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A B S T R A C T

Purpose
Premenopausal women with breast cancer receiving adjuvant chemotherapy are at risk
for amenorrhea. The National Surgical Adjuvant Breast and Bowel Project B-30 trial in-
cluded menstrual history (MH) and quality-of-life (QOL) studies to compare treatments on
these outcomes.

Patients and Methods
Patients were randomly assigned to sequential doxorubicin (A) and cyclophosphamide (C) followed
by docetaxel (T; AC3T), concurrent TAC, or AT, which varied in duration (24, 12, 12 weeks,
respectively), and use of C. Endocrine therapy was prescribed for women with hormone
receptor–positive tumors. MH and QOL were assessed with standardized questionnaires at
baseline; cycle 4, day 1; and every 6 months through 24 months. Prespecified analyses examined
rates of amenorrhea by treatment arm, the relationship between amenorrhea and QOL, and QOL
by treatment arm.

Results
Amenorrhea 12 months after random assignment was significantly different between treatment
groups: 69.8% for AC3T, 57.7% for TAC, and 37.9% for AT (P � .001). The AT group without
tamoxifen had the lowest rate of amenorrhea. QOL was poorer for patients receiving AC3T at 6
months but similar to others by 12 months. Post-treatment symptoms were increased above
baseline for all treatments. Multivariable repeated measures modeling demonstrated that treat-
ment arm, time point, age, and tamoxifen use were significantly associated with symptom
severity (all P values � .002).

Conclusion
Amenorrhea rates differed significantly by treatment arm, with the AT arm having the lowest rate. Patients
treated with longer duration therapy (AC3T) had greater symptom severity and poorer QOL at 6 months,
but did not differ from shorter duration treatments at 12 months.

J Clin Oncol 29:1110-1116. © 2011 by American Society of Clinical Oncology

INTRODUCTION

The National Surgical Adjuvant Breast and Bowel
Project (NSABP) B-30 trial compared the efficacy of
three adjuvant chemotherapy regimens in patients
with early-stage, node-positive breast cancer.1

Treatments varied in duration (24 v 12 weeks) and
composition (one arm without cyclophosphamide
[C]), allowing protocol prespecified secondary ob-
jectives focused on assessment of comparative tox-
icity and amenorrhea risk for each regimen. Thus,
the study included patient-reported outcome data
collection focused on menstrual history (MH) and

quality of life (QOL). B-30 trial results demonstrated
that adjuvant therapy with sequential doxorubicin
(A) and C followed by docetaxel (T; AC3T), com-
pared with four cycles of AT or TAC, improved
disease-free survival and overall survival, although
the latter nonsignificantly for TAC. Amenorrhea
was significantly associated with improved survival
regardless of treatment.1

Ovarian dysfunction (transient or permanent
amenorrhea; infertility; premature menopause) is
one of the most feared complications of chemother-
apy in premenopausal patients with breast cancer,2

with alkylating agents (eg, C), largely responsible for
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this problem.3-8 Few prospective data are available on risk for
amenorrhea from contemporary adjuvant therapy regimens.8 A
prespecified protocol hypothesis focused on the relationship be-
tween treatment-related amenorrhea and survival outcomes, and
thus prospective collection of MH was a component of the main
trial.1,9 This article provides results of the MH and QOL studies
that were secondary outcomes in the B-30 trial.

PATIENTS AND METHODS

The B-30 trial was a three-arm multicenter study conducted in the United
States and Canada with a target sample size of 5,300 women with node-positive
breast cancer. A detailed description of the trial has been recently published by
Swain et al.1 The treatment regimens were: AC every 3 weeks for four cycles
followed by T every 3 weeks for four cycles (AC3T; 24 weeks); A plus T every
3 weeks for four cycles (AT; 12 weeks); and T plus A plus C every 3 weeks for
four cycles (TAC; 12 weeks). Endocrine therapy was planned for all women
with hormone receptor–positive tumors (initially concurrent tamoxifen,
amended to sequential tamoxifen in 2002, and then amended to allow aroma-
tase inhibitors in postmenopausal women in 2002). Paired statistical compar-
isons were made between the three arms for both disease-free survival and
overall survival.1 The B-30 protocol had embedded MH and QOL studies; all
were approved by local institutional review boards, and informed consent was
obtained from each patient.

Patients for the MH and QOL Studies

We assessed menstrual status in all women at study entry before random
assignment; women who were pre- or perimenopausal were included in the
MH study. MH study enrollment was continuous throughout the trial; how-
ever, only the first 2,100 consecutively enrolled patients were entered in the
QOL study, regardless of menstrual status.

Self-Report Questionnaires

Menstrual status was assessed at baseline and at follow-up visits with two
similar questionnaires, adapted from previous breast cancer studies.6 Before
chemotherapy initiation, all participants completed the baseline questionnaire
that assessed surgical menopause and menstrual history in the previous 12
months. For women reporting menstrual bleeding in the past 12 months,
additional questions queried the date of the most recent menstrual period,
menstrual bleeding patterns, and recent use of hormone therapy or contracep-
tives. Women with surgical or natural menopause were excluded from the MH
study after the baseline questionnaire. Follow-up questionnaires tracked
changes in menstrual bleeding and possible surgical menopause only for those
included in the MH study.

QOL and symptoms were measured with two established questionnaires
previously used in breast cancer clinical trials.10,11 The Functional Assessment
of Cancer Therapy (FACT) -B is a 44-item multidimensional, breast cancer–
specific QOL questionnaire with excellent psychometric properties.12 Five
subscales provide scores for physical well-being, social/family well-being, pa-
tient/physician relationship, emotional well-being, and functional well-being.
Nine additional questions are breast-cancer specific. The generic FACT ques-
tionnaire has been widely used in clinical trials and is responsive to change over
time.10,13 A 23-item trial outcome index (TOI) summarizes the physical and
functional well-being scales, along with the disease-specific items. The FACT-
TOI is currently used as a clinical trial outcome measure of physical and
functional well-being.12 A 5-point difference between two treatment groups
represents a clinically meaningful difference with a higher score being better.14

Symptoms were assessed using items from the Breast Cancer Preven-
tion Trial symptom checklist,15-17 and other NSABP treatment trial toxic-
ity questions. Patients rated each symptom during the past 7 days with a
bother rating of 0 “not at all” to 4 “very much.” In B-30, 28 symptoms were
rated ranging from nausea, vomiting, headaches, and skin problems, to
vasomotor symptoms, vaginal symptoms, musculoskeletal aches and
pains, body image concerns, and cognitive complaints. Total severity score

(ie, symptom checklist summary score) ranged from 0 to 112, with higher
being worse.

Assessment Schedule and Compliance Monitoring

MH and QOL questionnaires were administered at baseline (after con-
sent, but before first treatment), and at office visits at the time of cycle 4, day 1
(during chemotherapy), and then at 6, 12, 18, and 24 months. Questionnaires
were completed at an in-person visit, with mail and telephone collection as
alternatives. A missing data form was completed if the woman declined to
complete a scheduled questionnaire or for an administrative error in data
collection. Compliance monitoring occurred through clinical site–specific
updates on missing data, tailored letters, and telephone contacts from the
NSABP Biostatistical Center. Patients received individualized calendars (in a
monthly format, covering the entire time frame for assessments) to record
menstrual cycles as an aid for completing the MH questionnaire. (Calendars
were not submitted.)

Statistical Analysis Plans and Methods

The MH study included all eligible pre- and perimenopausal B-30 par-
ticipants to maximize the number of subjects available for the survival end
point analysis related to amenorrhea.1,9 Women with uncertain or perimeno-
pausal status were included in the MH study; however, in this report we
include only participants who were menstruating regularly (at least one cycle
within 3 months) at the start of treatment. We define amenorrhea as not
having a menstrual period for longer than 1 month (ascertained from date of
the most recent menstrual cycle and reported changes in menstrual cycle in the
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Fig 1. (A) Flow diagram showing recruitment and participation of women from
National Surgical Adjuvant Breast and Bowel Project (NSABP) B-30 in the
menstrual history (MH) substudy. (B) Flow diagram showing recruitment and
participation of women from NSABP B-30 into the quality-of-life (QOL) and
symptoms substudy. A, doxorubicin; C, cyclophosphamide; T, docetaxel.
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past 12 months). We define prolonged amenorrhea as having at least 6 months
without a menstrual cycle, which is the protocol-specified primary end point
for the MH study reported here and for the survival end point analysis.1,9 The
cumulative duration of amenorrhea is the total length of time during which a
patient experienced amenorrhea. (For example, missed menses every other
month for 2 years would be considered 1 year cumulative amenorrhea.)
Patients who never experienced amenorrhea were assigned a duration of 0;
those who remained amenorrheic at the time of their last measurement or who
underwent hysterectomy or oophorectomy before amenorrhea were cen-
sored. A detailed description of this calculation is reported by Swain et al.9 We
hypothesized that the lowest rate of amenorrhea would occur in the AT arm
that excluded C.

At the time of protocol design, the FACT-B total score and total symp-
tom severity score were designated primary outcomes, requiring a sample size
of 2,100 to achieve 80% power for a mean change of 0.4 standard deviations in
the FACT-B score, within subgroups based on age (� 49 v � 50), and assum-
ing a high rate of attrition. However, before initiating data analysis, the
FACT-B TOI was selected as the primary QOL end point, primarily motivated
by recent developments in the field of QOL assessment described in the
methods section.12,14 We hypothesized that patients receiving AC3T would
have poorer QOL at 6 months, which was at the end of the sequential treat-
ment, in comparison to the two other regimens where treatment was com-
pleted at 12 weeks; however, we predicted that by 12 months there would be no
significant difference in TOI among the treatment arms.

Compliance at 24 months, defined as percentage of expected MH and
QOL forms, was compared between treatment groups and by demographic
and medical characteristics using �2 tests. Analyses included all available data.
Due to the high, acceptable rate of compliance in NSABP trials and the
observation that missing data in adjuvant trials are rarely related to the pa-
tient’s health or emotional state,18 we did not conduct analyses to examine for
potential missing data bias. Treatment groups were compared for demo-
graphic and medical characteristics, as well as prolonged amenorrhea at 12
months after the start of therapy, using the �2 test. Kaplan-Meier and log-rank
methods were used to compare the duration of amenorrhea by age and treat-
ment group. Multivariable mixed models with repeated measures were used to
analyze the change from baseline for each of the QOL outcomes by treatment
group. Models also included time point, age, number of nodes, intended
tamoxifen use, surgery/radiation, participation in MH study, and time-by-
treatment interaction. Effect size (ES) reported is the absolute value of the
estimated coefficient divided by the standard deviation of outcome at baseline.
Intent-to-treat analyses were used including all participants with follow-up
information available. Assignment to chemotherapy regimen or endocrine

therapy (tamoxifen for women in MH study) was included on an intent-to-
treat basis. Tests were two sided at a significance level of .05. SAS version 9.1
(SAS Institute Inc, Cary, NC) was used, with PROC MIXED for the repeated
measures analyses.

RESULTS

Patient Characteristics

Between 1999 and 2004, 5,351 patients were randomly assigned
to B-30, with 5,283 (99%) providing baseline MH information. Of
these 5,283 patients, 2,445 (46%) were eligible for the MH follow-up
study (793 AC3 T, 846 AT, 806 TAC; Fig 1A), with available data
after treatment initiation for 97% in each treatment group. Approxi-
mately 10% of patients had irregular menstrual periods at study entry
(evenly distributed across the three treatment groups), yielding 2,149
patients for analysis. Demographic and medical characteristics of MH
study participants are shown in Table 1. There were no significant
differences by treatment group.

QOL study accrual was closed on July 20, 2001, at which point
2,245 patients had been enrolled in B-30. Figure 1B shows the flow of
patients into the QOL study. At baseline, 2,156 patients submitted a
QOL questionnaire. Follow-up QOL questionnaires were available for
2,111 patients (98%), evenly distributed across treatment arms. About
half of the patients in the QOL study also participated in the MH study.
Demographic and medical characteristics of patients in the QOL study
are presented in Table 2. There were no significant differences accord-
ing to treatment assignment.

Compliance with expected assessments at 24 months was 77%
for MH and 78% for QOL, with no significant differences accord-
ing to treatment group, participant age, surgery type, or tamoxifen.
There were significant differences by race (P � .017), with fewer
Hispanic participants completing QOL assessments at 24 months,
and by radiation therapy (P � .02), with higher MH compliance
among those who received radiation. These differences are partly
due to institution-level difficulties, as found in other NSABP be-
havioral outcomes studies.18

Table 1. Characteristics of Women Participating in the National Surgical Adjuvant Breast and Bowel Project B-30 Menstrual History Study

Characteristic

Analyzed

Enrolled TotalAC3T AT TAC Total

PNo. % No. % No. % No. % No. %

No. of patients 692 752 705 2,149 2,445
Age, years

� 40 217 31.4 216 28.7 209 29.6 642 29.9 .76 681 27.9
41-50 411 59.4 456 60.6 421 59.7 1,288 59.9 1,405 57.5
� 51 64 9.2 80 10.6 75 10.6 219 10.2 359 14.7

Ethnicity
White 559 80.8 619 82.3 586 83.1 1,764 82.1 .37 2,012 82.3
Hispanic 29 4.2 37 4.9 32 4.5 98 4.6 108 4.4
Black 77 11.1 61 8.1 55 7.8 193 9.0 220 9.0
Other 27 3.9 35 4.7 32 4.5 94 4.4 105 4.3

Mastectomy 346 50.0 378 50.3 353 50.1 1,077 50.1 .99 1,221 49.9
Radiation therapy 539 77.9 601 79.9 550 78.0 1,690 78.6 .57 1,922 78.6
Tamoxifen 529 76.4 589 78.3 537 76.2 1,655 77.0 .57 1,893 77.4

Abbreviations: A, doxorubicin; C, cyclophosphamide; T, docetaxel.
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MH Outcomes

The rates of reported prolonged amenorrhea at 12 months after
the start of therapy was significantly different between treatment
groups: 69.8% for AC 3 T, 37.9% for AT, and 57.7% for TAC
(P � .001). These percentages are conservative in that they include all
participants in the denominator. If we instead exclude those women
for whom menstrual status at 12 months was unknown, we arrive at
the following results: 83.3% for AC3T, 47.1% for AT, and 67.2% for
TAC (P � .001). Figure 2 shows rates of prolonged amenorrhea by
chemotherapy treatment with and without tamoxifen. Women re-
ceiving AC3T had a higher rate of prolonged amenorrhea at 12, 18,
and 24 months compared with AT, and the amenorrhea rates were
higher with tamoxifen. Women who received AT without tamoxifen
had the lowest rate of amenorrhea, hovering around 20% to 25%
across the 24-month period of observation.

An estimated 61% of women � 40 years old experienced at least
24 months of amenorrhea contrasting with nearly 100% among
women older than 50 years (Fig 3A). Women treated with AT reported

statistically significantly shorter duration of amenorrhea compared
with the two other treatment groups (P � .001; Figs 3B and 3C).

QOL Outcomes

Figure 4A shows the FACT-B TOI by treatment arm and time
point. Multivariable repeated measures regression analysis of the
change from baseline in the FACT-B TOI over 24 months demon-
strated that time (P � .001), chemotherapy regimen (P � .001), and
surgery/radiation combination (P � .024) were statistically significant
predictors. Relative to TAC, patients in the AC3T group experienced
a mean change from baseline that was 2.4 points lower (ES, 0.2); AT
patients’ mean change was 1.0 point lower (ES, 0.1). The time-by-
treatment interaction was significant because TAC and AT patients’
TOI returned to baseline at 6 months, whereas AC3T patients’ TOI
returned to baseline at 12 months (P � .001; Fig 4A). Inclusion in the
MH study, a proxy for baseline menopausal status, was not a signifi-
cant predictor (P � .31).

Symptom severity (ie, symptom checklist summary score) also
worsened during therapy, and remained bothersome throughout
follow-up (Fig 4B). Multivariable repeated measures modeling dem-
onstrated significant associations of severity with treatment arm and
time point (illustrated in Fig 4B), age (greater severity among younger
women), and tamoxifen use (all P values � .002). The time-by-
treatment interaction was significant (P � .001) because, as with the
TOI, symptoms remained severe beyond 6 months primarily for
AC3T patients. ESs were modest, with a range of 0.14 to 0.47. Inclu-
sion in the MH study was not a significant predictor (P � .76).

To examine the effect of prolonged amenorrhea on QOL and
symptoms, we performed a longitudinal analysis over the first 12
months, restricted to those participants also in the MH study. Models
included the significant variables from the primary analyses. The pres-
ence of prolonged amenorrhea at 12 months (indicating that the
patient had not experienced a menstrual cycle during the interval from
6 to 12 months after therapy), did not significantly predict TOI
over this time frame (P � .27; ES, 0.07). Chemotherapy assignment
remained significant (P � .001; ES, 0.08 to 0.11). Prolonged amen-
orrhea did not significantly predict symptoms (P � .91; ES, 0.01),

Table 2. Characteristics of Women Participating in the National Surgical Adjuvant Breast and Bowel Project B-30 Quality-of-Life Study

Characteristic

Analyzed

Enrolled TotalAC3T AT TAC Total

PNo. % No. % No. % No. % No. %

No. of patients 707 702 702 2,111 2,156
Age, years

� 40 118 16.7 118 16.8 109 15.5 345 16.3 .40 356 16.5
41-50 256 36.2 276 39.3 249 35.5 781 37.0 794 36.8
� 51 333 47.1 308 43.9 344 49.0 985 46.7 1,006 46.7

Ethnicity
White 599 84.7 604 86.0 614 87.5 1,817 86.1 .48 1,849 85.8
Hispanic 19 2.7 20 2.8 20 2.8 59 2.8 62 2.9
Black 67 9.5 53 7.5 54 7.7 174 8.2 181 8.4
Other 22 3.1 25 3.6 14 2.0 61 2.9 64 3.0

Mastectomy 343 48.5 350 49.9 340 48.4 1,033 48.9 .84 1,061 49.2
Radiation therapy 545 77.1 541 77.1 549 78.2 1,635 77.5 .84 1,655 76.8
Tamoxifen 561 79.3 558 79.5 553 78.8 1,672 79.2 .94 1,705 79.1

Abbreviations: A, doxorubicin; C, cyclophosphamide; T, docetaxel.
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Fig 2. Rate of prolonged amenorrhea at each time point for chemotherapy and
tamoxifen intention-to-treat groups. Excludes those who experienced amenor-
rhea for 3 months at baseline and those with a hysterectomy/oophorectomy or
unknown status at each time point. A, doxorubicin; C, cyclophosphamide; T,
docetaxel; tam, tamoxifen.
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nor did tamoxifen predict symptoms in this subset (P � .26; ES,
0.10). Chemotherapy assignment remained significant (P � .001; ES,
0.19 to 0.26). The small ESs for prolonged amenorrhea and tamox-
ifen indicate that their nonsignificance should not be attributed to
a lack of power due to the size of the subset.

DISCUSSION

Since the introduction of adjuvant chemotherapy treatment of early-
stage breast cancer,19,20 differences in survival benefit have been noted

according to age (� 50 years), with speculation that treatment-
induced amenorrhea relating to alkylating agents was indicative of a
biochemical oophorectomy. This therapeutic benefit was especially
noted in women between 40 and 50 years, who coincidentally were
more likely to become permanently amenorrheic. Despite these ob-
servations more than 30 years ago, there are few prospective data
on the rate of amenorrhea (transient or permanent) with various
chemotherapy regimens.7,8,21,22 In reporting of adverse events for
TAC versus fluorouracil (F), A and C (FAC) chemotherapy, absence
of menses for at least 3 months was reported for 61% of premeno-
pausal patients treated with TAC and 52.4% treated with FAC.23 QOL
assessed in that trial showed recovery of patients in both treatment
arms in the 6 months post-treatment.23 To the best of our knowledge,
no other clinical trial has assessed prospectively the influence of amen-
orrhea on symptoms, QOL, and survival.

Patient-reported MH data collection was feasible in the B-30
trial, and as hypothesized, the treatment regimen without C had the
lowest rate of amenorrhea. As expected, treatment duration was a
significant predictor of QOL and symptom severity at 6 months
(worse in the AC3T group), and results of treatment arm differences
resolved by 12 months. Post-treatment symptom severity exceeded
baseline assessment out to 24 months among all patients, with
younger women experiencing greater symptom severity, independent
of treatment arm and amenorrhea status. These findings are consis-
tent with other large observational studies in breast cancer survi-
vors.4,6 Due to limitations of data collection in this trial, we could not
establish whether these treatments impacted long-term fertility. This
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is an important survivorship concern24 and should be examined in
future research studies. Of note, the lowest rate of amenorrhea oc-
curred in women who received AT without tamoxifen. This informa-
tion might be useful for younger women interested in preserving
fertility, where treatment with AT (with or without tamoxifen) may
offer a better chance of return of menses after adjuvant therapy.

The observed pattern of amenorrhea differed according to ta-
moxifen assignment, with a higher likelihood of amenorrhea when
tamoxifen was added to chemotherapy. These findings are consistent
with the report of Petrek et al8 in a prospective observational study of
patients with breast cancer who recorded their menstrual bleeding
prospectively on calendars collected post-treatment for a median of 45
months. That study also confirmed age- and treatment-related differ-
ences in development of amenorrhea.

As with any study, there are potential limitations of the data and
their interpretation. The women who participated in the B-30 trial
were volunteers, meeting the study eligibility requirements. Women
with significant comorbid conditions were excluded, and the impact
of the trial treatments on such women is unknown. However, the
relative impacts of the three different regimens are likely to be similar.
The rates of amenorrhea reported by age group are similar to those
reported in other observational studies of younger women with breast
cancer6-8,21; however, our limited follow-up (24 months) does not
allow prediction of the permanence of amenorrhea. Without labora-
tory confirmation of menopausal status (eg, estradiol level), we cannot
be certain if the amenorrhea reported at 24 months is permanent or
transient, which can also be masked by concomitant tamoxifen. The
NSABP B-36 trial, which is closed to accrual and in follow-up, includes
a similar MH and QOL study with data collection through 36 months.
That trial will permit confirmation of the B-30 trial findings related to
amenorrhea, albeit with different adjuvant chemotherapy regimens.

In conclusion, the three chemotherapy regimens used in the B-30
trial (AC3T, TAC, and AT), induced different rates of amenorrhea
that were also influenced by age and tamoxifen. QOL outcomes were
directly related to the duration of treatment and returned to pretreat-
ment levels by 12 months after random assignment; however, in-
creased symptom severity persisted over the 2 years of follow-up and
should be attended to as part of survivorship care. The detailed
patient-reported outcome data collected as part of the B-30 trial pro-
vides new information that can be used by physicians and their pa-

tients in weighing the benefits and toxicities of each chemotherapy
treatment regimen used in this trial.
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