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Abstract

Purpose To compare the in-vitro fertilization (IVF) outcomes

of cancer patients who underwent oocyte retrieval and embryo/

oocyte cryopreservation prior to gonadotoxic therapy to those

of age and time-matched controls with tubal factor infertility.

Methods All cancer patients who underwent embryo/oocyte

cryopreservation at our institution from 1997 to 2014 were

reviewed. Primary outcomes were total dose of gonadotropins

used, number of oocytes retrieved, and number of 2pn embry-

os obtained. Outcomes were compared to age-matched con-

trols with tubal-factor infertility who underwent a fresh em-

bryo transfer within the same relative time period as the IVF

cycle of the cancer patient.

Results Sixty-three cancer patients underwent 65 IVF cycles, and

21 returned for frozen embryo transfer. One hundred twenty-two

age-matched controls underwent IVF cycles with fresh transfer,

and 23 returned for frozen embryo transfer. No difference was

seen between cancer patients and controls with respect to total

ampules of gonadotropin used (38.0 vs. 35.6 respectively;

p=0.28), number of oocytes retrieved (12.4 vs. 10.9 respectively;

p=0.36) and number of 2pn embryos obtained (6.6 vs. 7.1 respec-

tively; p=0.11). Cumulative pregnancy rate per transfer for cancer

patients compared to controls was 37 vs. 43 % respectively

(p=0.49) and cumulative live birth rate per transfer was 30 vs.

32 % respectively (p=0.85). Cancer patients had a higher likeli-

hood of live birth resulting in twins (44 vs. 14 %; p=0.035).

Conclusions Most IVF outcomes appear comparable for can-

cer patients and age-matched controls. Higher twin pregnancy

rates in cancer patients may reflect lack of underlying infertil-

ity or need for cancer-specific transfer guidelines.

Keywords Cancer . In-vitro fertilization . Fertility

preservation

Introduction

The Centers for Disease Control and Prevention estimate that

there are over 275,000 women of reproductive age in the US

who are cancer survivors [1]. Approximately 125,000 women

age less than 50 are diagnosed with cancer each year in the

United States, according to the 2011 Surveillance, Epidemiol-

ogy and End Results (SEER) statistics [2]. Cancer treatments

continue to improve but are also often gonadotoxic, resulting

in an ever-increasing number of young cancer survivors seek-

ing individualized fertility preservation strategies [3, 4]. Loss

of reproductive ability negatively impacts quality of life

(QOL) for young cancer survivors [5, 6], and women diag-

nosed with cancer indicate that the ability to have a biological

child in the future is of high importance [7]. In fact, in young

women diagnosed with cancer, the potential loss of the ability

to have a child can sometimes be more stressful than the can-

cer diagnosis itself [8]. The American Society of Clinical On-

cology recommends that as part of education and informed

consent before cancer therapy, health care providers address

the risk of infertility with patients treated during their
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reproductive years and be prepared to discuss fertility preser-

vation options and/or refer all patients to reproductive special-

ists [9]. These referrals are essential, as studies indicate that

receiving pre-cancer treatment counseling regarding fertility

preservation significantly increases QOL scores after cancer

treatment in reproductive-age women [10]. Furthermore, re-

ceiving this counseling from a fertility specialist and subse-

quently attempting fertility preservation are both associated

with increased QOL as compared to women who have been

counseled solely by an oncologist [10].

It is well established that cryopreservation of embryos

and, more recently oocytes [11], are feasible options for

young women facing potentially gonadotoxic cancer

treatment who wish to have genetically related children

in the future, but a paucity of data exists to facilitate

patient counseling in terms of outcomes [3, 4, 9,

12–14]. The aim of this study is to compare the ovarian

stimulation and IVF outcomes, most notably total dose

of gonadotropins used, number of oocytes retrieved, and

number of 2pn embryos obtained, for cancer patients

who underwent embryo cryopreservation prior to

gonadotoxic treatment to those of an age-matched com-

parison group with tubal infertility who underwent a

fresh IVF cycle within the same three-year period as

the cancer patient.

Methods

This study was approved by the Partners Healthcare Human

Research Committee.

Patient selection

All patients with a cancer diagnosis seeking fertility preserva-

tion prior to chemotherapy/radiation therapy from January 1,

1997 to March 31, 2014 at the Massachusetts General Hospi-

tal Fertility Center were reviewed (“cancer group”). All pa-

tients with a cancer diagnosis who had undergone potentially

gonadotoxic treatment prior to oocyte retrieval were excluded.

These subjects were retrospectively compared to an age-

matched cohort with tubal factor infertility from 2002 to

2014 (“comparison group”). The comparison group was un-

able to be queried prior to 2002 due to inability to access the

appropriate paper charts. Each cancer patient was matched to

controls of the same age (cancer patient date of birth was

within 1 year of control patient’s date of birth) who underwent

an initial fresh IVF cycle within 3 years of the cancer patient

IVF cycle. Those cancer patients who cycled prior to 2002

were matched with a control from 2002. Only the first fresh

IVF cycle of the comparison group was considered for analy-

sis, however for both the cancer and comparison groups, all

cryothaw cycles resulting from the embryos preserved from

the initial stimulation were included in the analysis. Variables

observed were age, cancer diagnosis, gravidity, parity, body

mass index (BMI), prior infertility, evidence of subfertility,

stimulation protocol used, insemination method (conventional

in vitro or intracytoplasmic sperm injection (ICSI)), day three

estradiol (E2) level, day three follicle stimulating hormone

(FSH) level, peak E2 level, day of human chorionic gonado-

tropin (HCG) injection, ampules of gonadotropin medication

used, number of oocytes retrieved, fertilization rate, number of

pronuclear (2pn) embryos, use of a gestational carrier, day of

embryo transfer, presence of a yolk sac on ultrasound indicat-

ing a pregnancy, live births, number of twin deliveries, num-

ber of embryos remaining in storage, number of embryos

discarded, and patient deaths.

Stimulation, cryopreservation, thaw and embryo transfer

protocols

Three controlled ovarian hyperstimulation protocols were

used as previously described by Styer et al. [15]. Briefly,

the luteal phase GnRh agonist protocol (“Low Dose Lu-

teal Lupron” or LDLL), used for anticipated normal re-

sponders, consists of pituitary desensitization and down-

regulation with the gonadotropin releasing hormone ago-

nist (GnRH-a) Lupron (leuprolide acetate, 0.5 mg/day SC;

TAP Pharmaceuticals Inc., Lake Forest, IL) overlapping

with the final 5 days of oral contraceptive pill (OCP)

treatment and continuing for a minimum of 10 days,

followed by reduction of the leuprolide acetate dosage

on day three after menses. Gonadotropin stimulation is

initiated on cycle day three once suppression has been

documented. The follicular phase GnRH agonist (Flare)

protocol, used for anticipated low responders, utilizes

OCP pre-treatment, then Lupron 1 mg is started 5 days

after stopping OCPs. Gonadotropins are initiated on cycle

day three, and on cycle day five Lupron dosage is de-

creased to 0.25 mg. The antagonist protocol, used at our

institution for both anticipated normal and low re-

sponders, consists of OCP pre-treatment, then gonadotro-

pins are started 5 days after stopping OCPs. When the

lead follicle is 14 mm or greater, or estradiol level reaches

1000, the antagonist is initiated. Antagonists used include

ganirelix acetate or cetrorelix acetate, 250 μg SC per d

(Organon Inc., West Orange, NJ; Merck, Inc, Whitehouse

Station, NJ). Both the GnRH-a and GnRH antagonist are

continued through the day of trigger with human chorion-

ic gonadotropin (hCG) (Ferring pharmaceuticals,

Parsippany, NJ). Gonadotropins included Gonal-F (folli-

tropin-alpha, Serono, Rockland, MA), Follistim (follitro-

pin-beta; Organon Inc.), Menopur and Repronex (hMG,

Fer r ing Pharmaceu t i ca l s , Tar ry town, NY) . Per
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institutional protocol, hCG trigger was initiated with three

or more follicles reached a size of 16 mm or greater and

serum estradiol reached at least 600 pg/mL.

Embryo cryopreservation for cancer patients is performed

at the two pronuclear (2pn) stage for all embryos. Up until

November 2004, 2pn embryos were cryopreserved using a

traditional controlled-rate slow-freeze protocol as described

by Testart et al. [16] using a three step loading of the cryopro-

tectants propanediol and sucrose, and thawed using a three

step cryoprotectant removal. Since November 2004, 2pn em-

bryos are cryopreserved using a controlled-rate slow freeze

protocol utilizing the Quinn’s Advantage® Embryo Freeze

Kit (Cooper Surgical Inc, Trumbull, CT). For the comparison

group, women undergoing IVF for tubal factor infertility,

supernumerary embryos not transferred during a fresh cy-

cle are observed in culture until the blastocyst stage. Em-

bryos that reach an appropriate stage of blastocyst devel-

opment by day 5 or 6 and are of good quality are cryo-

preserved using a slow-freeze cryopreservation technique

described by Berin et al. [17].

Patients returning for transfer of cryopreserved embry-

os undergo daily Lupron for pituitary down-regulation

starting the last 5 days of OCP use. Hormone replace-

ment with transdermal estradiol (Vivelle-Dot; Novartis

Pharmaceuticals) and Aspirin 81 mg [18–20] are initiated

on day one of cycle. On day eighteen of the cycle,

Lupron is stopped and the following day progesterone

is initiated. Day five blastocyst transfer occurs on day

24 of the recipient cryothaw preparation cycle. Luteal

support is maintained with intramuscular (50 mg daily)

or vaginal (100 mg twice daily) micronized progesterone

in addition to transdermal estradiol (0.2 mg every other

day; Vivelle-Dot; Novartis Pharmaceuticals) until

13 weeks gestational age [21].

At the time of this study, no IRB approved protocol for

ovarian tissue cryopreservation, an experimental tech-

nique for fertility preservation [22], was available at our

institution. Patients were counseled that this option was

available elsewhere, however to our knowledge none

chose to pursue it.

Statistical analysis

Study data were collected and managed using REDCap elec-

tronic data capture tools hosted atMassachusetts General Hos-

pital. Normally distributed data is represented as a mean±

standard deviation. Nonparametric data is represented as me-

dian/range. Pearson chi-square test was used for dichotomous

variables, and Mann–Whitney nonparametric tests were used

for continuous variables. A p-value of<0.05 was used to de-

termine significance. Statistical analysis was carried out using

Stata Software Version 10.

Results

Sixty-three cancer patients who underwent 65 IVF cycles with

oocyte retrieval and cryopreservation of either embryos or

oocytes were identified and compared to 122 age-matched

controls who underwent 122 IVF cycles within the same 3-

year time period as the cancer patient’s IVF cycle. Addition-

ally, the control patients underwent 23 subsequent cryothaw

cycles resulting from their original IVF cycle. Cancer diagno-

ses of the 63 patients who presented for fertility preservation

are detailed in Fig. 1a, with breast cancer representing the

majority. Baseline data for cancer and control patients is

Fig. 1 Distribution of Cancer Diagnoses. a: Distribution of cancer

diagnoses among all cancer patients who presented for fertility

preservation (n=63): Breast (41), Hematologic (5), Gynecologic (8:

Cervix [4], Uterine [2], ovarian [1], fallopian tube [1]), Colon (2),

Sarcoma (2), Other (5: Lung [1], Brain [1], Adrenal [1],

Esthesioneuroblastoma [1], Thyroid [1]). b: Distribution of cancer

diagnoses among cancer patients who returned for thawed embryo

transfer (n=21): Breast (11), Gynecologic (5: Cervix [4], Uterine [1]),

Hematologic (3: Lymphoma [3]), Other (2: Sarcoma [1], Brain [1])
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shown in Table 1. There was no difference seen between age,

BMI and day 3 E2 levels. A significantly lower day 3 FSH

level was seen in the cancer group vs. comparison group (6.4

vs 7.3, p=.01).

The majority of cancer patients chose to freeze embryos vs.

oocytes (90.5 vs. 9.5 %, Table 2). Six out of 63 cancer patients

(9.5 %) carried a prior infertility diagnosis, while 11 (17.5 %)

had evidence of subfertility during the IVF process (Table 2).

None of the cancer patients had undergone gonadotoxic treat-

ment prior to their stimulation. Of these cancer patients, three

(4.8 %) had cycles that were either cancelled or had no em-

bryos obtained. No cases of moderate to severe ovarian hy-

perstimulation syndrome (OHSS) that resulted in hospitaliza-

tion or delay of chemotherapy occurred in either group. Out-

comes of the 63 cancer patients who cryopreserved oocytes

and embryos are described in Fig. 2. None of the patients who

cryopreserved oocytes have returned for transfer. Twenty-one

(36.8%) of the 57 cancer patients who cryopreserved embryos

returned for transfer of the embryos. Cancer diagnoses of the

21 cancer patients who returned for transfer of their cryopre-

served embryos are detailed in Fig. 1b. Of the 21 cancer pa-

tients who returned for transfer, thirteen (61.9 %) had one

transfer, eight (38.1 %) had two or more transfers. Thirty-

three of the cancer patients who cryopreserved embryos

(57.9 %) have not yet returned for transfer. Of the 21 cancer

patients who underwent transfers, seven (33.3 %) currently

have embryos remaining in storage. Of the 33 patients who

did not return for transfer, 28 (84.8 %) have embryos remain-

ing. Ten cancer patients (three with cervical cancer, six with

breast cancer and one with uterine cancer) who returned for

transfer used gestational carriers. Four deaths occurred, three

prior to transfer and one subsequent to transfer. Of the patients

who did not survive to undergo embryo transfer, one died of

lung cancer 5 years after her IVF cycle, one died of invasive

breast cancer 1 year after her IVF cycle and one died of met-

astatic breast cancer 3 years after her IVF cycle. The single

death that occurred after transfer was due to recurrent AML

3 years after transfer.

IVF stimulation and outcomes are outlined in Table 3. A

significantly smaller proportion of cancer patients were placed

on the Low Dose Luteal Lupron (LDLL) protocol vs. com-

parison group (60.0 vs. 83.6 %, p=0.0005). Conversely, sig-

nificantly more cancer patients were placed on the antagonist

protocol (27.7 vs. 7.4 %, p=0.0004). A random-start protocol

[23, 24] was not used for any of the cases reported in this

study.

Primary study outcomes, including total dose of gonado-

tropins received, number of oocytes retrieved and number of

2pn embryos obtained, are detailed in Table 3. No difference

was seen between cancer patients and controls with respect to

total ampules of gonadotropin used (38.0 vs. 35.6 respective-

ly; p=0.28), number of oocytes retrieved (12.4 vs. 10.9 re-

spectively; p=0.36) and number of 2pn embryos obtained (6.6

vs. 7.1 respectively; p=0.11). In addition, no significant dif-

ferences were seen between cancer patients and controls with

respect to day of hCG administration (11.7 vs. 11.9 respec-

tively; p=0.15), peak E2 level (2049.9 vs. 2162.2 respective-

ly; p=0.21), and fertilization rate (0.68 vs. 0.74 respectively;

p=0.34). A greater proportion of cancer patients than controls

used ICSI for insemination (42.4 vs. 9.0 %, p<0.0001). No

statistically significant difference in fertilization rate was seen

between groups overall, or when stratified by insemination

type (ICSI vs. conventional insemination). A difference was

noted when comparing day of transfer for cancer patient

cryothaw cycles versus control patient fresh stimulation cycles

(p=0.013).

Primary outcomes were then stratified by protocol type

(Table 4). A statistically significant difference was noted

between cancer and control patients who underwent a

Flare protocol with respect to peak estradiol level

(1091.8 vs. 1731.4 respectively, p=0.015), total number

of oocytes retrieved (3.3 vs. 7.2 respectively, p=0.006),

and number of 2pn embryos obtained (1.9 vs. 4.7 respec-

tively p=0.001), as well as between cancer and control

patients who underwent an Antagonist protocol with re-

spect to total dose of gonadotropins received (38.8 vs.

48.8 respectively, p=0.022). Among cancer and control

patients on an Antagonist protocol, a difference in peak

estradiol level and total number of 2pn embryos was ob-

served but did not reach significance.

Secondary study outcomes, cumulative pregnancy and

live birth rates, are detailed in Table 5. Table 5 reflects the

outcomes of cancer patients’ cumulative IVF cycle (in-

cludes cryothaw only) compared to the control patients’

cumulative cycle (includes fresh plus cryothaw). The two

Table 1 Demographics

Baseline characteristics Cancer patients (63) Controls (122) p-value

Age 33.7±4.1 34.5±3.5 0.08

BMI 24.0±4.8 24.8±4.4 0.12

Day 3 FSH 6.4±2.2 7.3±2.2 0.01

Day 3 Estradiol 49.8±25.7 45.1±16.3 0.91

Table 2 Characteristics of cancer patients (n=63)

Cancer patient IVF data n (%)

Number of IVF cycles 65 (N/A)

Evidence of subfertility 11 (17.5)

Prior infertility diagnosis 6 (9.5)

Number electing to freeze embryos with partner 56 (89.9)

Number electing to freeze embryos with sperm donor 1 (1.5)

Number electing to freeze oocytes 6 (9.5)
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groups had a comparable average number of embryos

transferred with similar implantation rates observed. Preg-

nancy rates per transfer (36.7 vs. 43.4 %, p=0.49) and

cumulative pregnancy rate for IVF cycle (52.4 vs.

51.6 %, p=0.95) were no different between cancer and

comparison groups, respectively. Similarly, live birth rate

per transfer (30.0 vs. 31.7 %, p=0.85) and per IVF cycle

(46.9 vs. 37.7 %, p=0.65) were not significantly different

between cancer and comparison groups. A significant in-

crease in the percentage of live births resulting in twins

was seen in the cancer group (44.0 vs. 14.0 %, p=0.035).

No higher order multiples were seen in either group.

LBR and PR per transfer resulting exclusively from

cryothaw cycles were compared between cancer patients and

controls (Table 6), as no cancer patients underwent fresh trans-

fer. Again, no differences were observed (LBR 30.0 vs.

34.8% respectively, p=0.71; PR 36.7 vs. 56.5%, respectively,

p=0.15).

Discussion

The goal of this study was to evaluate outcomes for cancer

patients who cryopreserved oocytes or embryos for fertility

preservation in anticipation of gametotoxic treatments includ-

ing chemotherapy and/or radiotherapy. We compared stimula-

tion parameters and cycle outcomes including total dose of

gonadotropins administered, number of oocytes retrieved

and number of 2pn embryos obtained, in addition to pregnan-

cy and live birth rates, with the goal of providing cancer pa-

tients with better information about IVF outcomes relative to a

similarly aged population undergoing IVF. Currently, limited

Fig. 2 Flow chart of current outcomes for all cancer patients who underwent IVF
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long-term outcome data is available in the cancer population

who underwent embryo cryopreservation prior to gonadotoxic

therapy, making it difficult to counsel patients with respect to

overall probability of success. The present study offers one of

the largest cohorts of cancer patients (63) and the longest

follow-up period (17 years) of currently available

publications.

We selected age-matched controls with tubal factor infer-

tility undergoing their first IVF cycle, consistent with previ-

ously published literature [25–27], since in this circumstance,

infertility is thought to be primarily mechanical and presum-

ably not due to ovarian dysfunction or other factors that may

confound results. Controls were age matched to within 1 year

of the cancer patient, as female age is the greatest prognostic

indicator of IVF success [28]. Patients were included over

17 years, duringwhich time technology changes and protocols

evolve. For this reason, controls were chosen who had cycled

within the same 3-year time period as the cancer patient, to

minimize the likelihood that results are confounded by chang-

es in laboratory protocol. In that context, it is also important to

emphasize that the comparison group for this study is provid-

ed primarily to give the background for the center’s general

practice and IVF outcomes.

This study found no significant differences between cancer

patients and controls in terms of baseline characteristics (with

the exception of day 3 FSH level). The lower day 3 FSH

among cancer patients may reflect a lack of underlying infer-

tility in this population. Among all patients, no differences

were seen between cancer patients and controls with respect

to stimulation parameters and IVF outcomes including total

ampules of gonadotropins used, peak estradiol level, number

of oocytes retrieved, fertilization rate, and number of 2pn em-

bryos obtained. The similarity between cancer patients and

controls with respect to mean number of oocytes retrieved

[26, 29–33] as well as number of 2pn embryos obtained [26,

34] is consistent with the existing literature. However, con-

trary to our results, the literature to date suggests that cancer

patients typically receive a lower mean-dose of gonadotropins

[34, 35], achieve a lower peak estradiol level [27, 34–36], and

according to some studies, have a lower mean number of

oocytes retrieved [27, 34, 36] compared to controls. These

differences could be accounted for by the fact that aromatase

inhibitors [37] were not used as a part of the stimulation pro-

tocol in this study, though were commonly used in the

Table 3 IVF stimulation cycle

outcomes in cancer vs. controls

aNot applicable for six patients

who underwent oocyte

cryopreservation

Incomplete data for cancer

patients

IVF parameters Cancer n (%)±sd 65 cycles Control n (%)±sd

122 cycles

p-value

Protocol type LDL 39 (60.0) 102 (83.6) 0.0005

Flare 8 (12.3) 11 (9.0) 0.48

Antagonist 18 (27.7) 9 (7.4) 0.0004

Ampules of gonadotropin 38.0±2.0 35.6±1.5 0.28

Day of hCG administration 11.7±0.2 11.9±0.1 0.15

Peak E2 2049.9±133.5 2162.2±71.7 0.21

Number of oocytes 12.4±7.8 10.9±5.2 0.36

Insemination typea Regular 34 (57.6) 111 (91.0) <0.0001

ICSI 25 (42.4) 11 (9.0) <0.0001

Fertilization rate Overall 0.68±0.3 0.74±0.2 0.34

ICSI 0.77±0.18 0.87±0.18 0.052

Conventional 0.71±0.25 0.73±0.18 0.33

Number of 2pn embryos 6.6±0.7 7.1±0.4 0.11

Day of transfer Cancer (n) Control (fresh) (n) 0.013

2 2 8

3 15 72

5 0 42

Table 4 Primary outcomes stratified by protocol type

Variable Protocol Cancer±sd Control±sd p-

value

Total ampules

of

gonadotropin

LDLL 33.2±15.1 33.2±16.5 0.511

Flare 56.3±16.3 45.6±8.3 0.960

Antagonist 38.8±12.3 48.8±9.8 0.022

Peak estradiol

level

LDLL 2411.2±175.1 2207.1±79.5 0.886

Flare 1091.8±160.1 1731.4±196.6 0.015

Antagonist 1635.3±218.8 2180.4±244.7 0.069

Total oocytes

retrieved

LDLL 14.8±1.2 11.2±0.5 0.999

Flare 3.3±0.8 7.2±1.0 0.006

Antagonist 10.7±1.9 11.9±2.1 0.353

Number of

2pn embryos

LDLL 8.0±0.9 7.2±0.4 0.820

Flare 1.9±0.4 4.7±0.6 0.001

Antagonist 4.8±1.4 8.6±1.6 0.054
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stimulation protocol for cancer patients in comparison studies

[29, 34, 35]. These differences also may be a reflection of the

fact that in our study, cancer patients were more likely to

undergo a Flare or Antagonist protocol compared to controls,

which are typically reserved for limited responders, despite

the mean day 3 FSH being lower in the cancer group than

the control group. This discrepancy in protocol type may be

a reflection of a desire to maximize the number of oocytes

retrieved from a cancer patient prior to gonadotoxic treatment,

as it likely represents her only opportunity for ovarian stimu-

lation and fertility preservation. Alternatively, the Antagonist

protocol has a shorter time to start of stimulation, and there-

fore may be chosen more frequently for cancer patients in

order to minimize the time to initiation of cancer treatments.

Finally, this discrepancy could be a reflection of the fact that

the majority of the patients in this study had a diagnosis of

breast cancer, and a very low percentage had a hematologic

cancer, as evidence suggests that breast cancer patients re-

spond more similarly to age matched controls than those with

other cancer diagnoses such as hematologic [27].

When outcomes were stratified by protocol type, no

differences were seen among normal responder cancer pa-

tients and normal responder controls (who underwent a

LDLL protocol) with respect to primary outcomes of total

dose of gonadotropin administered, number of oocytes

retrieved, and number of 2pn embryos obtained, as well

as peak estradiol level. However, a difference in primary

outcomes was noted between cancer and control patients

who were on an Antagonist or Flare protocol, typically

reserved for poorer responders. One possible explanation

for this is that our program may have a different threshold

for providing treatment to a patient with limited time and

options, such as cancer patients, as opposed to a control

patient with similarly diminished ovarian reserve. It is

also possible that the cancer patients requiring an Antag-

onist or Flare protocol have underlying physiology related

to their cancer that makes them poorer responders. Some

theories that support this include cancer patients being in

a catabolic state with high stress hormone levels resulting

in lower gonadotropin levels [38], as well as some evi-

dence that women carrying the BRCA mutation may have

decreased ovarian reserve and a poorer response to ovar-

ian stimulation [39, 40]. It is of note, however, that only 8

cancer patients and 11 control patients underwent a Flare

protocol and only 18 cancer patients and 9 control pa-

tients underwent an Antagonist protocol, therefore it is

difficult to interpret these results. More research is needed

with larger numbers to understand if IVF outcomes are

different between cancer and control patients who are

poor responders.

There was a significantly higher use of ICSI among

the cancer population. Elective ICSI is often employed

for cancer patients to avoid a situation of unexpected

failure of fertilization. While the risk is low when semen

parameters are normal, many cancer patients elect for

ICSI given that there will only be one opportunity to

obtain embryos. No difference was seen in fertilization

rate between cancer patients and controls when stratified

by insemination type, therefore downstream outcomes of

this study such as number of 2pn embryos obtained were

unlikely to be impacted by the difference in insemination

types.

There were no cases of moderate to severe ovarian hyper-

stimulation syndrome (OHSS) that resulted in hospitalization

or delay of chemotherapy that occurred in either the cancer or

control groups of this study. Generally, our protocols as de-

scribed above are very conservative so as to minimize risk of

OHSS. This is relevant, as great caution must be taken to

prevent OHSS in the cancer population as it could pose

Table 6 Cryothaw cycle specific IVF outcomes

Outcome Cancer Controls p-

value

Odds

ratio

Live births per

transfer

30 % (9/30) 34.8 % (8/23) 0.71 0.80

Pregnancy rate per

transfer

36.7 % (11/30) 56.5 % (13/23) 0.15 0.45

Table 5 Cumulative pregnancy

and live birth outcomes (175 total

transfers)

OR odds ratio

IVF outcomes Cancer Controls p-value OR

No. of embryos transferred 1.97 1.97 0.79 –

Implantation rate 27.8 % 29.9 % 0.79 –

Pregnancy rate

per transfer

36.7 % (11/30) 43.4 % (63/145) 0.49 0.75

Pregnancy rate

per IVF cycle

52.4 % (11/21) 51.6 % (63/122) 0.95 1.03

Live birth rate

per transfer

30 % (9/30) 31.7 % (46/145) 0.85 0.92

Live birth rate

per IVF cycle

46.9 % (9/21) 37.7 % (46/122) 0.65 1.24

Live births with twins 44 % (4/9) 14.0 % (6/46) 0.035 4.93
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significant health risks and result in a delay in the start of

chemotherapy.

Cancer patients were more likely to undergo a day 2 or day

3 embryo transfer compared to control patients who were

more likely to undergo a day 5 blastocyst transfer. At our

institution, contrary to a fresh IVF cycle for non-cancer pa-

tients where the entire cohort of embryos is often observed

until the blastocyst stage (day 5) in order to select the “best”

embryo, as few cancer patients’ frozen embryos as possible

are thawed at a single time in the interest of preserving as

many embryos as possible. Thus, for cancer patients returning

for cryopreserved embryos, the “best” embryos are chosen

from a smaller cohort. Once this can be achieved, there is

rarely a benefit to extended culture for embryo selection,

therefore in cancer patients embryos are frequently transferred

at the cleavage stage (day 3) of development to avoid cohort

dropout.

Our secondary outcomes, pregnancy rate and live birth

rate, show no difference between cancer patients and controls.

This is in contrast to prior studies, which have shown that live

birth and pregnancy rates for cancer patients who undergo

cryopreservation of embryos are lower than that of the general

population seeking infertility treatment, however these studies

are limited by their inclusion of only a small number of cancer

patients [41, 42]. Michaan et al. reported similar clinical preg-

nancy rates between cancer patients and controls with tubal

factor infertility, however their study is limited by small num-

bers (21 cancer patients) and by the fact that only 4 patients

returned for transfer resulting two live births [26]. It should be

noted, however, that in the comparison group only high qual-

ity blastocysts are cryopreserved, while in cancer patients all

2pn embryos are cryopreserved which may not all be of high

quality. In control patients only the highest quality embryos

are chosen for fresh transfer, while no cancer patients

underwent a fresh transfer. In both cases, the best available

embryos at the time are selected for frozen transfer. However,

in the control patients, the best embryos were chosen for trans-

fer at the time of fresh cycle, and the remaining high quality

blastocysts are available for frozen embryo transfer. Alterna-

tively, in the cancer patients, efforts are made to thaw a min-

imum number of 2pn embryos, though enough are thawed so

that the cohort can be observed until the highest quality em-

bryos can be chosen for transfer. This comparison between

groups is therefore not identical and thus may represent a

limitation of the study.

While pregnancy and live birth rates are similar between

groups, it is interesting to note that there are a significantly

higher number of twin births in the cancer group as compared

to the tubal factor infertility group, despite no significant dif-

ference in the number of embryos transferred or implantation

rate. This may be a reflection of cancer patients generally not

having an underlying diagnosis of infertility and thus produc-

ing higher quality embryos, however the similar implantation

rates we report between groups makes this explanation less

likely. Given similar implantation rates but higher rates of twin

gestations, it is possible that cancer patients are less likely to

have a spontaneous (or elective) reduction to a singleton preg-

nancy, perhaps due to their lack of underlying infertility, or in

the latter case, reluctance given inability to make more embry-

os in the future. However data was not available to explain this

outcome or support this theory. It is important to note that

while multiple gestations pose maternal and fetal risks to all

patients, the associated morbidity may be even higher in can-

cer patients, who may have sequelae from their chemotherapy

and/or radiation putting them at even higher risk for compli-

cations. Further research is needed understand the cause of

this high twin rate, and efforts must be taken to avoid

multifetal gestation in this population while maximizing sin-

gleton pregnancy rates. It is possible that cancer patients who

underwent embryo cryopreservation prior to gonadotoxic

treatment should not be subject to the same transfer guidelines

as patients with a diagnosis of infertility, however more data is

needed to make this determination.

While there was no difference in the number of 2pn em-

bryos per cycle between cancer patients and controls, the

mean number of embryos cryopreserved for cancer patients

was 6.6 embryos. This by no means provides a guarantee of a

live birth, as studies of donor oocyte cycles have indicated that

15 embryos available for transfer are needed to achieve a

92.4 % likelihood of achieving a live birth [43]. This is further

highlighted by the fact that 14 of the 21 cancer patients who

returned for transfer with the hope of a live birth have no

embryos remaining, and only 3 of those 14 patients in fact

had a live birth. Four patients have passed from their cancer

after preserving embryos, one of which still has embryos re-

maining in storage. This is a somber reminder of the unique

issues surrounding fertility preservation for a cancer diagno-

sis, including the need to appropriately counsel patients re-

garding prognosis and plans for disposition of unused embry-

os. Cancer patients undergoing fertility preservation are there-

fore counseled to the best of our ability regarding their likeli-

hood of success in this process, risks, benefits and alternatives.

Patients engage in discussion with both physicians and social

workers regarding alternatives if cryopreserved oocytes or

gametes do not result in a live birth, including assessment of

ovarian reserve for natural conception or a potential fresh cy-

cle, oocyte donation and adoption.

Limitations of this study include the small sample size of

63 cancer patients, and particularly the small sample size once

results were stratified by stimulation protocol, although this

still represents a relatively large cohort when compared to

previously published literature [26, 29–33]. Additionally, al-

though the number (21) of cancer patients who underwent

transfer is one of the largest reported in the literature, the

numbers are still quite small, making it difficult to generalize

results obtained in this study to a broader population. No
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patients who banked oocytes have returned thus far, and as a

result, this study is unable to comment on pregnancy and live

birth rates for patients utilizing this method for fertility pres-

ervation. Furthermore, due to the limited representation of

specific cancer diagnoses in our study, one must be cautious

in overgeneralizing this study’s findings, as different types of

cancers and different therapies may result in different long-

term outcomes.

In summary, controlled ovarian hyperstimulation and pro-

nuclear embryo freezing with delayed embryo transfer for

normal responder cancer patients may lead to successful out-

comes, similar to those of age matched controls with tubal

factor infertility, including total dose of gonadotropins admin-

istered, number of oocytes retrieved, number of 2pn embryos

obtained, as well as similar pregnancy and live birth rates.

More research is needed to understand if and why limited

responder patients with a diagnosis of cancer do not achieve

similar outcomes to age matched controls. Patients should be

carefully counseled to consider their reproductive goals, like-

lihood of success, and the potential effects of delaying cancer

therapy.
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