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Objective: To review the benefits of adjuvant systemic therapy given to women with breast cancer of reproductive
age, its effects on fertility, and options for fertility preservation.
Design: Publications relevant to fertility preservation and breast cancer were identified through a PubMed database
search.
Conclusion(s): Most women who develop invasive breast cancer under age 40 will be advised to undergo adjuvant
chemotherapy with or without extended antihormonal therapy to reduce the risk of recurrence and death from breast
cancer. Adjuvant chemotherapy particularly with alkylating agents such as cyclophosphamide is gonadotoxic and
markedly accelerates the rate of age-related ovarian follicle loss. Although loss of fertility is an important issue for
young cancer survivors, there is often little discussion about fertility preservation before initiation of adjuvant
therapy. Greater familiarity with prognosis and effects of different types of adjuvant therapy on the part of
infertility specialists and fertility preservation options such cryopreservation of embryos, oocytes, and ovarian
tissue on the part of oncologists would facilitate these discussions. Establishment of rapid fertility consultation
links within cancer survivorship programs can help ensure that every young woman who is likely to undergo
gonadotoxic cancer treatment is counseled about the effects of therapy and options available to her to increase
the likelihood of childbearing after cancer treatment. (Fertil Steril� 2011;95:1535–43. �2011 by American
Society for Reproductive Medicine.)
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In the United States, 5%–7% of cases of invasive breast cancer
(�11,000/year) occur in women who are under age 40 at diagnosis
(www.seer.cancer.gov.2008), most between the ages of 30 and 40
(1). As almost one quarter of first live births in the United States oc-
cur between the ages of 30 and 40, many of these women will not
have had the opportunity to bear a child (2). Less than 10%ofwomen
who develop invasive breast cancer under age 40 have children
postdiagnosis (3–5), despite survey results suggesting about half
desire to do so (6) and observational studies that do not indicate an
increased risk of relapse or death for women who become pregnant
after a breast cancer diagnosis (7–9). Receipt of cytotoxic
chemotherapy is a major factor in the low rate of live births after
a diagnosis of breast cancer. Two-thirds of women <40 years at
diagnosis will have a tumor is>2 cm in size and/or involved axillary
lymph nodes (stage II or higher) (10). Almost all womenwith stage II
tumors and evenmost with stage I diseasewith a tumor greater than 1
cm in size will be advised to have gonadotoxic chemotherapy (11).
At least two-thirds of women under 40 will have a hormone receptor
positive tumor and in addition to chemotherapy (or as a singlemodal-
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ity in women with favorable tumors) will be advised to undergo 5
years of antihormone therapy with a tamoxifen � a GnRH agonist.

Amenorrhea is therapeutically desirable as achievement of even
temporary amenorrhea is known to reduce recurrence and improve
survival (12–15). Thus, at best women with small favorable
tumors undergoing antihormonal therapy alone will have
childbearing delayed by 5 years or more, which for women in
their 30s can reduce the chance of having a child, and at worst
cytotoxic chemotherapy will significantly add to age-related
follicular depletion. Even women who regain menses after cytotoxic
chemotherapy� antihormonal therapy are likely to have undergone
significant follicle depletion and reproductive aging of 10 years or
more (16–19). As mortality from breast cancer including breast
cancer under the age of 40 continues to decrease (20, 21), fertility
preservation has become a major survivorship issue for young
women developing breast cancer (22–25).

Classically, fertility preservation procedures are performed in the
2–4 week interval between surgical removal of the tumor and initi-
ation of adjuvant chemotherapy. Depending on where a woman is in
her menstrual cycle at the time of referral to the fertility specialist,
initiation of adjuvant chemotherapy may not need to be delayed or
can be delayed for 2–4 weeks. Increasingly, neoadjuvant therapy
is given before surgery for women with clinically positive nodes
or a 2 cm or greater tumor as thesewomen are likely to harbor micro-
metastases. Response to neoadjuvant therapy is prognostic, and
receipt of all chemotherapy before surgery in women undergoing
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mastectomy allows immediate reconstruction without delay in initi-
ating adjuvant treatment (26). Unfortunately, use of neoadjuvant
therapy further complicates fertility preservation attempts in that
the window for optimal preservation between diagnosis and initia-
tion of gonadotoxic treatment is dramatically narrowed, and the
tumor is still in place during follicle stimulation, which makes
many oncologists uncomfortable particularly if the woman has
estrogen receptor–positive tumors.

The initial focus of most oncologists is mapping out the most
successful cancer treatment strategy, particularly when dealing
with women of reproductive age who often present with a more
advanced stage and have a worse prognosis than their older counter-
parts (1, 27, 28). As a consequence, many young cancer patients fail
to receive the information to engage informed decision making
about preserving their fertility (29). Only half of young women
feel that their concerns about fertility are addressed adequately at
the time of a breast cancer diagnosis (6). Failure to discuss fertility
fuels later feelings of grief and regret (22–25). Therefore, it is
important to address issues related to fertility preservation options
at the time discussions of type and sequencing of gonadotoxic
cancer treatment are taking place. Key questions likely to be
posed include [1] how is adjuvant treatment selected; [2] how
much will adjuvant treatment reduce risk for recurrence or death
from breast cancer?; [3] what is the chance that adjuvant therapy
will result in loss of fertility and how can this risk be minimized?;
[4] will any of the fertility preservation procedures or pregnancy
result in higher risk of relapse; and [5] what are the fertility
preservation options and how would they be inserted into the
breast cancer treatment plan?

This review will focus on fertility preservation options for breast
cancer patients, types of adjuvant therapy currently prescribed, and
their relative effects on fertility and breast cancer recurrence. Impor-
tantly, we will make some practical suggestions on how to interdig-
itate fertility preservation into the treatment plan for young women
newly diagnosed with breast cancer.

HOW IS ADJUVANT TREATMENT SELECTED?
Adjuvant treatment is selected based on both the risk of recurrence
and the biologic characteristics of the tumor. The 15-year risk of
recurrence and death for women under 50 not receiving adjuvant
systemic therapy is 53% and 42%, respectively, irrespective of stage
or biologic characteristics according to Early Breast Cancer Trialists
(EBCTCG) meta-analyses with the latest major published outcomes
in 2005 (30). These figures dramatically differ by stage and bio-
marker variables, with a 12.5% breast cancer mortality rate at 15
years for women under 50 with low-risk node-negative tumors,
25% for women with high-risk node-negative tumors, and 50% for
node-positive tumors (30). For breast cancer, 15-year recurrence
and survival rate figures are useful when comparing adjuvant treat-
ment outcomes, since breast cancer can recur 10 years or more after
initial diagnosis and women generally live for years after a diagnosis
of metastatic disease. Breast cancer mortality rates at 15 years are
about half of those at 5 years (30). Biologic characteristics with
the greatest impact on treatment selection include estrogen and
progesterone receptors (ER and PR), proliferation (usually mea-
sured by Ki-67), and presence of the growth factor receptors, such
as HER-2 neu (31).

Based on constellations of these receptors, proliferation, and
changes in other genes, breast cancers are now often described as
[1] luminal A (strongly ERþ, PRþ, low Ki-67, and growth factor
receptor–negative); [2] luminal B (ER or PRþ but one or more
unfavorable characteristics such as high Ki-67 or expression of other
1536 Kim et al. Breast cancer and fertility preservation
growth factor receptors including EGFR and HER-2); [3] HER-2þ
and ER�; and [4] basal-like (which includes triple negative;
Table 1). Without regard to age, luminal A comprise �15% of can-
cers, luminal B� 60 %, HER-2þ and ER- 10%, and basal-like 15%
(31, 32). Young women more frequently have HER-2þ and basal-
like tumors than older women.

The mainstay of systemic adjuvant therapy for young women with
luminal A tumors is antihormonal therapy such as tamoxifen (a selec-
tive estrogen receptormodulator) for 5 years with or without suppres-
sion of ovarian function (GnRH agonist such as goserelin or
oohorectomy). It is unclear whether chemotherapy aside from
reduction of hormonal output in premenopausal women improves
the prognosis for luminal A cancers. In Europe and Canada, women
with luminal A tumors often receive only antihormonal therapy �
ovarian suppression, but in the United States they are likely to be
offered chemotherapy as well, particularly if they are under age 40
at diagnosis. Women with luminal B tumors are usually advised to
receive chemotherapy in addition to antihormonal therapy (31, 32).
Gene expression array panels are available to make the distinction
between luminal A and B and to determine which ERþ women are
likely to benefit from chemotherapy in addition to antihormonal
therapy (33–36).

All women with hormone receptor negative tumors>1 cm in size
will be advised to take adjuvant chemotherapy. Even women with
tumors <1 cm will often be offered adjuvant chemotherapy if their
tumors are high grade and/or HER-2þ. Women with HER-2þ
tumors will also be offered trastuzumab for up to a year (37).

Disease-free survival rates during the first 5 years decrease pro-
gressively for women with luminal A, luminal B, HER-2þ, and
basal-like tumors (31). Although women with Her-2þ and basal-
like tumors (which are usually hormone receptor negative) have
a higher relapse rate in the first 5 years after diagnosis than the
comparable stage of luminal A and B (which are usually hormone
receptor positive), the luminal A and B tumors have a higher rate
of late relapse (38). Consequently, premenopausal women with
ERþ tumors at high risk of eventual relapse due to large tumor
size and or positive axillary nodes who become postmenopausal dur-
ing their initial 5 years of treatment with tamoxifen� chemotherapy
may be offered extended endocrine therapy with an aromatase inhib-
itor (39), whereas high-risk womenwith ER� tumors or unfavorable
ERþ tumors (luminal B) may be offered a longer course or more
cytotoxic agents, thereby reducing the chance of fertility after
adjuvant treatment for breast cancer.
HOWMUCHWILL ADJUVANT THERAPY REDUCE RISK FOR
RECURRENCE AND DEATH FROM BREAST CANCER?
In general, adjuvant therapy in premenopausal women appropriately
tailored to disease characteristics is likely to reduce the risk of recur-
rence and death from breast cancer by a relative factor of 50% or
more (30). Early generation adjuvant chemotherapy regimens such
as 6–12 cycles of cyclophosphamide, methotrexate, and fluorouracil
(CMF) or four cycles of an anthracycline and cyclophosphamide
(AC) suggest an approximate 40% reduction in recurrence and
one-third reduction in 15-year breast cancer mortality (30). These
chemotherapy regimens may still be given today for women with
node-negative low-risk disease. The addition of an anthracycline-
containing regimen to 5 years of tamoxifen in women under 50
reduced mortality by 57% (30). Second-generation regimens such
as 6 months of fluorouracil, epirubicin, and cyclophosphamide
(FEC) or fluorouracil, adriamycin (doxorubicin), and cyclophospha-
mide (FAC) is associated with a relative reduction of 44% in 15-year
Vol. 95, No. 5, April 2011



TABLE 1
Subtypes of breast cancer by biologic characteristics.

Subtypes
Biologic

characteristics
Incidence in all

population
Treatment for
young women Comments

Luminal A Strongly ERþ, PRþ,
low Ki-67, HER-2

Neu negative

�15% Tamoxifen with or without
oophorectomy or LHRH

agonist for 5 years and

invasive � IV
bisphosphonate 2–3

years � adjuvant

chemotherapy for

larger tumors

Any ER staining is positive,
but luminal A tumors

strongly ER and PRþ

Luminal B ERþ, PRþ
but unfavorable

characteristics such

as low level ER or PR,
high Ki-67 or growth

factor receptor Her-2,

or EGFR þ

�60% Adjunct chemotherapy

with four cycles AC þ
four cycles T (�12

weeks) or six TAC or six
FEC/FAC for invasive

tumors >1 cm. Followed

by 5 years of
antihormone therapy �
IV bisphosphonate as for

luminal A for any invasive

Tumor >2 cm or node

positive consider

neoadjuvant therapy

instead of adjuvant.
Tumors that are ERþ
PRþ and HER-2 þ
probably type of luminal
B and should also

receive traztuzamab.

HER-2þ ER-, HER-2þ �10%
(more frequent

in young women)

Adjuvant chemotherapy
with six cycles of

taxotere þ carboplatin

þ trastuzamab followed

by trastuzamab alone for
total of 1 year or four

cycles of AC followed

by four cycles of T þ
trastuzamab followed

by trastuzamb for total

1 year,

HER-2 Over-expressed
by fluorescence in situ

hybridization or 3þ by

immunochemistry

Basal-like
(triple

negative)

ER-, PR-, HER-2- �15%
(more frequent

in young women)

Adjunct chemotherapy
if tumor >1 cm or

high grade

Kim. Breast cancer and fertility preservation. Fertil Steril 2011.
mortality. Tamoxifen alone reduces mortality by �30% for ERþ
women under 50 and by 40% for those under 40. For women under
50 with an ERþ tumor, the addition of 5 years of tamoxifen to an
anthracycline-containing regimen reduced mortality by a relative
factor of 57% (30).

Taxanes provide incremental benefits when given with adjuvant
anthracyclines and cyclophosphamide to risk-eligible women with
all but luminal A cancers (32, 40). Overall, a 3% absolute increase
in survival is observed if taxanes are added to an anthracycline
and cyclophosphamide regimen (41). Regimens most commonly
used today add a taxane to an anthracycline and cyclophosphamide.
This may be done adding the taxane to a reduced dose of the anthra-
cycline and cyclophosphamide (the so-called TAC regimen, which
is usually given for six cycles) or giving four cycles of AC followed
by four cycles of every 3 weeks taxane or every 2 weeks taxane or 12
doses of a weekly taxane.

Trastuzumab (herceptin) given during and after chemotherapy or
chemohormonal therapy further improves relapse-free and overall
survival by about 50% in women with HER-2þ tumors (37). Intra-
venous bisphosphonates given every 3–6 months for 2–3 years ap-
pear to reduce recurrence by about one-third in premenopausal
women with ERþ tumors given antihormonal therapy with tamox-
ifen and ovarian suppression with a GnRH agonist (goserelin) (42).
Fertility and Sterility�
WHAT ARE THE CHANCES THAT TREATMENTWILL INDUCE
AMENORRHEA OR LOSS OF FERTILITY
The primary determinants of chemotherapy-induced amenorrhea
and/or loss of fertility are age of thewoman at the time of chemother-
apy, dose and number of cycles of the alkylating agent received, and,
to a lesser extent, exposure to anthracyclines, taxanes, and platinum
analogs (16–19). The aklylating agent, cyclophosphamide, is one of
the oldest and most effective drugs used in adjuvant therapy for
breast cancer but is also one of the most potent in reducing ovarian
follicular reserve. Awoman who takes the equivalent of 2.4–3 g/m2

of cyclophsophamide over 12–16 weeks can count on adding an
approximate 10 years to her ovarian reproductive age or 1.5–3.0
years per cycle (16–19). A woman who is 30 at chemotherapy
initiation may have an equivalent ovarian age of 40 after 4–6 cycles
of cyclophosphamide containing polychemotherapy. Women with
a good prognosis breast cancer (stage I node negative) who
received either six cycles of CMF or four cycles of AC experienced
an estimated 33% rate of amenorrhea (43–47). Rates of amenorrhea
for more aggressive regimens given to women with poorer
prognosis tumors such as six cycles of fluorouracil plus epirubicin
or doxorubicin and cyclophosphamide (FEC or FAC), six cycles of
AC or four cycles of AC followed by four of docetaxel are higher
ranging from 50% to 65% (48–52). Fifteen to 50 percent of women
1537



younger than age 40 at diagnosis will recover menses. Amenorrhea is
likely to be permanent in 90% of women over 40 and in 95% of
women over 45 (50–53).

ALTERNATIVE CHEMOTHERAPY TREATMENT REGIMENS
THAT MAY REDUCE FOLLICULAR DAMAGE
Chemotherapy regimens can usually be altered somewhat to reduce
gonadotoxicity. For example, for luminal B tumors, three cycles of
FEC followed by three cycles of docetaxel provides similar chemo-
therapeutic efficacy as six cycles of FEC with less ovarian damage
due to reduced amount of the alkylating agent (54). For most Her-
2þ tumors, preliminary evidence suggests that taxane and carbopla-
tin are as effective as anthracycline, cyclophosphamide, and taxane
combinations, completely avoid cyclophosphamide, and are proba-
bly not as likely to result in sterility (55, 56). Triple negative breast
cancers (ER�, PR�, Her-2 negative) often have multiple deficits in
DNA repair pathways, and women with these tumors may selec-
tively benefit from treatment with cis- or carboplatin regimens in
combination with Poly-(ADP-ribose) polymerase (PARP) inhibitors
(57). Trials are ongoing, but again platin-based regimens in combi-
nation with PARP are likely to be less gonadotoxic than
cyclophosphamide-based regimens.

WILL PREGNANCY AFTER A BREAST CANCER DIAGNOSIS
INCREASE THE CHANCE OF RECURRENCE AND
MISCARRIAGE?
Becoming pregnant after a diagnosis of breast cancer does not appear
to result in worse outcomes in case-control studies or cohort studies
(4, 5, 7, 8). In fact, in several series, pregnancy after a diagnosis of
breast cancer appeared to result in a reduced risk of relapse (7–9),
particularly for women who waited for 2 years after diagnosis to
conceive (9). A theoretical risk for women undergoing ovarian
harvest before chemotherapy and later reimplantation (see below)
is reintroduction of viable tumor cells micrometastatic to the ovary
at diagnosis. Serial sectioning of the ovary after prophylactic oopho-
rectomy suggests that the chance of this occurring in women without
clinical systemic metastases at diagnosis is <1% (58, 59).

When comparing pregnancy outcomes in womenwith a history of
breast cancer and controls, miscarriage occurred in 24% of the pa-
tients who become pregnant, compared with 18% of the controls
(women without breast cancer). The age-adjusted relative risk of
miscarriage in the first 20 weeks of a given pregnancy associated
with a history of breast cancer was 1.7 (95% confidence interval
[CI], 1.1–2.80) (7).

FERTILITY PRESERVATION OPTIONS FOR WOMEN WITH
BREAST CANCER
Currently available fertility preservation options in breast cancer pa-
tients (Fig. 1) include the use of GnRH analogs, controlled ovarian
stimulation (COS) with cryopreservation of mature oocytes or em-
bryos, cryopreservation of immature oocytes or in vitro maturation
followed by cryopreservation of mature oocytes, and cryopreserva-
tion of ovarian tissue. Additional options include donor egg IVF, sur-
rogacy, or adoption.

GnRH AGONISTS (GnRHa)
It is still controversial whether GnRH agonists or antagonists can
protect human oocytes from gonadotoxic dose of chemotherapy.
Nevertheless, a number of human studies published to date support
the protective effect of GnRH agonists, but they are either non-
randomized or small sample sized.
1538 Kim et al. Breast cancer and fertility preservation
Badawy et al. reported in women receiving adjuvant chemother-
apy for breast cancer who were randomized to receive a GnRHa
(goserelin 3.6 mg) versus no GnRHa (60) that the development of
premature ovarian failure was significantly lower in the GnRHa
cotreatment group compared with the control group (11.4% vs.
66.6%, respectively). The study demonstrated that GnRHa cotreat-
ment may preserve post-treatment ovarian function in women under
40 years with breast cancer. However, the follow-up period of this
study was too short.

To date, three prospective, randomized, controlled studies with
GnRHa have been published, but none of them were adequately
powered. According to our meta-analysis of 11 prospective studies
(three randomized and eight nonrandomized) (60–70), GnRHa
cotreatment during chemotherapy appeared to be associated with
increased odds of maintaining ovarian function post-treatment
(odds ratio 10.57; 95%CI, 5.22–21.39) (71). However, separate anal-
ysis of the three prospective randomized studies (60, 69, 70) failed to
prove the statistically significant protective effects of GnRHa
cotreatment. It will require a large prospective randomized study to
determine whether GnRHa can truly protect human ovarian
function. In the United States, the first large clinical trial evaluating
the effects of a GnRHa in women with hormone receptor–negative
breast cancer who receive chemotherapy is being conducted by the
Southwest Oncology Group (SWOG).
EMBRYO CRYOPRESERVATION
Embryo cryopreservation is a clinically well established technique.
According to Society for Assisted Reproductive Technologies, the
current live-birth rate per transfer using frozen-thawed embryos is
35.6% in U.S. women under 35 years old (http://www.sart.org,
2008). As most fertility preservation options are experimental,
embryo cryopreservation should initially be considered if there is
adequate time for ovarian stimulation and a partner or donor sperm
is available. The process of embryo cryopreservation requires
ovarian stimulation, oocyte retrieval, and IVF, which normally takes
2–5 weeks. It may not be applicable to all cancer patients, especially
thosewho require immediate cancer treatment. In addition, exposure
to a high estrogen milieu during ovarian stimulation with gonadotro-
pin may not be safe for women with ERþ breast cancer owing to the
potential for accelerated tumor growth seen in animal studies (72).
However, there is an ongoing debate as to whether a short-term
increase in hormones as a result of COS results in an increase in
the risk of breast cancer.
PREVENTION OF THE ELEVATED SERUM E2 LEVELS WITH
COS IN BREAST CANCER PATIENTS
Although the natural cycle IVF does not increase serum E2 levels
above the physiologic levels, it is not a realistic option for fertility
preservation in cancer patients as the embryo yield per cycle is
too low and there is no time for multiple IVF cycles in most cases.
Conventional ovarian stimulation protocols for IVF treatment is also
problematic in breast cancer patients, as the significant increase in
peak serum E2 levels may adversely affect the process of tumor
growth. Alternative approaches in breast cancer patients can be
COS with tamoxifen or letrozole alone or concurrently with
gonadotropins.

Tamoxifen, a selective estrogen receptor modulator, is widely
used for treatment and prophylaxis of breast cancer. In addition, it
has been effectively used for ovulation induction and COS. When
compared with natural cycle IVF, COS with tamoxifen yielded
more embryos, but the pregnancy rate was not enhanced (73).
Vol. 95, No. 5, April 2011
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FIGURE 1

Fertility preservation options for breast cancer patients. Thorough consultation is imperative for every woman with cancer before she makes

a decision for fertility preservation.

Kim. Breast cancer and fertility preservation. Fertil Steril 2011.

FIGURE 2

Protocol for COS for embryo/oocyte cryopreservation in breast

cancer patients (d: cycle day; SER: ultrasound-guided egg

retrieval).

Kim. Breast cancer and fertility preservation. Fertil Steril 2011.
Aromatase inhibitors have also been used for ovarian stimulation.
Letrozole is a potent third generation aromatase inhibitor that
competitively inhibits the activity of aromatase enzyme in estrogen
receptor–positive cells and suppresses estrogen production. Letro-
zole is effective not only for adjuvant hormonal therapy for breast
cancer but also for ovulation induction.

Although tamoxifen or letrozole can induce ovulation or stimu-
late follicular growth, it does not generate enough follicles for
embryo cryopreservation. To make it a more practical method, use
of low-dose gonadotropin in combination with tamoxifen or
letrozole has been attempted with good results (73). In terms of
peak E2 levels, ovarian stimulation with letrozole plus a gonadotro-
pin resulted in much lower levels compared with tamoxifen plus
a gonadotropin. Moreover, when letrozole plus gondadotropin is
use for COS, recurrence rates of breast cancer do not appear to be
increased at 2 years of follow-up (74).

COS FOR IVF IN BREAST CANCER PATIENTS
The goals for COS in breast cancer patients should be [1] to mini-
mize the elevation of E2 levels during a stimulation cycle, [2] to
shorten the course of COS, and [3] to maximize the number of
oocytes. To achieve these goals, a protocol of letrozole in combina-
tion with gonadotropin (rFSH) appears to be most practical to date.
Although it is too early to prove the safety as well as efficacy of this
protocol in women with breast cancer, the results are encouraging at
Fertility and Sterility�
least in a small prospective controlled study (74). Currently, we do
not restrict the use of standard COS with gonadotropin for IVF in
women with hormone receptor (ER/PR)–negative breast cancer. In
hormone receptor (ER/PR)–positive patients, however, we initiate
letrozole 5mg on the second day of the menstrual cycle and continue
it for 6–7 days (Fig. 2). Recombinant FSH (150–300 IU) with or
without human menopausal gonadotropin (hMG) is given 2 days
after the initiation of letrozole. A GnRH antagonist is administered
1539



when the lead follicle size reaches 14 mm. When two to three
follicles reach at least 18–19 mm in diameter, hCG is administered.
Transvaginal egg retrieval is performed approximately 36 hours
after hCG injection, and retrieved oocyes are fertilized by intracyto-
plasmic sperm injection (ICSI). After the egg retrieval, the GnRH
antagonist is restarted on the same day and continued for 5–7 days
to suppress E2 levels. As most egg retrievals are performed 3–5
days after the last letrozole dose, the risk of letrozole to embryos
is negligible.

OOCYTE CRYOPRESERVATION
Oocyte cryopreservation is an alternative to embryo storage and is
ideal for women who do not have a partner and do not want to use
donor sperm. For this procedure, the patient has to undergo ovarian
stimulation and egg retrieval, the same process required for embryo
cryopreservation discussed previously. Oocyte cryopreservation
does not require IVF, and creation of unnecessary embryos can be
prevented.

Since the first report of a live birth derived from cryopreserved
human oocytes in 1986 (75), more than 900 healthy babies have
been born worldwide (76). Although oocyte cryopreservation is still
considered experimental in the United States, this technology has
proven successful (77, 78). Indeed, current live-birth rates from
series of frozen-thawed oocytes are comparable to those in frozen-
thawed embryo cycles, and there was no apparent increase in the
rate of congenital anomalies as compared with U.S. national statis-
tics for natural conceptions as reported by the Centers for Disease
Control (76, 79).

To date, most human oocytes have been cryopreserved at the
metaphase II stage either by the slow freezing or vitrification
method. Despite the current success, mature oocyte cryopreserva-
tion is still challenging because the metaphase II stage oocytes are
extremely sensitive to temperature changes and have limited
capacity for repairing cytoplasmic damage. Cryoprotectants and in-
tracellular ice formation during a freeze-thaw procedure can lead to
depolymerization of the meiotic spindle and, consequently, aneu-
ploidy (80, 81). Zona hardening as a result of the premature
release of cortical granules from the ooplasm is no longer an issue
as the use of ICSI can circumvent this problem (82).

Vitrification is a solidification of liquid by an extreme elevation in
viscosity while rapid cooling takes place and eliminates ice crystal
formation and growth. Thus, it can potentially increase oocyte
survival and minimize ultrastructural damage that can affect the
embryo development after fertilization. Smith et al. (83) reported
that embryos resulting from vitrified oocytes had significantly
enhanced clinical (38%) pregnancy rates compared with embryos re-
sulting fromslow frozenoocytes (13%).Use of a high concentration of
vitrification solutions, however, can be chemically and osmotically
toxic to sensitive cells including human oocytes. Furthermore, ice
formation during warming (devitrification) can be detrimental to
living cells. To date, there is no standard protocol for vitrification of
oocytes, which makes an analysis of published data difficult.

Since 2005, the pregnancy rates and live-birth rates have been
significantly increased in both slow freezing and vitrification groups.
When the data from 1998–2008 is analyzed, oocyte survival rate was
higher in the vitrified group (81%) compared with in the slow frozen
group (68%). The live-birth rate per ETwas 14%and 34% in the slow
frozen and vitrified group, respectively (76).

Cryopreservation of immature oocytes at the stage of germinal
vesicle (GV) can be an attractive alternative to cryopreservation of
mature oocytes, especially in breast cancer patients. In theory, there
are several advantages of GV stage oocyte cryopreservation. First of
1540 Kim et al. Breast cancer and fertility preservation
all, it does not require full ovarian stimulation, which can be a signif-
icant benefit for breast cancer patients who cannot delay cancer
treatment or who have ERþ tumor. It will also benefit women
who are at high risk for ovarian hyperstimulation syndrome such
as patients with polycystic ovarian syndrome.

To date, cryopreservation of immature oocytes at the GV stage
has not been very successful. It appears that GVoocytes are as vul-
nerable to cryoinjury as mature oocytes and easily compromised for
normal maturation and fertilization capacity. The possible changes
after GV oocyte cryopreservation include premature chromosomal
condensation, externalization of chromatin fragments into the
cytoplasm, perturbations in the organization and distribution of
microtubules and mitochondria, and alteration in protein synthesis
activity in the cytoplasm during maturation (84). Indeed, the
cytoplasmic structure in the immature oocyte can be a more critical
factor for cryoinjury than the metaphase spindle of the mature oo-
cyte. Nevertheless, immature oocyte cryopreservation followed by
in vitro maturation can be a powerful tool for fertility preservation
in breast cancer patients.
CRYOPRESERVATION OF OVARIAN TISSUE
Ovarian cryopreservation has become an indispensable technology
for fertility preservation as it may be the only option for breast
cancer patients who need treatment without delay (such as rapidly
growing tumor) or who are unwilling to undergo ovarian stimula-
tion. Currently, ovarian harvest via laparoscope is followed by
freezing of thin slices of ovarian cortex for future use. Ovarian cor-
tex is mainly composed of primordial follicles (the most abundant
follicles in the ovary) that are relatively resistant to freeze-thaw
injury (about 70%–80% survival) (85).

Ovarian tissue cryopreservation followed by transplantation has
proven successful in both animals and humans. However, to date,
only 13 healthy human babies have been born worldwide after trans-
plantation of frozen-thawed ovarian tissue (including unpublished
data) (86–92). Although this procedure is often scheduled as an
urgent case, the physical and psychological state of the patient
should be evaluated before the procedure. The age of the patient is
a crucial factor to consider as the chance of restoration of ovarian
function and fertility is closely correlated to the number of
follicles in the ovarian graft. Current experience with human
ovarian transplantation suggests that women over 40 may not be
good candidates for ovarian tissue banking as the chance of
pregnancy with transplantation is extremely low (93). Nevertheless,
individual variations of ovarian reserve should not be ignored.
Routine evaluation of ovarian reserve with endocrine tests as well
as pelvic ultrasound (antral follicle count) may guide clinical deci-
sion making. There are several endocrine tests for ovarian reserve
such as FSH and inhibin A and B, but the single best test to assess
the ovarian reserve before fertility preservation in cancer patients
appears to be serum anti-M€ullerian hormone (AMH). AMH can
be tested at any time of the menstrual cycle (unlike FSH). In our
experience, patients with low serum AMH level (<0.3 ng/mL) are
not good candidates for ovarian cryopreservation.

The safety of transplanting stored ovarian tissue is crucial as the
risk of reintroduction of cancer cells exists in certain cancers includ-
ing breast cancer. Previous studies showed that in the absence of
systemic disease, occult ovarian involvement is rare in breast cancer
(58, 59, 94, 95). Most ovarian occult metastases occur in women
with invasive lobular carcinoma, which is less common than the
ductal subtype (95). To date, over 30 cases of ovarian transplantation
have been performed in women with various cancers, including
Vol. 95, No. 5, April 2011



breast cancer, cervical cancer, non-Hodgkin’s lymphoma, Hodg-
kin’s lymphoma, and Ewing sarcoma, but there is no case of cancer
cell reintroduction after ovarian tissue transplantation in humans.
Nevertheless, the current experience with human ovarian transplan-
tation is not sufficient to assess its safety in cancer patients.

Restoration of fertility using stored ovarian tissue is challenging
and contains numerous technical and scientific problems. Hence,
human ovarian transplantation should remain as an experimental
procedure until its efficacy is proven. Autotransplantation of ovarian
tissue can be done either orthotopically or heterotopically (96), but
natural conception can be expected only with orthotopic transplan-
tation. For orthotopic transplantation, ovarian tissue can be either
transplanted onto the remaining ovary of into the peritoneal pocket
of the ovarian fossa. It appears that grafting ovarian tissue in or onto
the remaining ovary has advantages and more likely results in natu-
ral conception unless the size of the ovary is too small as a result of
atrophy (97).

Heterotopic transplantation is an attractive alternative to ortho-
topic transplantation as it can avoid invasive procedures and make
the recovery of oocytes easy. It is practical and cost-effective
when repeated transplantation is required because of the shortened
life span of the ovarian grafts. Furthermore, transplantation to the
heterotopic site can be advantageous when the pelvic environment
is hostile for ovarian tissue implantation owing to previous radiation
or severe adhesions. The optimal site for heterotopic transplantation
is still unknown. To date, heterotopic transplantation has been done
into the SC tissue of the forearm (98), the space between the rectus
sheath and rectus muscle (99, 100), and the breast tissue (99).

The reestablishment of endocrine functions as well as ooctye
retrieval after heterotopic transplantation of human ovarian tissue has
been demonstrated by several investigators (98–102). Nevertheless,
the future of this procedure is uncertain, and, to date, no baby has
been born after heterotopic transplantation.

FACILITATING FERTILITY PRESERVATION CONSULTATION
Treating physicians should initiate the discussion of the possible
treatment-related effects to fertility and indicate that there are
options to safeguard their future fertility potential. Women of repro-
ductive potential and interested in learning about options for fertility
preservation should be referred real time to a reproductive endocri-
nologist. Preferably, a fertility preservation consultation should be
arranged at the time of the initial diagnosis to expedite necessary
options including COS and oocyte retrieval for embryo cryopreser-
vation or alternative fertility preservation techniques. This is most
likely to occur in a multidisciplinary treatment environment such
Fertility and Sterility�
as a breast cancer survivorship program or similar facility that is
composed of reproductive endocrinologists, breast oncologists,
breast surgeons, oncology nurses, fertility nurses, genetic coun-
selors, and social workers. Using these referral mechanisms can
eliminate time delays for appointments, initiate education on the
process to the patient, and provide documentation such as pathology
reports or treatment plans to the referring clinician. Without the
development of such a streamlined process, patients and providers
will experience frustration and unnecessary time delays. Neverthe-
less, many patients fail to pursue fertility preservation options owing
to twomain barriers, time and cost. Of note, most procedures for fer-
tility preservation are not covered by insurance in the United States.

CONCLUSION
Long-term survival is expected in most women with breast cancer as
a result of advances in cancer treatment. For young cancer survivors
who have not completed their family, fertility is a crucial issue.
Informed decision making regarding future fertility can lead to
decreased patient regret and improved quality of life. Use of less
gonadotoxic regimens for adjuvant or neoadjuvant chemotherapy
may be considered in young breast cancer patients with favorable
tumors who are in their reproductive years. When there is a high
risk of losing fertility with aggressive cancer treatment, currently
available options for fertility preservation should be discussed. Em-
bryo cryopreservation is a well-established technology and suitable
for women who have a partner. Oocyte cryopreservation is an alter-
native option that can avoid ethical and legal issues (unlike embryo
cryopreservation). However, neither embryo nor oocyte cryopreser-
vation is a practical option for women who cannot delay cancer
treatment. In addition, COS is required for both embryo and oocyte
cryopreservation, and an increase in peak E2 levels with COS may
accelerate the tumor growth in ERþ breast cancer. The alternative
COS strategy using tamoxifen or letrozole in conjunction with
gonadotropin can suppress the elevation of E2 levels and may be
considered for women with ERþ tumor. Where embryo or oocyte
cryopreservation is not indicated, cryopreservation of ovarian tissue
can be a reasonable alternative, without theworry of delaying cancer
treatment or increasing E2 levels. Fertility specialists should work
closely with breast cancer treatment teams to provide options for fer-
tility preservation before the initiation of cancer treatment in young
women with breast cancer. A multidisciplinary program such as
a breast cancer survivorship program will facilitate timely commu-
nications between oncologists and fertility specialists as well as
effective transmission of information to health care providers and
patients.
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