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Abstract

Purpose To investigate if breast cancer stage and grade affect fertility preservation outcomes.

Methods We performed a retrospective cohort study that included premenopausal women with breast cancer undergoing
fertility preservation diagnosed between January 2011 and January 2019. The primary outcome measure was the number of
mature oocytes (MII) per antral follicle count (AFC). Secondary outcome measures included total oocytes retrieved, total
mature oocytes retrieved, and greater than 10 mature oocytes preserved. Univariate and multivariate models were used to
assess the association of low vs. high stage (low stage I-II and high stage III-1V) and grade I vs. grade II/III with each out-
come, with adjustment for confounders.

Results A total of 267 premenopausal breast cancer patients undergoing fertility preservation were included in our study,
with the majority presenting with low stage (N=215, 80.5%), grade II/IIl (N=235, 88.1%) disease. Baseline AFC, total
gonadotropin dose, days of stimulation, and follicles > 13 mm on the day of trigger did not differ by stage or grade. After
adjusting for age, BMI, and baseline AFC, we found that the mean MII per AFC did not differ by stage (1.0 vs. 1.1, P=0.3)
or grade (1.0 vs. 1.0, P=0.92). Similarly, total oocytes retrieved, total MII retrieved, and percentage of patients who were
able to preserve greater than 10 MII did not differ by breast cancer stage or grade (all P> 0.2).

Conclusion Breast cancer grade and stage do not impact ovarian stimulation or fertility preservation outcome.

Keywords Fertility preservation - Breast cancer - Cancer grade - Cancer stage

Introduction chemotherapy has well-documented gonadotoxic effects,

prompting national organizations, including the American

In the USA, a total of 10,000 to 15,000 new cases of
breast cancer are diagnosed in women under 40 years of
age each year [1]. Advances in treatment, particularly in
chemotherapeutic agents, have significantly improved long-
term survival outcomes for cancer patients [1]. However,

Kaitlyn Wald and Ange Wang are joint first authors.

<4 Ange Wang
ange.wang@ucsf.edu

Department of Obstetrics, Gynecology, and Reproductive
Sciences, University of California, 499 Illinois Street, 6th
Floor, CA 94158 San Francisco, USA

School of Medicine, University of California, San Francisco,
533 Parnassus Avenue, San Francisco, CA 94143, USA

Department of Obstetrics and Gynecology, University
of Utah School of Medicine, Salt Lake City, UT, USA

Society of Clinical Oncology and American Society of
Reproductive Medicine, to recommend all reproductive-aged
women be counseled on the impact of these treatments on
future fertility and options for fertility preservation prior to
cancer treatment [2, 3]. Cryopreservation of oocytes and
embryos has been accepted as the standard of care in oncol-
ogy and reproductive medicine. Evidence suggests that
fertility preservation can be completed without significant
delays in cancer treatment, impact on disease-free survival,
or likelihood of cancer recurrence for most cancers [4-7].
Although fertility preservation may not substantially
influence cancer outcomes in reproductive-aged women,
it is less clear how cancer impacts fertility preservation
outcomes. As a systemic illness, it is plausible that cancer
can impact fertility even prior to treatment. In fact, stud-
ies have shown decreased sperm counts present in men
with Hodgkin’s lymphoma and testicular cancer before
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undergoing gonadotoxic treatment [8—12]. In contrast, a
meta-analysis of high-quality studies found that ovarian
stimulation outcomes are not impacted by breast cancer
diagnosis; however, the associations between fertility out-
comes and cancer severity, like stage and grade, were not
assessed in detail [13]. Interestingly, a recent report con-
sisting of 147 women with a variety of cancers found that a
higher grade of cancer was associated with fewer retrieved
mature oocytes and cryopreserved embryos [14]. While
this study is the largest to date to assess the impact of
cancer grade and stage on fertility preservation outcomes,
its heterogeneity (with multiple cancer types) and small
cohort make it challenging to draw conclusions about
cryopreservation outcomes by specific cancer subtype. As
such, more robust studies of women undergoing fertility
preservation by cancer type are needed. Another study of
155 Canadian breast cancer patients by the same author
group found higher breast cancer grade (but not stage)
was associated with a lower number of mature oocytes
and embryos cryopreserved [15]. In this cohort study, we
assess the impact of stage and grade on fertility preserva-
tion outcomes in 267 patients diagnosed with breast can-
cer, one of the most common types of cancer diagnosed in
women of reproductive age [1].

Materials and methods
Study population

A retrospective chart review was completed to identify
patients diagnosed with breast cancer who underwent fer-
tility preservation at the Center for Reproductive Health
at the University of San Francisco between January 2011
and January 2019. Inclusion criteria for this study included
the following: premenopausal state, age 18 to 45 years,
and newly diagnosed breast cancer undergoing fertility
preservation prior to gonadotoxic treatment. Patients were
excluded if they were older than 45 years, lacked cancer
stage or grade information, or underwent chemotherapy or
radiation prior to fertility preservation.

Breast cancer stage and grade were obtained by chart
review. Breast cancer stage was determined clinically for
those undergoing neoadjuvant chemotherapy and by sur-
gical pathology for all other patients. The Tumor, Node,
Metastasis (TNM) staging system for breast cancer was
used. Specifically, stage I and II cancers were classified
as a low-stage disease, while stage III and IV were classi-
fied as a high-stage disease. Breast cancer grade was also
obtained through chart review of pathology reports and
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assigned using the Elston-Ellis grading system [16], and
was stratified by grade I versus grade II/III in our analysis.

Stimulation protocol

All patients underwent either oocyte or embryo cryopreserva-
tion. A combined recombinant follicle-stimulating hormone
(FSH) and human menopausal gonadotropins (hMG) antag-
onist-based, random-start, ovarian stimulation protocol was
used for all patients. Patients with estrogen receptor (ER)—pos-
itive breast cancer were co-treated with letrozole or tamoxifen
during stimulation. Trigger was standardly completed with
human chorionic gonadotropin (hCG). A combination trig-
ger of leuprolide and low-dose hCG was used when ovarian
hyperstimulation syndrome risk was felt to be elevated. Trig-
ger was administered when at least 2 lead follicles reached
18 mm in standard cycles and cycles with tamoxifen, while
trigger was administered with 2 lead follicles reached 20 mm
in letrozole cycles.

Outcomes

The primary cycle outcome of this study was the number of
mature oocyte (MII) per antral follicle count (AFC), in order
to normalize for baseline ovarian reserve between groups.
Additional laboratory outcomes included the total number of
oocytes retrieved, total number of MII retrieved, and percent-
age of patients who were able to cryopreserve greater than ten
MIL. For patients who underwent more than one cryopreserva-
tion cycle, only laboratory outcomes from the first cycle were
included.

Statistical analysis

Descriptive statistics (mean, standard deviation [SD], range)
were computed by grade and stage for the outcome of our
study. The normality of outcome distribution was evaluated
using the Shapiro—Wilk test. Student’s #-test was used to com-
pare the means of outcomes for normally distributed data and
the Wilcoxon rank-sum test for non-parametric data. Univari-
ate linear and logistic regression models were performed to
assess the association of grade I vs. grade II/III and high vs.
low stage with each outcome of interest. Multivariate models
that adjusted for factors known to be associated with fertil-
ity preservation outcomes, including age, body mass index
(BMI), and AFC, were also performed. Results from the uni-
variate and multivariate regression models are presented as
unadjusted and adjusted means or percentages by grade and
stage. Statistical analyses were performed using Stata Version
15 (Stata Corporation). Two-sided P values <0.05 were con-
sidered significant.
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Ethical approval

All study procedures were reviewed and approved by the
University of California, San Francisco Committee on
Human Research.

Results
Study population

A total of 267 premenopausal patients undergoing breast
cancer-related fertility preservation at the University of
California, San Francisco Center for Reproductive Health
were included in our analysis. All patients underwent a
GnRH antagonist protocol for ovarian stimulation. Patients
who were missing breast cancer stage or grade information
(N=3) were excluded from the study.

Of the 267 women, 215 (80.5%) had low-stage disease,
while 52 (19.5%) had high-stage disease (Table 1). Women
with high-stage disease were younger (33.4 vs. 34.8 years,
P=0.05) and had higher BMI (25.2 vs. 23.6, P=0.01) com-
pared to women with low-stage disease. There were no dif-
ferences in baseline AFC, total gonadotropin dose, days of
stimulation, and follicles > 13 mm on the day of trigger by
stage of breast cancer.

Table 1 Patient characteristics and cycle outcomes by breast cancer stage

With regards to grade, a total of 32 patients (11.9%) had
grade I disease, and 235 (88.1%) had grade II/III disease
(Table 2). Women with grade I breast cancer tended to
be younger than those with grade II/III disease (34.2 vs.
36.6 years, P=0.01). BMI, baseline AFC, total gonado-
tropin dose, days of stimulation, and follicles > 13 on the
day of trigger did not differ between the grade cohorts.

Cycle outcomes by breast cancer stage

Cycle outcomes for low-stage and high-stage breast can-
cer patients are shown in Table 3. After adjusting for age,
BMI, and baseline AFC, we found no differences in cycle
outcomes by stage of cancer. Specifically, the adjusted
mean MII per AFC for low-stage breast cancer patients
was 1.0 (95% CI 0.9-1.1), while the mean MII per AFC
for high-stage breast cancer patients was 1.1 (95% CI
0.9-1.3) (P=0.3). Similarly, when comparing low- and
high-stage breast cancer patients, there was no difference
in total oocytes retrieved (18.2 vs. 20.0, P=0.2), total
MII retrieved (12.7 vs. 14.5, P=0.2), and percentage of
patients who were able to preserve greater than 10 MII
(54.3% vs. 61.3%, P=0.3).

Low-stage disease (N=215) High-stage disease (N=52) P value
Age (years) 34.8 (24-43,SD 4.4) 33.4 (23-44,SD 4.8) 0.05
BMI (kg/m?) 23.6 (1640, SD 4.8) 25.2 (17-40, SD 4.9) 0.01
AFC (n) 14.5 (1-68, SD 9.4) 16.3 (1-55,SD 9.7) 0.15
Total gonadotropin dose (IU) 3780 (270-7650, 3685.2 (1350-6750, SD 1023.2) 0.58

SD 1134.9)
Days of stimulation 10.4 (3-26, SD 2.1) 10.0 (7-16, SD 1.9) 0.20
Follicles = > 13 days of trigger (n) 14.2 (1-47,SD 8.2) 15.8 (1-29, SD 9.0) 0.20

Legend: SD, standard deviation; BMI, body mass index; AFC, antral follicle count. For all values: Mean (range, standard deviation). Boldface P
values are statistically significant. Low-stage breast cancer was defined as stages I and II, while high-stage disease was defined as stages III and

v

Table 2 Patient characteristics and cycle outcomes by breast cancer grade

Grade I disease (N=32) Grade II/III disease (N=235) P value
Age (years) 36.6 (2743, SD 4.7) 34.2 (23-44,SD 4.4) 0.01
BMI (kg/m?) 23.7 (17-40, SD 5.0) 23.9 (1640, SD 4.8) 0.64
AFC (n) 12.6 (1-37,SD 8.1) 15.3 (1-68, SD 9.6) 0.13
Total gonadotropin dose (IU) 3971.1 (2200-7650, SD 1035.4) 3717.6 (270-6750, SD 1122.2) 0.23
Days of stimulation 10.2 (7-16, SD 1.8) 10.3 (2-26, SD 2.1) 0.69
Follicles = > 13 days of trigger (n) 12.7 (1-33, SD 8.0) 14.8 (1-47, SD 8.4) 0.17

Legend: SD, standard deviation; BMI, body mass index; AFC, antral follicle count. For all values: Mean (range, standard deviation). Boldface P
values are statistically significant. Low-grade breast cancer was defined as grade I, while high-grade disease was defined as grades II and III
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Table 3 Cycle outcomes by breast cancer stage

Unadjusted mean  Unadjusted mean  Adjusted mean Adjusted mean Adjusted mean P value
(low) (high) Age+BMI+AFC (low) age+BMI+ AFC (high) difference (95%
CDh

Total oocytes retrieved 17.9 20.7 18.2 20.0 1.78 0.3
(16.2-19.5) (17.3-24.0) (16.8-19.6) (17.0-22.9) (—1.5-5.0)

Total MII retrieved 12.5 14.8 12.7 14.5 1.80 0.2
(11.3-13.8) (12.3-17.4) (11.6-13.9) (12.2-16.9) (-0.8-4.4)

> 10 MII preserved 53.5% 63.5% 54.3% 61.3% 6.9% 0.3
(46.8-50.2%) (50.4-76.5%) (48.5-60.2%) (49.4-73.2%) (—6.41020.2%)

MII/AFC 1.0 1.1 1.0 1.1 0.15 0.2
(0.9-1.1) (0.9-1.3) (0.9-1.1) (0.9-1.3) (=0.1t00.4)

Legend: SD, standard deviation; BMI, body mass index; AFC, antral follicle count

Cycle outcomes by breast cancer grade

Cycle outcomes were also evaluated by breast cancer grade
using a multivariate analysis (Table 4). After adjusting for
age, BMI, and baseline AFC, we found no difference in
MII per AFC (1.0 vs. 1.0, P=0.92), total oocytes retrieved
(17.1 vs. 18.9, P=0.38), total MII retrieved (12.3 vs. 13.3,
P =0.56), or the percentage of patients who were able to
preserve greater than 10 MII (58.9% vs. 55.5%, P=0.68)
when comparing those with grade I vs. grade II/III breast
cancer. For both breast cancer grade and stage, univariate
analyses were also not significantly different between the
grade/stage cohorts.

Discussion

Grade and stage of breast cancer malignancy are unlikely to
impact the number of mature oocytes retrieved with ovar-
ian stimulation. This analysis suggests that patients with
advanced-stage/grade cancers can be counseled that their
oocyte yields are not likely to be decreased due to their dis-
ease stage/grade.

Table 4 Cycle outcomes by breast cancer grade

Plausible biological mechanisms

Prior literature has suggested decreased sperm quality and
quantity in men with a diagnosis of cancer, prior to treat-
ment. An epidemiological study of 164 patients showed
oligospermia was common prior to initiation of cancer
treatment, though sperm parameters of count, motility, and
morphology did not differ by cancer type [17]. Other stud-
ies have found defective spermatogenesis occurs in a sig-
nificant portion of Hodgkin’s and testicular cancer patients,
again, prior to cancer treatment [ 18, 19]. Furthermore, some
studies have also shown a direct association between can-
cer stage and degree of semen analysis abnormality. It has
been hypothesized that this may be secondary to a variety
of mechanisms including damage of the germinal epithe-
lium, disruption of the hypothalamic-pituitary—gonadal axis,
immunological changes, and variation in body temperature;
however, the phenomenon is not well understood currently
and other complex factors may also contribute [20].

It has similarly been hypothesized that comparable
mechanisms may negatively impact ovarian function and
oocyte quality and quantity in women, which may be
manifested through a lower number of oocytes retrieved

Unadjusted mean Unadjusted mean Adjusted mean Adjusted mean Adjusted mean dif- P value
(grade I) (grade II/11T) age+BMI+ AFC age+BMI+ AFC ference
(low) (high) (95% CI)
Total oocytes 15.3 19.0 17.1 18.9 1.7 0.38
retrieved (11.1-19.6) (17.4-20.6) (13.5-20.8) (17.5-20.2) (—2.2-5.6)

Total MII retrieved 11.1 13.3 12.3 13.3 0.94 0.56
(7.8-14.4) (12.1-14.5) (9.4-15.3) (12.2-14.3) (2.2-4.1)

> 10 MII preserved 53.1% 55.9% 58.9% 55.5% 2.8% 0.68
(35.8-70.4%) (49.6-62.2%) (44.0-73.7%) (49.8-61.1%) (-1.5t02.1%)

MII/AFC 1.0 1.0 1.0 1.0 0.14 0.92
(1.8-1.3) (0.9-1.1) (0.7-1.2) (0.9-1.1) (=0.3t00.3)

Legend: SD, standard deviation; BMI, body mass index; AFC, antral follicle count
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or mature oocytes cryopreserved in a fertility preservation
cycle. However, the process of sperm production is mark-
edly different from that of oocytes, which are not regen-
erated throughout adult life and may be less sensitive to
body temperature changes or other shorter-term metabolic
derangements related to developing malignancies. There-
fore, there may be significant differences between the effect
of cancer on oocytes in comparison to sperm. Prior studies
have suggested that features such as generalized inflamma-
tory response and altered systemic vascular function (which
may be caused by altered levels of matrix metalloproteinases
(MMPs) and vascular endothelial growth factor (VEG-F))
may also contribute to worsening ovarian function in cancer
patients. However, it is unclear if these features vary with
the severity of disease [21, 22].

Comparison to prior literature

Prior studies have attempted to evaluate this plausible impact
of malignancy on the ovary by evaluating fertility preserva-
tion outcomes based on malignancy type and compared to
healthy patients undergoing fertility preservation. These data
have overall been conflicting; however, our group’s 2017
study and 2018 meta-analysis showed cancer diagnosis is
not associated with reduced response to ovarian stimulation
[13, 23-26]. The meta-analysis included ten case—control
retrospective studies with 713 cancer patients and 1,830
healthy controls and found no impact of cancer on mean
total oocytes, mature oocytes, 2PNs, and fertilization rates.
A subgroup analysis on breast cancer patients only also
found no difference in total or mature oocytes between can-
cer patients and healthy controls. In our prior 2017 article,
we found that among 589 patients (191 breast cancer, 398
elective fertility preservation), total and mature oocytes did
not differ after adjustment for potential confounders. How-
ever, among cancer patients, very few studies have investi-
gated the effect of cancer severity on oocyte cryopreserva-
tion outcomes.

Most recently, however, Volodarsky-Perel et al. pub-
lished a report showing high-grade, as compared to low-
grade, cancer was associated with a decreased number of
retrieved mature oocytes and cryopreserved embryos [14].
This study, however, was limited by its relatively small sam-
ple size and inclusion of several different malignancy types.
The analysis included 11 cancer types (with 52 breast cancer
patients as the largest cancer type), among 147 total patients.
It may be difficult to compare stage and grade across can-
cers, given the heterogeneity of different cancer types and
possible differential effects of grade/stage depending on the
cancer type. Another study by the same lead author investi-
gated grade and stage among 155 breast cancer patients and
found high-grade tumors were associated with a significantly
lower number of mature oocytes than low-grade tumors in

pre-treatment fertility preservation cycles, while significant
differences were not found between the low- and high-stage
groups [15]. However, in both studies, the primary outcome
of mature oocytes was not adjusted for ovarian reserve,
though baseline AFC counts were similar between study
groups and increasing AFC was separately correlated with
an increased chance of retrieving > 10 mature oocytes.

With breast cancer being one of the most prevalent can-
cers of reproductive age women and given the dearth of lit-
erature on this subject, we sought to evaluate the impact of
cancer grade and stage specifically among a large cohort
of breast cancer patients undergoing fertility preservation.
Contrary to the prior study, our analysis found that breast
cancer grade and stage do not significantly affect the number
of oocytes retrieved, number of mature oocytes preserved,
and number of mature oocytes per AFC during fertility pres-
ervation prior to gonadotoxic therapy (both unadjusted and
after adjustment for age, AFC, and BMI). The primary out-
come of MII/AFC ranged from 1.0 to 1.1 for our categories
of cancer stage and grade, which is within what we would
expect clinically if cancer grade/stage was not affecting
ovarian stimulation.

There are several possible reasons for discrepant find-
ings between our study and the prior studies by Volodarsky
et al. There appeared to be differences in stimulation pro-
tocol between the two studies, which may be due to insti-
tutional and/or geographical practices; our study was the
first to investigate this topic at a single US academic center,
while the prior study on breast cancer center was conducted
at a single Canadian academic center. Though the patients
in our study were older on average compared to those in the
prior study, the gonadotropin dose, number of stimulation
days, and ultimately the number of oocytes retrieved were
higher in our study. Additionally, our study used mixed FSH/
hMG protocols while the prior study appeared to use only
FSH or hMG. Based on these differences in protocol and
retrieval outcomes, this suggests that simulation protocol
may impact these oocyte cryopreservation outcomes, and
increased gonadotropin doses or mixed gonadotropin proto-
cols may lead to more favorable retrieval outcomes among
higher grade breast cancer patients. It is possible that meta-
bolic changes related to breast cancer may change the sen-
sitivity of ovarian follicles to gonadotropins, leading to a
differential effect of higher dosing on retrieval outcomes.
This is an important area for future study, in terms of pos-
sible interaction of stimulation protocol with cancer stage/
grade on oocyte cryopreservation outcomes. Additionally,
the prior study compared grade I/II with grade III (defined
as low and high grade in their cohort), while we compared
grade I with grade II/III due to small numbers of grade III
cancers in our cohort. Future studies with larger sample sizes
should examine each stage separately and make more granu-
lar comparisons. Lastly, as our study was retrospective in
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nature, we performed a multivariate analysis on the main
outcome of the number of MII oocytes/AFC, while the prior
studies on the subject cancer grade/stage and fertility pres-
ervation did not use multivariate analyses for the primary
outcome [14, 15].

Strengths and limitations

The strengths of this study include the large sample size
with 267 patients compared to a prior study of 155 breast
cancer patients. Our study is also the first study in the USA
to investigate cancer grade/stage on fertility preservation
outcomes. In addition, our study focused on a homogenous
patient population by including breast cancer patients only,
as the inclusion of multiple types of cancer in prior studies
can make interpretation challenging. We also had detailed
information available on patient and cycle characteristics, as
all patients were seen at one academic center, which allowed
us to control for additional factors which might impact the
independent relationship between cancer stage and grade
and our outcome of interest.

Study limitations include evaluation of breast cancer
patients only though the effect of cancer on stimulation
outcomes may differ depending on the type of cancer, as
cancers are a heterogenous group of diseases, and there-
fore, these findings may not be generalizable to other cancer
types. This is an important area for future study in terms
of investigating this question with larger sample sizes for
breast cancer patients. Additionally, while oocytes retrieved
and mature oocytes are important clinical metrics, we were
not able to follow our cohort to study other important clini-
cal outcomes that indicate oocyte health including embryo
quality, embryo euploidy rates, or pregnancy outcomes.
Although our study is the largest on this subject to date,
the overall sample size is still relatively small, though it is
relevant to note that the oncofertility population is small to
begin with. We were also not able to study other character-
istics of breast cancer including tumor size and hormone
status, for possible effects on our outcomes of interest, given
relatively small sample sizes. These are important areas of
future study in larger cohorts.

Conclusions

In a relatively large cohort of breast cancer patients, we
found stage and grade of breast cancer do not affect clinical
outcomes of oocytes retrieved and mature oocytes cryopre-
served (after adjustment for AFC). This is important infor-
mation that can be used to counsel breast cancer patients
who are undergoing fertility preservation prior to gonado-
toxic therapy. We suspect the independent effect of cancer
on ovarian stimulation may vary depending on the type of
malignancy and highlights the need for further evaluation

@ Springer

within populations of specific cancer types. Additionally,
important areas for future investigation include longer-term
outcomes on embryo quality, pregnancy data, and cancer
treatment outcomes by pre-treatment cancer grade and stage.
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