gonadotropin-	releasing	 hormone	 agonist.	 Fertil Steril. 
2016;106:1356-	1362.

	16.	 Ali	SS,	Elsenosy	E,	Sayed	GH,	et	al.	Dual	trigger	using	recombinant	
HCG	and	gonadotropin-	releasing	hormone	agonist	improve	oocyte	
maturity and embryo grading for normal responders in GnRH an-
tagonist cycles: randomized controlled trial. J Gynecol Obstet Hum 
Reprod.	2020;49(5):101728.

	17.	 Ben-	Haroush	A,	Sapir	O,	Salman	L,	et	al.	Does	‘dual	trigger’increase	
oocyte maturation rate? J Obstet Gynaecol.	2020;40(6):860-	862.

	18.	 Lin	M-	H,	Shao-	Ying	Wu	F,	Kuo-	Kuang	Lee	R,	Li	S-	H,	Lin	S-	Y,	Hwu	
Y-	M.	 Dual	 trigger	 with	 combination	 of	 gonadotropin-	releasing	

hormone agonist and human chorionic gonadotropin significantly 
improves	 the	 live-	birth	 rate	 for	 normal	 responders	 in	 GnRH-	
antagonist cycles. Fertil Steril.	2013;100:1296-	1302.

	19.	 Seval	 MM,	 Özmen	 B,	 Atabekoğlu	 C,	 et	 al.	 Dual	 trigger	 with	
gonadotropin-	releasing	hormone	agonist	and	recombinant	human	
chorionic gonadotropin improves in vitro fertilization outcome 
in	 gonadotropin-	releasing	 hormone	 antagonist	 cycles.	 J Obstet 
Gynaecol Res.	2016;42:1146-	1151.

	20.	 Fabris	AM,	Cruz	M,	Legidos	V,	Iglesias	C,	Muñoz	M,	García-	Velasco	
JA.	Dual	 triggering	with	gonadotropin-	releasing	hormone	agonist	
and standard dose human chorionic gonadotropin in patients with 
a high immature oocyte rate. Reprod Sci.	2017;24:1221-	1225.

	21.	 Rodriguez-	Wallberg	KA,	Oktay	K.	Fertility	preservation	in	women	
with breast cancer. Clin Obstet Gynecol.	2010;53(4):753-	762.

	22.	 Orvieto	R.	Triggering	final	follicular	maturation-	hCG,	GnRH-	agonist	
or	both,	when	and	to	whom?	J Ovarian Res.	2015;8:60.

	23.	 Eppig	 JJ.	 FSH	 stimulates	 hyaluronic	 acid	 synthesis	 by	 oocyte–	
cumulus cell complexes from mouse preovulatory follicles. Nature. 
1979;281:483-	484.

	24.	 Rosen	MP,	Zamah	AM,	Shen	S,	et	al.	The	effect	of	 follicular	 fluid	
hormones on oocyte recovery after ovarian stimulation: FSH level 
predicts oocyte recovery. Reprod Biol Endocrinol.	2009;7:35.

	25.	 Richards	 JS,	 Ireland	 JJ,	 Rao	 MC,	 Bernath	 GA,	 Midgley	 AR	 Jr,	
Reichert	 LE	 Ovarian	 follicular	 development	 in	 the	 rat:	 hormone	
receptor	 regulation	by	estradiol,	 follicle	 stimulating	hormone	and	
luteinizing hormone. Endocrinology.	1976;99:1562-	1570.

	26.	 Fauser	B,	de	Jong	D,	Olivennes	F,	et	al.	Endocrine	profiles	after	trigger-
ing of final oocyte maturation with GnRH agonist after cotreatment 
with the GnRH antagonist ganirelix during ovarian hyperstimulation 
for in vitro fertilization. J Clin Endocrinol Metab.	2002;87:709-	715.

	27.	 Meyer	 L,	 Murphy	 LA,	 Gumer	 A,	 Reichman	 DE,	 Rosenwaks	 Z,	
Cholst	IN.	Risk	factors	for	a	suboptimal	response	to	gonadotropin-	
releasing hormone agonist trigger during in vitro fertilization cy-
cles. Fertil Steril.	2015;104:637-	642.

	28.	 Pereira	 N,	 Elias	 RT,	 Neri	 QV,	 et	 al.	 Adjuvant	 gonadotrophin-	
releasing hormone agonist trigger with human chorionic gonad-
otrophin to enhance ooplasmic maturity. Reprod Biomed Online. 
2016;33:568-	574.

	29.	 Hyun	C-	S,	Cha	J-	H,	Son	W-	Y,	Yoon	S-	H,	Kim	K-	A,	Lim	J-	H.	Optimal	
ICSI timing after the first polar body extrusion in in vitro matured 
human oocytes. Hum Reprod.	2007;22:1991-	1995.

	30.	 Haas	J,	Ophir	L,	Barzilay	E,	et	al.	Standard	human	chorionic	gonad-
otropin versus double trigger for final oocyte maturation results in 
different granulosa cells gene expressions: a pilot study. Fertil Steril. 
2016;106(3):653-	659.e1.

	31.	 Caixeta	ES,	Machado	MF,	Ripamonte	P,	Price	C,	Buratini	J.	Effects	
of	FSH	on	the	expression	of	receptors	for	oocyte-	secreted	factors	
and	members	of	 the	EGF-	like	family	during	 in	vitro	maturation	 in	
cattle. Reprod Fertil Dev.	2013;25:890-	899.

	32.	 Park	J-	Y,	Su	Y-	Q,	Ariga	M,	Law	E,	Jin	S-	LC,	Conti	M.	EGF-	like	growth	
factors	as	mediators	of	LH	action	in	the	ovulatory	follicle.	Science. 
2004;303:682-	684.

	33.	 Ben-	Ami	I,	Komsky	A,	Bern	O,	Kasterstein	E,	Komarovsky	D,	Ron-	El	
R.	In	vitro	maturation	of	human	germinal	vesicle-	stage	oocytes:	role	
of	epidermal	growth	factor-	like	growth	factors	 in	the	culture	me-
dium. Hum Reprod.	2011;26(1):76-	81.

	34.	 Sugimura	 S,	 Ritter	 LJ,	 Sutton-	McDowall	 ML,	 Mottershead	 DG,	
Thompson	 JG,	Gilchrist	RB.	Amphiregulin	 co-	operates	with	bone	
morphogenetic protein 15 to increase bovine oocyte developmen-
tal	competence:	effects	on	gap	junction-	mediated	metabolite	sup-
ply. Mol Hum Reprod.	2014;20(6):499-	513.

	35.	 Atef	 A,	 François	 P,	 Christian	 V,	 Marc-	André	 S.	 The	 potential	
role of gap junction communication between cumulus cells 
and bovine oocytes during in vitro maturation. Mol Reprod Dev. 
2005;71(3):358-	367.



    |  9 of 9HONG et al.

	36.	 Weizman	NF,	Wyse	BA,	Gat	I,	et	al.	Triggering	method	in	assisted	
reproduction alters the cumulus cell transcriptome. Reprod Biomed 
Online.	2019;39(2):211-	224.

	37.	 Oktay	 K,	 Buyuk	 E,	 Libertella	 N,	 Akar	M,	 Rosenwaks	 Z.	 Fertility	
preservation in breast cancer patients: a prospective controlled 
comparison of ovarian stimulation with tamoxifen and letrozole for 
embryo cryopreservation. J Clin Oncol.	2005;23:	4347-	4353.

	38.	 Oktay	K,	Hourvitz	A,	Sahin	G,	et	al.	Letrozole	reduces	estrogen	and	
gonadotropin exposure in women with breast cancer undergoing 
ovarian stimulation before chemotherapy. J Clin Endocrinol Metab. 
2006;91:3885-	3890.

	39.	 Reddy	 J,	 Oktay	 K.	Ovarian	 stimulation	 and	 fertility	 preservation	
with the use of aromatase inhibitors in women with breast cancer. 
Fertil Steril.	2012;98:1363-	1369.

	40.	 Sonigo	C,	Sermondade	N,	Calvo	J,	Benard	J,	Sifer	C,	Grynberg	M.	
Impact of letrozole supplementation during ovarian stimulation for 
fertility preservation in breast cancer patients. Eur J Obstet Gynecol 
Reprod Biol X.	2019;4:100049.

	41.	 Kim	 JH,	 Kim	 SK,	 Lee	 HJ,	 et	 al.	 Efficacy	 of	 random-	start	 con-
trolled ovarian stimulation in cancer patients. J Korean Med Sci. 
2015;30:290-	295.

	42.	 Hu	 Y,	 Cortvrindt	 R,	 Smitz	 J.	 Effects	 of	 aromatase	 inhibi-
tion on in vitro follicle and oocyte development analyzed 

by early preantral mouse follicle culture. Mol Reprod Dev. 
2002;61(4):549-	559.

	43.	 Revelli	A,	Porcu	E,	Levi	Setti	PE,	Delle	Piane	L,	Merlo	DF,	Anserini	
P.	Is	Letrozole	needed	for	controlled	ovarian	stimulation	in	patients	
with	estrogen	receptor-	positive	breast	cancer?	Gynecol Endocrinol. 
2013;29(11):993-	996.

	44.	 Raad	J,	Sonigo	C,	Tran	C,	et	al.	Oocyte	vitrification	for	preserving	
fertility in patients with endometriosis: first observational cohort 
study…	and	many	unresolved	questions.	Letter	to	the	Editor.	Eur J 
Obstet Gynecol Reprod Biol.	2018;220:140-	141.

	45.	 Hong	 YH,	 Lee	 HK,	 Kim	 SK,	 Lee	 JR,	 Suh	 CS.	 The	 significance	 of	
planned fertility preservation for women with endometrioma be-
fore an expected ovarian cystectomy. Front Endocrinol (Lausanne). 
2021;12:794117.

How to cite this article:	Hong	YH,	Kim	SK,	Lee	JR,	Jee	BC,	
Suh CS. Clinical efficacy of dual trigger with human chorionic 
gonadotropin	and	a	gonadotropin-	releasing	hormone	agonist	
for women undergoing fertility preservation. Reprod Med 
Biol. 2022;21:e12440. doi:10.1002/rmb2.12440

https://doi.org/10.1002/rmb2.12440

