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OBJECTIVES
• Understa nd who should be offered 

fert ility preserva tion 
• Understa nd which trea tments a ffect  the 

ova ries 
• Review options for fema les undergoing 

gona dotoxic trea tment 
• Discuss outcomes a s it  rela tes to fert ility 

preserva tion trea tment options
• Briefly review cost  of fert ility 

preserva tion options
2



I HAVE NOTHING TO 
DISCLOSE



INTRODUCTION
70,000 AYA (15- 39 YO) ca ncer 
dia gnoses a  yea r in the US
Surviva l ra tes a re increa sing 
(some 5- yea r surviva ls a re a s 
high a s 80%)
We need a  pla n for the future!
ASCO guidelines recommend tha t 
a ll pa tients of childbea ring a ge 
be offered fertility preserva tion 
services

Del- pozo- Lerida ,S et a l. Preserva tion of fertility in pa tients with cancer (review). Oncology reports 41 no.5 (2019): 2607- 2614
Loren AW et a l. Fertility preserva tion for pa tients with cancer: American society of clinica l oncology clinica l practice guideline upda te. Journa l of Clinica l oncology 2013:19,2500- 2510



WHO SHOULD BE OFFERED FERTILITY 
PRESERVATION SERVICES?

Ca ncer – before or a fter trea tment
Nonma ligna nt conditions requiring trea tment 
with gona dotoxic thera py– exa mples being 
rheuma toid a rthrit is, va sculit is, rena l disea se
Severe hemoglobinopa thies requiring stem cell 
tra nspla nt
Congenita l/genetic conditions- Fra gile X 
premuta tion ca rriers, Turner’s syndrome 
Gender dysphoria
Anyone wa nting to preserve their fert ility!





WHO IS AT RISK?

Meacham LR, Burns K, Orwig KE, Levine J. Standardizing Risk Assessment for Treatment-Related Gonadal Insufficiency and Infertility in Childhood Adolescent and Young Adult Cancer: The Pediatric Initiative 
Network Risk Stratification System. J Adolesc Young Adult Oncol. 2020 Dec;9(6):662-666. doi: 10.1089/jayao.2020.0012. Epub 2020 May 26. PMID: 32456570.
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WHAT IS THE RISK?

Normal age rela ted decline
Low toxicity
Modera te toxicity
High toxicity



RISK OF PREMATURE OVARIAN 
INSUFFICIENCY

• 921 pa rticipants 
• Median age 31.7 
• Median yea rs a fter cancer diagnosis was 24.
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Exposure Dose HR 95% CI
Ovarian RT <1000 cGY 13.85 6.5-29.51

>1000 cGY 132.34 62.88-278.53

CED 8,000-11,999 mg/m2 2.77 1.18- 6.51
12,000-19,999 mg/m2 3.9 1.8- 8.43

>20,000 mg/m2 4.13 1.63-10.5

Chemaitilly W, Li Z, Krasin MJ, Brooke RJ, Wilson CL, Green DM, Klosky JL, Barnes N, Clark KL, Farr JB, Fernandez-Pineda I, Bishop MW, Metzger M, Pui CH, Kaste SC, Ness KK, Srivastava DK, Robison LL, Hudson MM, Yasui Y, Sklar CA. Premature Ovarian 
Insufficiency in Childhood Cancer Survivors: A Report From the St. Jude Lifetime Cohort. J Clin Endocrinol Metab. 2017 Jul 1;102(7):2242-2250. doi: 10.1210/jc.2016-3723. PMID: 28368472; PMCID: PMC5505200.



RISK OF PREMATURE OVARIAN INSUFFICIENCY

Chemaitilly W, Li Z, Krasin MJ, Brooke RJ, Wilson CL, Green DM, Klosky JL, Barnes N, Clark KL, Farr JB, Fernandez-Pineda I, Bishop MW, Metzger M, Pui CH, Kaste SC, Ness KK, Srivastava DK, Robison LL, Hudson MM, Yasui Y, Sklar CA. Premature Ovarian 
Insufficiency in Childhood Cancer Survivors: A Report From the St. Jude Lifetime Cohort. J Clin Endocrinol Metab. 2017 Jul 1;102(7):2242-2250. doi: 10.1210/jc.2016-3723. PMID: 28368472; PMCID: PMC5505200.

POI (n = 100)

Characteristic N na % HR CI P Value

Age at cancer diagnosis (years)b

Mean (SD) 8.10 (5.57) 1.02 0.98–1.06 0.41

Oophoropexy

No 863 80 9.27 1.00

Yes 58 20 34.48 0.72 0.42–1.23 0.23

Body mass index

≥18.5–24.99 kg/m2 338 42 12.43 1.00

<18.5 kg/m2 43 12 27.91 1.87 0.97–3.59 0.06

25.0–29.9 kg/m2 224 29 12.95 0.92 0.56–1.52 0.74

≥30 kg/m2 316 17 5.38 0.36 0.20–0.65 0.001

Treatment exposure

No alkylating agent nor ovarian radiotherapy 318c 2 0.63 1.00

Alkylating agent only 400c 8 2.00 2.98 0.63–14.06 0.17

Ovarian radiotherapy only 59c 17 28.81 71.70 16.50–311.58 <0.001

Both 141c 73 51.77 95.56 23.30–391.93 <0.001



REDUCED INTENSITY 
CONDITIONING FOR SCT 
• Tra ditiona l conditioning for SCT results in 

POI 95-100% of the t ime 
• RIC resulted in POI 86.3% a nd 

a menorrhea  wa s seen in 68.1%

Assouline E, Crocchiolo R, Prebet T, Broussais F, Coso D, Gamerre M et al. Impact of Reduced-Intensity Conditioning Allogeneic Stem Cell Transplantation on Women's Fertility. Clinical Lymphoma 

Myeloma and Leukemia 2013;13:704-10.



FERTILITY RISK CALCULATOR -
FERTILITY PRESERVATION PROGRAM 
IN PITTSBURGH (.ORG) 
FERTILITYPRESERVATIONPITTSBURGH

CED ca lcula tors

https://fertilitypreservationpittsburgh.org/fertility-resources/fertility-risk-calculator/


POSTPUBERTAL FEMALES

Oocyte cryopreserva tion
Embryo cryopreserva tion
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ASSESSING OVARIAN 
RESERVE
Da y 2/3 FSH a nd estra diol in 
menstrua t ing pa t ients

FSH>10 miu/mL, E2>70 pg/mL 
=  diminished ovarian reserve
Random level in amenorrheic 
pa tient

Anti- mulleria n Hormone
Antra l follicle Count



Normal:
FSH < 10 mIU/mL

Estradiol < 70 pg/ml

FSH
LH
+

Estradiol
-

http://images.google.com/url?q=http://www.cs.princeton.edu/gfx/proj/sugcon/models/brain.png&usg=AFQjCNE-4EXkm9uQ-e3t_mSc_VKGDVVHGQ


ANTI- MULLERIAN HORMONE

PRESENTATION TITLE

Sowers et al., J Clin Endoc Metab 2008



AGE SPECIFIC AMH LEVELS

Seifer DB et a l., Fertility and Sterility 2011; 95)2): 747- 750
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INVITRO FERTILIZATION

• 10-14 da ys of inject ions
• Inject ions a re subcuta neous 
• Frequent  ult ra sounds a nd blood work 
• Side effects: a bdomina l bloa t ing, 

pelvic discomfort , hea da che, na usea , 
emotiona l la bility



OOCYTE CRYOPRESERVATION



RANDOM START
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Random sta rt

20XX
von Wolff M, Capp E, Jauckus J, Strowitzki T, Germeyer A, FertiPROTEKT study group. Timing of ovarian stimula tion in pa tients prior to gonadotoxic therapy: an 

ana lysis of 684 stimula tions. Eur J Obstet Gynecol Reprod Biol 2016;199:146– 9



OOCYTE CRYOPRESERAVTION

PRESENTATION TITLE

•



EMBRYO CRYOPRESERAVTION





THERE IS ATTRITION ALONG THE WAY

Number of follicles

Total oocytes

# Mature oocytes

80% survive thaw

70% fertilize

% develop

% implant
Baby!



• 80% of oocytes frozen will survive the tha w 
• 95% of good qua lity bla stocysts frozen will survive the 

tha w

Surviva l Ra tes



PREIMPLANTATION GENETIC TESTING

PRESENTATION TITLE



UTILIZATION OF OOCYTES AND EMBRYOS

Blakemore JK, Grifo JA, DeVore SM, Hodes-Wertz B, Berkeley AS. Planned oocyte cryopreservation-10-15-year follow-up: return rates and cycle outcomes. Fertil Steril. 2021 Jun;115(6):1511-1520. doi: 10.1016/j.fertnstert.2021.01.011. 
Epub 2021 Mar 9. PMID: 33712289.

Leung AQ, Baker K, Vaughan D, Shah JS, Korkidakis A, Ryley DA, Sakkas D, Toth TL. Clinical outcomes and utilization from over a decade of planned oocyte cryopreservation. Reprod Biomed Online. 2021 Jul 1:S1472-6483(21)00308-4. doi: 
10.1016/j.rbmo.2021.06.024. Epub ahead of print. PMID: 34474973.

Dolmans, M.M., Hollanders de Ouderaen, S., Demylle, D. et al. Utilization rates and results of long-term embryo cryopreservation before gonadotoxic treatment. J Assist Reprod Genet 32, 1233–1237 (2015). 
https://doi.org/10.1007/s10815-015-0533-z

• In one cohort study tha t collected da ta  from 2005-2009 on 231 patients with 
280 cycles showed a utilization rate of 38% 

• Another study collecting data from 2006-2020 showed that of the 921 
patients who electively froze oocytes only 68 (7.4%) has utilized them

• A smaller study looked a t 66 pa tients undergoing oocyte cryopreserva tion 
prior to gonadotoxic trea tment , the utiliza tion ra te was 23%



Zhu, Haiyan et al. “Predicting the Likelihood of Live Birth in Assisted Reproductive Technology According to the Number of Oocytes Retrieved and Female Age Using a Generalized Additive Model: A 
Retrospective Cohort Analysis of 17,948 Cycles.” Frontiers in endocrinology vol. 12 606231. 30 Apr. 2021, doi:10.3389/fendo.2021.606231

LIVE BIRTH WITH VITRIFIED OOCYTES



THE MAJORITY OF WOMEN DO 
NOT RETRIEVE THE OPTIMAL 
NUMBER OF OOCYTES

58% of women who undergo pla nned 
oocyte cryopreserva tion do not ba nk 
sufficient number of oocytes to yield a n 
80% cha nce of live birth
Media n number of cycles needed to 
a chieve a dequa te number of oocytes wa s 
1.3-2.2 (depending on a ge)

ASRM 2020 Abstract Majority of women undergoing elective oocyte cryopreserva tion do not a tta in optimal number of oocytes cryopreserved for reasonable 
likelihood of future live birth. UCSF



WHEN TO DO AN EMBRYO TRANSFER?

Discussion with oncologist  
Typica lly, 6 months post  
chemothera py
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EMBRYO CRYOPRESERVATION SUCCESS

Fertility preserva tion in pa tients undergoing gonadotoxic therapy or gonadectomy: a  committee opinion. ASRM Fertility and 
Sterility 2019



EMBRYO TRANSFER SUCCESS (PER 
SINGLE EMBRYO TRANSFER WITH 
GOOD QUALITY EMBRYO)
<35 yea rs old – 50% live birth
35- 37 yea rs old – 35- 40% live 
birth 
38- 40 yea rs old – 25% live birth
41- 42 yea rs old – 15% live birth 
>42 yea rs old – 5% live birth



PREPUBERTAL FEMALES

• Ova ria n t issue cryopreserva tion 
• In vitro ma tura tion





OVARIAN TISSUE 
CRYOPRESERVATION

NOT EXPERIMENTAL (2019)
Prepuberta l pa tients 
Pa tients who ca nnot dela y chemothera py sta rt
Pa tients ha ving surgery for a nother rea son
Not recommended for pa tients >40 YO, ha ve la rge 
ova ria n cyst , received prior chemothera py 

PRESENTATION TITLE

Fertility preserva tion in pa tients undergoing gonadotoxic therapy or gonadectomy: a  committee opinion. ASRM Fertility and 
Sterility 2019

Ovarian Tissue Cryopreserva tion (OTC) | The Oncofertility Consortium (msu.edu)

https://oncofertility.msu.edu/resources/ovarian-tissue-cryopreservation-otc


PREPUBERTAL FEMALES

PRESENTATION TITLE



20XX



Gellert, S.E., Pors, S.E., Kristensen, S.G. et al. Transplantation of frozen-thawed ovarian tissue: an update on worldwide activity published in peer-reviewed papers and 
on the Danish cohort. J Assist Reprod Genet 35, 561–570 (2018). https://doi.org/10.1007/s10815-018-1144-2



OVARIAN TISSUE CRYOPRESERVATION 
OUTCOMES

• Live birth between 25- 37%
• Hormona l function resumes 60-

240 da ys a fter tra nspla nt 
• Median dura tion of return is 7 

yea rs



\

Jensen, A.K., Macklon, K.T., Fedder, J. et al. 86 successful births and 9 ongoing pregnancies worldwide in women transplanted with frozen-thawed ovarian tissue: focus on birth and perinatal 
outcome in 40 of these children. J Assist Reprod Genet 34, 325–336 (2017). https://doi.org/10.1007/s10815-016-0843-9



NO EVIDENCE TO SUPPORT THAT OTC 
INCREASES CHANCE OF DISEASE 
RECURRENCE

***This should not be offered to pa tients with 
known BRCA variants

Gellert, S.E., Pors, S.E., Kristensen, S.G. et al. Transplantation of frozen-thawed ovarian tissue: an update on worldwide activity published in peer-reviewed papers and on the Danish cohort. J 
Assist Reprod Genet 35, 561–570 (2018). https://doi.org/10.1007/s10815-018-1144-2



LIMITED DATA IN 
PATIENTS <18 YEARS 
OLD

18 pat ients were  under 21 (9-20.3 
years) years old when they 
cryopreserved the ir t issue  and auto-
t ransplantat ion of thawed t issue  in each 
of these  pat ients resulted in 10 live  
births for 9  mothers

PRESENTATION TITLE

C
Pacheco F, Oktay K. Current Success and Efficiency of Autologous Ovarian Transplantation: A Meta-Analysis. Reprod Sci 2017;24(8):1111 1120.

Corkum KS, Rhee DS, Wafford EQ, Demeestere I, Dasgupta  R, Baertschiger R, et a l. Fertility and hormone preserva tion and restora tion for female children and adolescents receiving 
gonadotoxic cancer trea tments: A systematic review. J Pedia tr Surg 2019;(Pedia tr Blood Cancer 60 2012):ahead of print.



CURRENTLY CHW/ RMC IS WORKING WITH 
LURIE’S CHILDREN’S HOSPITAL TO 
PROVIDE THE OPTION OF OVARIAN 
TISSUE CRYOPRESERVATION TO OUR 
PATIENTS!



IVM



IN VITRO MATURATION
• Best in women with PCOS
• Ha s been utilized in pa tients undergoing gona dotoxic 

thera py 
• Ma tura tion ra tes from GV to MII a re 50- 55%
• Fertiliza tion ra tes simila r to in vivo ma tured oocytes –

70%
• Bla st  ra te much lower 5- 6%
• High ra te of chromosoma l a bnorma lit ies (DNA 

methyla tion a nd imprinting disorders)
• First  live birth in 2009

Khalili MA, Shahedi A, Ashourzadeh S, Nottola SA, Macchiarelli G, Palmerini MG. Vitrification of human immature oocytes before and after in vitro maturation: a review. J 
Assist Reprod Genet. 2017;34(11):1413-1426. doi:10.1007/s10815-017-1005-4



PRESENTATION TITLEYu EJ, Yoon TK, Lee WS, Park EA, Heo JY, Ko YK et al. Obstetrical, neonatal, and long-term outcomes of children conceived from in vitro matured 
oocytes. Fertil Steril 2019;112:691-9.



LUPRON

ASRM statement “Given the evidence of effica cy, 
GnRH a gonists ma y be offered to brea st  ca ncer 
pa tients to reduce the risk of prema ture ova ria n 
insufficiency, but should not be used in pla ce of 
other fert ility preserva tion a lterna tives”

Blumenfeld Z, Katz G, Evron A. 'An ounce of prevention is worth a pound of cure': the case for and against GnRH-agonist for fertility preservation. Ann Oncol. 2014 
Sep;25(9):1719-1728. doi: 10.1093/annonc/mdu036. Epub 2014 Mar 20. PMID: 24651411.



LUPRON AND DMPA FOR MENSTRUAL SUPPRESSION DURING 
CHEMOTHERAPY

20XXMeriow D et a l. Pre ve n t ion  of se ve re  m e n or rh a gia  in  on co logy p a t ie n t s  w it h  t r e a t m e n t -in d u ce d  t h rom b ocyt op e n ia  b y lu t e in izin g h orm on e -re le a s in g h orm on e  a gon is t  a n d  d e p o-
m e d roxyp r oge st e r on e  a ce t a t e . Ca n ce r  2006 107(7):1634-1641



ALWAYS AN OPTION TO DO NOTHING

Patients should have been given the opportunity 
to hea r about and discuss their options so tha t 
they can make informed decision tha t is right for 
them!



SPECIAL 
CIRCUMSTANCES

Fertility preserva tion 
a fter chemothera py
Brea st ca ncer



FERTILITY PRESERVATION 
FOLLOWING CHEMOTHERAPY
• A sa fe interva l between chemothera py 

complet ion a nd oocyte/embryo 
cryopreserva t ion ha s not  been esta blished

• Chemothera peutic a gents ca n ca use DNA 
a bnorma lit ies a nd oxida t ive da ma ge 

• In mouse models, conception tha t  occurred 3 
months a fter cyclophospha mide exposure were 
a t  higher risk of feta l a noma lies a nd pregna ncy 
loss

Fertility preserva tion in pa tients undergoing gonadotoxic therapy or gonadectomy: a  committee opinion. ASRM Fertility and 
Sterility 2019



AMH PRIOR TO CHEMOTHERAPY, CAN IT PREDICT OVARIAN 
RECOVERY?



AMH POST TREATMENT

Su IH et al. JCEM 2020;Aug 105 (8):2740-2751

Modeling of reproductive lifespan in female AYA cancer 
survivors based upon AMH

Breast (26.9%), Lymphoma (24.8%), Thyroid (18%)
AMH  trajectories differed by treatment gonadotoxicity

Moderate gonadotoxicity- AMH increased over 2-3 years post treatment then declined over 
15 years

High gonadotoxicity- AMH lower overall and declined shortly after peak at 2-3 years

Protective effect of age not observed in high gonadotoxic 
group



PRESENTATION TITLE
Su IH et al. JCEM 2020;Aug 105 (8):2740-2751



OPTIMAL TIMING OF AMH 
MEASUREMENT POST CHEMO

• No current da ta  
• Ok to measure 6-10 months post trea tment 
• Follow every 6 months 
• No opportune time to intervene based on 

percent drop 
• Likely best time to intervene is 2-3 yea rs 

post trea tment 



BREAST CANCER

Need to keep estra diol levels 
low, especia lly in hormone 
responsive ca ncer



BREAST CANCER

Azim AA, Costantini-Ferrando M, Oktay K. Safety of fertility preservation by ovarian stimulation with letrozole and gonadotropins in patients with breast cancer: a
prospective controlled study. J Clin Oncol. 2008 Jun 1;26(16):2630-5. doi: 10.1200/JCO.2007.14.8700. PMID: 18509175.



LETROZOLE UTILIZATION FOR 
ESTRADIOL SUPPRESSION

Pa tients a t  increa sed risk 
of clots

Post opera tively 
Sickle cell disea se



ASRM – WHAT SHOULD BE 
AVAILABLE

Ra pid a ccess
Interdisciplina ry tea m: 
oncology, endocrinology, 
reproductive medicine, 
urology, a nesthesiology 
La b: a bility to vitrify oocytes 
a nd embryos 
Counseling: genetic, menta l 
hea lth, fina ncia l

Fertility preserva tion in pa tients undergoing gonadotoxic therapy or gonadectomy: a  committee opinion. ASRM Fertility and 
Sterility 2019



WRAP UP

Idea l to know dose a nd dura tion of 
chemothera peutics a t  t ime of referra l 
Pa tients ha ve the best  outcome if they 
undergo fert ility preserva tion options 
prior to chemothera py/ra dia tion

If not , follow AMH 6-10 months 
post  trea tment every 6 months

If a ble obta in AMH prior to a ppointment

Fertility preserva tion in pa tients undergoing gonadotoxic therapy or gonadectomy: a  committee opinion. ASRM Fertility and 
Sterility 2019



FINANCIAL ASPECT

IVF without  a ssista nce (ARCě a s a n option)
Oocyte cryopreserva tion ~$10,000 + meds
Embryo cryopreserva tion ~$13,000 + meds

Livestrong (Single <$100k a nd couple 
<$135k a nnua l income)

Oocyte cryopreserva tion $7,433
Embryo cryopreserva tion $8,640
Post trea tment $9,922
Meds usua lly covered
Reprotech for gamete/embryo storage
Pre- chemo and post- chemo



QUESTIONS?
# MCWFertility



RMC TEAM

Ka t e  Sc h o y e r

Div i s io n  Di r e c t o r

J a y m e  Bo s le r Ro b e r t  Ry d z e St e p h a n ie  Gu n d e r s o n

J a y  Sa n d lo w

In t e r im  Ch a i r  o f  
Ur o lo g y20XX 70


	Fertility preservation –The Future is Bright 
	Objectives
	I have nothing to disclose
	Introduction
	Who should be offered fertility preservation services?
	Slide Number 6
	Who is at risk?
	What is the risk?
	Risk of Premature ovarian insufficiency�
	Risk of premature ovarian insufficiency
	Reduced intensity conditioning for SCT 
	Fertility Risk Calculator - Fertility Preservation Program in Pittsburgh (.org) fertilitypreservationpittsburgh
	Postpubertal females
	Slide Number 14
	Slide Number 15
	Assessing ovarian reserve
	Slide Number 17
	Anti-Mullerian hormone
	Age specific AMH levels
	Slide Number 20
	Invitro Fertilization
	Oocyte cryopreservation
	Random Start
	Slide Number 24
	Slide Number 25
	Oocyte cryopreseravtion
	Embryo cryopreseravtion
	Slide Number 28
	There is attrition along the way
	Slide Number 30
	Preimplantation genetic testing
	Utilization of oocytes and embryos
	Live birth with vitrified oocytes
	The majority of women do not retrieve the optimal number of oocytes
	When to do an embryo transfer?
	Slide Number 36
	Embryo Cryopreservation success
	Embryo transfer success (per single embryo transfer with good quality embryo)
	Prepubertal Females
	Slide Number 40
	Ovarian tissue cryopreservation
	Prepubertal females
	Slide Number 43
	Slide Number 45
	Ovarian tissue cryopreservation outcomes
	\
	No evidence to support that OTC increases chance of disease recurrence
	Limited data in patients <18 years old
	Currently CHW/RMC is working with Lurie’s Children’s hospital to provide the option of ovarian tissue cryopreservation to our patients!
	IVM
	In vitro maturation
	Slide Number 53
	Lupron
	LUPRON and DMPA for menstrual suppression during chemotherapy
	Always an option to do nothing
	Special circumstances
	Fertility preservation following chemotherapy
	Amh prior to chemotherapy, can it predict ovarian recovery?
	AMH post treatment
	Slide Number 61
	Optimal timing of AMH measurement post chemo
	Breast cancer
	Breast cancer
	Letrozole utilization for estradiol suppression
	ASRM – what should be available
	Wrap up
	Financial Aspect
	Questions?
	RMC TEam

