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Abstract
Purpose of Review Upfront fertility counseling improves quality of life for young breast cancer patients planning for pregnancy
post-treatment. We reviewed the literature on the impact, if any, that breast radiation may have on post-treatment fertility and
fertility preservation decisions in order to facilitate fertility counseling.
Recent Findings While the ovaries and uterus should not receive significant doses of radiation during breast radiation, negligible
radiation doses (that are too low to induce ovarian failure) may result from internal scatter. Despite a low risk of infertility from
breast radiation, data suggest that women may have chosen mastectomy to avoid whole-breast radiation due to fertility concerns.
Although multiple studies have provided encouraging data with successful pregnancies after breast cancer treatment, the number
of patients that underwent breast radiation and required fertility preservation methods are rarely reported.
Summary In conclusion, the impact that breast radiation appears to have on fertility is low and, in our opinion, should not result in
patients choosing mastectomy over breast conservation therapy due to fears of infertility. However, further studies specifying the
patients receiving breast radiation and requiring fertility preservation methods are warranted to help reassure patients and their
providers.
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Introduction

Breast cancer is the most common cancer in women of repro-
ductive age [1]. While most women are diagnosed with breast
cancer after menopause, approximately 2% of breast cancer
cases occur in young women between 20 and 34 years of age
and 11% between 35 and 44 years of age [1]. Due to current
trends in women postponing marriage and childbearing in
developed countries, pre-menopausal women are often still
planning families at the time they are diagnosed with breast
cancer in their 30s and early 40s. The high success rate of
breast cancer treatments also leads to many women wishing

for pregnancies post-treatment. Therefore, maintaining repro-
ductive potential after treatment should be an important con-
sideration for physicians involved in the care of young breast
cancer patients as it has been shown to be a significant factor
in their quality of life after treatment [2].

Embryo and oocyte cryopreservation are commonly used
for fertility preservation in breast cancer patients and are typ-
ically performed before chemotherapy [3]. In cases where it is
not feasible for young breast cancer patients undergoing che-
motherapy to undergo these fertility preservation techniques,
patients may opt to use goserelin GnRH agonist for ovarian
suppression [4, 5].While the impact of chemotherapy on fer-
tility preservation is outside the scope of this article, there have
been conflicting results regarding goserelin GnRH with no
definitive data showing that this treatment increases fertility
[6–9].Especially for breast cancer patients who do not need
chemotherapy, it is important for patients to understand the
impact, if any, that each breast cancer treatment modality may
have on their fertility. We performed a comprehensive litera-
ture review on data evaluating how breast radiation may im-
pact fertility in pre-menopausal women. While many articles
discuss the impact that chemotherapies and tamoxifen have on
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fertility, there is a paucity of data discussing the impact, if any,
of breast radiation on fertility in pre-menopausal breast cancer
patients.Much of this may be explained by the negligible dose
of breast radiation reaching the reproductive organs due to the
large distance between the breast and the ovaries/uterus.
Nevertheless, it is important to review.

The aim of this article is to review the available literature on
what is known (and identify what is unknown) regarding
breast radiation therapy and post-treatment fertility. It is our
hope that this review may help facilitate fertility counseling
and also reassure breast cancer patients and their providers on
their treatment decisions.

Importance of Fertility Counseling for Breast
Cancer Patients

Chemotherapy, endocrine therapy, and radiation therapy may
affect fertility to varying degrees, thus emphasizing the need
for fertility counseling upfront to educate breast cancer pa-
tients and encourage appropriate decision making. Many fac-
tors should be considered during fertility counseling, includ-
ing the patient’s age, adjuvant treatment recommendations,
timing of planned adjuvant treatments (especially timing be-
fore the start of chemotherapy), and appropriate/available fer-
tility preservation methods. Discussing these issues upfront
and before starting treatment has been shown to be associated
with less regret and better quality of life for breast cancer
survivors [2]. In fact, 69% of cancer patients have reported
that they were not satisfied with the fertility counseling given
by their providers [10], and only 50% of breast cancer survi-
vors recollected having any discussions on cancer treatments
and infertility with their providers [11]. Therefore, early refer-
rals to fertility specialists and multi-disciplinary discussions
on cancer treatment recommendations that accommodate fer-
tility preservation and educating the patient so that she can
make informed treatment decisions are critical for maximizing
a young breast cancer survivor’s opportunity for pregnancy.

Two studies conducted in Europe and the US showed that
fertility discussions before treatment influenced treatment de-
cision making in 26% and 29% of women enrolled, respec-
tively [10, 12, 13•]. In the US study, 1% of women enrolled
chose not to get chemotherapy, 3% chose not to get endocrine
therapy, and 11% shortened the duration of endocrine therapy
treatment due to fertility-related concerns. Interestingly, 1% of
women enrolled in the study chose to undergo mastectomy
rather than breast conservation therapy [10]. While this study
did not specify why 1% of women chose mastectomy over
breast conservation therapy, the results suggest that these
women may have avoided radiation therapy after lumpectomy
due to fertility concerns, further emphasizing the need for
patient education.Moreover, the percentage of patients choos-
ing mastectomy over breast conservation therapy due to

fertility concerns was equivalent to the percentage of patients
declining cytotoxic chemotherapy, a treatment modality
known to cause ovarian toxicity in breast cancer patients.
The European study did not mention the percentage of pa-
tients, if any, choosing mastectomy and opting out of breast
radiation due to fertility concerns [13•]. In our opinion, a pa-
tient’s fear of infertility from breast radiation should not result
in the patient undergoing mastectomy. In fact, patients who
undergo lumpectomy and radiation for breast cancer can still
successfully breastfeed from the affected breast after treatment
(reviewed in [14]).

Mechanisms of Radiation-Induced Infertility
in Cancer Patients

In the treatment of cancers other than breast, radiation can
reduce fertility by inducing ovarian failure, damaging the
structure and function of the uterus, or disrupting the
hypothalamic-pituitary-gonadal axis. The risk of radiation-
induced infertility by each of these mechanisms depends on
radiation field location and trajectory, cumulative dose, and
patient age.

Women undergoing radiation to the pelvis for treatment of
cancers, such as cervical cancer, rectal cancer, and sarcoma, as
well as those undergoing total body irradiation before bone
marrow transplantation for lymphoma are at the highest risk of
radiation-induced infertility due to ovarian failure and uterine
damage. The most commonly knownmechanism of radiation-
induced infertility involves ovarian failure after radiation dam-
age of oocyte DNA. While there is a natural decline in oocyte
numbers that occurs between a woman’s birth and the time of
menopause, this natural decline can be further accelerated by
radiation to the pelvis, thus leading to premature menopause
and subsequent infertility.

On average, a 20 Gy dose of pelvic radiation increases the
risk of premature ovarian failure (POF) in women less than
35 years old; however, even lower doses of radiation can
induce POF in women older than 35 years of age due to their
naturally reduced oocyte reserve [15]. Moreover, Chiarelli
et al. reported that radiation increases the risk of POF in a
dose-dependent manner with 20–35 Gy causing a 22% risk
of infertility and doses > 35 Gy leading to a 32% risk of infer-
tility [16]. More recently, Wallace et al. showed that oocytes
are even more sensitive to radiation than previously believed.
They used mathematical modeling in lymphoma patients un-
dergoing total body irradiation to estimate the LD50 of oo-
cytes (the dose required to reduce the oocyte reserve by 50%)
to be as low as < 2 Gy [17, 18].

Reducing radiation dose to the ovaries by ovarian transpo-
sition to a location outside of the radiation field is an option for
patients undergoing pelvic radiation; however, the success of
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these procedures has been variable due to radiation scatter and
the risk of remigration of the ovaries [19, 20••].

In addition to premature ovarian failure, radiation may also
lead to infertility by directly damaging the structure and func-
tion of the uterus in patients undergoing pelvic radiation.
Irreversible radiation damage to the musculature and vascula-
ture of the uterus leads to endometrial dysfunction and later
obstetrical complications [21], including miscarriage, pre-
term labor, low birthweight, and placental abnormalities
(reviewed in [22]). While the threshold radiation dose to the
uterus that would prevent pregnancy is uncertain, one study
reported that pregnancy has not been successful in cases re-
ceiving a whole pelvis radiation dose > 45 Gy [21]. In order to
reduce the risk of obstetrical complications from these
radiation-related structural and functional changes to the uter-
us, cancer survivors who undergo pelvic radiation are often
discouraged from attempting pregnancy less than a year after
pelvic radiation.

Radiation can also induce infertility in young patients un-
dergoing brain radiation for primary and metastatic brain tu-
mors. The hypothalamic-pituitary-gonadotropin hormone axis
is very sensitive to radiation, and the degree of radiation tox-
icity depends on the biological effective dose (BED) of radi-
ation, which is calculated from the total radiation dose, frac-
tion size, and number of radiation treatments. Radiation injury
to this neuroendocrine axis can decrease levels of gonadotro-
pins, FSH and LH, thus leading to infertility and other issues
in this patient population (reviewed in [23]). Koustenis et al.
surveyed survivors who received radiation to the
hypothalamic-pituitary-gonadotropin hormone axis and
showed that survivors receiving ≥ 30 Gy vs. 18–29 Gy and
0–17 Gy to the pituitary gland reported less pregnancies and a
higher frequency of permanent amenorrhea [24]. Moreover,
Constine et al. estimated the radiation dose threshold to the
pituitary gland that would disrupt the neuroendocrine axis to
be 30 Gy [25]. Studies show that pre-menopausal women who
wish to become pregnant after cranial irradiation should be
followed long-term because there is often a latency period of
several years before they experience radiation-related de-
creases in gonadotropin levels [26].

Breast Cancer Radiation and Fertility

As previously discussed, the risk of radiation-induced infertil-
ity depends on radiation field location, trajectory, dose, and
patient age. In cases of post-lumpectomy breast radiation or
post-mastectomy radiation, the ovaries and uterus should not
receive significant doses of radiation due to the typical radia-
tion field location and trajectory. As shown in Fig. 1a, negli-
gible doses may reach the ovaries and uterus during breast
radiation through internal scatter, external scatter, and head
leakage [27]. Internal scatter, however, is the main source of

radiation dose to internal organs outside of the treatment field
and occurs when the beam interacts with body tissue causing
small amounts of radiation to be scattered to areas away from
the breast. Scattered radiation typically has a much lower en-
ergy level than the initial radiation beam [27].

Two studies have estimated the cumulative dose of radia-
tion from internal scatter reaching the uterus during breast
radiation. Mazonakis et al. estimated the radiation dose to
the uterus/conceptus of a phantom that simulated each trimes-
ter of pregnancy using a breast radiation plan with tangential
fields and delivering a prescription dose of 50 Gy [28]. During
the first trimester of gestation, the conceptus was estimated to
receive a cumulative dose of 0.021–0.076 Gy. During the
second and third trimesters of pregnancy, as the uterus/
conceptus expands higher into the upper abdomen and re-
duces the distance from breast to uterine fundus, the dose
delivered to the fetus increased to 0.022–0.246 Gy and
0.022–0.586 Gy, respectively [28]. In a second study,
Antypas et al. measured a 0.039 Gy cumulative radiation dose
to the fetus of a 45-year-old woman who completed a pre-
scribed dose of 46 Gy in 20 fractions of radiation therapy for
her left breast cancer after realizing that she was pregnant
during the second week of treatment [5]. Similar studies esti-
mating the dose of scattering to the uterus from more modern
radiation planning techniques are warranted. As shown in Fig.
1b, the 2 Gy (200 cGy) isodose line from a regional nodal
breast radiation plan does not enter the abdomen, suggesting
that only negligible doses of radiation, if any, reach the uterus/
ovaries in the pelvis.

These studies demonstrate that the amount of radiation
dose reaching the uterus appears to be much less than the
2 Gy dose previously reported to induce premature ovarian
failure [15–18]; however, it is still unknown whether doses
less than 2 Gy can induce premature ovarian failure in some
individuals. It is important to mention that negligible doses of
radiation may present a higher risk of ovarian failure in older
pre-menopausal women with lower oocyte reserves. It is also
important to note that, although negligible, there were detect-
able radiation doses from internal scatter to the uterus; there-
fore, patients should not undergo breast radiation therapy dur-
ing pregnancy. During early embryogenesis (approximately
weeks 8–15 post-conception), radiation doses of only 1 Gy
have been reported to cause severe mental retardation in about
50% of cases [29].

Pregnancy After Breast Radiation

Dieci et al. recently reported that, out of 111 breast cancer
patients less than 40 years old that required chemotherapy
between 2014 and 2016, 64.9% used GnRH analog, 9% used
GnRH analog+oocyte preservation, and 26% did not use a
fertility preservation technique [13•]. Of the 26 patients who
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successfully became pregnant after breast cancer, 61.1% used
GnRH analog for fertility preservation [13•]. Unfortunately,
the number of women who received radiation was not report-
ed in this study.

As demonstrated by the previous study, most young pa-
tients undergoing chemotherapy for their breast cancer typi-
cally choose to pursue some form of fertility preservation
before chemotherapy. However, the recommendations for fer-
tility preservation are less clear for patients with low-risk ear-
ly-stage breast cancers that do not require chemotherapy be-
fore radiation therapy and endocrine therapy. An early study
by Dow et al. compared treatment outcomes and quality of life
among 23 breast cancer patients treated with surgery and ra-
diation who had subsequent pregnancies compared with 23
patients without subsequent pregnancies [30]. This study
showed no differences in recurrence or distant metastases be-
tween the pregnant and the non-pregnant cohorts [30]. While
these results suggest that many patients are able to become
successfully pregnant after breast conservation therapy with-
out an increased risk of recurrence, it is not clear how many of
these women required fertility preservation methods before
pregnancy versus natural pregnancies.

Not only do many young breast cancer survivors worry
about the capability of becoming pregnant after breast cancer
treatment, but there is also a concern that exposure to high
levels of estrogen during pregnancy may increase the risk of
breast cancer recurrence, especially for estrogen receptor–
positive (ER+) breast cancer. Consequently, oncologists may
encourage breast cancer patients to wait at least 2 years fol-
lowing their diagnosis before becoming pregnant in order to

allow sufficient time to take tamoxifen and ensure no recur-
rences. Lambertini et al. reported encouraging results that
women with ER+ breast cancers at a median follow-up of
7.2 years after pregnancy showed no difference in disease-
free survival or overall survival compared with ER+ breast
cancer patients that did not undergo pregnancy. Moreover,
the time to pregnancy and type of adjuvant therapy received
(chemotherapy and/or endocrine therapy) had no impact on
patients’ outcomes in the pregnant cohort. Unfortunately,
there was no mention of how many patients received breast
radiation therapy as part of their adjuvant breast cancer thera-
py in the pregnant patient cohort nor was there any data pro-
vided on howmany pregnant patients required assistance from
reproductive techniques (vs. natural pregnancies) [31•]. Since
many women cannot wait 5–10 years to complete endocrine
therapy before attempting pregnancy, the ongoing prospective
POSITIVE trial (NCT02308085) is currently investigating the
safety of interrupting endocrine therapy for 2 years during
conception and pregnancy [32].

Summary and Conclusions

In summary, chemotherapy, endocrine therapy, and radiation
therapy all affect fertility to varying degrees, therefore
stressing the need for fertility counseling and multi-
disciplinary discussion of care upfront before patients start
treatment. Many factors need to be considered during fertility
counseling, especially the patient’s age (due to lower oocyte
reserves with increasing age) and adjuvant treatment

Fig. 1 a Negligible doses of radiation may reach the ovaries/uterus
during breast radiation through internal scatter or external scatter.
Internal scatter is the main source of these negligible doses of radiation
to the ovaries/uterus during breast radiation and occurs when the beam
interacts with body tissue causing small amounts of radiation to be
scattered to areas away from the breast, such as toward the pelvis. b A
modern left breast regional nodal radiation plan to a prescribed dose of

50 Gy (5000 cGy) in 25 fractions followed by a serial boost to the
lumpectomy cavity to 60 Gy. The 2 Gy (200 cGy) isodose line shown
in light pink (the lowest radiation dose reported to induce ovarian failure)
does not enter the abdomen from a typical regional nodal breast radiation
plan. Only much lower (negligible) doses of radiation through internal
scatter, if any at all, would reach the ovaries/uterus in the pelvis
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recommendations (cytotoxic chemotherapies that may in-
crease the risk of ovarian failure). While radiation can cause
infertility in cancer patients undergoing radiation for cancer
types other than breast, the dose reaching the ovaries and
uterus from internal scatter from breast radiation is negligible
(due to the large distance between the breast and ovaries/uter-
us) and unlikely to cause ovarian failure [5, 28]. As previously
discussed, we think the low impact that breast radiation ap-
pears to have on fertility should not result in patients choosing
mastectomy due to fears of infertility. In fact, lactation in the
affected breast is possible after treatment with lumpectomy
and breast radiation but not possible in those patients under-
going mastectomy [14].

In conclusion, many studies have demonstrated successful
pregnancies after breast cancer treatment; however, the num-
ber of patients in these studies receiving adjuvant breast radi-
ation and endocrine therapy and requiring fertility preserva-
tion methods (versus a natural pregnancy) has not been exten-
sively reported. The results of the ongoing POSITIVE trial
(NCT02308085) should not only provide a better understand-
ing of the safety of interrupting endocrine during pregnancy
but will also evaluate how many women required fertility
interventions after receiving adjuvant breast radiation and en-
docrine therapy [32].
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