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CHAPTER 5
Stimulation of the ovaries in 

women with breast cancer un-
dergoing fertility preservation: 

alternative versus standard 
stimulation protocols; the 

study protocol of the stim-trial 
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Abstract

Background: Chemotherapy for breast cancer may have a negative impact on repro-

ductive function due to gonadotoxic damage. Fertility preservation via banking of 

PPDZUFT� PS� FNCSZPT� BGUFS� DPOUSPMMFE� PWBSJBO� TUJNVMBUJPO�XJUI� '4)� 	$04
� DBO� JO-

DSFBTF�UIF�MJLFMJIPPE�PG�B�GVUVSF�TVDDFTTGVM�QSFHOBODZ��*U�IBT�CFFO�IZQPUIFTJ[FE�UIBU�

elevated serum estrogen levels during COS may induce breast tumour growth. This 

has led to the use of alternative COS protocols with addition of tamoxifen or letro-

[PMF��5IF�FGGFDUJWFOFTT�PG�UIFTF�$04�QSPUPDPMT�JO�UFSNT�PG�PPDZUF�ZJFME�JT�VOLOPXO��

.FUIPET�EFTJHO��3BOEPNJ[FE�PQFO�MBCFM� USJBM� DPNQBSJOH�$04�QMVT� UBNPYJGFO�BOE�

$04�QMVT� MFUSP[PMF�XJUI�TUBOEBSE�$04�JO� UIF�DPVSTF�PG� GFSUJMJUZ�QSFTFSWBUJPO��5IF�

study population consists of women with breast cancer who opt for banking of oo-

cytes or embryos, aged 18 – 43 years at randomisation. Primary outcome is the number 

of oocytes retrieved at follicle aspiration. Secondary outcomes arenumber of mature 

oocytes retrieved, number of oocytes or embryos banked and peak E2 levels during 

COS. 

Discussion: Concerning the lack of evidence on what stimulation protocol should be 

used in women with breast cancer and the growing demand for fertility preservation, 

there is an urgent need to undertake this study. By performing this study, we will be 

able to closely monitor the effects of various COS protocols in women with breast 

cancer and pave the way for long term follow up on the safety of this procedure in 

terms of breast cancer prognosis. 

5SJBM�3FHJTUSBUJPO��/53�����

,FZXPSET�� PWBSJBO� TUJNVMBUJPO� CSFBTU� DBODFS� GFSUJMJUZ� QSFTFSWBUJPO� FTUSBEJPM� PP-

cytes, cryopreservation, embryos, recurrence, survival. 
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Background 

#SFBTU�DBODFS�JT�UIF�NPTU�DPNNPO�NBMJHOBODZ�JO�XPNFO�PG�SFQSPEVDUJWF�BHF�<�>��.PTU�

young women with breast cancer are advised to undergo chemotherapy, which can 

be lifesaving, but negatively impacts ovarian reserve [2-6]. The American Society for 

Clinical Oncology recommends that fertility preservation is discussed early in the tra-

jectory of breast cancer treatment [7]. To bank oocytes or embryos, women have to 

VOEFSHP�DPOUSPMMFE�PWBSJBO�TUJNVMBUJPO�	$04
�CZ�GPMMJDMF�TUJNVMBUJOH�IPSNPOF�	'4)
�

to obtain multifollicular growth, and by concurrent pituitary down regulation with 

(O3)�BOUBHPOJTUT�PS�(O3)�BHPOJTUT�UP�QSFWFOU�B�QSFNBUVSF�-)�TVSHF��$VSSFOU� MJU-

FSBUVSF� GBWPVST�$04�XJUI�(O3)��BOUBHPOJTUT�XJUI�B�(O3)�BHPOJTU�PWVMBUJPO�USJH-

HFS�UP�NJOJNJ[F�UIF�SJTL�PG�PWBSJBO�IZQFS�TUJNVMBUJPO�TZOESPNF�	0)44
�<����>��%VS-

ing COS, peak estradiol levels can reach a 2-3 fold increase compared to physiological 

peri-ovulatory levels [11, 12]. Earlier research showed an association between estrogen 

exposure and the initiation and promotion of breast cancer [13]. To counterbalance 

FTUSPHFO�FYQPTVSF�JO�CSFBTU�UJTTVF�BEEJOH�UBNPYJGFO�PS�MFUSP[PMF�UP�$04�QSPUPDPMT�IBT�

been suggested. Current clinical practice for fertility preservation therefore varies from 

standard COS without any anti-estrogenic agents, to adjusted stimulation protocols 

BEEJOH�UBNPYJGFO�PS�MFUSP[PMF�UP�$04�<�����>��

Tamoxifen is a non-steroidal selective estrogen receptor modulator, which has an anti- 

FTUSPHFOJD�FGGFDU�PO�CSFBTU�UJTTVF��-FUSP[PMF�JT�BO�BSPNBUBTF�JOIJCJUPS�UIBU�TZTUFNJDBMMZ�

prevents the synthesis of estrogen from androgens by competitive reversible binding of 

UIF�DZUPDISPNF�1����FO[ZNF�BSPNBUBTF��5IF�BTTVNQUJPO�UIBU�UBNPYJGFO�BOE�MFUSP[PMF�

serve a protective role in women with breast cancer undergoing COS is based on data 

that show an improved prognosis for women with estrogen-receptor positive breast 

DBODFS�XIP�VTF�UBNPYJGFO�PS�MFUSP[PMF�BT�MPOH�UFSN�BEKVWBOU�UIFSBQZ�<�����>��

A Cochrane review aiming to compare safety and effectiveness outcomes of tamoxifen 

PS�MFUSP[PMF�JO�BEEJUJPO�UP�TUBOEBSE�TUJNVMBUJPO�QSPUPDPMT�JO�XPNFO�XJUI�&3�QPTJUJWF�

breast cancer found no randomised controlled trials [20]. One non-randomised prospec-

UJWF�TUVEZ�DPNQBSFE�PPDZUF�ZJFME�GPS�XPNFO�VTJOH�UBNPYJGFO�BMPOF�	O���
�XJUI�XPNFO�

VTJOH�'4)�DPNCJOFE�XJUI� UBNPYJGFO� 	O��
�XJUI�XPNFO�VTJOH�'4)�DPNCJOFE�XJUI�

MFUSP[PMF�	O���
�<��>��5IF�MFUSP[PMF�'4)�BOE�UBNPYJGFO�'4)�QSPUPDPM�IBE�B�TUBUJTUJDBMMZ�

TJHOJmDBOU�IJHIFS�OVNCFS�PG�PPDZUFT�DPNQBSFE�UP�UIF�UBNPYJGFO�BMPOF�QSPUPDPM�	�����

BOE�����BOE�����PPDZUFT� SFTQFDUJWFMZ
��5IF�EJGGFSFODF� JO�OVNCFS�PG�PPDZUFT� SFUSJFWFE�

CFUXFFO�UIF�MFUSP[PMF�'4)�BOE�UBNPYJGFO�'4)�XBT�OPU�TUBUJTUJDBMMZ�TJHOJmDBOU��'PMMPX�

VQ�	�����ZFBST
�PO�UIF�TBGFUZ�PG�$04�JO�XPNFO�XJUI�CSFBTU�DBODFS�TIPXFE�TJNJMBS�SFDVS-
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rence rates as compared to women with breast cancer who did not undergo COS [16, 21, 

��>��)PXFWFS�UIFTF�TUVEJFT�DPOTJTUFE�PG�B�TNBMM�TBNQMF�TJ[F�BOE�XFSF�OPO�SBOEPNJ[FE��

*U�UIVT�SFNBJOT�VOLOPXO�XIFUIFS�BEKVTUFE�$04�QSPUPDPMT�XJUI�UBNPYJGFO�BOE�MFUSP[PM�

-suggested to serve a protective role by preventing breast cancer growth during COS 

-are just as effective in terms of oocyte yield as COS without these agents. 

In view of this lack of knowledge, the aim of the current study is to evaluate the effec-

UJWFOFTT�PG�$04�XJUI�UBNPYJGFO�PS�MFUSP[PMF�DPNQBSFE�UP�TUBOEBSE�$04�PO�UIF�OVNCFS�

of oocytes retrieved in women with breast cancer undergoing COS to bank oocytes or 

embryos. 

Methods/Design 

Ethical considerations 

5IJT�TUVEZ�IBT�CFFO�BQQSPWFE�CZ�UIF�*OTUJUVUJPOBM�3FWJFX�#PBSE�	*3#
�PG�UIF�"DB-

EFNJD�.FEJDBM�$FOUFS�JO�"NTUFSEBN�	.&$�����@���
�BOE�CZ�UIF�CPBSE�PG�EJSFDUPST�

of all participating centres. This study is designed and will be conducted using the 

HVJEFMJOFT�GPS�HPPE�DMJOJDBM�QSBDUJDF�	($1
�BT�XFMM�BT�UIF�%FDMBSBUJPO�PG�)FMTJOLJ��

Study design 

This study is a multicentre randomised open-label trial in the Netherlands and Bel-

HJVN��8PNFO� BSF� BMMPDBUFE� UP� POF� PG� UIF� UISFF� USFBUNFOU� HSPVQT�� $04�UBNPYJGFO�

$04��MFUSP[PMF�PS�$04�BMPOF�	mHVSF��
��3FDSVJUNFOU�PG�XPNFO�TUBSUFE�JO�+BOVBSZ�������

Participants 

To be eligible to participate in this study, women must meet all of the following in-

DMVTJPO�DSJUFSJB��BHF����o����ZFBST��DPOmSNFE�CSFBTU�DBODFS�	QPTJUJWF�FTUSPHFO�SFDFQUPS�

	&3
�TUBUVT�OFHBUJWF�&3�TUBUVT�PS�VOLOPXO�&3�TUBUVT
��DBOEJEBUF�GPS�DSZPQSFTFSWB-

tion of oocytes or embryos (as approved by referring breast cancer specialists and the 

GFSUJMJUZ�DMJOJDT�UIF�XPNFO�BSF�SFGFSSFE�UP��8PNFO�BSF�FYDMVEFE�JG�UIFSF�JT�B�DPOUSBJO-

dication to use study medication, or if women use medication that opposes the effect 

PG�TUVEZ�NFEJDBUJPO�	J�F��QBSPYFUJOF
��*O�XPNFO�GVMmMMJOH�UIF�JODMVTJPO�DSJUFSJB�XSJU-

UFO�JOGPSNFE�DPOTFOU�JT�PCUBJOFE�CFGPSF�SBOEPNJTBUJPO��8PNFO�BSF�SBOEPNJTFE�UP�
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FJUIFS�VOEFSHPJOH�$04�XJUI�UBNPYJGFO�	HSPVQ��
�PS�MFUSP[PMF�	HSPVQ��
�PS�$04�BMPOF�

	HSPVQ��
��8PNFO�JO�BMM�TUVEZ�HSPVQT�SFDFJWF�TUBOEBSE�DBSF�DPODFSOJOH�$04��

Randomisation 

8PNFO�BSF�SBOEPNJTFE�PO�MJOF�WJB�B�XFC�CBTFE�GBDJMJUZ�JO�B�������SBUJP��5IFZ�BSF�TUSBU-

JmFE�GPS�PSBM�BOUJDPODFQUJPO�VTF�BU�TUBSU�$04�GPS�QPTJUJWF�FTUSPHFO�SFDFQUPS�TUBUVT�

and positive lymph nodes. The allocated treatment, i.e. group 1, group 2, or group 3, 

appears directly online and an automatic email with allocation code is sent to the data 

manager. 

Figure 1: 4UVEZ�EFTJHO�45*.�USJBM

3���SBOEPNJ[BUJPO�

S'4)���SFDPNCJOBOU�GPMMJDMF�TUJNVMBUJOH�IPSNPOF� � 016���PWVN�QJDL�VQ

����CMPPE�TBNQMF�GPS�"OUJ�.àMMFSJBO�IPSNPOF�� � ?���CMPPE�TBNQMF�GPS�QFBL�&��

Tamoxifen 60 mg

Letrozole 5 mg

Letrozole 5 mg

rFSH
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rFSH
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*       Cycle day 2

*       Cycle day 2

*       Cycle day 2

%BZ���PG�S'4)

%BZ���PG�S'4)Day 3 of 

-FUSP[PMF

%BZ���PG�S'4)

ˆ

ˆ

ˆ

R

(O3)�BHPOJTU

(O3)�BHPOJTU

(O3)�BHPOJTU
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OPU
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Outcome measures 

Primary outcome is the mean number of oocytes retrieved at follicle aspiration, 

EFmOFE�BT�DVNVMVT�PPDZUF�DPNQMFYFT��4FDPOEBSZ�PVUDPNFT�BSF�UIF�OVNCFS�PG�NB-

UVSF�	NFUBQIBTF�**
�PPDZUFT�OVNCFS�PG�PPDZUFT�PS�FNCSZPT�CBOLFE�QFBL�&��MFWFMT�

EFmOFE�BT�TFSVN�&��MFWFM�NFBTVSFE�PO�UIF�EBZ�PG�PWVMBUJPO�USJHHFS��

Other study parameters 

Baseline characteristics are collected including age, ethnicity, education, body 

NBTT�JOEFY� 	#.*
�NFEJDBUJPO� DVSSFOU� TNPLFS�NFOTUSVBM� DZDMF� 1$04� QSFWJPVT�

pregnancies, past history of subfertility, contraceptive use, and history of ovarian or 

tubal surgery, family history of premature menopause. Parameters regarding breast 

DBODFS��#3$"�TUBUVT�TUBHF�BOE�IJTUPMPHZ�IPSNPOF�SFDFQUPS�TUBUVT�BOE�USFBUNFOU�

including dose, type, number of cycles of chemotherapy are registered. COS related 

parameters including follicular or luteal start of COS, antral follicle count, dura-

UJPO�PG�TUJNVMBUJPO�UPUBM�EPTF�PG�'4)�BOE�OVNCFS�PG�DBODFMMFE�DZDMFT�BSF�DPMMFDUFE��

5IJT�EBUB�XJMM�CF�QSFTFOUFE�EFTDSJQUJWFMZ�BT�NFBOT�XJUI�4%�BT�QSPQPSUJPO�	�
�EF-

QFOEJOH�PO� UIF� WBSJBCMF��"GUFS�mOJTIJOH� UIF� TUVEZ�XF�XJMM� DPMMFDU�EBUB� SFHBSEJOH�

long term outcomes, see appendix 1. 

Sample size 

8F�FTUJNBUF�UIF�NFBO�OVNCFS�PG�PPDZUFT�SFUSJFWFE�UP�CF������JO�UIF�DPOUSPM�HSPVQ�

<�����>��#BTFE�PO�UIF�BWBJMBCMF�MJUFSBUVSF�XF�FTUJNBUF�UIF�TUBOEBSE�EFWJBUJPO�	4%
�

to be 6 [23]. Based on previous studies we assume that tamoxifen will result in 4 

PPDZUFT�NPSF�BOE�MFUSP[PMF�XJMM�SFTVMU�JO���PPDZUFT�MFTT�<�����>��5P�QSPWF�B�UXP�TJEFE�

difference of 4 oocytes with an alpha of 5% and a power of 90%, we need to include 

48 women in each group. To compensate for 10% lost to follow-up we aim to enroll 

���XPNFO�JO�FBDI�HSPVQ�J�F������XPNFO�JO�UPUBM��5IJT�TBNQMF�TJ[F�JT�TVGmDJFOU�UP�

DPNQBSF�CPUI�UBNPYJGFO�BOE�MFUSP[PMF�XJUI�DPOUSPM�USFBUNFOU�BT�XFMM�BT�XJUI�FBDI�

other. 
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Study procedures 

Group 1 - COS-tamoxifen: 

8PNFO�SFDFJWF� UBNPYJGFO� 	UBCMFUT�XJUI�B�EPTF�PG�������NJMMJHSBNT
����NH�QFS�EBZ�

PSBMMZ� TUBSUJOH�BT�TPPO�BT�UIFZ�TUBSU�XJUI�����*6�S'4)�PO�DZDMF�EBZ����8PNFO�BSF�

QSFTDSJCFE�UP�VTF�UBNPYJGFO�CFUXFFO�������BOE�������1.��5BNPYJGFO�JT�EJTDPOUJOVFE�

PO�UIF�EBZ�PG�(O3)B�BENJOJTUSBUJPO��

Group 2 – COS-letrozole: 

8PNFO�SFDFJWF�MFUSP[PMF�	UBCMFUT�XJUI�B�EPTF�PG�����NH
���NH�QFS�EBZ�PSBMMZ�TUBSUJOH�

PO�DZDMF�EBZ����5IFO�PO�DZDMF�EBZ���	EBZ���PG�MFUSP[PMF
�UIFZ�TUBSU�XJUI�����*6�S'4)��

8PNFO�BSF�QSFTDSJCFE�UP�VTF�MFUSP[PMF�CFUXFFO�������BOE�������1.��-FUSP[PMF�JT�EJT-

DPOUJOVFE�PO�UIF�EBZ�PG�(O3)�B�BENJOJTUSBUJPO��8PNFO�SFTUBSU�MFUSP[PMF�	��NH�QFS�

EBZ
�BU�UIF�EBZ�PG�016�UP�QSFWFOU�B�SFCPVOE�JODSFBTF�JO�&��MFWFMT�BOE�TUPQ�BGUFS���

days. 

Group 3 – standard COS: 

On cycle day 2, or the second day of interruption of the contraceptive pill, 225 IU/day 

S'4)�	1VSFHPO®; Organon, Oss, the Netherlands or Gonal-F®��.FSDL�4FSPOP�4XJU-

TFSMBOE
�JT�VTFE�BT�HPOBEPUSPQIJO��0O�EBZ���PG�S'4)�B�(O3)�BOUBHPOJTU� 	0SHBMV-

USBO�����NH��0SHBOPO�0TT� UIF�/FUIFSMBOET�PS�$FUSPUJEF�����NH�.FSDL�4FSPOP�

4XJUTFSMBOE
�JT�BENJOJTUFSFE�UP�QSFWFOU�QSFNBUVSF�-)�TVSHF��(POBEPUSPQJOT�TIPVME�

BMXBZT�CF�BENJOJTUFSFE�JO�UIF�FWFOJOH�	CFUXFFO�������IST�BOE�������IST
��8IFO�POF�

GPMMJDMF�PS�NPSF�SFBDIFT�������NN�PPDZUF�NBUVSBUJPO�JT�USJHHFSFE�CZ�(O3)B�	%FDB-

peptyl®����NH��'FSSJOH�#7�)PPGEEPSQ�PS�5SJQUPGFN ®����NH��(PPEMJGF�#7�-FMZTUBE
��

(POBEPUSPQIJOT�	S�'4)
�BSF�EJTDPOUJOVFE�PO�UIF�EBZ�PG�UIF�(O3)B�USJHHFS��(O3)�

BOUBHPOJTUT�BSF�DPOUJOVFE�VOUJM�UIF�EBZ�PG�UIF�(O3)B�USJHHFS��5IF�(O3)�BOUBHPOJTU�

JOKFDUJPO�OFFET�UP�CF�HJWFO�CFGPSF�UIF�(O3)B�USJHHFS�JOKFDUJPO��0PDZUF�SFUSJFWBM�JT�

QFSGPSNFE�������IPVST�BGUFS�PWVMBUJPO�USJHHFS��0PDZUFT�BSF�GSP[FO�JO�NFUBQIBTF�**�PS�

GFSUJMJ[FE�CZ�*$4*�XJUI�TVCTFRVFOU�FNCSZP�CBOLJOH��
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Luteal start of stimulation 

8IFO�UIF�BCPWFNFOUJPOFE�$04�QSPUPDPMT�DBOOPU�CF�QFSGPSNFE�EVF�UP�FYUSFNF�UJNF�

pressing circumstances, women are allowed to start COS in the luteal phase. 

Data analysis 

"OBMZTJT�XJMM�CF�PO�*55�	JOUFOUJPO�UP�USFBU
�CBTJT�J�F��BMM�XPNFO�UIBU�XFSF�SBOEPNJTFE�

XJMM�CF�JODMVEFE�JO�UIF�BOBMZTJT��8F�EP�OPU�FYQFDU�MPTT�UP�GPMMPX�VQ�XJUIJO�UIJT�QPQV-

lation. Number of oocytes retrieved will be presented as means and SD. Differences 

in number of oocytes between the groups will be presented as mean differences with 

���� DPOmEFODF� JOUFSWBMT� BOE�XJMM� CF� DPNQBSFE�VTJOH�"/07"��5IF� TFDPOEBSZ�QB-

SBNFUFST�DPODFSOJOH�PWBSJBO�SFTQPOTF�J�F��OVNCFS�PG�NBUVSF�	NFUBQIBTF�**
�PPDZUFT�

number of oocytes or embryos banked, peak E2 levels will be presented as mean dif-

GFSFODFT�XJUI�����DPOmEFODF�JOUFSWBMT�BOE�XJMM�CF�DPNQBSFE�VTJOH�"/07"��%JGGFS-

ences in number of cancelled cycles will be expressed as a relative risk with 95% con-

mEFODF�JOUFSWBM���#BTFMJOF�DIBSBDUFSJTUJDT�XJMM�CF�QSFTFOUFE�JO�EFTDSJQUJWFMZ�BT�NFBOT�

XJUI�4%�PG�BT�QSPQPSUJPO�	�
�EFQFOEJOH�PO�UIF�WBSJBCMF��"�CMJOEFE�JOUFSJN�BOBMZTJT�

PO�TBGFUZ�IBT�CFFO�QFSGPSNFE�CZ�B�%BUB�4BGFUZ�.POJUPSJOH�CPBSE�CZ�UIF�UJNF�����PG�

UIF�TBNQMF�TJ[F�XBT�JODMVEFE�BOE�UIFZ�DPODMVEFE�UIBU�UIF�TUVEZ�XBT�TBGF�FOPVHI�UP�

advise continuation of the study. 

Discussion 

In view of the lack of evidence on what stimulation protocol should be used in wom-

en with breast cancer and the growing demand for fertility preservation, there is an 

urgent need to undertake this study. By performing this study, we will be able to 

closely monitor the effects of various COS protocols in women with breast cancer 

and pave the way for long term follow up on the safety of this procedure in terms 

of breast cancer prognosis. The trial runs under the auspices of the Consortium for 

)FBMUIDBSF�&WBMVBUJPO�BOE�3FTFBSDI�PG�UIF�4PDJFUZ�GPS�0CTUFUSJDT�BOE�(ZOBFDPMPHZ�

	/70(�$POTPSUJVN����
�� 5IF� TUVEZ� TUBSUFE� JODMVEJOH�XPNFO� JO� +BOVBSZ� ������"U�

present there are seven participating centers in the Netherlands and one center in 

#FMHJVN�	6OJWFSTJUZ�)PTQJUBM�PG�#SVTTFMT
��*O�UIF�/FUIFSMBOET�UISFF�PUIFS�DFOUFST�BSF�

QSFQBSJOH�TUBSU�PG�SFDSVJUNFOU��.BBTUSJDIU�.FEJDBM�$FOUFS��-FJEFO�.FEJDBM�$FOUFS�
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BOE�.FEJDBM�$FOUFS�(SPOJOHFO���*O�UIF�6,�(VZ�T�)PTQJUBM�JO�-POEPO�JT�QSFQBSJOH�

start of recruitment of women. Currently 58 women have been included. The study 

is still open for additional centres who can recruit women for the study, for which 

the corresponding author can be contacted. By promotional campaigns among gy-

naecologists and oncologists, together with the participation of multiple centres, we 

IPQF�UP�mOJTI�SFDSVJUNFOU�BGUFS���ZFBST��
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Appendix 1: Long term secondary outcomes

Long term outcomes data will be collected for future research purposes. This data is 

not part of this study. 

Data regarding oocyte and embryo banking:

�% uptake of oocytes or embryos

�% pregnancy rates

�% miscarriage rates 

�% ongoing pregnancy rates

�% maternal outcomes 

�% neonatal outcomes 

�% congenital malformations 

Data regarding breast cancer outcomes:

�% 5 and 10 years survival

�% 5 and 10 years breast cancer free interval

5IJT�EBUB�XJMM�CF�PCUBJOFE�CZ�QFSNJTTJPO�PG�UIF�/BUJPOBM�$BODFS�3FHJTUSZ
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