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Background: The utilization of oocyte cryopreservation (OC) has become popularized with increasing numbers of
reproductive-aged patients desiring to maintain fertility for future family building. OC was initially used for fertility
preservation in postmenarchal patients prior to gonadotoxic therapies; however, it is now available to patients to
circumvent age-related infertility and other diagnoses associated with early loss of ovarian reserve. The primary aim of
this paper is to provide a narrative review of the most recent and robust data on the utilization and outcomes of OC in

Summary: OC results in similar oocyte yield in patients facing gonadotoxic therapies and patients undergoing
planned OC. Available data are insufficient to predict the live birth rates or the number of cocytes needed to result
in live birth. However, oocyte yield and live birth rates are best among patients < 37.5 years old or with anti-mullerian
hormone levels > 1.995ng/dL, at the time of oocyte retrieval. There is a high’'no use’rate (58.9%) in patients using
planned OC with 62.5% returning to use frozen oocytes with a spouse. The utilization rate in medical OC patients is
< 10%. There is currently no data on the effects of BMI, smoking, or ethnicity on planned OC outcomes.

Conclusion: Itis too early to draw any final conclusions on outcomes of OC in medical OC and planned OC; how-
ever, preliminary data supports that utilization of OC in both groups result in preservation of fertility and subsequent
live births in patients who return to use their cryopreserved eggs. Higher oocyte yield, with fewer ovarian stimulation
cycles, and higher live birth rates are seen in patients who seek OC at younger ages, reinforcing the importance of
age on fertility preservation. More studies are needed in medical OC and planned OC to help guide counseling and

Keywords: Cost effectiveness, Fertility preservation, Oocyte freezing, Oocyte warm, Oocyte utilization, Planned

Background

Oocyte cryopreservation (OC) is used in assisted repro-
ductive technology (ART) to attempt to preserve fer-
tility by freezing gametes for potential future use.
The first human pregnancy (twins) from a previously
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cryopreserved oocyte was reported in 1986 [1]. With
improved techniques of cryopreservation (i.e., slow-
freeze to ultra-rapid vitrification) there have been tre-
mendous improvement in oocyte survival and clinical
pregnancy rates [2, 3]. In 2013 the American Society for
Reproductive Medicine (ASRM) removed the “experi-
mental” label associated with OC. The American College
of Obstetricians and Gynecologist (ACOG) promoted
the utilization of OC in 2014 [4]. At that time, a majority
of OC was used for patients with upcoming exposure to
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gonadotoxic therapies including chemotherapy and pel-
vic radiation, and genetic disorders predisposing them to
primary ovarian insufficiency (e.g., Fragile X premutation
and monosomy X mosaicism). A 25% increase in the uti-
lization of OC was seen from 2015 to 2016 [5]. In 2018
the ASRM Ethics Committee opinion stated that planned
OC for patients wishing to attempt to protect against
future infertility due to reproductive aging was ‘ethi-
cally permissible’ [6]. ASRM continues to recommend
that providers inform patients about the efficacy, safety,
benefits and risks, as well as unknown long-term effects
on offspring and potential harms that are still not fully
understood [6].

Oocyte cryopreservation has increased worldwide [7].
However, reproductive age patients are still inadequately
aware of the effects of age on fertility [8—12]. Most
patients seeking OC obtain information from online
sources [13]. Interestingly, a study of obstetricians and
gynecologists revealed that, although they believe discus-
sions of reproductive aging should be discussed with all
reproductive aged patients, a majority reported a lack of
time or knowledge to counsel patients on fertility preser-
vation [14]. Some opinions hold that patients are “delay-
ing” childbearing due to career aspirations; however, this
is actually not the case. Most patients who pursue OC
report that the reason is the lack of a suitable partner and
a source of protection against future medical issues that
may affect fertility [8, 15—17]. It is imperative that health-
care providers be equipped with the knowledge and
information to counsel patients regarding reproductive
aging and the option of OC.

The purpose of this narrative review on medical OC
and planned OC is to compare the most recent available
data on outcomes, expectations, and overall recommen-
dations to help guide decision-making and clinical coun-
seling for patients.

Materials and methods

Search strategy and study selection

We searched the published articles in PubMed that
contained the key words “autologous IVF’, “fertil-
ity preservation’, “oocyte cryopreservation’, “elective’,
“cancer”, “medical’;, or “planned” We did not include
abstracts, conference proceedings, review articles,
or case-reports. Studies that included pediatric, ado-
lescent, or transgender patients were excluded. We
included randomized controlled trials, systematic
reviews or meta-analyses, cohort studies, and case con-
trol studies that had full-length manuscripts that were
published in English in peer-reviewed journals up to
July 2021. We also included studies focusing on medical

OC, planned OC, and simulated/hypothetical patient
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cohorts if part of a cost-effectiveness study. Animal
studies, studies without a comparison group (unless
addressing topics of utilization of oocytes), inclusion
of donor oocytes, utilizing slow-cooling techniques
only, articles pertaining to surgical interventions (e.g.,
ovarian tissue cryopreservation or fertility-sparing sur-
gery), in vitro maturation, frozen embryos only, and
studies focused on laboratory-related technical issues
were excluded. We screened the titles and abstracts of
potentially related and relevant articles based on the
above inclusion/exclusion criteria. We included all arti-
cles that pertained to utilization of medical OC and/
or planned OC. Final inclusion or exclusion decisions
were based on examination of the articles in full.

The following data were recorded: author, year of
publication, study design, sample size (patients and/
or cycles), stimulation protocol (if stated), mean age at
cryopreservation, mean number of oocytes retrieved,
mean number of mature oocytes (MlIIs) cryopreserved,
return/utilization rate, fertilization rate of MlIs, storage
duration, clinical pregnancy rate, and ongoing preg-
nancy/live birth rate.

Medical oocyte cryopreservation

Initially, OC was primarily used in patients who were
going to be exposed to gonadotoxic therapies or radia-
tion for treatment of malignancies. However, indica-
tions have expanded, such as preserving supernumerary
oocytes for future use in situations where fertilizing
all oocytes is not desired, unexpected unavailability
of sperm at the time of oocyte retrieval, and planned
female-to-male transition [18]. For the purposes of this
review, we primarily focused on medical OC that per-
tained to patients who were diagnosed with cancer and
were expected to undergo gonadotoxic therapy.

There have been significant improvements in the
management of cancers leading to increased survival
rates. Fertility preservation has become integral to the
discussion of cancer treatment in reproductive age
patients who are at risk of infertility after therapy. One
study found that approximately 70% of young female
cancer patients were concerned about fertility at the
time of diagnosis, and 50% desired to have children after
treatment [19]. The risk of premature ovarian failure or
diminished ovarian reserve after cancer treatment is
dependent on age, chemotherapy used, dosage of chem-
otherapy agents, and exposure to pelvic radiation. It is
of the utmost priority that oncologists speak with their
patients about their risks of infertility and to review
potential options for fertility preservation prior to ini-
tiation of treatment, or refer them for this counseling.
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Outcomes of medical oocyte cryopreservation

There are limited data regarding outcomes of autolo-
gous OC in patients with cancer (Table 1). Cobo et al.
published a retrospective, observational multicenter
study that included patients who underwent planned
OC and medical OC from January 2007 to May 2018.
They included 1073 patients (1172cycles) who under-
went medical OC. The mean age was 32.3+3.5years
old with 69.9% of patients being <35years old. They
primarily used an antagonist plus letrozole protocol for
controlled ovarian stimulation; however, they noticed
that the antagonist only protocol yielded higher num-
ber of retrieved and vitrified oocytes compared to the
long GnRH-agonist and the antagonist plus letrozole
groups. The mean number of mature oocytes retrieved
and vitrified per cycle was 11.4+3.5 and 8.7+2.1,
respectively. Only 80 (7.4%) patients returned to used
their cryopreserved oocytes with a mean storage time
of 4.1£0.9years. The embryo transfers were done on
either day 3 or at blastocyst stage (days 5-7). The overall
survival rate and implantation rate was 81.8 and 32.5%,
respectively. The clinical pregnancy rate per transfer was
41.4% and the ongoing pregnancy rate per transfer was
31.0%. There were 18 live births within their cohort of
medical OC. When factoring in age, they did not notice
a statistically significant difference in number of oocytes
needed to have a live birth; however, this was most likely
due to small sample size. When compared to patients
who underwent planned OC, medical OC patients were
younger at the age of vitrification, had higher numbers of
oocytes retrieved and vitrified per cycle, longer storage
times, lower implantation rates, ongoing pregnancy rates,
and live birth rates (p <0.05).

Two retrospective studies by Moraes et al. and Schon
et al. also compared medical OC to planned OC [22, 25].
Moraes et al. included 23 cancer patients (primarily diag-
nosed with breast cancer) and 164 non-cancer patients
undergoing medical OC and planned OC, respectively.
The mean age was 35.13+3.72years old. Contrary to
Cobo et al., Moraes et al. found no statistically signifi-
cant difference in mean number of oocytes obtained per
cycles (11.4+ 8 non-cancer vs. 13.8 =9 cancer) and mean
number of frozen mature oocytes per cycle (9.7 +7 non-
cancer vs. 11.24+7.2 cancer). However, the inability to
find a statistically significant difference may have been
due to the small sample size.

Schon et al. included 117 patients (130cycles) under-
going medical OC to 98 patients (129 cycles) undergoing
planned OC. Stimulation protocols used included GnRH
agonist, GnRH antagonist, or flare. Patients undergoing
medical OC were more likely to use an antagonist proto-
col compared to patients undergoing planned OC (92.9%
vs. 77.8%, p =0.003). When adjusting for age, there were
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no statistically significant differences in cycle parameters
(e.g., gonadotropin dosage, estradiol level, number of
follicles measuring >15mm at time of trigger) between
medical OC and planned OC. There was no difference
in number of mature oocytes retrieved (7 (range, 4-13)
planned OC vs. 8 (range, 6-15) medical OC, p =0.23).
Another study by Specchia et al. [26] investigated
18years of experience of medical OC at a tertiary care
referral center. They included all 244 patients who under-
went 252cycles of medical OC from January 2001 to
March 2019 at a single-center. A majority of the patients
were diagnosed with breast cancer (59.9%) or Hodgkin’s
or non-Hodgkin’s lymphoma (27.4%). The primary stim-
ulation protocol was an antagonist protocol; however,
patients received antagonist plus an aromatase inhibi-
tor if they had hormone-dependent breast cancers. The
mean age of the cohort was 31.3+6.4years, which is
similar to that of Cobo et al. [7]. The mean number of
oocytes retrieved and mature oocytes vitrified per patient
were 13.5+8.4 (range, 0-40) and 9.5+6.1 (range, 0-28),
respectively. The return rate for use of cryopreserved
oocytes was 4.5% with a short mean duration of storage
of 3.4years showing that as of the time of publication a
majority of patients who undergo medical OC had not
yet returned to utilize their vitrified oocytes. The reasons
for this were not investigated, but may have included
cancer progression requiring further treatment, sponta-
neous pregnancy, or lack of a partner. As tamoxifen use
for 10years is recommended for patients with ER positive
breast cancer, some delays may have been due to wanting
to maximize disease free survival. The clinical pregnancy
rate of the 11 patients who returned to use their cryopre-
served oocytes was 36.4% per patient (16.7% per transfer)
with a total of 2 live births overall. At the conclusion of
the study, 95.7% of oocytes retrieved were still in storage.
A prospective study by Marklund et al. investigated
the efficacy and safety of controlled ovarian stimula-
tion protocols using GnRH antagonist with or with-
out the addition of letrozole in breast cancer patients
undergoing medical OC [21]. This was a prospective,
multicenter study from January 1, 1995 to June 30,
2017 at six Swedish fertility programs. Approximately
600 women were enrolled with 468 undergoing fertility
preservation. Forty-one percent of those were undergo-
ing medical OC. The mean age of the overall cohort was
32.5years old (range, 21-42). Marklund et al. compared
GnRH antagonist with letrozole (n =224) with GnRH
antagonist without letrozole (n =156), conventional
start (m =179) versus random start (# =201), and the
use of GnRH agonist trigger (n =96) versus hCG trigger
(n =128) in patients using a GnRH antagonist protocol
with letrozole. They found no statistically significant dif-
ferences in number of cryopreserved oocytes when using
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GnRH antagonist with letrozole versus without letro-
zole (mean number of cryopreserved oocytes: 9.7 with
letrozole vs 10 without letrozole, p =0.81) or between
conventional start versus random start (mean number
of cryopreserved oocytes: 10.6 conventional vs 8.97 ran-
dom, p =0.067). However, in patients utilizing GnRH
antagonist with letrozole and GnRH agonist trigger
had a higher number of oocytes retrieved compared to
patients with GnRH antagonist with letrozole and hCG
trigger (13.66 GnRH agonist trigger vs. 11.32 hCG trig-
ger, p =0.027). This was also seen in a study by Pereira
et al. [23] who investigated cancer patients undergoing
controlled ovarian stimulation for fertility preservation
with GnRH antagonist protocol with or without letro-
zole and compared cycle outcomes with either use of a
GnRH agonist trigger versus hCG trigger. They included
341 patients with an overall mean age of 33.3 &= 5.1 years.
The primary cancer diagnosis was breast cancer (75.3%)
followed by lymphoma/leukemia (9.7%). They found that
using a GnRH agonist trigger resulted in higher number
of MII oocytes cryopreserved compared to hCG trigger
in patients using letrozole-based protocols (11.8+5.8
GnRH agonist vs. 9.9+6.0 hCG, p =0.04) and those
using gonadotropin-only protocols (13.3+7.9 GnRH
agonist vs. 9.3£6.0, p =0.02).

Kawwass et al. [20] conducted a national retrospective
review using national surveillance data on 29,631 autolo-
gous OC cycles from the Society for Assisted Reproduc-
tive Technology Clinical Outcomes Reporting System
(SART CORS) performed from 2012 to 2016 to compare
outcomes of fertility preservation between patients with
and without cancer. When compared to planned OC,
patients undergoing medical OC were typically < 35years
old, had higher body mass indices (BMI), lived in the
South, and underwent antagonist protocols. There was
no difference in cancellation or hyperstimulation rates,
or oocyte yield (approximately 16 oocytes, 80% matura-
tion rate) between the two groups, as also shown in prior
studies [24, 27]. Neither oocyte fertilization rates nor live
birth rates were reported.

Lyttle Schumacher et al. did a cost-effectiveness study
on OC for cancer patients prior to high and low-risk gon-
adotoxic therapy [28]. The purpose of their study was to
find the live birth rate and cost-effectiveness of fertility
preservation with OC compared to expectant manage-
ment (no-OC) in 25-40year old cancer patients based
on estimated gonadotoxicity treatment 5years after can-
cer diagnosis. Their model took into account the type
of chemotherapy, the potential development of primary
ovarian insufficiency after treatment, and effect of age
on fertility decline. Low-risk chemotherapy was equated
to therapies such as adriamycin, bleomycin, vinblastine,
and dacarbazine for management of Hodgkin lymphoma,
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while high-risk chemotherapy was equated to condition-
ing chemotherapeutic regimens used for hematopoietic
stem cell transplant for leukemia. When comparing OC
to no-OC, the maximum improvement in live birth rate
was achieved at 37years old for low-risk chemotherapy
(68% OC vs. 37% no-OC) and at 27years old for high-
risk chemotherapy (66% OC vs. 14% no-OC). The cost
per additional live birth in low-risk chemotherapy ranged
from $44,645 to $83,424 with the most cost-effective time
period at 37years old. On the other hand, the cost per
additional live birth in high-risk chemotherapy ranged
from $34,194 to $75,970 with the most cost-effective time
period at 25years old. Despite OC being more costly, it is
the most cost-effective strategy to improve live birth rates
in patients expecting to undergo low or high-risk chemo-
therapy within 5years of cancer diagnosis and who are
not considering donor oocytes.

Summary

Women cryopreserving oocytes for medical indications
appear to have similar oocyte yields as women under-
going planned OC. The return rate for patients utilizing
medical OC is < 10%. There are still limited data on preg-
nancy and live birth rates from oocytes cryopreserved
for medical indications prior to potentially sterilizing
therapy.

Planned oocyte cryopreservation

The ASRM published an evidence-based guideline on
planned OC in 2021 but data are limited. These guide-
lines reviewed the most recent literature and cautioned
against planned OC without appropriate counseling
regarding the sparsity of data and unknown sequelae
[18]. We included eleven primary studies for this review
(Table 2). The main areas of focus were live birth rates,
effect of age on OC, and number of cryopreserved
oocytes needed to obtain a live birth.

Live birth rates in planned oocyte cryopreservation

Doyle et al. [30] published a retrospective study which
found that 128cycles undergoing autologous embryo
transfer (ET) from warmed vitrified oocytes had lower
numbers of MII oocytes inseminated (8.0 vs. 10.1,
p =.0002) and blastocyst-stage embryo transfers (50.9%
vs. 66.1%, p <.001) when compared to 2963 cycles using
fresh oocytes. There were similar fertilization rates
(69.5% vs. 71.7%, p >.05) and ongoing pregnancy rates
(38.6% vs. 36%, p >.05), and higher clinical pregnancy
rates and clinical pregnancy losses per clinical preg-
nancy rate in the vitrified oocyte group compared to
the fresh oocyte group. One confounding factor in this
study is the inclusion of patients undergoing oocyte
cryopreservation due to lack of sperm at time of oocyte



Page 6 of 14

(2022) 20:10

Walker et al. Reproductive Biology and Endocrinology

S6CFOEY ¥ <
069F 1’8 Ch-LY
¥8Y F¥8/ :0v-8¢
P9+ 096:L6-G€
/L F /(801 :GE>

(Lot = U) S924d puz

ELYFCL9Cr<
9L9F ST LTy
CLLFSL607-8¢

9C8F LTl LE-SE
ES6F LY'SLGE>
(LygL=u) s9pAdIs|

usped Jad £/ F TSl gE<
C6F¥8lL8e>

uaned 4ad 7| | :DO-UON
waned sad 0| :DOd
9PA> 1ad 1’9 :DO4-UON
3242 4ad €6 :D0d

9GF 69 <

69F¢0l ¢y

CYFL6Y

9SFEB oY

6+ S86¢

/'SFS88E

69F8LL:LE

¥/ FO¥l 9¢
SLFLELSES

waped Jad §'g :DOW
uaned Jad 6'6 DO

L'0L-ysal]
08 DO +20d

3P 13d 1’7 F £'8 DOW
9P ed €11 F €2 D0d
8917y <

66 Tr-1t

0'6:07-8€

GlL:LE-S€E

gEeLige>

2RO ISIUOBRIUY

VN

VN

VN

3|0zon3|HsiuobeIY Isiuobeluy

24RO IsluobRIUY

9|0Z0.33|+1sIuobeiuy
151uOBY
1s|uobeuy

2URYOIIN 1T IsIuohbeIuY

9CEFIGE

(cy-v€ dbuel) gL F 1'8¢

C'L€:20d-UON
£L€:20d

G'g7 1ouo(
VN :snobojoiny

L'SF6'1e DOW
v+ £9€:00d

G'5€ Ysold
6%€ DON+D0d

SEFECEDON
6vFCLED0d

(Sp-£¢ 9buel) '8¢

(5924066, 1) sausiied |42 L

(s9pAd 597 1) swuened 176

(5912A296) DOJ-UOU €8 @
(5312A249) DOd 9% @
suaned 67|

(G = u) uoneuop bb3
(997 = u) 10}

-DeJ [egN] JO PUR J01DR) 3[R
(531242 55€) DOW S/ @
(s9124562/) DO 095 @
(s92400801) syuaned 6e0L
so|dnod o|iayul

U1 s394 15D Ysl) €967
5914200

pawem/payulA €871
3242 DOW+20d 821

(S9PA2ZLLL) DOW €01 @
(s312A5#10/) DOd 6875 @
siuaned 79€9

(591245 087) Susned €7

20d L <

plo
51eaAQEZ SNSIDA 8E > DOd

D0d-uou pue 30d

S99A2
uoleuop bba pue s3pAd 15D
snobojoine Ajuo 101oe} [egny
10/pue J012.J}-3[eW Ysa1) 15i14

DOW PUe D0Od

DOW+D0d
01 pasedwod Al|i1a)ul Iy
ISDI/4A1 Butobispun uswiopy

DOW pue 50d

J0d L <

9A1109d50119Y

9A1102d50119Y

9A1123ds0.19Y

Apnis Bulpow ‘2An0adsonay

9A1102ds0119Y

9A1102d50119Y

9AI1D2ds0119Y

9A1109ds0119Y

[5€] 0Z0T “2 32 Mojsepy

[¥€] 1Z0T “|e 33 Buna

[€€] 610Z “|e 39 unino

[¢€] £10T “|e 13 uewpjod

[L£] £10T “|e 32 0dsepp-ePIeD

[0€] 910T “|e 32 3]h0@

[/]810T “|e32 0q0D

[6¢) LZ0T “|e39 S10wssielg

paniasairdohid
(s1IW) s91£>00 aanjew
JO Jaquinu ueapy

|03030.4 uoieINWIS

s1eaf ur uoneasasaidohd
Je abe ueapy

az|s ajdwes

uoneindod Apnis

Apns jo adA|

(494) 1eak “oyany

uo11eAIRS21d0AID 914000 pauue|d 10 MIIASI BY) Ul PIPN|DUL S3IPNIS [PIOAID JO S|1EISP dUl|Seq € d|qeL



Page 7 of 14

(2022) 20:10

Walker et al. Reproductive Biology and Endocrinology

|ea1n| 9sop-mo| g7 ‘uoneasasaidohid 914500 HO ‘uolldaful wiads djwsejdoldeilul S/ ‘D|ge|IeAR 10U N ‘UOIIRAIRSId0AID 914000 [BdIpaW DO ‘UolieAIasaidoAid 914300 pauueld D04

9L VN (ev-€¢ 9buel) 6'9¢ swusied 67 O0d 9ANDadsoNay  [8€] 8LOT “1e 13 Biaquuam
9/l VN (¢t 9buel) /G¢ sAanIns pa1ajdwod 8¢ | D0d AanIns '9A0adsoi1ay [/€] 020T “|e 3@ yep

(le-1e (1ouop 4o snobojoine)

abuel) 87 F 0'9Z :paYUIA $91A200 (UOIYLIIA 1§ 97931}

(L€-0z obuey) MOJS) panlasaidoAid pauiiem  A13s16a1 UOIRAISSCO 191UdD
vN wN L'CF |'ST 192931 MOJIS siuaned g6 /MeUY BUISN S9DADISIY - N ‘Al 9seyd 9Anadsold [0€] £10T “|e 32 ABeN
paniasairdohid
(SII) S®34>00 ainjew s1eak uj uonensasardoln

Jo Jaquinu ueay 10203014 uone|nwns 1e9be uesy az|s ajdwes uonejndod Apnis Apnis jo adA) (434) 123K q0y1ny

(PanupuOd) Z 3jqey



Walker et al. Reproductive Biology and Endocrinology (2022) 20:10

retrieval (N =52cycles by 51 patients). Although male
factor infertility was not found to be statistically sig-
nificant between the two groups within the analysis,
the inclusion of these additional patients who did not
strictly meet the definition of planned OC introduces
bias into the results of the study for outcomes within
patients undergoing planned OC.

The 2018 study by Cobo et al. [7] investigated the
indication for fertility preservation related to success
in IVF cycles after planned OC and for medical fertility
preservation. As previously noted, this was a retrospec-
tive, observational multicenter study that included 6362
patients treated from January 2007 to May 2018. Of
these, 5289 patients undergoing 7044 cycles, had planned
OC. One of the main outcomes of this study was live
birth rate (Table 3). The mean age of patients who under-
went planned OC was 37.2+£4.9 with 81.1% of patients
having their oocytes vitrified >35years old. The mean
number of mature oocytes retrieved and vitrified per
cycle was 9.6+8.4 and 7.3+11.3, respectively. The sur-
vival rate was 83.9% with an implantation rate of 42.6%.
The clinical pregnancy rate per transfer was 50.7% and
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ongoing pregnancy rate per transfer was 39.2%. 115 live
births occurred within the planned OC group.

A recent 2021 study by Leung et al. investigated
the clinical experience of patients who had under-
gone planned OC [34]. They performed a retrospec-
tive, observational study that included 921 patients
(1265 cycles) who underwent planned OC from June
2006 to October 2020 at a single institution within an
insurance mandated state. They split their cohort into
two groups: <38 and > 38years old. Mean age of patients
included was 36.6 years with the mean age at time of use
at 38.1+1.8years (range, 34-42). The mean number of
mature oocytes vitrified and mean number of cycles used
per patient were 17.1£8.6 and 1.4+0.6, respectively.
There was no significant difference in mean number of
oocytes cryopreserved based on age. Oocyte survival rate
was 84.9% after vitrification and 57.1% after slow-freeze.
Fertilization rate was 74% among both groups. The clini-
cal pregnancy rate per transfer (54.5% for <38; 39.3%
for >38years old) or per patient who achieved transfer
(64.0% for <38; 52.4% for >38years old) was not differ-
ent between groups. Also, the live birth rate per transfer

Table 3 Summary of cycle outcomes and utilization of included studies in patient who underwent planned oocyte cryopreservation

Author, year (ref)

Mean durationin Returnrate (%) Survival rate (%) Mean Fertilization Clinical Pregnancy

Ongoing Pregnancy/

storage (years) rate (%) Rate (%) Live Birth Rate
Blakemore et al., 2021 [29] <35:8 <35:40 <35:72.8 68.8 NA Live birth (fresh/eSET)
35-37:6.6 35-37:44.1 35-37:77.0 <35:NA/3
38-40:5.3 38-40:36.3 38-40:73.7 35-37:3/10
41-42:4.9 41-42:333 41-42:66.6 38-40:3/5
>42:5 >42:25.0 >42:78.0 41-42:2/0
>42: NA/NA
Cobo et al.,, 2018 [7] POC:21+£16 POC: 12.1 POC: 83.9 NA POC: 50.7 per transfer ~ POC: 39.2% per transfer
MOC: 4.1+£09 MOC: 7.4 MOC: 81.8 MOC: 41.4 per transfer  MOC: 31.0% per transfer
Doyle et al., 2016 [30] Vitrified: 8.0 Vitrified: NA Vitrified: 86.1 Vitrified: 69.5 Vitrified: 54.4 per cycle  Vitrified: 38.6%
Fresh: 0 Fresh: NA Fresh: NA Fresh: 71.7 Fresh: 45.1 per cycle Fresh: 36.0%
FuchsWeizman etal,, 2020 (39] 1.8-4.8 12.1-15 85% 66-84% 39-84% NA
Garcia-Velascoetal, 2013 [31] POC: 1.7£0.6 POC: 4.6 POC: 84.8% NA POC: 42.3 per patient ~ POC: 30.7% per patient
MOC: NA MOC: 0.8 MOC: NA MOC: 25 per patient MOC: 25% per patient
Giirtin et al., 2019 [33] POC: 4.8 NA NA NA NA POC: 17.4%
Non-POC: 0.4 Non-POC: 22.9%
Leung et al., 2021 [34] <38:4.1 <38:56 Vitrified: 84.9% <38:78 <38:54.5(95% Cl 37.6- <38:48.5% (95% Cl 31.4-
>38:32 >38:119 Slow: 57.1% >38:70 71.5) per transfer 65.5) per transfer
>38:39.3(95% Cl 21.2- >38:28.6% (95% Cl 11.8-
57.4) per transfer 45.3) per transfer
<38:64.0 (95% Cl452- <38:56.0% (95% Cl 36.5-
82.8) per patient 75.5) per patient
>38:524(95% C131.0- >38:38.1% (95% Cl 17.3-
73.7) per patient 58.9) per patient
Wennberg et al., 2018 [38] 4.0 15 78 62 NA 36-37: 56% per transfer

38-39:17% per transfer
>40: 0% per transfer
36-37:63% per woman
38-39: 26% per woman
>40: 0% per woman

NA Not available, eSET euploid single embryo transfer, POC planned oocyte cryopreservation, MOC medical oocyte cryopreservation
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(48.5% for <38; 28.6% for >38years old) or per patient
who achieved transfer (56.0% for <38year old; 38.1% for
>38years old) was not different between both groups. In
addition, the live birth rate among all patients who initi-
ated a thaw/warm cycle (n =68) was 38.9% for <38years
old and 25% for >38years old. No successful pregnancy
occurred in patients who utilized planned OC when
>40years old. Some limitations of this study were the
inclusion of slow-freeze and vitrification cycles and the
limited generalizability given that the study was con-
ducted in an insurance mandated state.

Blakemore et al. conducted a large retrospective study
at a single, urban university-affiliated fertility center on
patients who underwent >1cycle of planned OC from
January 2005 to December 2009 [29]. They analyzed
231 patients (280cycles). Eighty-eight patients (38.1%)
returned to thaw/warm oocytes for intended intracyto-
plasmic sperm injection (ICSI) and embryo transfer. The
mean age of patients returning to thaw/warm oocytes
was 43.9years (range, 38-50years) with a mean duration
of oocyte vitrification of 5.9years (range, 1-12years). The
mean survival rate post-thaw was 74.2% (median 73.7%,
range 0-100%) and the mean fertilization rate was 68.8%;
these rates did not differ based on age (p =0.79). There
were 41 fresh ET of thawed/warmed oocytes. Thirteen
embryo transfers (31.7%) with a mean of 3.4 embryos
transferred were performed on Day 3. The remaining 28
transfers (68.3%) with a mean number of embryos trans-
ferred of 1.8 were performed on day 5. Of those who
underwent a fresh transfer, 28.2% of patients achieved a
live birth. In addition, 49 patients underwent preimplan-
tation genetic testing for aneuploidy (PGT-A) with the
mean of 4.2 embryos being biopsied per patient (range,
0-14). The average euploidy rate was 28.9%. The live birth
rate per transfer of an euploid embryo was 66.7% within
the PGT-A group.

A study by Wennberg et al. [38] on planned OC
included 254 patients who underwent planned OC at a
private IVF center in Sweden between August 1, 2011
to August 31, 2017. The mean age at first vitrification
was 36.9 (range, 23-43) and the mean number of fro-
zen oocytes per patient undergoing >1 retrieval was 7.6
(range, 1-37). The mean age of those who utilized their
oocytes was 38.7 (range, 36-42) at vitrification and 42.7
(range, 38-45) at thaw/warming. Within the group of
patients who returned to use their oocytes, the mean
number of mature oocytes banked was 12.8 (range,
1-37) with a 78% survival rate and 62% fertilization
rate. Live birth rates per transfer were 56, 17, and 0% at
36-37, 38-39, and > 40 at age of vitrification, respectively.
Alternatively, the live birth rate per patient was 63, 26,
and 0% at 36-37, 38-39, and >40 at age of vitrification,
respectively. One interesting characteristic of this study
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worth highlighting is that the local recommendation for
patients undergoing planned OC was to obtain >15-20
oocytes to achieve an live birth; however, only 18% of
patients were able to achieve this goal suggesting that live
births are still possible with lower oocyte yields.

Gurtin et al. performed a retrospective study of
planned OC within the UK over a 10-year time frame
[33]. They sought to understand more the characteristics
of the group of patients who returned to use their eggs.
This analysis included 129 patients stratified into two
categories: social egg freeze (SEF) and non-SEF. Non-
SEF incorporated egg freeze for clinical reasons (e.g.,
intentional part of IVF treatment or to batch eggs), inci-
dental egg freeze (e.g., no sperm available at time of egg
retrieval), and ethical egg freeze (e.g., patients who did
not believe in freezing embryos). Ultimately 46 patients
underwent 64 cycles in the SEF group (planned OC). The
average age at time of freeze was 37.7years within the
SEF group. The success rate, which was defined as both
live birth and ongoing pregnancy, was 17.4% within the
SEF group.

A 2020 retrospective questionnaire of patients who had
previously undergone planned OC between January 2009
and September 2016 at a single center within the UK
also reported on live birth rates [37]. Three hundred and
forty-two patients had undergone planned OC during
this time frame; however, only 138 completed surveys.
The mean age at vitrification was 35.7 (range, 24-42) and
the mean follow-up was 4.5+ 2.4years. The mean num-
ber of oocytes cryopreserved was 17.6 (range, 2-64).
Sixty-one patients reported they tried to conceive after
planned OC. Forty-six percent (28/61) of respondents
reported that they used their cryopreserved eggs to try
to conceive and 46% (13/28) reported having a live birth.
The number of ET performed was not reported.

Two smaller observational studies done by Garcia-
Velasco et al. and Nagy et al. also investigated ongo-
ing pregnancy and live birth rates. Garcia-Velasco et al.
reported the results of controlled ovarian hyperstimula-
tion in oncological and non-oncological patients seeking
fertility preservation. Five hundred and sixty non-onco-
logical patients were included in the study (mean age
36.7 £4.2years); 26 patients returned for thaw/warming
of frozen oocytes. Twenty-four fresh embryo transfers
were performed (mean number of embryos transferred
1.54+0.6). The clinical pregnancy rate per patient was
42.3% and the ongoing pregnancy was 30.7% after a fresh
embryo transfer [31]. Fifteen patients underwent a frozen
embryo transfer (mean number of embryos transferred
2.340.7), and had a clinical pregnancy rate per patient
of 46.6% and ongoing pregnancy rate per patient of 33.3%
[31]. Nagy et al. reported ART outcomes after autologous
oocyte vitrification and thawing in 46 cycles after planned
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OC (mean age 33.9+3.9years old (range, 25-43years))
[36]. The mean number of embryos transferred per cycle
was 2.7£1.0. (3.0£1.0day 3 vs. 2.2+0.7 day 5/6). Twelve
transfers (30%) resulted in a clinical pregnancy and
8cycles resulted in a live birth (17.4%). Unfortunately,
neither investigation used a control group.

A retrospective cohort study, by Maslow et al, of
1241 patients (1799cycles) at a single, large OC pro-
gram revealed the likelihood to achieve an estimated live
birth rate (eLBR) of 50, 60, and 70% within 1-2cycles of
planned OC [35]. Using data from Doyle et al. and Gold-
man et al. [30, 32], they extrapolated the thresholds for
an age-based number of frozen mature oocytes needed
to obtain a 50, 60, and 70% eLBR. The mean number of
frozen MlIIs based on age is included in Table 2. They
found that the main contributors to success in this study
were young age, high AMH, high peak estradiol, and low
total gonadotropin usage. Sixty-six percent of patients
in this study achieved a 50% eLBR with their first cycle
while 51% of patients achieved an eLBR of 70% with their
first cycle. Having an AMH >1.995ng/dL was predic-
tive of an eLBR of 60% with their first cycle regardless of
age (p <0.001). In addition, patients <37.5years old were
more likely to obtain a 60% eLBR with their first cycle
regardless of AMH level (p <0.001). For patients who did
not reach a 50% eLBR during their first cycle, 69.3% were
able to achieve at least 50% eLBR during their second
cycle. Patients >42years old were not able to reach 50%
eLBR within two cycles. Maslow et al. were able to gen-
erate a table from their data using age, AMH level, and
number of frozen MlIs to predict eLBR (Table 4).

Effect of age at time of oocyte retrieval
There is currently insufficient data to counsel patients on
the optimal age at which to undergo planned OC. Not
surprisingly, the few studies available on this subject indi-
cate that younger oocyte age results in higher live birth
rates per embryo transfer.

Doyle et al. [30] found that patients who undergo
autologous planned OC <38years old had higher
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clinical pregnancy rates per embryo transfer than patients
>38years old at time OC (60.2% vs. 43.9%). However, the
data included patients who underwent planned OC as
well as patients who underwent OC for other indications.
Nagy et al. [36] found that live birth rates among patients
who underwent planned OC at <35years old were sig-
nificantly better than patients >35years old (24 (23.8%)
vs. 26 (12.0%), p <.05); however, this study had several
limitations because they used the Human Oocyte Preser-
vation Experience registry to enroll patients. Limitations
that are accompanied with use of a registry include selec-
tion bias due to entry of non-sequential patients, miss-
ing data, changes in cryopreservation technique, small
sample size, and the inclusion of patients that underwent
medically indicated OC due to lack of sperm at time of
egg retrieval. Giirtin et al. [33] also noticed a decline in
successful outcomes (defined as live birth rate and ongo-
ing pregnancy rate) with increasing age at time of first
vitrification; however, their numbers were too small to
measure statistically. Cobo et al. [7] investigated the
probability of live birth based on the age at vitrification
and found significantly higher cumulative live birth rates
for younger patients (<35years old) compared to older
patients (>35years old) (p <0.0001).

Leung et al. [34] reported contrary findings on the
significance of age at the time of vitrification. The mean
age at time of vitrification was 38.1+1.8years old
(range, 34-42years) with the mean age at oocyte thaw of
41.8£2.1years old. They did not find any statistical sig-
nificance in cumulative live birth rates between patients
who vitrified oocytes at <38 and>38years old most
likely due to their low return rate (7.4%) and subsequent
small sample size (n =46) (Table 3). However, no patients
who vitrified >40years old had a successful pregnancy.

A systematic review and meta-analysis done by
Fuchs Weizman et al. included 43 studies and found
that planned OC is the most cost efficient at 35years
old (assuming a minimum of 60% utilization) [39, 40].
Another study by Mesen et al. found that planned OC
was cost-effective at 37 years old if patients were willing

Table 4 Maslow et al. number of frozen Ml cocytes in first retrieval by age and AMH, presented as n; mean 4= SD

AMH (ng/dL)
<0.5 0.5-1.0 1.0-1.5 1.51-2.0 2.1-3.0 3.1-4.0 4.1-6.0 >6.0
<35 12;52+3.6 | 41;8.2+6.8 | 42;9.3+5.4 | 55;10.5+5.7 | 76; 14.2 + 7.7 (SIS NAVA AV Ao N kP BN STy AP SRe I N )
35-37 | 28;2.8+2.1 | 54;6.0+3.1 | 90;8.9+4.9 | 69;10.5+6.3 | 106;11.4+ | 59;152+6.7 | 50; 17.0 + 7.9 [EEPVN L )
6.3
Age 38-40 | 21;2.6+1.7 | 34;42+27 | 32;6.6+3.8 | 37;9.0+5.2 38;11.0+6.2 | 28;15.0+8.9 | 22;17.9+9.1 | 15; 16.4 + 8.9
(years)
41-42 | 13;23+20 | 6;25+13 | 7;7.0+53 | 5/6.8+2.7 | 9;11.8+45 1;16.0 2;19.5+0.7 | 5;14.8+11.1
>42 3;1.7+15 5,46+1.8 3;5.3+4.0 1;8.0 3;,11.7+4.6 * 1;15.0 *

AMH — Anti-Miillerian hormone

Gradations in shading represent: 50%, 60%, 70%, -, and - estimated live birth rate.
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to use donor sperm [41]. Mesen et al. used two separate
models to perform a cost-effectiveness analysis based on
the time a patient makes the decision to undergo planned
OC to attempting conception 3, 5, or 7 years later. Model
A compared OC to no-OC and assumed that a patient
would only attempt to conceive after marriage. Model
B compared OC to no-OC and assumed that a patient
would attempt to conceive regardless of marital status
(willing to use spouse, partner, or donor sperm). Model
A patients who used OC were not found to have a sub-
stantially better live birth rate (< 10%) when compared to
Model A patients who did not undergo planned OC and
were awaiting marital status. Model B was found to be
the most cost-effective if planned OC was performed at
37 years old compared to other Model B patients who did
not undergo planned OC and were not awaiting marital
status. The probability of live birth rate was 29.7% higher
(51.6% live birth rate for OC vs. 21.9% live birth rate for
no-OC) and approximately $9000 more expensive in cost
($19,493 with OC vs. $10,943 without OC) [41].

Another study by Devine et al. found that it was
more cost-effective for women who were>38years old
to defer planned OC and to undergo two cycles of IVF
[42]. Devine et al. used theoretical models to map out
three different strategies for 35year old patients who
deferred childbearing for personal reasons until 40years
old. Strategy 1 (OC) consisted of undergoing 1.2cycles
of planned OC (mean number required to obtain 16 MII
oocytes at 35years old), attempt spontaneous concep-
tion at 40years old for 6 months, 2 oocyte thaw cycles
using stored oocytes if no live birth. Strategy 2 (OC/IVF)
consisted of undergoing 1.2 cycles of planned OC (mean
number required to obtain 16 MII oocytes at 35years
old), attempt spontaneous conception at 40years old for
6 months, 2 fresh autologous ART cycles if no live birth,
2 oocyte thaw cycles using stored oocytes if still no live
birth. Strategy 3 (no-OC) consisted of no OC at 35years
old, attempt spontaneous conception at 40years old for
6 months, 2 fresh autologous ART cycles if no live birth.
Strategy 1 was found to be the most cost-effective in
achieving live birth until 38years of age when Strategy
3 was most cost-effective, thereby presuming it may be
more cost-effective for patients who are considering to
undergo planned OC at >38years old to try spontaneous
conception for 6 months then if not pregnant to undergo
2 fresh autologous ART cycles.

How many oocytes should be frozen to have a reasonable
chance at live birth?

Few studies have evaluated the number of cryopreserved
mature oocytes needed to achieve a live birth. Based on
their data, Doyle et al. estimated that to achieve a 70%
chance of one live birth in their cohort of 128 autologous
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thawed/warmed treatment cycles, patients 30-34years
old would need 14 MIIs, 35-37 years old would need 15
MlIs, and 38-40years old would need 26 MIIs [30]. Cobo
et al. found that 10 or 15 vitrified oocytes yielded suc-
cess rates of 42.8% (95% CI=31.7-53.9) and 69.85% (95%
CI=57.4-82.2) for cumulative live birth rates, respec-
tively. For women <35 years old, the cumulative live birth
rate plateaued at 24 vitrified oocytes with a 94.4% [95%
CI=84.3-100.4] cumulative live birth rate.

Goldman et al. conducted a modeling study from a
retrospective analysis of their academic infertility center
data. They included 520 fresh autologous cycles using
ICSI in patients with only male factor infertility, tubal
factor infertility, and/or egg donation. Patients with evi-
dence of hydrosalpinx, diminished ovarian reserve, or
utilizing preimplantation genetic testing were excluded
from the study. Statistical models that included the per-
centage of mature eggs expected to survive warming,
fertilized and become blastocysts were developed to cal-
culate blastulation potential per mature oocyte retrieved.
The probability of any one blastocyst being euploid was
calculated using age-specific data from Reprogenet-
ics. They included data of 520 patients and found that
patients 34, 37, and 42 years old would have to freeze 10,
20, and 61 MlIIs, respectively, to achieve a 75% chance of
having one or more live birth [32]. The data were used
to develop a phone app that can be used to calculate
expected live birth rates at different ages based on the
number of MII eggs frozen [43].

Nagy et al. employed a similar concept using autolo-
gous planned OC treatment cycles and found that patients
<35years old required 38.8 MlIs to achieve one live birth
while patients >35years old required 77 MlIs [36]. How-
ever, their data included a small sample size for planned
OC, nonelective indications for cryopreservation, and con-
clusions based on calculated values and not actual data.

The ASRM practice committee concluded that there
is insufficient evidence to counsel patients on the ideal
number of oocytes required to achieve one live birth with
planned OC [18].

Utilization of cryopreserved oocytes

The 2018 study by Cobo et al. also investigated utilization
of cryopreserved oocytes [7]. They noticed an increase
in the utilization of planned OC from 4 to 22% over the
course of the study, from 2007 to 2018. The return rate
for patients who used planned OC was 12.1% with a
mean storage time of 2.1+ 1.6years.

Blakemore et al. studied a 10-15year follow-up period
after planned OC [29]. Of the 231 patients enrolled
only 88 (38.1%) of patients underwent thaw/warming
while 136 (58.9%) did not use and 7 (3.0%) transported
oocytes to another center with unknown outcome. Rates
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of utilization did not differ by age group. They also found
that of the 88 patients who utilized their vitrified oocytes
most returned to thaw/warm oocytes with a partner
(n =55, 62.5%) compared to donor sperm (1 =33, 37.5%)
and this did not differ based on age. Fuchs Weizman et al.
also evaluated the utilization of oocytes after planned
OC in a systematic review and found that 12.1-15% of
oocytes were used 22-58 months after freezing [39].

A recent 2021 study by Leung et al. found a lower return
rate of 7.4% over a 14-year time-frame [34]. Patients who
were > 38years old at time of vitrification were more
likely to utilize their cryopreserved oocytes (11.9%)
compared to patients <38years old (5.6%)(p <0.0009).
The average storage duration was 3.7 £1.7years. Most
patients who returned to thaw/warm their oocytes had a
partner to provide sperm, which sperm source (e.g., part-
ner vs. donor) was not statistically significant between
groups. The authors did identify that the mean age of first
freeze is steadily declining within recent years; however,
individuals who have used their frozen eggs have been in
older age groups (>38years old).

Wafi et al. [37] found that 65% of survey respondents who
had undergone planned OC anticipated using their oocytes
in the future, and the maximum age considered for use of
frozen eggs was 45.2years old. 98% of respondents reported
that they would recommend planned OC to others. Interest-
ingly, when asked about what they would do about unused
cryopreserved oocytes, 62% reported donating them to
research and 14% would donate them to other patients.

Obstetrical & Perinatal Outcomes

There are limited studies on the obstetrical and perina-
tal outcomes of babies born after planned OC. The lim-
ited amount of evidence available conclude that neonatal
outcomes are similar between fresh and cryopreserved
oocytes in infertile patients [31, 44—47].

Effects of BMI, ethnicity, and smoking on planned OC
There are currently no data available investigating the
effects of demographics on planned OC (e.g., ethnicity,
body mass index, smoking). Future studies are needed
to uncover the potential impact of these factors that may
ultimately affect decision-making and counseling.

Summary

Planned OC is a valuable option for patients wishing to
attempt to preserve their future fertility. Available data are
sparse, so how many cryopreserved oocytes lead to a high like-
lihood of live birth is still not concretely defined. As expected,
due to the impact of age on ovarian reserve and oocyte ane-
uploidy, patients who undergo planned OC at younger ages
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have the highest likelihood and potentially require the least
number of cycles. There does not appear to be an increase in
congenital anomalies with use of planned OC.

Thus far it appears that most patients who undergo
planned OC do not return to use them, regardless of age
at time of preservation [29]. Surveys of patients who have
undergone planned OC and achieved natural conception
do not regret undergoing planned OC [16]. There is cur-
rently a strong push by Society for Assisted Reproductive
Technology (SART) and ASRM to monitor and report
planned OC cycles to accrue more data and help guide
management options for future patients [18].

Conclusion

It is too early to draw any final conclusions on outcomes of
OC in medical OC and planned OC; however, preliminary
data supports that utilization of OC in both groups result in
preservation of fertility and subsequent live births in patients
who return to use their cryopreserved eggs. Higher oocyte
yield, with fewer ovarian stimulation cycles, and higher
live birth rates are seen in patients who seek OC at younger
ages, reinforcing the importance of age on fertility preserva-
tion. There is currently a low utilization rate of cryopreserved
oocytes within each group. Less than 10% of medical OC
patients and approximately 40% of planned OC patients have
returned to use their cryopreserved oocytes, which limits
future studies on clinical outcomes. More studies are needed
in medical OC and planned OC to help guide counseling and
decision-making in patients seeking these services.
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