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Abstract

Background: Chemotherapy-induced premature menopause leads to some consequences, including infertility. We initiated
this randomized phase III trial to determine whether a cyclophosphamide-free adjuvant chemotherapy regimen would in-
crease the likelihood of menses resumption and improve survival outcomes. Methods: Young women with operable estrogen
receptor-positive HER2-negative breast cancer after definitive surgery were randomly assigned to receive adjuvant epirubicin
and cyclophosphamidefollowed by weekly paclitaxel (EC-wP) or epirubicin and paclitaxel followed by weekly paclitaxel (EP-
wP). All patients received at least 5-year adjuvant endocrine therapy after chemotherapy. Two coprimary endpoints were the
rate of menstrual resumption at 12 months after chemotherapy and 5-year disease-free survival in the intention-to-treat pop-
ulation. This study is registered at ClinicalTrials.gov (NCT01026116). All statistical tests were 2-sided. Results: Between
January 2011 and December 2016, 521 patients (median age = 34 years; interquartile range = 31-38 years) were enrolled, with
261 in the EC-wP group and 260 in the EP-wP group. The rate of menstrual resumption at 12 months after chemotherapy was
48.3% in EC-wP (95% confidence interval [CI] = 42.2% to 54.3%) and 63.1% in EP-wP (95% CI = 57.2% to 68.9%), with an absolute
difference of 14.8% (95% CI = 6.37% to 23.2%, P < .001). The posthoc exploratory analysis by patient-reported outcome ques-
tionnaires indicated that pregnancy might occur in fewer women in the EC-wP group than in the EP-wP group. At a median
follow-up of 62 months, the 5-year disease-free survival was 78.3% (95% CI = 72.2% to 83.3%) in EC-wP and 84.7% (95% CI =
79.3% to 88.8%) in EP-wP (stratified log-rank P =.07). The safety data were consistent with the known safety profiles of rele-
vant drugs. Conclusions: The cyclophosphamide-free chemotherapy regimen might be associated with a higher probability
of menses resumption.

Young age is an independent predictor of adverse outcomes in
patients with estrogen receptor (ER)-positive breast cancer (1).
Adjuvant chemotherapy has been firmly established as an ef-
fective treatment for breast cancer in previous meta-analyses,
especially in patients with young age and higher cancer burden
(2). Cyclophosphamide, which is widely used in combination
with anthracycline and/or taxane as adjuvant chemotherapy
for breast cancer, may directly damage oocytes in primordial
follicles, and premature menopause induced by

cyclophosphamide-containing chemotherapy leads to sexual
dysfunction, vasomotor symptoms, and infertility (3).

According to the updated European Society of Human
Reproduction and Embryology guidelines and European Society
for Medical Oncology Clinical Practice guidelines, luteinizing
hormone-releasing hormone agonists (LHRHa) during chemo-
therapy is recommended to reduce the risk of chemotherapy-
induced ovarian failure (4,5), and other approaches are needed.
Cyclophosphamide is strongly associated with chemotherapy-
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induced premature ovarian failure, whereasthe addition of a
taxane might exert less of an effect on amenorrhea (6). The sub-
stitution of cyclophosphamide with paclitaxel might result in a
reduced incidence of ovarian failure and an increased likelihood
of early menses resumption. It has been reported that the sub-
stitution of paclitaxel for cyclophosphamide results in compara-
ble efficacy in a general population but might produce greater
benefits in high-risk patients (7).

Therefore, we designed the present clinical trial to investi-
gate 2 coprimary endpoints in young women with ER-positive
and HER2-negative breast cancer. The first endpoint compares
the menstrual resumption rate of the standard regimen (epiru-
bicin/cyclophosphamide followed by weekly paclitaxel [EC-wP])
with the cyclophosphamide-free chemotherapeutic regimen
(epirubicin/paclitaxel followed by weekly paclitaxel [EP-wP]),
and the second investigates the disease-free survival (DFS) be-
tween the patients treated with the 2 regimens.

Methods

Study Design and Participants

The Substitution of Paclitaxel for Cyclophosphamide on
Survival Outcomes and Resumption of Menses in Young
Women with ER-Positive Breast Cancer trial is a randomized,
open-label, multicenter, phase III trial performed at 8 hospitals
in China. It was designed to compare the difference in menses
resumption rates, as well as in DFS, between the EC-wP and EP-
wP groups in young women.

Women aged 18 to 40 years with unilateral operable primary
invasive ER-positive HER2-negative breast cancer were eligible
for enrollment following definitive surgery. Because platinum-
based adjuvant chemotherapy might be an effective treatment
for triple-negative breast cancer (8), and anti-HER2 treatments
are pivotal for HER2-positive disease, we excluded young
patients with triple-negative or HER2-positive cancers and fo-
cused on women with ER-positive and HER2-negative disease.

Patients were required to have pathologically confirmed re-
gional node-positive disease or node-negative disease with
high-risk factors (primary tumor diameter >10mm when histo-
logical grade III or tumor diameter >20mm when histological
grade II). ER, progesterone receptor, and HER2 statuses were
identified locally at each participating center based on immuno-
histochemistry of tumor sections. The immunohistochemical
cutoff for ER-positive or progesterone receptor-positive status-
was 1% or more staining in nuclei (9). HER2-negative status was
defined as immunohistochemistry score 0 or 1 or the absence of
HER2 amplification by fluorescence in situ hybridization analy-
sis (10). The Eastern Cooperative Oncology Group performance
status was required to be O or 1.

To assess menstrual status accurately, eligible participants
should take no estrogens, antiestrogens, selective estrogen-
receptor modulators, aromatase inhibitors, LHRHa, or hormonal
contraceptives within the month before enrollment. Patients
had regular menstrual cycles and normal menses before sur-
gery. The regular menstrual cycles should occur every 21 to
35days, with menstruation lasting 2 to 7 days (11-13). Patients
who underwent hysterectomy or bilateral salpingectomy, oo-
phorectomy, or salpingo-oophorectomybefore enrollment were
ineligible because they were not evaluable for menses. A com-
plete description of the inclusion and exclusion criteria is pro-
vided in the protocol (available in Supplementary Methods,
available online).
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The independent institutional review boards of the partici-
pating centers approved the study protocol. All patients pro-
vided written informed consent. We performed the study
according to the International Conference on Harmonisation
Good Clinical Practice guidelines and the ethical principles of
the Declaration of Helsinki. This study is registered at
ClinicalTrials.gov (NCT01026116).

Randomization and Masking

Patients were randomly assigned (1:1) using a web-response
system. A permuted-block randomization scheme was used
with stratification according to pathological node status (nega-
tive vs positive), tumor size (pT1 vs pT2-3), and age (<35years
vs 35-40years). The stratification factors were used for stratified
analyses unless indicated otherwise.

Procedures

The participants’ baseline characteristics were recorded at ran-
dom assignment. The concurrent use of taxane and anthracy-
cline might increase the toxicity, such as febrile neutropenia
(14). Therefore, we modified the dose of epirubicin to 75 mg/m?
rather than the standard dosage of 90-100 mg/m?. Epirubicin
75mg/m? was considered an acceptable dosage based on the
EORTC 10994/BIG 1-00 trial, where the survival efficacy of epiru-
bicin 75mg/m? was not compromised and the toxicity was re-
duced compared with epirubicin 100mg/m? (15). We also
balanced the total dose of epirubicin between the 2 regimens to
increase the comparability.

Patients were randomly assigned to receive epirubicin
(75 mg/m?) and paclitaxel (175 mg/m?) every 3 weeks for 4 cycles
followed by weekly paclitaxel (80 mg/m?) for 12 weeks (EP-wP) or
epirubicin (75 mg/m?) and cyclophosphamide (600 mg/m?) every
3 weeks for 4 cycles followed by weekly paclitaxel (80 mg/m?) for
12 weeks.

After chemotherapy, all patients were recommended to re-
ceive 20 mg/d of tamoxifen for at least 5 years. If an ovarian sup-
pression treatment was administered after adjuvant
chemotherapy, the patients should have experienced at least 1
menstruation and be diagnosed as premenopausal according to
the follicle-stimulating hormone and estradiol levels (16). In
2015, the SOFT and TEXTtrials showed that, for women who
were at sufficient recurrence risk and remained premenopausal,
the use of ovarian suppression (LHRHa) with tamoxifen or an
aromatase inhibitor would improve survival (17). For ethical
reasons, after 2015, the high-risk young patients were permitted
to be treated with ovarian suppression before the apparent
menses resumption after chemotherapy. Patients were told of
their potential choice of endocrine therapy regimens before ran-
dom assignment, and the type of endocrine therapy was mainly
determined by physicians according to the patients’ risk.
However, we were near the end of our patient recruitment in
2015, and only approximately 5% of patients used upfront ovar-
ian suppression with an aromatase inhibitor.

Outcomes

The 2 coprimary endpoints were the rate of menstrual resump-
tion at 12 months after chemotherapy and the 5-year DFS in the
intention-to-treat population.

Resumption of menses was defined as at least 2 consecutive
menstruations or at least 1 menstruation with a confirmed
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premenopausal level of follicle-stimulating hormone and estra-
diol after chemotherapy (18). Patients with no results for men-
strual resumption (because of a loss to follow-up, early
intervention of ovarian suppression, or any recurrence event if
it occurred first) were treated as nonresumed in the menses
analysis. DFS was defined as the time from random assignment
to breast cancer recurrence, second primary breast and other
cancers, and death from any cause.

Secondary endpoints included distant DFS, overall survival,
and toxicity. Toxicity was graded according to National Cancer
Institute Common Toxicity Criteria version 4.0. All reported se-
rious adverse events were judged by an independent data safety
and monitoring board.

The posthoc exploratory analysis of pregnancy within
48 months was performed in May 2020. Pregnancy outcomes
were assessed by patient-reported outcome questionnaires via
telephone survey because of the coronavirus disease 2019
pandemic.

Statistical Analysis

Two coprimary endpoints were investigated, and the study was
considered positive if either the DFS and/or the menstrual re-
sumption results were statistically significant.

To address multiple endpoint-related multiplicity problems,
we used the unequally weighted Bonferroni method by dividing
the overall « into unequal portions (19). The type I error (¢ =0.05)
was controlled and split between the analyses of DFS (x=0.04)
and menstrual resumption rate (x=0.01). Interim analysis was
not planned, because the EP-wP and EC-wP had been previously
investigated in the Loesch study (7), and it showed that the tox-
icity of the 2 regimens is manageable and tolerable. Long-term
observation time is needed to observe menses resumption and
pregnancy.

To detect an absolute 15% improvement in the menstrual re-
sumption rate between EC-wP (assumed 65%) and EP-wP (as-
sumed 80%), a 2-sided test of resumption rates with 80% power
required 440 patients to achieve a .01 level of statistical signifi-
cance. To detect an absolute 8% improvement in the 5-year DFS
rate between the EC-wP group (assumed 80%) and EP-wP group
(assumed 88%), a 2-sided log-rank test with 80% power required
480 patients (240 for each arm) to show a .04 statistical signifi-
cance level, with approximately 90 DFS events expected after a
median 5-year follow-up. Considering a 5% loss to follow-up, we
calculated approximately 500 patients required.

The cumulative incidence estimates of menstrual resump-
tion were calculated, and the between-group differences were
compared by the stratified Miettinen and Nurminen method
(20). stratified logistic regression analysis was used to estimate
the odds ratio (OR) of menses resumption. Fine-Gray competing
risk regression model (Stata command: stcrreg) was used to cal-
culate the odds ratio of menses recovery, accounting for DFS
events as competing risk events (21). In the sensitivity analysis,
the proportion of menses resumption between groups was com-
pared using the stratified Mantel-Haenszel test. The Kaplan-
Meier method was used to estimate DFS, and survival rates
were compared using the stratified log-rank test. Hazard ratios
(HRs) with 95% confidence intervals (CIs) were estimated using
a stratified Cox proportional hazards model.

The findings of secondary endpoints should be interpreted
as exploratory because of the potential for type I error from
multiple comparisons. For other continuous and categorical
variables, the Wilcoxon rank-sum test and y? test were used to

Operable patients aged 18 to 40 y (n = 553) ]

Excluded (n=32)
— - Not meeting inclusion criteria (n=9)
- Refused to participate (n = 23)

ITT population
Random assignment (n = 521)

Allocated to EC-wP Allocated to EP-wP

(n =260, ITT)

(n=261, ITT)

Consent Consent
withdrawn (n = 2) withdrawn (n = 3)
Received treatment (n = 259) Received treatment (n = 257)
Discontinued intervention (n = 16) Discontinued intervention (n = 15)

- Adverse events™(n =5) - Adverse events” (n=7)

- Lost to follow-up (n = 5) - Lost to follow-up (n = 4}
- Other' (n=6) -Other'(n=4)

Analysis for survival (n = 261) Analysis for survival (n = 260)
Analysis for menstrual resumption Analysis for menstrual resumption
(n=261) ((n = 260)

Sensitivity analysis for menstrual Sensitivity analysis for menstrual
resumption (n=233) resumption (n= 237)
Analysis for safety (n = 259) Analysis for safety (n = 257)

Figure 1. Trial profile. *Adverse events indicate grade 3 and 4 events; tOther rea-
sons except for adverse events. EC-wP = epirubicin/cyclophosphamide followed
by weekly paclitaxel; EP-wP = epirubicin/paclitaxel followed by weekly pacli-
taxel; ITT, intention to treat.

evaluate differences between the 2 groups, respectively. All sta-
tistical tests were 2-sided, a P value less than .05 was considered
statistically significant, and analyses were performed using
STATA 16.0 software (StataCorp LLC).

Results

From January 2011 to December 2016, 521 patients (median age
= 34years, interquartile range = 31-38years) with ER-positive
and HER2-negative breast cancer were enrolled, with 261 in the
EC-wP group and 260 in the EP-wP group. Figure 1 shows the
trial profile. Chemotherapy was completed by 93.9% of patients
in the EC-wP group and 94.2% of those in the EP-wP group.
Baseline patient and tumor characteristics were well balanced
between treatment groups (Table 1).

For the primary endpoint of menstrual resumption at
12 months after chemotherapy, the rates were 48.3% (95% CI =
42.2% to 54.3%) for the EC-wP group and 63.1% (95% CI = 57.2%
to 68.9%) for the EP-wP group, and the absolute difference was
14.8% (95% CI = 6.37% to 23.2%, P <.001; Table 2) with an esti-
mated odds ratio of 1.83 (95% CI = 1.29 to 2.60). When account-
ing for DFS events by competing risk, the adjusted odds ratio
was 1.55 (95% CI = 1.23 to 1.95, P <.001). We further conducted a
sensitivity analysis by excluding case patients with unknown
information on menses resumption at 12 months after chemo-
therapy (Table 2). Among the 470 patients (233 in the EC-wP
group and 237 in the EP-wP group), menses had resumed in 126
patients (54.1%) in EC-wP group and 164 patients (69.2%) in the
EP-wP group, with an odds ratio of 1.94 (95% CI = 1.33 to 2.84,
P < .001).

Regarding the other primary endpoint of DFS, at a median
follow-up of 62 months (interquartile range = 45-82 months), 92
DFS events were observed in the intention-to-treat population,



Table 1. Patient characteristics by treatment group

Total (n =521)
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EC-wP (n=261) EP-wP (n = 260)

Characteristics No. (%) No. (%) No. (%)
Median age (interquartile range), y 35 (31-38) 35 (32-38) 35 (31-37)
Age,y

<35 284 (54.5) 145 (55.6) 139 (53.5)

>35 237 (45.5) 116 (44.4) 121 (46.5)
Pathologic tumor size

pT1 231 (44.3) 115 (44.1) 116 (44.6)

pT2-3 290 (55.7) 146 (55.9) 144 (55.4)
Pathologic node status

Negative 216 (41.5) 110 (42.1) 106 (40.8)

Positive 305 (58.5) 151 (57.9) 154 (59.2)
Histological grade

I-11 279 (53.6) 143 (54.8) 136 (52.3)

1 242 (46.4) 118 (45.2) 124 (47.7)
Surgery

BCS 168 (32.2) 83 (31.8) 85 (32.7)

Mastectomy 353 (67.8) 178 (68.2) 175 (67.3)
Adjuvant radiation

No 212 (40.7) 109 (41.8) 103 (39.6)

Yes 309 (59.3) 152 (58.2) 157 (60.4)
Adjuvant endocrine therapy

Tamoxifen 409 (78.5) 200 (76.7) 209 (80.4)

LHRHa + tamoxifen?® 62 (11.9) 33(12.6) 29 (11.2)

LHRHa + aromatase inhibitor 27 (5.2) 16 (6.1) 11 (4.2)

LHRHa alone 15 (2.9) 7(2.7) 8(3.1)

No endocrine treatment 8(1.5) 5(1.9) 3(1.1)

#Included LHRHa + tamoxifen followed by an aromatase inhibitor. BCS = breast conservative surgery; EC-wP = epirubicin/cyclophosphamide followed by weekly pacli-
taxel; EP-wP = epirubicin/paclitaxel followed by weekly paclitaxel; LHRHa = luteinizing hormone-releasing hormone agonist.

including 53 (20.3%) in the EC-wP group and 39 (15.0%) in the EP-
wP group (Table 3). The 5-year DFS rate was 78.3% (95% CI =
72.2% to 83.3%) in the EC-wP group and 84.7% (95% CI = 79.3% to
88.8%) in the EP-wP group (stratified log-rank P=.07) (Figure 2,
A), with a stratified hazard ratio of 0.68 (95% CI = 0.45 to 1.04).
No statistically significant differences in distant DFS (HR = 0.62,
95% CI = 0.37 to 1.06, P=.11) or overall survival (HR = 0.81, 95%
CI =0.38 to 1.69, P =.54) were observed (Figure 2, B and C).

In posthoc exploratory analysis of pregnancy outcomes
(within 48 months) in the 228 patients who completed the ques-
tionnaire survey, 11 of 113 (9.7%, 95% CI = 4.3% to 15.2%)
patients in the EC-wP group and 19 of 115 (17.4%, 95% CI = 10.5%
to 24.3%) patients in the EP-wP group reported an attempt to be-
come pregnant (P =.09). Successful pregnancy occurred in fewer
women in the EC-wP group than in the EP-wP group (2.7% vs
9.6%, P=.03; Table 2). The median time interval between ran-
dom assignment and pregnancy was 42 months. In exploratory
subgroup analyses of DFS, patients with the node-positive dis-
ease appeared to benefit more from EP-wP treatment (Figure 3).

Patients who received at least 1cycle of chemotherapy were
included in the safety analysis (259 in EC-wP and 257 in EP-wP).
Treatment-related grade 3 to 4 adverse events are listed in
Table 4. Both treatments were generally well tolerated, and all
serious adverse events were resolved and were nonfatal.

Discussion

The Substitution of Paclitaxel for Cyclophosphamide on
Survival Outcomes and Resumption of Menses in Young
Women with ER-Positive Breast Cancer trial was designed to

determine whether EP-wP is superior to standard EC-wP and
whether the elimination of cyclophosphamide would result in a
higher menstrual resumption rate at 12months after chemo-
therapy in young patients with ER-positive and HER2-negative
breast cancer. To the best of our knowledge, this is the first ran-
domized trial to compare 2 adjuvant chemotherapy regimens
specifically in young patients with ER-positive breast cancer.

Recent guidelines have recommended LHRHa given concur-
rently with chemotherapy as a strategy to reduce the risk of pre-
mature menopause (4,5). For the first time, to our knowledge,
we demonstrate that a cyclophosphamide-free regimen could
increase the rate of menses recovery without comprising sur-
vival. Our results are consistent with the findings from the
NSABPB-30 trial, in which 76.4% of patients in the doxorubicin-
docetaxel group experienced amenorrhea for at least 6 months
compared with 89.5% of patients in the doxorubicin-docetaxel-
cyclophosphamide group (22). It seems that the menstrual re-
sumption rate in our study is somewhat lower than the data
reported elsewhere. In the ZORO trial, the reappearance of men-
struation at 6 months was 70% for the LHRHa group and 57% for
the chemotherapy-only group (11). Another study indicates that
the rate of 12-month menstrual resumption in young breast
cancer women was up to 85% (23). A potential explanation is
the common use of tamoxifen in our enrolled ER-positive
patients. It has been reported that menstrual pattern changes,
including amenorrhea, were more frequent in patients on ta-
moxifen treatment (24).

In our trial, the primary endpoint was the menstrual re-
sumption rate, and 2 other trials, POEMS and PROMISE-GIM6
(25,26), chose the ovarian failure rate and the early menopause
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Table 2. Menstrual resumption rate by treatment group

EC-wP EP-wP Estimated
difference?,
Outcomes No./total % (95% CI) No./total % (95% CI) % (95% CI) PP
Menstrual resumption at 12 mo*
Intention-to-treat analysis 126/261 48.3 (42.2 to 54.3) 164/260 63.1(57.2t0 68.9) 14.8 (6.4 t0 23.2) <.001¢
Sensitivity analysis 126/233 54.1 (47.7 to 60.5) 164/237 69.2 (63.3to 75.1) 15.1 (6.4 to 23.8) <.001¢
Pregnancy outcomes
Considered pregnancy at 34/113 30.1 (21.6 to 38.5) 33/115 28.7 (20.4 to 37.0) -1.4(-13.2to .82
enrollment 10.4)
Attempted pregnancy within 11/113 9.7 (4310 15.2) 19/115 17.4 (10.5 to 24.3) 7.7 (-1.2t0 16.5) .09
48 mo
Achieved pregnancy within 3/113 2.7 (0to 5.6) 11/115 9.6 (4.2 to 14.9) 6.9 (0.7 to 13.0) .03
48-month

2The estimated treatment difference was calculated, and the between-group difference was tested by the stratified Miettinen and Nurminen method. CI = confidence
interval; EC-wP = epirubicin/cyclophosphamide followed by weekly paclitaxel; EP-wP = epirubicin/paclitaxel followed by weekly paclitaxel.

P values were based on y2 test and were 2-sided, if not specified.

‘Resumption time is calculated from the last dose of adjuvant chemotherapy. In the intention-to-treat analysis, patients with no results of menstrual resumption, be-
cause of loss to follow-up, early intervention of ovarian suppression, or any recurrence event if it occurred first, were treated as nonresumed. The cases with no results

of menstrual resumption were excluded in the sensitivity analysis.

9The rate of menstrual resumption at 12 months after chemotherapy is the coprimary endpoint, and the statistical significance level is .01. The P value was based on

the stratified Miettinen and Nurminen method and was 2-sided.

€In the sensitivity analysis, comparisons of the resumption rate between groups used the stratified Mantel-Haenszel testand the P value was 2-sided.

Table 3. First disease-free survival event by treatment group®

EC-wP (n=261) EP-wP (n =260)

Disease-free survival event No. (%) No. (%)
Local and regional recurrence 10 (3.8) 7(2.7)
Distant metastasis 34 (13.0) 23(8.8)
Contralateral breast tumor 5(1.9) 4(1.5)
Second primary malignancy 3(1.1) 4(1.5)
Death 1(0.4) 1(0.4)
Total 53(20.2) 39 (14.9)

®EC-wP = epirubicin/cyclophosphamide followed by weekly paclitaxel; EP-wP =
epirubicin/paclitaxel followed by weekly paclitaxel.

incidence, respectively. Nevertheless, regular menses resump-
tion is a clinically relevant outcome and is a requirement for
subsequent fertility. Our trial’s posthoc exploratory analysis in-
dicated that pregnancy occurred in more women in the EP-wP
group than in the EC-wP group.

In the era of molecular oncology, a better approach is to
analyze patients with high-risk ER-positive breast cancer and
subsequently perform translational research using tissue sam-
ples to provide more precise genetic or genomic information.
In 2011 when the trial was initiated, gene expression arrays
were not popular for subtype classification and optimal
treatment determination. The results of a prospective trial of 21
genes(TAILORx) were published in 2015 (27), and those of 70
genes (MINDACT) were published in 2016 (28). We tried our best
to restrict our study to high-risk patients. According to the in-
clusion criteria of our trial, all the patients enrolled were de-
fined as clinically high-risk patients based on the modified
version of Adjuvant! Online in the MINDACT design (28). These
young and clinically high-risk patients might not avoid adju-
vant chemotherapy even when with the genomic low-risk
disease according to the updated analysis of the MINDACT
trial (29).

Currently, young high-risk patients with ER-positive breast
cancer are likely to receive 5-year ovarian suppression. A

cyclophosphamide-free regimen, which is associated with ovar-
ian protection, is not contradictory to a subsequent ovarian sup-
pression strategy during endocrine therapy. In routine clinical
practice, patients who have yet to complete their 5-year ovarian
suppression period are not recommended candidates for preg-
nancy. However, it is noteworthy that our findings can be ex-
trapolated to patients with other subtypes of breast cancer,
such as triple negative or HER2 enriched, because the effect of
paclitaxel and cyclophosphamide on menstrual resumption is
not cancer subtype specific.

Another critical and controversial issue raised was when
and how to conceive after breast cancer. The standard duration
of endocrine therapy is at least 5 years, and all the patients who
had a pregnancy within 48 months interrupted their endocrine
therapy. According to the St. Gallen Breast Cancer Consensus,
for women contemplating pregnancy after breast cancer, the
optimal timing and impact of interrupting endocrine therapy is
unknown. However, the panel recommended a minimum of
18 months following diagnosis before anticipated pregnancy
(30). Several clinical studies have investigated the optimal tim-
ing for pregnancy after breast cancer. In a matched case-control
study, no DFS difference was observed between the pregnant
and nonpregnant cohorts in ER-positive patients. In that study,
approximately 60% of cases were pregnant after 2years from
surgery, though time to pregnancy had no statistically signifi-
cant impact on survival (31,32). Another study showed a trend
toward increased risk of recurrence in patients who conceived
within 24 months after diagnosis (33). In our clinical practice,
we asked women contemplating pregnancy to conduct restag-
ing scans before attempting conception and suggested a mini-
mum 24-month interval between diagnosis and anticipated
pregnancy. The decision of pregnancy should be very discreet.
Subsequent adequate follow-up among breast cancer survivors
is crucial (34), and women who temporarily interrupt endocrine
therapy due to pregnancy should be reminded to resume endo-
crine therapy following attempted or successful pregnancy.

Limitations of the trial included that we did not consider the
rates of pregnancy or successful delivery as secondary
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Figure 2. Survival outcomes. Kaplan-Meier plots for disease-free survival (A), distant disease-free survival (B), and overall survival (C) are shown. P values were based
on the stratified log-rank test and were 2-sided. CI = confidence interval; EC-wP = epirubicin/cyclophosphamide followed by weekly paclitaxel; EP-wP = epirubicin/pac-

litaxel followed by weekly paclitaxel; HR = hazard ratio.
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pT2-3 290 B 0.75 (0.46 to 1.21)
MNode status Negative 216 —E—l— 1.29(0.57 t0 2.91) .02

Positive 30— 0.56 (0.34 to 0.92)
Grade -1 279 — 0.66 (0.36to 1.21) .83
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Figure 3. Forest plots of subgroup analysis of disease-free survival. All statistical
tests were 2-sided. CI = confidence interval; EC-wP = epirubicin/cyclophospha-
mide followed by weekly paclitaxel; EP-wP = epirubicin/paclitaxel followed by
weekly paclitaxel; HR = hazard ratio.

endpoints due to the high probability of confounding factors.
But we reported the posthoc exploratory analysis of pregnancy
outcomes. Moreover, early intervention with LHRHa makes it
impossible to observe menses resumption. We thus performed
sensitivity analyses as complementary results to augment the
main findings. We also did not report on the pattern of men-
struation, and irregular menses might also lead to infertility.
The fertility function should be further evaluated by measuring
the levels of other markers, such as anti-Miillerian hormone

and inhibin. Anti-Miillerian hormone may help to separate
patients with amenorrhea due to tamoxifen use from those
with loss of ovarian reserve. In addition, contrasting pathologi-
cal characteristics of breast cancer between Asian and
American women suggest racial differences in biology (35), and
whether our findings can be extrapolated to other races is un-
known. Furthermore, the recurrence of ER-positive breast can-
cer occurs at a steady rate during 5 to 20 years, and an adequate
follow-up is needed for more reliable survival outcomes (36).
Finally, in the era of genetic testing, information on gene predis-
position for early-onset patients might provide new insights.
Although young women with triple-negative breast cancer have
higher mutation rates in BRCA1/2, RAD51C, and RAD51D genes
(8,37), the germline mutation spectrum in young women with
ER-positive or HER2-negative breast cancer as well as its effect
on chemotherapy sensitivity are unknown and warrant further
study.

In conclusion, among young women with ER-positive breast
cancer, the cyclophosphamide-free regimen might be associ-
ated with a statistically significantly higher probability of men-
ses resumption.
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Table 4. Grade 3 to 4 treatment-related adverse events

EC-wP?® (n=259) EP-wP? (n=257)

Adverse events No. (%) No. (%)
Hematologic
Neutropenia 195 (75.3) 203 (79.0)
Leukopenia 169 (65.3) 159 (61.9)
Anemia 8(3.1) 5(1.9)
Thrombocytopenia 5(1.9) 4(1.6)
Nonhematologic
Neuropathy and paresthesia® 12 (4.6) 25 (9.7)
Arthralgia and myalgia 26 (10.0) 21 (8.2)
Nausea 22 (8.5) 13 (5.1)
Fatigue 16 (6.2) 22 (8.6)
Vomiting® 19(7.3) 8(3.1)
Diarrhea 5(1.9) 5(1.9)
Allergic 3(1.2) 4(1.6)
Edema 8(3.1) 16 (6.2)
Stomatitis 2(0.8) 3(1.2)
Constipation 8(3.1) 2(0.8)
Laboratory-assessed items
Alanine aminotransferase increased 5(1.9) 5(1.9)
Aspartate aminotransferase increased 2.3) 6(2.3
Hyperglycemia 3(1.2) 5(1.9

“EC-wP = epirubicin/cyclophosphamide followed by weekly paclitaxel; EP-wP = epirubicin/paclitaxel followed by weekly paclitaxel.

b2-sided P=.02 by y test.
2-sided P =.03 by j test.
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