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Abstract

Purpose Equitable access to oncofertility services is a key component of cancer survivorship care, but factors affecting
access and use remain understudied.

Methods To describe disparities in assisted reproductive technology (ART) use among women with breast cancer in Cali-
fornia, we conducted a population-based cohort study using linked oncology, ART, and demographic data. We identified
women age 18—45 years diagnosed with invasive breast cancer between 2000 and 2015. The primary outcome was ART
use—including oocyte/embryo cryopreservation or embryo transfer—after cancer diagnosis. We used log-binomial regres-
sion to estimate prevalence ratios (PRs) and 95% confidence intervals (ClIs) to identify factors associated with ART use.
Results Among 36,468 women with invasive breast cancer, 206 (0.56%) used ART. Women significantly less likely to use
ART were age 36—45 years at diagnosis (vs. 18-35 years: PR=0.17, 95% CI 0.13-0.22); non-Hispanic Black or Hispanic
(vs. non-Hispanic White: PR=0.31, 95% CI 0.21-0.46); had at least one child (vs. no children: adjusted PR [aPR]=0.39,
95% C1 0.25-0.60); or lived in non-urban areas (vs. urban: aPR=0.28, 95% CI 0.10-0.75), whereas women more likely to
use ART lived in high-SES areas (vs. low-/middle-SES areas: aPR=2.93, 95% CI 2.04—4.20) or had private insurance (vs.
public/other insurance: aPR =2.95, 95% CI 1.59-5.49).

Conclusion Women with breast cancer who are socially or economically disadvantaged, or who already had a child, are
substantially less likely to use ART after diagnosis. The implementation of policies or programs targeting more equitable
access to fertility services for women with cancer is warranted.
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Introduction

Women diagnosed with breast cancer during their repro-
ductive years may have to make complex decisions about
parenthood and reproductive health while navigating the
physical, psychological, and financial effects of cancer
and its treatment [1, 2]. The risk or realization of medi-
cally induced (iatrogenic) infertility can influence cancer
treatment decisions [3, 4] and subsequent quality of life
[5]. Importantly, as more women delay childbirth [6],
fertility concerns are becoming increasingly relevant to
women who have not started or completed building their
families at the time of diagnosis. For women with breast
cancer, receipt of chemotherapy can accelerate the natu-
ral decline of a woman’s ovarian reserve, or reproductive
potential, and may result in immediate ovarian failure (i.e.,
menopause) or premature ovarian failure (i.e., menopause
before age 40)—highlighting the urgency in access to fer-
tility preservation for this population [7, 8]. The need to
undergo months or years of cancer treatment during one’s
reproductive years can also result in reduced fertility after
completion of cancer treatment due to the natural age-
related decline of the ovarian reserve [7, 9]. Although the
appropriateness of oncofertility services varies based on
patient and clinical factors, the use of assisted reproduc-
tive technology (ART) to cryopreserve oocytes or embryos
before cancer treatment, or to attempt pregnancy using
embryo transfer post-treatment, are established methods
of fertility preservation and family-building for women
with cancer [1, 10].

Ensuring equitable access to oncofertility services is
key to addressing cancer care disparities. Access to fertil-
ity preservation specifically among underserved popula-
tions has emerged as an important area of widening dis-
parity in health care [11, 12]. Fertility services often are
not covered by health insurance in the USA, and with costs
of up to $15,000 for the cryopreservation of oocytes or
embryos, many women find the option of paying out-of-
pocket for ART to be prohibitively expensive [13]. In the
few prior studies that have examined patient-level factors
associated with ART use after cancer diagnosis, dispari-
ties in use were observed by age at diagnosis, race/ethnic-
ity, socioeconomic status (SES), and rurality [12, 14-17].
However, most studies to date have been limited by the lack
of generalizability of their study populations, including the
use of convenience samples, patients recruited from single
academic institutions, or patients who had ART covered by
insurance. Because of these limitations, critical gaps remain
in our understanding of the disparities in access to and use
of oncofertility services among a population-based sample
of women with cancer, which limits the development of tar-
geted interventions to improve accessibility.
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In this study, we examined sociodemographic disparities
in the use of ART and ART-associated live birth among
women with invasive breast cancer in California using a
novel linkage of population-based data sources that were
linked by our study team for research purposes. Informed
by prior literature [12, 14—17], we hypothesized that women
with breast cancer least likely to use ART after diagnosis
would be older, non-Hispanic Black or Hispanic, not mar-
ried, parous at diagnosis (had at least one child), lack private
health insurance, have comorbidities, or live in areas with
lower SES or non-urban areas.

Methods
Data sources

We conducted a population-based cohort study using data
from the California Cancer Registry, the Society for Assisted
Reproductive Technology Clinic Outcome Reporting Sys-
tem (SART CORS), and the California Office of Statewide
Health Planning and Development (OSHPD; now known as
the Department of Health Care Access and Information). We
obtained approval from the MD Anderson Cancer Center
Institutional Review Board, California Cancer Registry,
SART CORS, OSHPD, and State of California Committee
for the Protection of Human Subjects.

The California Cancer Registry—a statewide population-
based cancer surveillance system—was linked to the SART
CORS to identify women who were diagnosed with invasive
breast cancer between 2000 and 2015, and who received
oncofertility services between 2004 and 2015 at SART-
member fertility clinics. The data linkage used women’s
social security numbers, first and last names, and birth dates.
SART CORS contains data from 94% of all ART cycles con-
ducted in the USA between 2004 and 2015, and 80% of all
ART cycles performed at fertility clinics in California [18,
19]. Women receiving ART at SART-member clinics sign
clinical consent forms that include a request for permission
to use their deidentified data for research. Approximately
10% of the clinics are audited each year to validate the accu-
racy of the reported data [18].

The California Cancer Registry and SART CORS data
were then linked to OSHPD birth files, which have been
used in previous studies of live births and birth outcomes
among women with cancer [20-25]. The OSHPD does not
gather data for deliveries in military facilities, home deliver-
ies, out-of-state deliveries, or deliveries at birthing centers
not reporting to the California OSHPD. The data linkage
was conducted by OSHPD using maternal date of birth,
social security number, and ZIP code.

In the linked databases, we identified women age
18-45 years who were diagnosed with stage I-III breast
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cancer between 2000 and 2015. These age and stage criteria
were applied so that our cohort included reproductive-age
women with relatively high rates of cancer survival and
who were potentially at risk of infertility from receipt of
chemotherapy.

Outcome and exposure assessment

The primary outcome was any ART use, including oocyte
or embryo cryopreservation (i.e., oocyte or embryo freez-
ing/banking for fertility preservation) or embryo transfer
to attempt pregnancy (involving the transfer of at least one
embryo to the uterus), after cancer diagnosis. Given known
disparities in ART outcomes among the general population
[26, 27], we performed a secondary analysis of live births
with the use of ART among women who had at least one
transfer cycle to attempt pregnancy. The conception date for
each live birth was estimated using the infant date of birth
and gestational age from the OSHPD. A birth for which the
conception date was within 30 days of a transfer cycle was
categorized as a birth resulting from ART.

Informed by sociodemographic characteristics associ-
ated with ART use after cancer in previous studies and the
availability of covariates in our linked database, we exam-
ined multiple factors associated with ART use, including
age at diagnosis; race and ethnicity; Charlson comorbidity
score [28]—a weighted index of comorbidities summed into
a single comorbidity score, with a score of 0 representing
no comorbidities; marital status; parity at diagnosis; health
insurance at diagnosis; SES (defined using the Yost SES
index[29]—a composite score constructed using seven SES-
related variables at the census tract-level) at diagnosis; and
geographic area of residence at diagnosis. Parity data were
obtained from the OSHPD. All other factors were obtained
from the California Cancer Registry; census tract-level fac-
tors were determined using a woman’s address at the time
of cancer diagnosis. Race and ethnicity are social constructs
and were interpreted together in this analysis as an indica-
tor of the extent to which historical and structural factors,
including racism, may affect access to cancer survivorship
care [30, 31].

Statistical analysis

The primary analysis examined disparities in any ART use
after cancer diagnosis. Log-binomial regression was used
to estimate prevalence ratios (PRs) and 95% confidence
intervals (ClIs) for the likelihood of ART use by sociode-
mographic characteristics. We calculated unadjusted and
adjusted estimates for each sociodemographic factor after
controlling for all other covariates identified as confound-
ers with the use of a directed acyclic graph; confounders
were covariates that we hypothesized could affect both the

predictor of interest and ART use. Only unadjusted estimates
are presented for age at diagnosis and race and ethnicity,
as the other sociodemographic covariates were considered
mediators of ART use (affected by age or race/ethnicity and
influencing ART use) and adjusting for these covariates
could minimize or hide true disparities [32, 33]. Given the
potential influence of cancer characteristics on disease prog-
nosis and the decision to use ART, we conducted a sensitiv-
ity analysis limited to women who received chemotherapy
(i.e., potentially at risk of infertility from cancer treatment)
and further described hormone receptor status by ART use
among that subset of patients. Covariate categories within
adjusted regression models were collapsed as needed given
small sample sizes.

The secondary analysis examined live birth with the use
of ART after cancer diagnosis by sociodemographic char-
acteristics. Women who had a live birth resulting from ART
were compared with women who had at least one ART trans-
fer cycle to attempt pregnancy but did not have a live birth
resulting from ART, including women with no live births or
births resulting from natural conception only. Small sample
sizes precluded regression analysis. All statistical tests were
two-sided, and differences were considered statistically sig-
nificant at p <0.05. SAS Enterprise Guide version 7.1 was
used for all analyses.

Sensitivity analysis for unmeasured confounding

We used E-values to assess the robustness of our results to
unmeasured confounding [34]. To quantify the minimum
strength of association an unmeasured confounder must have
with both the exposure (sociodemographic characteristics)
and the outcome (ART use) to fully explain the observed
associations, we calculated the E-values needed to shift
the observed PR to the null value of 1.0; to shift the CI to
include the null (for observed ClIs that excluded the null);
and to shift the CI to exclude the null (for observed CIs that
included the null) [34].

Results
Sample characteristics

Among 36,468 women age 18-45 years diagnosed with
stage I-III breast cancer in California between 2000 and
2015, 206 (0.56%) used ART after diagnosis, and 18 had
an ART-associated live birth (Fig. 1). Ninety-three women
used ART for oocyte or embryo cryopreservation only; 82
women used ART for embryo transfer only; and 31 women
used ART for both cryopreservation and embryo transfer.
The sociodemographic and clinical characteris-
tics of women who used ART after cancer diagnosis are
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Women age 18-45 years diagnosed with
stage I-11I breast cancer in California

between 2000 and 2015
n=36,468
Did not use ART after diagnosis Used ART after diagnosis
n=36,262 n=206

/ V\

Oocyte or embryo
cryopreservation only
n=93

Embryo transfer only

Both cryopreservation and
embryo transfer

n=82 n=31

\/

ART-associated live birth
n=18

Fig. 1 Cohort selection flow diagram. ART assisted reproductive technology

summarized in Table 1. Compared with women who did
not use ART, women who used ART were more likely to
be age 18-35 years (54.9% vs. 16.5%); be non-Hispanic
White (66.0% vs. 49.3%); be single (38.3% vs. 23.3%); have
no children (85.4% vs. 71.5%); have private health insur-
ance (85.4% vs. 71.8%); live in high-SES areas (79.1% vs.
51.2%); and live in urban areas (98.1% vs. 88.6%). Notably,
71.6% of the overall sample had no children at the time of
diagnosis. The groups had similar distributions of cancer
stages and treatments; however, women who used ART were
more likely to be diagnosed in 2011-2015 (38.8% vs. 30.0%)
and diagnosed with estrogen receptor (ER)—positive (72.3%
vs. 69.2%), progesterone receptor (PR)—positive (65.0% vs.
61.5%), or HER2-negative cancer (62.1% vs. 54.5%).

ART use after cancer diagnosis

The regression analysis revealed disparities in ART use after
breast cancer diagnosis for all sociodemographic characteris-
tics examined except Charlson comorbidity score (Table 2).
In the unadjusted analysis, women age 36—45 years at
diagnosis had a significantly lower prevalence of ART use
compared with women age 18-35 years (PR=0.17, 95% CI
0.13-0.22); and non-Hispanic Black and Hispanic women
had a significantly lower prevalence of ART use compared
with non-Hispanic White women (PR=0.31, 95% CI
0.21-0.46). In analyses of other exposures (with adjustment
for all other sociodemographic variables, including parity),
significantly lower rates of ART use after breast cancer diag-
nosis were observed among women who were married (vs.
single/other: adjusted PR [aPR]=0.64, 95% CI 0.47-0.86);
women with at least one child (vs. no children: aPR =0.39,
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95% CI 0.25-0.60); and women living in non-urban areas
(vs. urban: aPR =0.28, 95% CI 0.10-0.75). Women with
private health insurance had 2.89 (95% CI 1.56-5.38) times
the prevalence of ART use compared with women with pub-
lic or other health insurance; and women living in high-SES
areas had 2.96 (95% CI 2.07-4.25) times the prevalence of
ART use compared with women living in low- or middle-
SES areas.

In sensitivity analysis restricted to women with breast
cancer who received chemotherapy (i.e., potentially at risk
of infertility from cancer treatment), ART use remained low
(0.60%) (Table 1) and sociodemographic disparities by age,
race and ethnicity, parity, rurality, insurance status, and SES
persisted (Table 2). Among the subset who received chemo-
therapy, distribution of hormone receptor status was similar
between patients who did vs. did not use ART: ER-positive,
67% vs. 66%; PR-positive, 59% vs. 57%; HER-2 positive,
21% vs. 22%; and triple negative, 17% vs. 16%, respectively.

ART-associated live birth after cancer diagnosis

Among the 206 women who used ART after diagnosis, 113
had at least one embryo transfer cycle. Of these women,
18 (15.9%) had an ART-associated live birth, includ-
ing 4 women who had previously cryopreserved oocytes
or embryos (mean time to conception after diagnosis,
4.0 years [standard deviation (SD)=2.2 years]) and 14
women who had not previously cryopreserved oocytes or
embryos (mean time to conception after diagnosis, 4.7 years
[SD=2.2 years]) (Table 3). No significant differences in
sociodemographic characteristics were observed between
women who did or did not have an ART-associated live birth
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Table 1 Sociodemographic and cancer-related  characteristics
of women diagnosed with breast cancer in California between 2000
and 2015 by use of assisted reproductive technology (ART) after
diagnosis (n=36,468)

Characteristic ART used, n=206 No ART
used,
n=236,262

n (%) n (%)

Age at diagnosis, years

18-35 113 (54.9) 5998 (16.5)

36-45 93 (45.1) 30264 (83.5)
Race and ethnicity

Non-Hispanic White 136 (66.0) 17862 (49.3)

Non-Hispanic Asian/Pacific 42 (20.4) 6254 (17.2)

Islander

Hispanic 22 (10.7) 9118 (25.1)

Non-Hispanic Black?® <11(<5.3) 2698 (7.4)

Non-Hispanic American Indian 0 (0) 172 (0.5)

Unknown? <11 (<5.3) 158 (0.4)
Charlson comorbidity score

0 191 (92.7) 33109 (91.3)

>1 15(7.3) 3153 (8.7)
Marital status

Single 79 (38.3) 8436 (23.3)

Married 115 (55.8) 23371 (64.5)

Other® <11 (<5.3) 3592 (9.9)

Unknown <11(<5.3) 863 (2.4)
Parity at diagnosis

0 children 176 (85.4) 25934 (71.5)

>1 child 30 (14.6) 10325 (28.5)

Unknown 0(0) 3 (.008)
Health insurance at diagnosis

Public? <11(<5.3) 5916 (16.3)

Private 176 (85.4) 26041 (71.8)

Uninsured/self-pay* <11(<5.3) 412 (1.1)

Other/unknown 19 (9.2) 3893 (10.7)
Census tract-level SES

Low or middle 43 (20.9) 17685 (48.8)

High 163 (79.1) 18577 (51.2)
Rurality

Urban 202 (98.1) 32145 (88.6)

Rural® <11(<5.3) 3992 (11.0)

Other®® <11(<5.3) 125 (0.3)
Year of cancer diagnosis

2000-2005 42 (20.4) 13830 (38.1)

2006-2010 84 (40.8) 11556 (31.9)

2011-2015 80 (38.8) 10876 (30.0)
Stage at diagnosis

I 74 (35.9) 12889 (35.5)

I 104 (50.5) 17196 (47.4)

I 28 (13.6) 6177 (17)
Estrogen receptor status

Negative 53 (25.7) 8986 (24.8)

Table 1 (continued)

Characteristic ART used, n=206 No ART
used,
n=36,262

n (%) n (%)

Positive 149 (72.3) 25077 (69.2)

Unknown 4(1.9) 2199 (6.1)
Progesterone receptor status

Negative 68 (33.0) 11239 (31.0)

Positive 134 (65.0) 22297 (61.5)

Unknown 4(1.9) 2726 (7.5)
HER?2 status

Negative 128 (62.1) 19747 (54.5)

Positive 37 (18.0) 6564 (18.1)

Unknown 41 (19.9) 9951 (27.4)
Triple-negative

No 162 (78.6) 27810 (76.7)

Yes 28 (13.6) 4515 (12.4)

Unknown 16 (7.8) 3937 (10.9)
Surgery received

Yes 204 (99.0) 35185 (97.0)

Lumpectomy 88 (42.7) 15971 (44.0)
Mastectomy 116 (56.3) 19214 (53.0)

No? <11(<5.3) 1049 (2.9)

Unknown® <11(<5.3) 28 (0.1)
Radiation received

Yes 101 (49.0) 17560 (48.4)

No 105 (51.0) 18695 (51.6)

Unknown 0(0) 7(0)
Chemotherapy received

Yes 149 (72.3) 24759 (68.3)

No 55 (26.7) 10810 (29.8)

Unknown 2(1.0) 693 (1.9)

SES socioeconomic status

#Exact number not reported because the California Cancer Registry
requires suppression of cell sizes< 11

bOther rurality status includes census tracts with a population den-
sity <11 persons per square mile

after diagnosis. A lower proportion of women with an ART-
associated live birth lived in urban areas (88.9% vs. 98.9%),
but this difference was not significant (data not presented
owing to restrictions in reporting small cell sizes per the
California Cancer Registry).

Sensitivity analysis for unmeasured confounding

For factors significantly associated with ART use, E-val-
ues to shift the PR to 1.0 ranged from 2.5 to 11.2, and
E-values to shift the CI to include the null ranged from
1.6 to 8.6 (Table 4). Using age at diagnosis as an example,
we can interpret these values as follows: Among women
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Table 2 Prevalence ratio

(PR) estimates of assisted
reproductive technology (ART)
use among women diagnosed
with breast cancer in California
between 2000 and 2015
(n=36,468)

Table 3 Live births

among women diagnosed with
breast cancer in California
between 2000 and 2015 who
had at least one embryo transfer
after diagnosis (n=113)

age 3645 years at diagnosis, the observed association
(PR=0.17) could be explained by an unmeasured con-
founder that was associated with both age at diagnosis

@ Springer

Characteristic Unadjusted PR Full sample (n=36,468) Received
(95% CI) chemotherapy
(n=24,908)
Adjusted PR
(95% CI)*

Age at diagnosis, years Unadjusted

18-35 1.00 n/a 1.00

36-45 0.17 (0.13-0.22) 0.18 (0.13-0.25)
Race and ethnicity Unadjusted

Non-Hispanic White 1.00 n/a 1.00

Non-Hispanic Asian/Pacific Islander 0.88 (0.63-1.25) 0.67 (0.43-1.04)

Non-Hispanic Black or Hispanic 0.31 (0.21-0.46) 0.30 (0.19-0.47)
Charlson comorbidity score at diagnosis

0 1.00 1.00 1.00

>1 0.83 (0.49-1.39) 1.04 (0.60-1.79) 1.19 (0.63-2.25)
Marital status at diagnosis

Single/other 1.00 1.00 1.00

Married 0.68 (0.52-0.90) 0.64 (0.47-0.86) 0.74 (0.52-1.06)
Parity at diagnosis

0 children 1.00 1.00 1.00

>1 child 0.43 (0.29-0.63)  0.39 (0.25-0.60) 0.42 (0.26-0.68)
Health insurance at diagnosis

Public/other 1.00 1.00 1.00

Private

Census tract-level SES at diagnosis

Low or middle
High

Rurality at diagnosis
Urban
Non-urban

3.87 2.11-7.11)

1.00
3.59 (2.56-5.01)

1.00
0.16 (0.06-0.42)

2.89 (1.56-5.38)

1.00
2.96 (2.07-4.25)

1.00
0.28 (0.10-0.75)

2.06 (1.07-3.97)

1.00
3.48 (2.18-5.55)

1.00
0.31 (0.10-0.97)

CI confidence interval, SES socioeconomic status

*Adjusted models included the following covariates: age at diagnosis, race and ethnicity, Charlson comor-
bidity score, marital status, parity, health insurance, census tract-level SES, and rurality

Characteristic Cryopreservation and transfer, ~ Transfer only, n=282
n=31
n (%) n (%)
Any live birth after cancer diagnosis 6(19.4) 20 (24.4)
ART-associated live birth 4(12.9) 14 (17.1)
Natural conception live birth 2(6.5) 6(7.3)
Mean (SD) time from diagnosis to first ART- 4.02.2) 4.7 (2.2)

associated live birth, years

ART assisted reproductive technology, SD standard deviation

and ART use by a risk ratio of 11.2. Moving the CI to
include the null value of 1 would require an unmeasured
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Table 4 Assessment of unmeasured confounding using the E-value®

Characteristic Adjusted PR (95% CI) E-value to shift PR E-value to shift CI to E-value to shift CI
to 1.0 include the null® to exclude the null®

Age 3645 years at diagnosis 0.17 (0.13-0.22) 11.2 8.6 n/a

Non-Hispanic Asian/Pacific Islander 0.88 (0.63-1.25) 1.5 n/a 1.8

Non-Hispanic Black or Hispanic 0.31 (0.21-0.46) 5.9 3.8 n/a

Charlson comorbidity score > 1 1.04 (0.60-1.79) 1.2 n/a 3.0

Married at diagnosis 0.64 (0.47-0.86) 2.5 1.6 n/a

At least one child at diagnosis 0.39 (0.25-0.60) 4.6 2.7 n/a

Private health insurance at diagnosis 2.89 (1.56-5.38) 5.2 2.5 n/a

Living in high census tract-level SES area  2.96 (2.07-4.25) 54 3.6 n/a

at diagnosis
Living in non-urban area at diagnosis 0.28 (0.10-0.75) 6.6 2.0 n/a

ART assisted reproductive technology, CI confidence interval, PR prevalence ratio, SES socioeconomic status

4The E-value represents the strength of association an unmeasured confounder must have with both the exposure (sociodemographic characteris-
tics) and the outcome (ART use) to fully explain the observed associations [34]

For observed CIs that excluded the null value of 1
“For observed ClIs that included the null value of 1

confounder that was associated with both age at diagnosis
and ART use by a risk ratio of 8.6.

Discussion

In this population-based cohort study of women with inva-
sive breast cancer in California, we observed a low overall
rate of ART use and substantial disparities in ART use by
sociodemographic characteristics. Only 0.56% of all women
with breast cancer in California—and a similarly low per-
centage (0.6%) among women who received potentially gon-
adotoxic chemotherapy—used ART after diagnosis, which
may be attributed to, in part, the lack of mandated health
insurance coverage for oncofertility services in California
during the study period and the prohibitive cost of paying for
services out-of-pocket [13]. Similarly low use of ART has
been observed in a population-based sample of women with
any type of cancer in North Carolina (1.2% overall use) [12],
and across the country among the general population (1.2%-
1.8% of all births in the USA during 2004-2015 resulted
from ART) [35]. Further, women who were older at diagno-
sis, were non-Hispanic Black or Hispanic, were married, had
at least one child at diagnosis, or were living in non-urban
areas were significantly less likely to use ART after cancer
diagnosis, whereas women who had private health insurance
or were living in high-SES areas were significantly more
likely to use ART. These population-based data provide
important evidence that oncofertility services are underuti-
lized and that their use is largely limited to the most socially
and economically advantaged women. Such findings support
the need to take steps to ensure more equitable access to

oncofertility services in the USA, such as improving insur-
ance coverage for such procedures.

Although racial and ethnic minoritized groups and rural
and low-SES populations have suboptimal access to and
quality of cancer survivorship care [36-38], only a few stud-
ies have examined patient-level factors contributing to the
post-diagnosis use of ART specifically. One 2010 survey of
women with cancer in California reported lower rates of fer-
tility preservation among those age 36—40 years at diagnosis
and among Latina/Hispanic women, which may have been
driven in part by less access to fertility counseling [14]. A
second study of the medical records of women diagnosed
with breast cancer between 2005 and 2010 at three aca-
demic medical centers found that women who used fertility
preservation were slightly older and lived in higher-income
areas [15]. A third study that identified fertility preserva-
tion procedures among women diagnosed with lung, breast,
colorectal, or cervical cancer between 2009 and 2016 using
administrative claims data (capturing privately insured and
Medicaid patients) found lower rates of fertility preservation
among women age 36—45 years, those with Medicaid, and
those living in non-urban areas [16]. However, the findings
of these previous studies are limited by their lack of general-
izability, as the study populations were self-selected women
who responded to a survey focused on fertility [14], women
receiving cancer care at one of three large academic medical
centers [15], and women with private insurance or Medicaid
whose fertility-preserving procedures were at least partially
covered by their insurance provider [16].

Similar to our study, two recent population-based stud-
ies reported that the use of oncofertility services after diag-
nosis varies by sociodemographic characteristics [12, 17];
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however, one of these studies defined “use” as having a
fertility-related discussion with a healthcare provider, and
advice and infertility testing were the most common fertil-
ity services reported by the study participants [17]. To our
knowledge, only one other study has examined the actual use
of fertility services in a population-based sample of women
with cancer. Similar to the present study, the previous study,
whose cohort was identified from the North Carolina Central
Cancer Registry, found that fertility preservation was also
lower among women who were age 35-39 years at diagnosis,
non-Hispanic Black, parous, or living in non-urban or low-
SES areas [12]. Neither this previous study nor the present
study adjusted for other sociodemographic factors in analy-
ses of race and ethnicity, as adjustment for covariates such as
SES at the time of diagnosis (a mediator of ART use) could
lead to bias in the estimate of the total effect of race and
ethnicity on ART use [32, 33]. The findings of the present
study and those of the North Carolina study together sug-
gest that historical and structural factors continue to disad-
vantage women of color in accessing equitable health care.
Importantly, unlike the analysis of North Carolina data, our
study additionally captured women who accessed ART after
cancer diagnosis to attempt pregnancy without prior fertility
preservation, suggesting that sociodemographic disparities
persist when patients initiate ART use in the years following
cancer diagnosis.

ART has enabled millions of women worldwide to over-
come subfertility and infertility, and opportunities to pre-
serve reproductive function have become increasingly avail-
able as established clinical practices. Among women with a
history of cancer, access to ART may be the most important
modifiable factor that can improve the chances of achiev-
ing pregnancy and giving birth. Thus, a logical step toward
reducing family-building health disparities is to enhance
access to ART, which involves disentangling the complex
factors underlying these disparities, including patient-, pro-
vider-, and institutional-level barriers [39—43]. Geographic
barriers may be targeted through clinical interventions that
improve the design and implementation of telehealth plat-
forms; for instance, by providing oncofertility consultations
to patients receiving care at an institution that does not have
on-site oncofertility support and is remote from the nearest
fertility clinic. The creation of regional oncofertility centers
could also help to improve geographic access for more of the
cancer patient population. Arguably most important, though,
are the continued efforts among advocacy groups, clinicians,
and state and federal legislatures to mandate coverage for
fertility preservation and fertility treatment for individuals
facing medically induced infertility. Aligning with poli-
cies such as the Women’s Health and Cancer Rights Act
(which mandates insurance coverage for breast reconstruc-
tion after breast cancer treatment) and extending coverage
to oncofertility services would represent a powerful policy
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commitment to addressing existing health disparities in
reproductive health and help ensure equitable, comprehen-
sive cancer survivorship care [44—46].

Our study had several limitations related to the use of
linked population-based data and the lack of availability of
certain relevant variables. Because we did not have data on
reproductive interest, we could not determine the extent to
which observed associations between sociodemographic
characteristics and ART use were driven by differences in
patient desire for future family-building (e.g., lower desire
among older women or those who already had at least one
child). Some women included in our analyses may not have
used ART due to lack of access, but rather due to lack of
need for such services. The E-value sensitivity analysis
was conducted in an attempt to quantify the magnitude of
unmeasured confounding (including patient desire) that
would explain the observed associations; we found that sub-
stantial confounding beyond that of the variables adjusted
for in the present analysis would need to be present to fully
explain our results for most of the sociodemographic charac-
teristics examined. However, given the strength of associa-
tion that patient desire likely has on the use of elective ART,
future studies should examine whether sociodemographic
disparities persist among a sample of women who desired
future family building after cancer diagnosis. In addition,
we could not determine the extent to which specific patient-,
provider-, or institution-level barriers influenced a woman’s
ability to access ART information or services after cancer
diagnosis. Further, although the SART CORS captured the
large majority of ART procedures during the study period,
it did not capture those of women who were diagnosed with
cancer in California but used ART in another state, used
ART at a non—-SART-member fertility clinic, or used ART
before 2004 or after 2015 (outside of the range of available
ART data from SART CORS).

Conclusion

We observed low use of ART (< 0.6%) among women diag-
nosed with invasive breast cancer in California between
2000 and 2015. Our findings additionally suggest significant
sociodemographic disparities in the use of fertility preserva-
tion and fertility treatment after diagnosis. The implementa-
tion of policies or programs that target these disparities is
warranted; this may entail in-depth studies aimed at identify-
ing and understanding the specific barriers that prevent the
delivery of fertility information and services to certain can-
cer patient populations and obtaining a deeper understand-
ing of factors that influence ART use among women with
breast cancer. In particular, future studies should investigate
the degree to which state-legislated mandates for fertility
preservation and fertility treatment, including the fertility
preservation bill (Senate Bill No. 600) enacted in California
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in 2019, have impacted ART use among women with cancer
[13]. Equitable access to fertility services for cancer patient
populations should be standard practice in comprehensive,
evidence-based survivorship care.

Acknowledgements The authors thank SART for the dataset, as well
as all SART members for providing clinical information to the SART
CORS database for use by patients and researchers. Without the efforts
of SART members, this research would not have been possible. We
thank Joe Munch in MD Anderson’s Research Medical Library for
editing the manuscript.

Author contributions CM: Formal analysis, writing—original draft,
writing—review and editing; KJ: Formal analysis, writing—review and
editing; C-FW: Data curation, formal analysis, writing—review and
editing; CCM: Writing—review and editing; VLB: Writing—review
and editing; PCB: Writing—review and editing; RN: Writing—review
and editing; HBN: Writing—review and editing; JAR-H: Funding
acquisition, conceptualization, supervision, writing—original draft,
writing—review and editing.

Funding This work was supported by grants from the National Cancer
Institute at the National Institutes of Health (KO8 CA234333, to JARH;
P30 CA016672, to KJ, RN, and JARH; T32 CA101642, to KJ and
RN; and F31 CA260787, to CM); and the U.S. Department of Defense
(CA181215 to CCM). The funding sources were not involved in the
development of the research hypothesis, study design, data analysis,
or manuscript writing. The content of this manuscript is solely the
responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

Data availability The data underlying this article cannot be shared pub-
licly owing to the need to protect the privacy of the study participants.
Researchers with appropriate IRB approval can contact the correspond-
ing author to obtain a deidentified dataset.

Declarations

Competing interests The authors have no relevant financial or non-
financial interests to disclose.

References

1. Oktay K, Harvey BE, Partridge AH, Quinn GP, Reinecke J, Tay-
lor HS et al (2018) Fertility preservation in patients with cancer:
ASCO clinical practice guideline update. J Clin Oncol 36:1994—
2001. https://doi.org/10.1200/JC0O.2018.78.1914

2. Ethics Committee of the American Society for Reproductive Med-
icine (2018) Fertility preservation and reproduction in patients
facing gonadotoxic therapies: an Ethics Committee opinion. Fertil
Steril 110:380-386. https://doi.org/10.1016/j.fertnstert.2018.05.
034

3. Partridge AH, Gelber S, Peppercorn J, Sampson E, Knudsen K,
Laufer M et al (2004) Web-based survey of fertility issues in
young women with breast cancer. J Clin Oncol 22:4174-4183.
https://doi.org/10.1200/JC0O.2004.01.159

4. Ruddy KIJ, Gelber SI, Tamimi RM, Ginsburg ES, Schapira L,
Come SE et al (2014) Prospective study of fertility concerns and
preservation strategies in young women with breast cancer. J Clin
Oncol 32:1151-1156. https://doi.org/10.1200/JC0O.2013.52.8877

5. Letourneau JM, Ebbel EE, Katz PP, Katz A, Ai WZ, Chien
Al et al (2012) Pretreatment fertility counseling and fertility

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

preservation improve quality of life in reproductive age women
with cancer. Cancer 118:1710-1717. https://doi.org/10.1002/
cncr.26459

Martin JA, Hamilton BE, Osterman MJK, Driscoll AK (2019)
Births: final data for 2018. Natl Vital Stat Rep 68:1-47

Levine JM, Kelvin JF, Quinn GP, Gracia CR (2015) Infertility in
reproductive-age female cancer survivors. Cancer 121:1532-1539.
https://doi.org/10.1002/cncr.29181

Poorvu PD, Frazier AL, Feraco AM, Manley PE, Ginsburg ES,
Laufer MR et al (2019) Cancer treatment-related infertility: a criti-
cal review of the evidence. JNCI Cancer Spectr 3:pkz008. https://
doi.org/10.1093/jncics/pkz008

Knopman JM, Papadopoulos EB, Grifo JA, Fino ME, Noyes N
(2010) Surviving childhood and reproductive-age malignancy:
effects on fertility and future parenthood. Lancet Oncol 11:490—
498. https://doi.org/10.1016/S1470-2045(09)70317-1

Practice Committee of the American Society for Reproductive
Medicine (2019) Fertility preservation in patients undergoing gon-
adotoxic therapy or gonadectomy: a committee opinion. Fertil
Steril 112:1022-1033. https://doi.org/10.1016/j.fertnstert.2019.
09.013

Nitecki R, Woodard T, Rauh-Hain JA (2020) Fertility-sparing
treatment for early-stage cervical, ovarian, and endometrial malig-
nancies. Obstet Gynecol 136:1157-1169. https://doi.org/10.1097/
AOG.0000000000004163

Meernik C, Engel SM, Wardell A, Baggett CD, Gupta P, Rodri-
guez-Ormaza N et al (2022) Disparities in fertility preservation
use among adolescent and young adult women with cancer. J Can-
cer Surviv. https://doi.org/10.1007/s11764-022-01187-y
Alliance for Fertility Preservation. Fertility Preservation State
Laws & Legislation [Internet]. [cited 2 Sep 2021]. Available from
https://www.allianceforfertilitypreservation.org/advocacy/state-
legislation

Letourneau JM, Smith JF, Ebbel EE, Craig A, Katz PP, Cedars
MI et al (2012) Racial, socioeconomic, and demographic dispari-
ties in access to fertility preservation in young women diagnosed
with cancer. Cancer 118:4579-4588. https://doi.org/10.1002/cncr.
26649

Kim J, Oktay K, Gracia C, Lee S, Morse C, Mersereau JE (2012)
Which patients pursue fertility preservation treatments? A multi-
center analysis of the predictors of fertility preservation in women
with breast cancer. Fertil Steril 97:671-676. https://doi.org/10.
1016/j.fertnstert.2011.12.008

Selter J, Huang Y, Grossman Becht LC, Palmerola KL, Williams
SZ, Forman E et al (2019) Use of fertility preservation services in
female reproductive-aged cancer patients. Am J Obstet Gynecol
221(328):e1-328.e16. https://doi.org/10.1016/j.ajog.2019.05.009
Voigt P, Persily J, Blakemore JK, Licciardi F, Thakker S, Najari
B (2022) Sociodemographic differences in utilization of fertility
services among reproductive age women diagnosed with cancer
in the USA. J Assist Reprod Genet 39:963-972. https://doi.org/
10.1007/s10815-022-02455-7

Centers for Disease Control and Prevention, American Society for
Reproductive Medicine, Society for Assisted Reproductive Tech-
nology (2017) 2017 Assisted Reproductive Technology Fertility
Clinic Success Rates Report. Atlanta, GA: US Dept of Health and
Human Services

SART: Society for Assisted Reproductive Technology [Internet].
[cited 28 Jul 2021]. Available from https://www.sart.org/
Schmitt SK, Sneed L, Phibbs CS (2006) Costs of newborn care
in California: a population-based study. Pediatrics 117:154-160.
https://doi.org/10.1542/peds.2005-0484

Main EK, McCain CL, Morton CH, Holtby S, Lawton ES (2015)
Pregnancy-related mortality in California: causes, characteristics,
and improvement opportunities. Obstet Gynecol 125:938-947.
https://doi.org/10.1097/A0G.0000000000000746

@ Springer


https://doi.org/10.1200/JCO.2018.78.1914
https://doi.org/10.1016/j.fertnstert.2018.05.034
https://doi.org/10.1016/j.fertnstert.2018.05.034
https://doi.org/10.1200/JCO.2004.01.159
https://doi.org/10.1200/JCO.2013.52.8877
https://doi.org/10.1002/cncr.26459
https://doi.org/10.1002/cncr.26459
https://doi.org/10.1002/cncr.29181
https://doi.org/10.1093/jncics/pkz008
https://doi.org/10.1093/jncics/pkz008
https://doi.org/10.1016/S1470-2045(09)70317-1
https://doi.org/10.1016/j.fertnstert.2019.09.013
https://doi.org/10.1016/j.fertnstert.2019.09.013
https://doi.org/10.1097/AOG.0000000000004163
https://doi.org/10.1097/AOG.0000000000004163
https://doi.org/10.1007/s11764-022-01187-y
https://www.allianceforfertilitypreservation.org/advocacy/state-legislation
https://www.allianceforfertilitypreservation.org/advocacy/state-legislation
https://doi.org/10.1002/cncr.26649
https://doi.org/10.1002/cncr.26649
https://doi.org/10.1016/j.fertnstert.2011.12.008
https://doi.org/10.1016/j.fertnstert.2011.12.008
https://doi.org/10.1016/j.ajog.2019.05.009
https://doi.org/10.1007/s10815-022-02455-7
https://doi.org/10.1007/s10815-022-02455-7
https://www.sart.org/
https://doi.org/10.1542/peds.2005-0484
https://doi.org/10.1097/AOG.0000000000000746

158

Breast Cancer Research and Treatment (2023) 198:149-158

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gilbert WM, Nesbitt TS, Danielsen B (1999) Childbearing beyond
age 40: pregnancy outcome in 24,032 cases. Obstet Gynecol 93:9—
14. https://doi.org/10.1016/s0029-7844(98)00382-2

Leiserowitz GS, Xing G, Cress R, Brahmbhatt B, Dalrymple JL,
Smith LH (2006) Adnexal masses in pregnancy: how often are
they malignant? Gynecol Oncol 101:315-321. https://doi.org/10.
1016/j.ygyno.2005.10.022

Nitecki R, Floyd J, Lamiman K, Clapp MA, Fu S, Jorgensen K
et al (2021) Outcomes of the first pregnancy after fertility-sparing
surgery for early-stage cervical cancer. Obstet Gynecol 138:565—
573. https://doi.org/10.1097/A0G.0000000000004532

Nitecki R, Clapp MA, Fu S, Lamiman K, Melamed A, Brady PC
et al (2021) Outcomes of the first pregnancy after fertility-sparing
surgery for early-stage ovarian cancer. Obstet Gynecol 137:1109—
1118. https://doi.org/10.1097/A0G.0000000000004394

Seifer DB, Simsek B, Wantman E, Kotlyar AM (2020) Status
of racial disparities between black and white women undergoing
assisted reproductive technology in the US. Reprod Biol Endo-
crinol 18:113. https://doi.org/10.1186/s12958-020-00662-4
Tierney K, Cai Y (2019) Assisted reproductive technology use in
the United States: a population assessment. Fertil Steril 112:1136-
1143.e4. https://doi.org/10.1016/j.fertnstert.2019.07.1323

Deyo RA, Cherkin DC, Ciol MA (1992) Adapting a clinical
comorbidity index for use with ICD-9-CM administrative data-
bases. J Clin Epidemiol 45:613-619. https://doi.org/10.1016/
0895-4356(92)90133-8

Yu M, Tatalovich Z, Gibson JT, Cronin KA (2014) Using a com-
posite index of socioeconomic status to investigate health dis-
parities while protecting the confidentiality of cancer registry
data. Cancer Causes Control 25:81-92. https://doi.org/10.1007/
$10552-013-0310-1

Flanagin A, Frey T, Christiansen SL, AMA Manual of Style
Committee (2021) Updated guidance on the reporting of race and
ethnicity in medical and science journals. JAMA 326:621-627.
https://doi.org/10.1001/jama.2021.13304

Smith N, Martinez RA, Andrabi N, Goodwin A, Wilbur R, Zivich
P (2021) Beyond the boxes, part 5: analysis and interpretation of
race and ethnicity. In: IAPHS—Interdisciplinary Association for
Population Health Science [Internet]. [cited 2 Aug 2021]. Avail-
able from https://iaphs.org/beyond-the-boxes-part-5-analysis-and-
interpretation-of-race-and-ethnicity/

Kaufman JS, Cooper RS (2001) Commentary: considerations for
use of racial/ethnic classification in etiologic research. Am J Epi-
demiol 154:291-298. https://doi.org/10.1093/aje/154.4.291
VanderWeele TJ, Robinson WR (2014) On the causal interpreta-
tion of race in regressions adjusting for confounding and mediat-
ing variables. Epidemiology 25:473-484. https://doi.org/10.1097/
EDE.0000000000000105

VanderWeele TJ, Ding P (2017) Sensitivity analysis in obser-
vational research: introducing the E-value. Ann Intern Med
167:268-274. https://doi.org/10.7326/M16-2607

CDC (2021) Archived ART reports and spreadsheets [Internet].
[cited 12 Sep 2021]. Available from https://www.cdc.gov/art/repor
ts/archive.html

Burkart M, Sanford S, Dinner S, Sharp L, Kinahan K (2019)
Future health of AYA survivors. Pediatr Blood Cancer 66:€27516.
https://doi.org/10.1002/pbc.27516

@ Springer

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Alfano CM, Leach CR, Smith TG, Miller KD, Alcaraz KI, Can-
nady RS et al (2019) Equitably improving outcomes for cancer
survivors and supporting caregivers: a blueprint for care deliv-
ery, research, education, and policy. CA Cancer J Clin 69:35-49.
https://doi.org/10.3322/caac.21548

Lee Smith J, Hall 1J (2015) Advancing health equity in cancer
survivorship. Am J Prev Med 49:5477-S482. https://doi.org/10.
1016/j.amepre.2015.08.008

Logan S, Perz J, Ussher J, Peate M, Anazodo A (2018) Clinician
provision of oncofertility support in cancer patients of a repro-
ductive age: a systematic review. Psychooncology 27:748-756.
https://doi.org/10.1002/pon.4518

Dolmans M-M, Lambertini M, Macklon KT, Almeida Santos T,
Ruiz-Casado A, Borini A et al (2019) EUropean REcommenda-
tions for female FERtility preservation (EU-REFER): a joint col-
laboration between oncologists and fertility specialists. Crit Rev
Oncol Hematol 138:233-240. https://doi.org/10.1016/j.critrevonc.
2019.03.010

Jones G, Hughes J, Mahmoodi N, Smith E, Skull J, Ledger W
(2017) What factors hinder the decision-making process for
women with cancer and contemplating fertility preservation treat-
ment? Hum Reprod Update 23:433—-457. https://doi.org/10.1093/
humupd/dmx009

Anazodo A, Laws P, Logan S, Saunders C, Travaglia J, Gerstl B
et al (2019) How can we improve oncofertility care for patients?
A systematic scoping review of current international practice and
models of care. Hum Reprod Update 25:159-179. https://doi.org/
10.1093/humupd/dmy038

Coker Appiah L, Fei YF, Olsen M, Lindheim SR, Puccetti DM
(2021) Disparities in female pediatric, adolescent and young adult
oncofertility: a needs assessment. Cancers. https://doi.org/10.
3390/cancers13215419

Sax MR, Pavlovic Z, DeCherney AH (2020) Inconsistent man-
dated access to fertility preservation: a review of relevant state
legislation. Obstet Gynecol 135:848-851. https://doi.org/10.1097/
AOG.0000000000003758

Campo-Engelstein L (2010) Consistency in insurance coverage for
iatrogenic conditions resulting from cancer treatment including
fertility preservation. J Clin Oncol 28:1284-1286. https://doi.org/
10.1200/JC0.2009.25.6883

Walter JR, Xu S, Woodruff TK (2017) A call for fertility preserva-
tion coverage for breast cancer patients: the cost of consistency. J
Natl Cancer Inst. https://doi.org/10.1093/jnci/djx006

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1016/s0029-7844(98)00382-2
https://doi.org/10.1016/j.ygyno.2005.10.022
https://doi.org/10.1016/j.ygyno.2005.10.022
https://doi.org/10.1097/AOG.0000000000004532
https://doi.org/10.1097/AOG.0000000000004394
https://doi.org/10.1186/s12958-020-00662-4
https://doi.org/10.1016/j.fertnstert.2019.07.1323
https://doi.org/10.1016/0895-4356(92)90133-8
https://doi.org/10.1016/0895-4356(92)90133-8
https://doi.org/10.1007/s10552-013-0310-1
https://doi.org/10.1007/s10552-013-0310-1
https://doi.org/10.1001/jama.2021.13304
https://iaphs.org/beyond-the-boxes-part-5-analysis-and-interpretation-of-race-and-ethnicity/
https://iaphs.org/beyond-the-boxes-part-5-analysis-and-interpretation-of-race-and-ethnicity/
https://doi.org/10.1093/aje/154.4.291
https://doi.org/10.1097/EDE.0000000000000105
https://doi.org/10.1097/EDE.0000000000000105
https://doi.org/10.7326/M16-2607
https://www.cdc.gov/art/reports/archive.html
https://www.cdc.gov/art/reports/archive.html
https://doi.org/10.1002/pbc.27516
https://doi.org/10.3322/caac.21548
https://doi.org/10.1016/j.amepre.2015.08.008
https://doi.org/10.1016/j.amepre.2015.08.008
https://doi.org/10.1002/pon.4518
https://doi.org/10.1016/j.critrevonc.2019.03.010
https://doi.org/10.1016/j.critrevonc.2019.03.010
https://doi.org/10.1093/humupd/dmx009
https://doi.org/10.1093/humupd/dmx009
https://doi.org/10.1093/humupd/dmy038
https://doi.org/10.1093/humupd/dmy038
https://doi.org/10.3390/cancers13215419
https://doi.org/10.3390/cancers13215419
https://doi.org/10.1097/AOG.0000000000003758
https://doi.org/10.1097/AOG.0000000000003758
https://doi.org/10.1200/JCO.2009.25.6883
https://doi.org/10.1200/JCO.2009.25.6883
https://doi.org/10.1093/jnci/djx006

	Disparities in the use of assisted reproductive technologies after breast cancer: a population-based study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Data sources
	Outcome and exposure assessment
	Statistical analysis
	Sensitivity analysis for unmeasured confounding

	Results
	Sample characteristics
	ART use after cancer diagnosis
	ART-associated live birth after cancer diagnosis
	Sensitivity analysis for unmeasured confounding

	Discussion
	Conclusion

	Acknowledgements 
	References




