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Purpose: We aimed to examine the effect of pregnancy on prognosis in young breast cancer
(YBC) patients with hormone receptor (HR) positive after surgery and the safety of inter-
rupting endocrine therapy (ET).

Methods: A retrospective cohort study was performed in patients who became pregnant
after BC surgery under the age of 35 and were matched (1:4) to nonpregnant patients from
2006 to 2014. The primary endpoints were disease-free survival (DFS) and overall survival
(0OS) in HR-positive BC patients, and the secondary endpoints were DFS and OS in HR-
negative BC patients and the whole population. Subgroup analyses included the DFS of
patients who became pregnant within 5 years after surgery and DFS according to the ET
interval time (< 30 months v > 30 months) in the pregnant group.

Results: A total of 1323 YBC patients were collected in our study, which included 68
pregnant patients and 264 matched nonpregnant patients. There were no statistically sig-
nificant differences in DFS and OS among HR-positive patients (P=0.657, P=0.250, respec-
tively) and the whole population (P=0.058, P=0.152, respectively). A BC pregnancy interval
< 5 years showed a better DFS (P=0.042), and an ET interval < 30 months had a worse DFS
(P =0.01).

Conclusion: This study did not observe a worse prognosis in patients with HR-positive
disease who became pregnant after BC surgery, and an ET interval less than 30 months in
pregnant patients led to a worse outcome. Patients were able to become pregnant within 5
years after surgery.

Keywords: young breast cancer, prognosis, pregnancy, hormone receptor positive, endocrine

therapy

Introduction

There was an estimated 278,900 new breast cancer (BC) cases in China in 2014,
accounting for 16.51% of all new cases in females and ranking first in the incidence
of female malignant tumors.' It has been reported that BC patients had the lowest
fertility rate after diagnosis among cancer patients, such as cervical carcinoma,
thyroid cancer and malignant melanoma patients.> YBC patients also have pro-
blems such as premenopausal ovarian function failure, psychological disease
caused by tumor treatment and fertility decline.®> A study showed that 40% to
50% of women wanted to become pregnant after BC treatment.* HR-positive
patients have a further reduction in fertility when they completed at least five
years of endocrine therapy owing to the natural failure of ovaries.”® Therefore,
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increasing attention should be paid to the quality of life
and fertility needs of YBC patients after surgery.”®
Previous studies have suggested that there was a better
prognosis among women who became pregnant after BC
diagnosis, and a large meta-analysis found that subsequent
pregnancy in BC patients could reduce the risk of death by
41%.”7'? Nevertheless, patients who became pregnant
after treatment tended to be in an early clinical stage and
had no evidence of relapse, which is also known as the
effect”.>”!* The Swedish

Valachis et al conducted a large meta-analysis of 20 stu-

“healthy mother scholar
dies involving 49,370 premenopausal BC patients and
found that pregnancy in early BC patients did not impact
prognosis and might actually have improved survival ben-
efits. This analysis corrected for the selection bias of the
“healthy mother effect”'*
ical studies are lacking, a number of retrospective studies

Although large prospective clin-

have shown that pregnancy after BC diagnosis does not
affect prognosis; therefore, in terms of safety, pregnancy
should not be a contraindication for YBC patients.

There are some reasons for HR-positive BC patients
forgoing the chance to reproduce. On the one hand, ET for
at least five years causes some young patients lose fertility.
On the other hand, some studies have reported that patients
treated with tamoxifen were less likely to have children in
the future than those who did not.'>'® The lack of pro-
spective clinical data increases the uncertainty regarding
fertility in HR-positive BC patients. A study showed that
56.5% of women with a diagnosis of BC who subse-
quently conceived miscarried or underwent abortion."
The higher rate of abortion is also a common concern for
physicians and patients. Fertility concerns affected treat-
ment decisions in HR-positive YBC patients, and 12% of
them chose to take ET for fewer than 5 years.'” A web-
based survey on oncologists revealed that more than half
of the respondents did not recommend the interruption of
ET in patients, underscoring the need for prospective data
regarding the safety of ET interruption.'® Currently, no
previous studies have been conducted on the safety of
temporarily halting ET to achieve pregnancy in YBC
patients.

There are still few studies on the safety of postopera-
tive pregnancy in young patients with HR-positive BC.
The purpose of this article was to explore the effect of
pregnancy on the prognosis of HR-positive YBC patients
after surgery and the safety of interrupting ET on the basis
of previous studies.

Patients and Methods

Patients

A retrospective cohort study was conducted to evaluate the
effect of pregnancy on prognosis in young patients with
HR-positive BC after surgery. We defined YBC patients as
patients younger than or equal to 35 years old. Patients
were enrolled in the study from January 1, 2006, to
December 31, 2014. The inclusion criteria were as fol-
lows: 1) all included patients were histologically diag-
nosed with breast malignancy, and their molecular
subtypes were grouped as luminal type, HER2 overexpres-
sion and triple-negative; 2) no occurrence of distant metas-
tasis prior to surgery; 3) no pregnancy-associated breast
cancer (PABC); and 4) no local recurrence or distant
metastasis before pregnancy in the pregnant group. The
exclusion criteria were as follows: 1) no medical records
on treatment after surgery at our institution; and 2) unable
to be contacted by telephone or mail to confirm whether
they became pregnant any time after BC treatment
(Figure 1).

Molecular subtypes were defined by immunohisto-
chemical staining features of ER, PR, and HER2. We
defined ER and PR staining < 10% as negative and >
10% as positive before 2010, while the threshold changed
to 1% in 2010 in our study.'” HER2 0/1 was considered
negative. HER2 2+ was defined as negative or positive,
depending on fluorescence in situ hybridization (FISH),
and HER2 3+ was considered positive.

Methods

The pregnant group was matched (1:4) to nonpregnant patients
with similar tumor sizes, lymph node statuses, molecular sub-
types and years of diagnosis. If one pregnant patient was
matched to multiple nonpregnant patients, the random number
table method was used to randomly select four matched non-
pregnant patients. To include as many pregnant patients as
possible, the admission criteria of the matched group could be
relaxed appropriately, such as years of diagnosis plus or minus
1 year; if there was still no match after the relaxing the
admission criteria, patients in the pregnant group could also
match to three or two nonpregnant patients. The disease-free
interval of each nonpregnant patient was at least equal to the
time elapsed between BC surgery and the date of conception
of the matched pregnant patient to adjust for time bias. The
primary purpose of this study was to investigate the difference
in DFS and OS between pregnant and nonpregnant HR-
positive YBC patients. The secondary objectives were to
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A total of 1323 breast cancer patients

under the age of 35 were enrolled in 1. Pregnancy-associated breast
2006-2014 cancer, n=49
2. Malignant phyllodes tumor of the
breast , n=20
3. Data loss and follow-up loss , n=192

Pregnant patients ,n =68

Non-pregnant patients ,n =994

molecular subtype and years of diagnosis

The pregnant patients were matched (1:4) to non-pregnant
patients with similar tumor size, lymph node status,

I

Eligible patients

cancer, n=264

Pregnant after breast cancer ,n =68
Matched non-pregnantafter breast

Figure | Schematic diagram for patient selection.

examine DFS and OS in HR-negative patients and the whole
population. Subgroup analysis examined differences in DFS
between patients who became pregnant within five years and
their matched groups and the safety of time to interrupting ET
among the pregnant group (<30 months v > 30 months). The
study was approved by the Ethics Committee of Tianjin
Medical University Cancer Institute and Hospital. The patients
were not required to sign an informed consent form because
this was a retrospective study.

Follow-Up and Clinical Assessment

All patients were followed up from the date of surgery to
January 1st, 2019, the date of death or the last date recorded
in electronic medical records. The median follow-up time was
101 months (29 to 156 months). DFS time was measured from
the date of surgery until the follow-up date, first local recur-
rence, distant recurrence, second primary tumor or any cause
of death. The OS time was calculated from the date of surgery
until death, and living patients were examined at the time of
the last follow-up. Whether patients became pregnant was
confirmed by electronic medical records, paper medical docu-
ments, telephone and mail. If the patients died by the time of
contact, available family members provided the needed infor-
mation. In the first 2 years after the operation, patients were
followed up every 3 months. The interval was extended to 6
months from year 2 to year 5 and once a year thereafter. The
patient content that was reviewed included breast tumor mar-
kers, breast ultrasound, mammography, X-ray or computed
tomography (CT) of the chest, whole abdominal ultrasound

and bone scans, and head magnetic resonance imaging (MRI),
as necessary.

Statistical Methods

Statistics were used to characterize clinicopathologic and
treatment characteristics. Categorical variables are sum-
marized using frequencies and percentages, and the y2
test and Fisher’s exact test were used to compare the
differences between two groups. We used medians and
ranges to describe continuous variables, and a Mann—
Whitney U-test was run to compare differences in ages
between the pregnant group and the nonpregnant group.
Calculations of survival times and rate distributions were
performed with the Kaplan-Meier method. The Log rank
test and univariate analyses were used to assess the rela-
tionship between survival and potential prognostic factors.
We used multivariate Cox proportional hazards regression
to further compare variables and outcomes. P values <0.05
were considered statistically significant, and all tests were
two tailed. Analyses were conducted using the Statistical
Package for Social Science program (SPSS for Windows,
version 22.0, SPSS Inc, Chicago, IL)

Results

Patient Characteristics

A total of 332 YBC patients were enrolled in this study,
which included 68 (20.5%) who became pregnant after BC
surgery and 264 (79.5%) who were nonpregnant. Sixty-
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eight patients who became pregnant after the operation
(pregnant group), which included 2 patients who chose
abortion, 3 who were pregnant and 63 who had delivered,
were enrolled in the study. Correspondently, another 264
nonpregnant patients were randomly collected for match-
ing (control group). All the patients in our study under-
went surgery. The two groups were compared in terms of
the time of surgery, breast cancer family history, tumor
size, regional lymph node metastasis, pathological type,
histological grade, hormone receptor, HER2 overexpres-
sion status, postoperative adjuvant chemotherapy, adjuvant
hormonal therapy, targeted therapy, ovarian function sup-
pression and molecular subtypes. There were no statisti-
cally significant differences between the two groups (P >
0.05). The baseline characteristics of the patients are
shown in Table 1. The median age of the patients who
became pregnant was younger than that of nonpregnant
patients (median age, 28 vs 33 years; p < 0.01), and it was
more likely that there was no procreation or lactation
before the operation in the pregnant group (80.9% vs
16.7% and 82.4% vs 24.6%, respectively; P<0.01). In
comparison with the patients who did not become subse-
quently pregnant, the pregnant patients were found to have
significantly higher rates of breast-conserving surgery
(44.1% vs 24.6%; p=0.002). The ratio of neoadjuvant
chemotherapy (20.6% vs 7.2%; p = 0.001) and postopera-
tive radiotherapy (55.9% vs 37.5%; p=0.012) in the preg-
nant group was higher than that in the control group.
A total of 206 (62.0%) patients were estrogen receptor-
positive, with 43 in the pregnant group and 163 in the
nonpregnant group. The differences were not statistically
significant (p=0.821). The follow-up information of the 68
pregnant patients is shown in Table 2.

Survival Analysis

In the pregnant group, the median DFS time was 102.5
months (ranging from 33 to 156 months), while in the
nonpregnant group, it was 94 months (ranging from 17
to 155 months). The OS time was 106 months in the
pregnant group (ranging from 50 to 156 months), and in
the other group, the median value was 100 months (ran-
ging from 29 to 155 months). Thirty-five patients relapsed
in our study, including 3 patients in the pregnant group and
32 in the other group. No one died by the end of the
follow-up in the pregnant group, and 7 patients died in
the control group. No statistically significant differences
were found in DFS and OS between the two groups
(P=0.058 and P=0.152, respectively, Figure 2A and B).

For HR-positive YBC patients, we did not find any statis-
tically significant difference in DFS or OS between the HR-
positive pregnant group and their matched group (P=0.657
and P=0.250, respectively, Figure 3A and B). Regarding HR-
negative patients, there was no difference in OS between the
pregnant group and the control group (P=0.389; Figure 4B).
Nevertheless, the pregnant group showed a better DFS than
the matched group (P=0.026; Figure 4A).

Subgroup Analysis

Time to Pregnancy After BC Surgery

We investigated differences in DFS between patients who
became pregnant within 5 years after the operation and their
matched control group. As shown below (Figure 5), a better
DFS was found in patients with a pregnancy interval < 5
years after surgery than their control group (log rank
P=0.042). Multiple Cox proportional hazard regression was
used to investigate whether pregnancy was an independent
factor affecting prognosis. The results showed that preg-
nancy was not an independent factor impacting DFS
(HR=0.080; 95% CI, 0.022 to 1.237; P=0.080).

Time to Interrupting ET

Forty-three patients who became pregnant after surgery
received ET. We compared if DFS was affected by the
time to interrupting ET (< 30 months v > 30 months)
among pregnant patients after surgery. There were 11
(25.6%) patients whose duration of endocrine therapy
was less than or equal to 30 months, of whom 2 patients
relapsed after surgery, and the other 32 (74.4%) patients
received ET for more than 30 months after surgery, one of
whom recurred. A statistically significant difference was
observed for DFS in women whose duration of ET was
more than or less than 30 months in the pregnant group
(P = 0.01) (Figure 6), and women with more than 30
months of endocrine therapy had a better outcome.

Discussion

This study suggested that pregnancy in YBC patients did
not increase the risk of recurrence or death. A number of
retrospective studies on the fertility of BC patients have
reported similar findings, as shown below. Sankila R et al
reported that pregnancy after the diagnosis of BC can
significantly reduce the risk of death, but this result
might be affected by the healthy mother effect.'*° Some
meta-analysis studies concluded that pregnancy after sur-
gical treatment did not increase the risk of BC recurrence
and might actually improve 0S.?"*? The same conclusion
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Table | Clinicopathological Characteristics of Patients in the Two Groups
Characteristics Pregnant Non-Pregnant
No. % No. % P
No. of patients 68 20.5 264 79.5
Age, years <0.01
Median 28(21-34) 33(18-35)
BC family history 0.869
YES 8 11.8 33 12.5
NO 60 88.2 231 87.5
Reproductive history <0.01
YES 13 19.1 220 83.3
NO 55 80.9 44 16.7
Breastfeeding history <0.01
YES 12 17.6 199 754
NO 56 82.4 65 24.6
TNM size, cm 0614
Tis | 1.5 5 1.9
<2 26 38.2 105 39.8
>2,<5 37 54.4 147 55.7
>5 4 5.9 7 2.7
Lymph node metastasis 0.386
0 49 72.1 179 67.8
-3 18 26.5 71 26.9
4-9 | 1.5 14 5.3
Histological grade 0.251
| 5 74 7 2.7
2 36 529 154 58.3
3 6 8.8 30 1.4
Unknown 21 309 73 27.7
Pathological type 0.187
Invasive ductal carcinoma 59 86.8 239 90.5
Invasive lobular carcinoma 0 5 1.9
Others 132 20 7.6
Type of breast Surgery 0.002
Breast-conserving surgery 30 44.1 65 24.6
Mastectomy 38 559 199 754
Estrogen receptor status 0.821
Positive 43 63.2 163 61.7
Negative 25 36.8 101 383
Progesterone receptor status 0.608
Positive 42 61.8 154 583
Negative 26 382 110 41.7
HER?2 status 0.713
Positive 8 11.8 27 10.2
Negative 60 88.2 237 89.8
(Continued)
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Table | (Continued).

Characteristics Pregnant Non-Pregnant
No. % No. % P
Neoadjuvant chemotherapy 0.001
YES 14 20.6 19 72
NO 54 794 245 92.8
Adjuvant chemotherapy regimens 0.593
Anthracycline-based 10 14.7 53 20.1
Anthracycline-and taxane-based 54 794 195 739
Unknown 4 5.9 16 6.1
Radiotherapy 0.012
YES 38 55.9 99 375
NO 29 42.6 147 55.7
Unknown | 1.5 18 6.8
Adjuvant hormonal therapy 0.071
YES 42 61.8 146 55.3
NO 26 38.2 99 375
Unknown 0 0.0 19 72
Ovarian function suppression 0.226
YES 12 17.6 28 10.6
NO 44 64.7 175 66.3
Unknown 12 17.6 6l 23.1
Targeted therapy 0.592
YES 4 5.9 16 6.1
NO 64 94.1 244 924
Unknown 0 0 4 1.5
Molecular subtype 0.998
Luminal type 43 63.2 163 63.0
HER2 over-expression 4 59 16 6.2
Triple negative 21 309 80 30.9

was reported by Von Schoultz after the inclusion of 50
pregnant patients whose pregnancy had no adverse effect
on the prognosis of BC treatment.”* Kroman N included
371 pregnant patients, and after multivariate analysis, it
was concluded that having a child after BC reduced the
risk of death.”* The most recent large retrospective analy-
sis also found better survival in the pregnant group, even
in the case of strict matching.'? Therefore, despite the lack
of prospective studies, pregnancy after the diagnosis of BC
in young patients is safe based on well-designed retro-
spective studies.

In the present study, we found that most of the young
patients who gave birth after surgery were younger, had no
childbearing history before disease and were more likely

to have undergone breast-conserving surgery than patients

who did not become pregnant. As a result, the ratio of
postoperative radiotherapy was significantly higher in the
pregnant group than the control group. Some prospective
cohort studies of young women with newly diagnosed BC
revealed that younger age and not having children were
associated with a greater likelilhood of fertility
concern.'”* It is not unexpected that women in the preg-
nant group were younger, and most of them did not have
children. The reason for the higher ratio of breast-
conserving surgery in the pregnant group might be the
consideration of the need for breastfeeding in the future.
In this study, no differences in DFS and OS were found
between pregnant and nonpregnant HR-positive YBC
patients. This has important clinical implications because

the effects of tamoxifen treatment for at least five years on

1510 submit your manuscript
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Table 2 Basic Information of 68 Pregnant Patients in the Follow-
Up Visit

Basic Information n %

Pregnancy interval
<5 year 30 44.1
>5 year 38 559

Endocrine therapy interval

<30m Il 16.2

>30m 32 47.1
Recurrence

Yes 3 95.6

No 65 4.4
Death

Yes 0 0

No 68 100.0

follicular reserve function in HR-positive YBC patients
have been controversial for a long time. It has been
reported that tamoxifen does not reduce ovarian reserve
function in YBC patients. Therefore, the authors suggested
that tamoxifen had no direct effect on reproductive
function.'” However, Partridge AH et al reported that BC
patients who received tamoxifen after surgery had lower
levels of anti-Mullerian hormone (AMH) and antral folli-
cle counts (AFCs) in 2010.%° Although there have been
few studies on postoperative pregnancy in HR-positive BC
patients, a well-designed retrospective cohort study and
a meta-analysis by Lambertini M et al suggested that
patients who became pregnant after the diagnosis of BC
with HR positivity did not have an increased risk of
relapse.'!"1%%7 Subsequently, the research team revealed
that pregnancy after BC in patients with germline BRCA
safe with no detrimental

mutations was prognostic

effects.”® Unfortunately, the lack of BRCA information
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in our study limits our ability to further study this specific
cohort of patients. In addition, the decrease in ER expres-
sion after pregnancy in YBC patients might be associated
with the long-term protective effect of pregnancy in terms
of gene expression.”” Animal experiments have also
shown that increased estrogen and progesterone levels
might have a preventive effect on BC.*>?' Despite that,
many physicians are concerned about a possible negative
impact of subsequent pregnancy in HR-positive YBC
patients because of endocrine stimulation.**** Moreover,
we found that the pregnant group showed a better DFS
than the matched group among HR-negative patients. To
investigate whether this was a true protective effect of
postoperative pregnancy in HR-negative YBC patients or
just caused by some confounding factors or selective bias,
we compared the DFS of HR-positive and HR-negative
nonpregnant YBC patients. The result was that the non-
pregnant group of HR-negative patients who were
matched to the pregnant cohort had a lower DFS
(P=0.018) than HR-positive patients. Although the selec-
tion of HR-negative nonpregnant patients was random, it
seemed that HR-negative BC patients tended to have
molecular subtypes such as HER2 overexpression or tri-
ple-negative BC, which usually had worse prognoses than
others. Moreover, a similar study was performed in the
pregnant group, and we observed no difference in DFS
(P=0.210), which might be due to the selection effect of
healthy mothers. Therefore, the better DFS in the HR-
negative pregnant group might be due to selection bias
rather than a real protective effect of pregnancy.

In subgroup analysis, our retrospective investigation
observed a better DFS in women who became pregnant
within five years than in women who did not become

pregnant. In regard to the appropriate time to conceive

after the diagnosis of BC in young patients, different
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Figure 2 Disease-free survival (DFS) of patients in the pregnant group and control group (A) and overall survival (OS) of patients in the pregnant group and control

group (B).
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Figure 3 Disease-free survival (DFS) of patients in the pregnant group and control group with hormone receptor positive (A) and overall survival (OS) of patients in the

pregnant group and control group with hormone receptor positive (B).
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Figure 4 Disease-free survival (DFS) of patients in the pregnant group and control group with hormone receptor negative (A) and overall survival (OS) of patients in the

pregnant group and control group with hormone receptor negative (B).

studies have suggested different times to conception.
Lambertini M et al showed that patients who became
pregnant within 2 years after BC diagnosis had a better
DFS than patients in their matched group, while the
authors suggested that this protective effect might have
been influenced by selection bias, and it was concluded
that there was no significant difference in relapse within 2
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Figure 5 Disease-free survival (DFS) of patients with pregnancy intervals < 5 years
after surgery and their control group.

years of pregnancy.'""'? Another study conducted by
Lauren Nye found no difference in DFS among HR-
positive premenopausal female BC patients who became
pregnant within 5 years of their diagnosis,>* which was
different from our study, which showed that pregnancy
might be a beneficial prognostic factor. A retrospective
study from the United States reported that women who
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Figure 6 Disease-free survival (DFS) of patients with endocrine therapy intervals
(< 30 months vs >30 months) after surgery in the pregnant group.
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conceived within 12 months of the diagnosis of BC experi-
enced slightly worse survival outcomes than their matched
cases, while those who delayed pregnancy tended to have
improved survival. However, these results were not
significant.®> In addition, a population-based cohort study
in Canada suggested that compared with nonpregnant
women, women who gave birth 6 months or more
after BC had a significantly lower risk of death.*®
HR-positive YBC patients were recommended to
receive five years of ET, and this was further increased
to ten years according to the ATLAS trial, which demon-
strated potential recurrence-free and survival benefits of
continuing ET for 10 years.’” This therefore further limits
the possibility of future conception among YBC patients,
and the appropriate time to interrupting ET for patients
who plan to become pregnant after surgery urgently needs
to be determined. This study showed that pregnant patients
with an ET duration of less than 30 months had a worse
DFS than those with an ET duration of more than 30
months; thus, we suggest that HR-positive YBC patients
conceive after having completed at least 30 months of
endocrine therapy. The result needs to be further con-
firmed by large and well-designed clinical studies due to
the small number of recurrences or metastases in pregnant
YBC patients after surgery and restricted by the number of
The BIG-NABCG
recently launched the IBCSG-coordinated trial, evaluating

samples. A global collaboration:
the pregnancy outcomes and safety of interrupting endo-
crine therapy for premenopausal women with endocrine
responsive breast cancer (POSITIVE) who desire preg-
nancy and are actively involved in assessing the safety of
pregnancy after interrupting ET.**2° We look forward to
obtaining more reliable results in the future.

The strengths of this study are described below. First,
the subjects of the study were young patients who became
pregnant after surgery, which are the patients with the
highest probability of fertility, and there are limited data
on pregnancy outcomes of YBC patients under the age of
35 in existing clinical studies.*® Second, this was the first
study on the safety of ET < 30 months for becoming
pregnant in HR-positive YBC patients. Finally, the preg-
nant group was matched strictly to the control group
according to a similar tumor size, lymph node status,
years of diagnosis and even molecular subtype to increase
the comparability between the two groups. However, this
study also had some limitations. First, the sample size of
pregnant patients was relatively small, and data on the

precise date of pregnancy and the duration of ET might
have been limited by the memory bias of some patients or
their relatives in this retrospective study. On the other
hand, the short follow-up time did not reflect the real effect
of pregnancy after the diagnosis of BC on the long-term
survival of patients. It is important to note that addressing
the effect of postoperative pregnancy on BC outcomes in
a prospective randomized trial is nearly impossible, and
thus larger and better-designed retrospective studies are
needed to explore this problem.

Conclusion

In conclusion, we found that pregnancy after BC surgery
in young patients was safe in this study, and patients who
became pregnant within five years had a better outcome.
For HR-positive YBC patients, this study did not demon-
strate a worse prognosis after surgery. Moreover, there was
worse prognosis in pregnant patients with a duration of ET
< 30 months, but further validation is required in prospec-
tive clinical trials. We believe that young women who
desire pregnancy after BC diagnosis should be well
informed of various potential and unknown risks through
careful discussion with their physicians.
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