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Abstract

Background: Little is known about how to predict post-treatment reproductive health outcomes in reproductive-age women
with cancer. We sought to determine whether predictors like age, parity, temporary post-treatment amenorrhea, or posttreatment infertility are associated with reproductive compromise.
Methods: We contacted 2532 women from a statewide cancer registry (randomly sampled; diagnosed from 1993-2007; ages
18-40 at diagnosis) with a history of chemotherapy treatment for leukemia, lymphoma, breast and gastrointestinal GI) cancers.
Using a written and electronic survey, we evaluated outcomes including temporary amenorrhea, permanent amenorrhea,
infertility, and early menopause (age < 45). Logistic regression was used to determine the probability of amenorrhea and
infertility, based on clinical predictors. Censored data methods were used to determine the probability of early menopause.
Results: Out of 1041 responders, 620 women who received chemotherapy alone were included in the analysis of reproductive
compromise. One-third noted menses had ceased during or immediately after treatment and one-half of these women noted
a subsequent return of menstruation. Temporary amenorrhea post-treatment - but not duration of amenorrhea - predicted
a trend toward increased rates of infertility (adjusted odds ratio (AOR) 2.2, 95% CI 1.0-4.8). Post-treatment infertility was
significantly associated with an increased risk for earlier menopause (p<0.05 compared to those who did conceive).
Conclusions: In this population, clinical metrics including a history of post-treatment amenorrhea and/or infertility
appeared to predict risk of future reproductive impairment. These parameters could be used to develop guidelines for triage to
reproductive health specialists in women with curable malignancies for whom chemotherapy is recommended.
Keywords: Chemotherapy, fertility, menopause, amenorrhea, quality of life, breast cancer, leukemia, hodgkin's disease, non
hodgkin lymphoma, gastrointestinal cancer

Introduction

Amenorrhea, infertility, and early menopause have been
observed in young women treated for cancer [1]. However,
significant variability remains among individual women
with regard to reproductive outcomes [1,2]. Variations in
chemotherapy over time have changed the impact of treatments
on amenorrhea, but long-term effects on reproduction are
relatively poorly understood [3,4]. Work has commenced to
understand the dynamic changes undergone in the ovary
during chemotherapy. Rosendahl and others, for instance, have
noted that treatment with chemotherapy for breast cancer
and lymphoma appears to predominately result in injury to
growing follicles. This group also showed that ovarian reserve
markers like Anti-Mullerian Hormone and Inhibin B decrease
significantly during chemotherapy treatment. An association
between such biomarkers and important clinical outcomes like
infertility has yet to be clearly established amongst a diverse
group of cancers. An ability to better predict increased risk
for reproductive difficulties after treatment could improve
counseling for the 123,000 reproductive-age women diagnosed
with cancer each year in the United States [2,5-9].

Reproductive effects of chemotherapy may manifest in several
ways. During treatment or in the immediate post-treatment
period, many women may have at least temporary - but
sometimes permanent - cessation of menses (CIA) [10-12]. In
these women, menses may resume in some fashion in the
months to years following completion of treatment, but the
impact of CIA on future reproduction is unknown [13-15]. In
the past, the presence or absence of menses was the primary
determinant of post-treatment reproductive compromise [16,17].
However, subsequent studies have demonstrated that even
women who continue to menstruate after treatment also remain
at increased risk of infertility and early menopause [1,18,19]. Thus,
at least in part due to treatment, some women lose their ability
to conceive children naturally and others experience significant
compromise from a shortened reproductive window [2,3,8,10].
Counseling about the risk of reproductive impairment is
dictated by an individual patient’s clinical and reproductive
health history, family history, as well as potentially an assessment
of ovarian reserve [2,10,13]. However, much of this research
has focused on women without a history of cancer treatment.
When cancer is considered, breast cancer has been the most
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Figure 1. Study Recruitment: Of the 2532 patients recruited for our study, 41% completed the survey.

common focus [1,2,8,13,20,21]. Efforts are underway to broaden
our assessment reproductive potential in young women who
undergo various types of cancer treatment [1,22-25]. We used
a statewide registry to explore how clinical factors including
age, parity, or temporary CIA following treatment were
associated with several types of reproductive compromise.
The goal of this study is to enhance our ability to predict postchemotherapy reproductive health outcomes for common,
non-gynecological cancers [1,2,5].

(i.e., no pelvic radiation, pelvic surgery, or bone marrow
transplant). A questionnaire was developed to query
reproductive history before and after cancer treatment [7].
Women were contacted between January 2010 and September
2010 as described in our previously published manuscripts
[1,7,26].

Outcomes of study

Information about three reproductive health outcomes amenorrhea, infertility, and early menopause - was derived
Methods
from the survey. Premenopausal status prior to treatment was
Data was extracted from a survey of women in the California defined as the presence of regular menses. For the purpose
Cancer Registry (CCR), a statewide registry in California. of statistical analysis, permanent amenorrhea was defined as
All study procedures were reviewed and approved by the amenorrhea that persisted from the time of treatment through
University of California, San Francisco Committee on Human survey (at least 3 years); temporary amenorrhea was defined
Research.
as the presence of CIA with subsequent resumption of menses.
Infertility was assessed in women who had menses after
Subjects, survey and recruitment
treatment and was defined as women who had attempted
A computer-generated randomizer was used to select conception with unprotected vaginal intercourse between
women of reproductive age from the CCR with common, the completion of treatment and the time of survey, but
non-gynecologic cancers that are treated with systemic who were unable to conceive. Early menopause was defined
chemotherapy with curative intent. 2532 patients were reached as cessation of menses before age 45 but was restricted.
for participation in the study. Subject selection criteria are A clinical definition of early menopause would include
detailed in previously published manuscripts and in Figure 1 those women with permanent CIA at the time of treatment.
[1,3,4,7,26]. Analyses of reproductive impairment included only However, for the purpose of statistical analysis, the definition
women who reported treatment with chemotherapy alone of early menopause was designed here to identify women
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Table 1. Comparison of Survey Responders vs. Non-Responders*:
Women who responded to our survey had similar demographic
characteristics to those who did not.
Completed survey
(n=1041)

Non-responder
(n=1491)

p†

Age at diagnosis, years

31.8 (6.7)

33.2 (6.2)

<0.001

Age at survey, years

41.3 (8.4)

42.5 (8.0)

<0.001

Summary stage index §

3.7 (2.1)

3.4 (2.1)

<0.001

Socioeconomic Index ¶

2.5 (1.4)

2.5 (1.3)

0.8

Time since diagnosis, years

9.5 (4.4)

9.3 (4.4)

0.2

* All data shown are mean (SD).
† p-value from t-test comparing responders and non-responders.
§ Summary stage index = Surveillance Epidemiology and
End Results staging index. Scores range from 0 (in situ) to 7
(metastatic).
¶ SEER Socioeconomic Index calculated from median income and
education for the census block group of residence at diagnosis.

who retained ovarian function following chemotherapy, but
experienced subsequent early menopause. Therefore, it did
not include women who experienced permanent CIA at the
time of chemotherapy.

Data analysis

Survey data was merged with CCR data with a unique,
anonymous identifier code. Statistical analyses were performed
using STATA Version 11 (College Station, TX). Statistical
significance was defined by two-sided P-values less than 0.05.
Initially, Student’s t-tests were used to compare characteristics
(age at diagnosis, time since diagnosis, summary staging, and
SES) of responders and non-responders. Summary staging is a
CCR index used for epidemiologic assessment of cancers (1=in
situ; 2=localized; 3=regional by direct extension; 4=regional
by lymph nodes; 5=regional by direct extension and lymph
nodes; 6=metastatic). SES is a CCR socioeconomic index
based on income and education for the census block group
of residence at diagnosis.
Among women who reported menses at the time of
treatment, logistic regression was used to determine the
relationship between clinical predictors (age, parity, and
cancer type) and the odds of experiencing amenorrhea, (age,
parity, cancer type, history of treatment with Tamoxifen, and
temporary amenorrhea) infertility, and (age, parity, cancer type,
history of treatment with Tamoxifen, temporary amenorrhea,
and infertility) early menopause. Multivariate analyses were
then performed to adjust for the potential confounding effect
of age and other clinical predictor variables. Finally, censored
data methods (interval censored regression analysis) were
used to model the probability of early menopause, as some
women in this sample had not reached our cut-off age for
early menopause by the time of survey.
It should be noted in the interpretation of our results that we
do not report the specific chemotherapy protocols received or
information about a history of hormone replacement therapy.

doi: 10.7243/2049-7962-2-16

As such, lack of clearly defined treatment type and duration
for each patient requires us to make generalizations and
assumptions about what chemotherapy regimens patients
likely received.

Results

Patient sample

The response pattern for the survey is noted in Figure 1.
6709 potential subjects were randomly sampled from the
CCR. 4177 were excluded: 4147 secondary to incorrect
contact information and 30 secondary to severe co-morbid
psychological illness. 2532 subjects were included. 1041
subjects completed the survey. 1154 subjects did not
respond. 337 subjects declined participation. Reasons
for declining included: a request to be removed from all
cancer registry studies (57%), no reason (28%), no interest
in further childbearing (10%), the survey was too long (3%),
or the topic was too emotionally difficult to discuss (2%).
47% of respondents completed the survey online and 53%
completed it on paper. The average time to complete the
survey was 26 minutes.
Table 1 compares women who completed the survey with
those who were contacted, but did not respond. Patients who
completed the survey were 1.4 years younger at diagnosis
than those who did not (p<0.001), and were diagnosed with
more aggressive cancers, as indicated by a SEER summary
stage index (of 3.7 vs. 3.4, p<0.001). There were no differences
between responders and non-responders in SEER SES (p=0.8)
or years since diagnosis (p=0.2).
620 of the 1041 respondents reported having been treated
with chemotherapy only (i.e., no cancer treatment with pelvic
radiation, pelvic surgery, or bone marrow transplant) and this
group was used in our analysis of reproductive compromise. 15
patients of the 421 excluded from analysis had been treated for
cancer with chemotherapy only, but did not menstruate prior
to treatment secondary to a history of hysterectomy (n=13)
or bilateral salpingectomy (n=2) prior to cancer diagnosis.
Aside from these patients with surgical amenorrhea prior to
treatment, no further women from the chemotherapy group
were excluded secondary to an absence of menses prior to
treatment. Thus, the 620 women included were menstruating
at the time of treatment. The age and childbearing desires
of patients who were treated with chemotherapy are listed
in Table 2. Patients with a history of breast and GI cancers
tended to be older at diagnosis and were more likely to
have had children before their cancer diagnosis than those
treated for leukemia, HD, or NHL. Between 49-65% of women
reported that they desired (more) children after treatment.
However, only 30-41% attempted pregnancy and 9-24% of
women were successful.

Continuation of menses after treatment

Overall, 64% of patients treated with chemotherapy alone
continued to menstruate immediately after treatment. As
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Table 2. Characteristics of Survey Respondents who Received Chemotherapy: Displayed in the table are
summaries of demographics and fertility desires of study subjects who were treated with chemotherapy, stratified
by cancer type.
Type of cancer
Total sample
(N=620)

Leukemia
(n=60)

Hodgkin’s
(n=218)

non-Hodgkin
(n=123)

Breast
(n=169)

Gastrointestinal
(n=50)

Age at diagnosis, years, mean (SD)

31.2 (6.8)

28.5 (7.2)

27.5 (6.4)

31.3 (6.1)

36.0 (4.3)

34.1 (5.4)

Age at survey, years, mean (SD)

40.6 (8.5)

36.8 (8.9)

35.8 (7.5)

40.3 (7.2)

47.2 (6.0)

44.2 (6.6)

Years since diagnosis, mean (SD)

9.4 (4.4)

8.3 (4.2)

8.2 (4.2)

9.0 (3.9)

11.2 (4.5)

10.1 (3.9)

50

45

32

51

67

72

Children before treatment, %
Desiring children after treatment, %

57

65

65

51

49

56

Attempted pregnancy, %

36

33

41

38

30

36

Had children after treatment, %

19

17

24

21

9

22

Graph 1. Menses present immediately after treatment, based
on age and cancer type: Women who were older at treatment
were less likely to note the presence of menses immediately
after completion of chemotherapy.

and disease type, pre-treatment parity did not significantly
predict the persistence of menses through treatment (AOR
0.7, 95% CI 0.5-1.1).
The specific cancer diagnosis was also associated with
persistence of menses during and immediately after treatment.
Women treated for leukemia (83%), GI cancers (85%) and HD
(76%) were most likely to report continuation of menses. This
was less common in women treated for NHL (56%) or breast
cancer (44%). After adjustment for age, women with breast
cancer were at least 50% less likely to report continuation
of menses than women with HD (AOR 0.5, 95% CI 0.3-0.9),
leukemia (AOR 0.3, 95% CI 0.1-0.6), and GI cancer (AOR 0.2,
95% CI 0.1-0.4). Women with NHL were similarly far less likely
to report continuation of menses after treatment than women
with leukemia (AOR 0.3, 95% CI 0.1-0.7), GI cancer (AOR 0.2,
95% CI 0.1-0.4), and HD (0.5, 95% CI 0.3-0.9). After adjustment
for age at treatment, there was no significant difference in
odds of continuing menses between women with breast
cancer and NHL (AOR 1.0, 95% CI 0.6-1.7).

Temporary amenorrhea

Graph 2. Probability of menses returning after loss of
menses: As age at treatment increased, women whose menses
ceased after treatment were increasingly less likely to report
subsequent resumption of menses.

age at treatment increased, fewer women continued menses
through treatment (Graph 1, p<0.01). For example, an 18
year-old diagnosed with NHL has an 80% chance of menses
continuing after treatment, but a 40 year-old treated for the
same disease has a 40% chance. After adjustment for age

Thirty-six percent (n=223) of women reported cessation of
menses (temporary or permanent) during or immediately after
treatment with chemotherapy alone. The majority (52%) of
these women noted permanent amenorrhea and the other
48% noted a return of menses at some point. The majority
of women recovered menses within one year with only 9%
(n=21) recovering menses 1 year or more after treatment.
Younger age at treatment was associated with a significantly
higher chance of menses returning (p<0.01, Graph 2). For
instance, a 30 year-old woman who was initially amenorrheic
after treatment for breast cancer or NHL has an approximately
80% chance that menses will return at some point. However,
a 40 year-old treated for either of the same two diseases is
four- to five-times less likely to experience return of menses.
After adjustment for age, among those with CIA, there were
no significant differences between different cancer types
and probability of return of menses. Pre-treatment parity
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Table 3. Predictors of reproductive compromise, based on timing
of consultation: The table summarizes clinical metrics that are
significantly predictive (or not) of reproductive compromise,
based on timing of presentation for reproductive health
consultation.

doi: 10.7243/2049-7962-2-16

Post-Treatment
Outcome

Predictive

Not Predictive

within one year), a greater probability of early menopause
was demonstrated (p<0.01). After adjustment for age at
treatment and disease type, women who reported a history
of Tamoxifen exposure did not demonstrate a significantly
different risk of early menopause (p=0.65).

Continuation of
menses

Age at treatment
Disease type

Pre-treatment parity

Discussion

Temporary cessation
of menses

Age at treatment

Pre-treatment parity
Disease type

Infertility

Ŧ

Age at treatment
Temporary
amenorrhea**

Pre-treatment parity
Disease type

Early Menopause

Age at treatment Ŧ
Post-treatment
infertility

Pre-treatment parity
Disease Type
Temporary Amenorrhea

Ŧ= Letourneau et al., Cancer 2011
**Borderline Significance (AOR 2.1, 95% CI 1.0-4.4)

also did not affect the risk of either temporary or permanent
amenorrhea, after adjustment for age at treatment and disease
type (AOR 0.6, 95% CI 0.3-1.2).

Infertility

Thirty-seven percent of women whose menses continued
through chemotherapy without temporary cessation reported
subsequent infertility. After adjustment for disease type, pretreatment parity, Tamoxifen exposure, and age at treatment,
chemotherapy induced temporary cessation of menses was
associated with a trend towards an increased risk of infertility
compared to those women who continue to menstruate after
treatment (AOR 2.2, 95% CI 1.0-4.8). Interestingly, women who
experienced a delayed return of menses (greater than one
year from treatment) did not appear to have an additional
risk of infertility when compared to those whose menses
returned within one year after treatment, after adjustment
for disease type, pre-treatment parity, and age at treatment
(AOR 0.9, 95% CI 0.1-5.5). After adjustment for disease type,
pre-treatment parity, temporary amenorrhea, and age at
treatment, Tamoxifen exposure was also significantly predictive
of infertility (AOR 9.4, 95% CI 1.9 – 45.5).

Early menopause

After adjustment for age at treatment and Tamoxifen
exposure, women who reported post-treatment infertility
were significantly more likely to experience early menopause
compared to those who were able to conceive post-treatment
(p<0.05). Interestingly, after adjustment for age at treatment
and Tamoxifen exposure, those women who reported
temporary cessation of menses overall did not have an
increased probability of early menopause over women who
continued to menstruate after treatment (p=0.48). However,
among women with temporary amenorrhea, the duration of
absence of menses played a significant role - when menses
returned greater than one year after treatment (versus

Previous data have shown that women treated with
chemotherapy are at increased risk of reproductive
compromise – including early menopause and infertility –
when compared with the general United States population
[1]. The results of the current population-based study
demonstrate several clinical metrics that may help predict
further post-treatment reproductive compromise, including:
age at treatment, disease type, Tamoxifen exposure, posttreatment CIA, and post-treatment infertility (Table 3).
Importantly, these data could be used to counsel women
at various time points before and after chemotherapy
administration regarding risk of compromise. Before treatment,
these data may help women understand their risk for potential
derangements of menstrual function following treatment as
well as their risk – should they continue to menstruate – of
infertility and possible early menopause (Figure 2). Interestingly,
these data also suggest that temporary amenorrhea posttreatment may be associated with an increased risk of
infertility – and that infertility after treatment portends an
increased likelihood of early menopause.

Predicting Menses after Treatment

Two-thirds of women treated with chemotherapy alone for
non-gynecologic malignancies continued to menstruate
through treatment. Similar to Petrek and colleagues’ 40% of
breast cancer patients who still had menses after treatment,
43% of patients in our study with breast cancer did so –
supporting the generalizability of our results [11].
Younger age appears to play a significant role in the
presence of menses in the immediate post-treatment period
(Graph 1, Table 3). The incidence of chemotherapy- related
amenorrhea has been shown by others to increase as one gets
older, which reflects the importance of age [27]. A plausible
mechanism for this observation is the fact that egg numbers
(ovarian reserve) tend to reduce with increasing age, resulting
in lower egg quantity and potentially reduced egg quality [2].
After adjustment for age, breast cancer patients treated
with chemotherapy are still at least 50% less likely than
women with HD, leukemia, and GI cancers to report continued
menses after treatment. This raises the likelihood of a second
possibility – supporting the long-held belief that reproductive
harm is related at least in part, to the specific chemotherapy
cocktail, including the type of agent, dose and schedule
[4]. Indeed, alkylating agents are particularly gonadotoxic
and use of these agents in combination regimens has been
associated with a higher risk of permanent amenorrhea
[4]. We do not know if specific cancers are associated with
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Figure 2. Timeline: Time-points when a health care provider may counsel a patient with a history of cancer about
reproductive health.

reproductive compromise, but most of these disease types
are associated with different treatment regimens, which are
likely to contribute to reproductive health outcomes.
Interestingly, Previous studies with taxane-based breast
cancer therapy have demonstrated increased probability
of chemotherapy-induced amenorrhea amongst women
with prior parity, while we did not show a difference in
our population [28]. The reasons for this likely reflect the
demographic diversity and diversity of cancer types included
in our study.

Predicting temporary amenorrhea

While younger women are less likely to experience any type
of CIA (temporary or permanent), they are also more likely
to experience recovery if they do lost their menses during
treatment (Graph 2). This is consistent with Zhou and colleagues,
who noted a similar pattern of age-related resumption of
menses in breast cancer patients [28]. About one-third of
women noted CIA during or immediately after treatment and,
of these, a substantial portion (more than one half ) noted
subsequent return of menses. As has been reported in other
studies, the majority of women who remain amenorrheic one
year post-treatment will not regain ovarian function [29,30].
These observations have important counseling implications.
An amenorrheic patient within 1-2 months of completing
treatment could be reassured they still have a 50% chance
of resuming menses in the future. However, counseling
for a patient one year from treatment without a return of
menstruation may be focused on perhaps an 80-90% likelihood
of permanent amenorrhea.
In a study of 145 women who received adjuvant therapy for
breast cancer in the taxane era, Minisini and colleagues showed
a history of prior parity was associated with a decreased chance
of resumption of menses [16]. Zhou and colleagues similarly
showed that previously childbearing was associated with an
increased chance of chemotherapy-induced amenorrhea in
breast cancer patients [18]. Our study did not show such an
association. This noted difference could be a result of the

relationship between prior parity and intrinsic differences in
various treatment modalities, as reflected by the diversity of
cancer groups and treatment types in our study.

Predicting infertility and early menopause

Interestingly, women in our study who experienced temporary
amenorrhea also had a higher risk of infertility versus those
whose periods continued through chemotherapy. As we have
previously reported, women who continue to menstruate
during treatment remain at increased risk of infertility and
early menopause when compared to the general United States
population [1]. If a given patient experiences temporary CIA,
with subsequent recovery, our data suggest that the absence
of menses during or after their treatment is associated with a
further loss of future reproductive capacity. In other words, a
temporary CIA may correlate with an independent increase in
risk of infertility or reproductive compromise. Partridge and
colleagues noted a similar association in a prospective cohort
study utilizing International Breast Study Group data [12].
Like temporary amenorrhea, infertility in the post-treatment
period appears to portend to a higher risk for subsequent
early menopause. More specifically, women who are still
menstruating but who have a history of post-treatment
infertility should be made aware that their probability of
entering menopause before age 45 is likely increased two-fold
higher versus if they had been able to conceive post-treatment.
Such early loss of ovarian function has a profound impact on
women’s hormonal milieu and potentially their subsequent
risk for the development of chronic disease [31].
Our results also suggest that a past history of Tamoxifen
exposure may independently increase one’s chances of
experiencing reproductive compromise. Women who
reported exposure to Tamoxifen were nearly 10-fold more
likely to report infertility than their counterparts, despite
controlling for age and disease type. Such a trend was not
seen with early menopause, where Tamoxifen exposure did
not appear to increase risk. These results are interesting, but
are likely influenced significantly by unrecorded variations in
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chemotherapy regimens between those receiving Tamoxifen
versus not. Also, this trend could represent the natural
decline in fecundability with advancing age at the time of
attempted conception, as women on Tamoxifen generally delay
childbearing by 2-5 years [2,10]. The findings of Rosendahl and
colleagues, which showed no significant differences in several
important ovarian reserve markers between women treated
with Tamoxifen versus not, support this notion that advancing
age may be more likely to cause decreased fecundability than
intrinsic and long-term biological changes to the ovary in the
setting of Tamoxifen exposure [10]. Nonetheless, coupled with
the results of Partridge and colleagues – who demonstrated,
in a small study of 20 patients, data to suggest Tamoxifen
could affect ovarian reserve – further inquiry into Tamoxifen
as an exposure that affects long-term fertility outcomes may
be warranted [2,13].

A Role for Post-Treatment Evaluation by a Reproductive
Endocrinologist

From a clinical perspective, it is important to note that patients
who experience temporary CIA or infertility post-treatment
may benefit from further consultation with a reproductive
health specialist. As receiving pre-treatment counseling from
a reproductive endocrinologist is associated with improved
quality of life [7]. so too may a post-treatment visit to a
reproductive health specialist provide benefit for women
at higher risk of adverse reproductive health outcomes.
According to a recent survey by Lee and colleagues, as
many as one-third of patients treated for breast cancer who
visit with a reproductive endocrinologist ultimately do so
after their treatment has commenced [32]. There is a need
for counseling resources that can be tailored to the unique
temporal constraints and questions from this sizeable group
of women. For instance, consider a woman who is followed by
her oncologist post-treatment and who becomes amenorrheic
and notes a return of menses. She, as a higher risk patient, may
be triaged to see a reproductive endocrinologist for discussion
and evaluation of long-term fertility potential. Similarly, a 26
year-old woman who struggles to conceive post-treatment
could benefit from counseling about her chances of early
menopause and helping a patient anticipate the importance
of maintaining bone and cardiovascular health to prevent
adverse outcomes later in life.

Study strengths and limitations

This study has several important strengths and limitations.
The outcomes chosen are comprehensive and inclusive, and
not just focused on amenorrhea. However, despite controlling
for cancer type at diagnosis, lack of clearly defined treatment
type and duration for each patient requires us to make
generalizations and assumptions about what chemotherapy
regimens patients likely received. Previous studies have
explored the effect of specific regimens, but have generally
been limited in scope to the study of breast cancer and to
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the outcome of amenorrhea [11]. We are limited to making
reasonable inferences about treatment, based on cancer type
and practice patterns at that time, as has been done by others
with success. Cvancarova and colleagues have demonstrated
that making inferences about treatment, based on cancer type
and practice patterns at that time, is a reasonable approach
when utilizing large cancer databases as a primary source of
information [33]. We did not report information about use of
hormone replacement therapy (HRT). Little is known about
patterns of HRT use in patients with non-gynecologic cancers.
In breast cancer, few women use HRT for management of
climacteric symptoms out of concern for increased risk of
recurrence [3]. However, HRT could play an important role
in post-treatment menstrual patterns in women with intact
uteri, should a sufficient number of cancer survivors utilize
HRT as to make it an important confounder to be explored
in future studies. Another limitation of this study has been
using a retrospective, rather than prospective, survey, and
using a historical cancer registry in which patients may be
lost to follow-up [34]. Nevertheless, as the National Cancer
Institute’s working group for the improvement of care of
gynecologic malignancies indicated, cancer registries offer
an effective means of rapidly acquiring large amounts of data
for important cancer issues [35]. And our response rate was
consistent with those from previously published populationbased studies [36,37]. In the future, prospective data is
needed to follow patients out toward not only amenorrhea,
but also outcomes included in this study like infertility and
early menopause [11].

Conclusion

This study’s findings are important as they enable the clinician
to inform women exposed to chemotherapy about their
likelihood of experiencing menstrual cessation, the possibility
of recovery, and its impact on future ovarian function. Women
with temporarily CIA post-treatment should understand
that their risk of infertility could be elevated beyond if they
had simply continued to menstruate throughout treatment.
Similarly, women who experience post-treatment infertility
should be counseled that they might be at higher risk
of ultimately entering menopause early. Patients who
demonstrate post-treatment risks like temporary amenorrhea
and infertility, risks which can be associated with worsened
long-term reproductive health outcomes, may benefit from
focused post-treatment counseling with a reproductive
endocrinologist.
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