Xia et al. BMC Women'’s Health (2021) 21:169
https://doi.org/10.1186/512905-021-01301-9

BMC Women's Health

RESEARCH ARTICLE Open Access
®

Check for
updates

Use of trastuzumab in treating breast
cancer during pregnancy: a systematic review
and meta-analysis

Lin-Yu Xia'®, Qing-Lin Hu and Qing Zhou

Abstract

Background: Trastuzumab is currently the standard treatment for human epidermal growth factor receptor 2 (HER2)-
positive breast cancer. However, it is not recommended for HER2-positive breast cancer patients during pregnancy

as it may jeopardize safety of the fetus. Nevertheless, there is evidence that fetuses exposed to trastuzumab in early
stages of pregnancy remain healthy

Methods: To evaluate the possible effects of trastuzumab on fetus and provide evidence on the safety of trastu-
zumab in early pregnancy in HER2-positive breast cancer patients, we analyzed 22 studies involving 22 pregnant
women and 23 fetuses.

Results: Based on the meta-analysis, the gestational week of exposure to trastuzumab is 0-34 weeks, the average
duration of use is 17 weeks, and the average gestational week of delivery is 34.3 weeks. Complications occurred in
77.27% of patients during pregnancy and 56.52% of newborns. The main complication during pregnancy was anhy-
dramnios (68.18%), while the main complications at birth were Respiratory distress or tachypnea (30%). After an aver-
age of 25.28 months of follow-up, 17.39% (4/23) of the children died. There was no complication during pregnancy or
at birth in patients treated with trastuzumab during early pregnancy (P=0.043). Patients older than 30 who received
trastuzumab during pregnancy were more likely to have neonatal complications (OR=7.778, 95%Cl =1.2-50.424,
P=0.04).

Conclusion: These results suggest that trastuzumab use during pregnancy can cause pregnancy,fetal and newborn
complications. However, exposed to trastuzumab only in the first trimester are less likely to have pregnancy and fetal
complications. Patients with gestational age below 30 years are less likely to have neonatal complications after trastu-
zumab during pregnancy. Terminating pregnancy should not be the only option for such patients. But more evidence
is needed to verify this conclusion.
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Background

Breast cancer in pregnancy is a unique type of breast
malignancy accounting for 2.8% of all breast cancer
[1]. It is among the most common cancers in pregnant
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women, second only to melanoma, lymphoma and leu-
kemia [2]. Globally, its occurrence is approximately 1 in
3000-10,000 pregnancies [3]. Treatment of breast cancer
in pregnancy is challenging owing to the need for prompt
intervention while safeguarding fetal safety. HER2 has
been shown to be overexpressed in breast cancer patients
during pregnancy compared to their nonpregnant coun-
terparts [4]. Moreover, approximately one third of breast
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cancer in pregnancy cases are HER2-positive [5]. Trastu-
zumab is the first-line treatment for HER2-positive breast
cancer, with good results in reducing the risk of relapse
and improving overall survival. However, due to its asso-
ciation with embryo-fetal toxicity, trastuzumab is cur-
rently not recommended for breast cancer in pregnancy
therapy in the National Comprehensive Cancer Network
(NCCN) and the European Society for Medical Oncology
(ESMO) clinical practice guidelines. However, the use of
trastuzumab does not cause amenorrhea in women [6].
Even if the patients who use with trastuzumab therapy
are advised to pay attention to contraception, unexpected
pregnancy also exists. Under this circumstance, even if
trastuzumab is stopped immediately, it is not clear what
kind of pregnancy outcomes may be caused by exposure
to trastuzumab in early pregnancy.

Currently, there are many safety reports on the use of
chemotherapy drugs during pregnancy, but data on the
safety of trastuzumab use during pregnancy are limited.
A growing body of evidence suggests that fetuses exposed
to trastuzumab in the early stages of pregnancy are born
healthy, without any congenital malformations [1, 7, 8].
Evidence of cause and effect is paramount when deciding
either to terminate or retain the pregnancy. The patient,
the oncologist and health care workers need a common
understanding on the effects of trastuzumab on the fetus
and the pregnancy. Therefore, there is an urgent need
to provide clinical guidance on how to manage these
patients, especially those willing to retain pregnancy.

This work reviewed previous literature and collected
a total of 22 articles, involving 22 pregnant women and
23 fetuses. By evaluating fetal safety in pregnant, breast
cancer patients on trastuzumab therapy, we hope to shed
light on safety of using trastuzumab in treating breast
cancer during pregnancy.

Methods

Search strategy

This systematic review was carried out in accord-
ance with the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement. A com-
prehensive search was performed in MEDLINE/PubMed
and Embase databases for the period up to February 18,
2020. Articles were obtained using the keywords; breast
neoplasms OR (breast and neoplasms), or breast cancer
OR (breast and cancer), OR breast carcinoma, OR (breast
and carcinoma) AND pregnancy AND (trastuzumab OR
herceptin). A total of 56 articles were retrieved across all
geographical locations and languages. Currently, there
is limited information on the safe use of trastuzumab
to treat breast cancer during pregnancy. Most data on
trastuzumab use during pregnancy were obtained from
case reports or small sample reviews. However, no
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prospective studies have been conducted. This is partly
due to low incidence of breast cancer during pregnancy,
and because trastuzumab is not recommended for use in
the NCCN and ESMO clinical practice guidelines.

Inclusion and exclusion criteria

Retrieved literature was screened using a predetermined
inclusion and exclusion criteria. The inclusion criteria
contained; (1) breast cancer patients were exposed to
trastuzumab during pregnancy, (2) studies including at
least one of the main outcomes of our study. The exclu-
sion criteria contained; (1) spontaneous abortion, (2) vol-
untary termination of pregnancy.

Data abstraction and outcome measures

The following data were collected from the eligible stud-
ies using an abstraction form: name of first author, stage
of the tumor and receptor, treatment during pregnancy,
age at conception, gestational age for diagnosis of preg-
nancy, drug use frequency, dose, gestational age of expo-
sure to trastuzumab, exposed to other chemotherapy
drugs and exposed gestational weeks, pregnancy and
fetal complications, gestational weeks and mode of deliv-
ery, neonatal weight, apgar score, complications and
follow-up results. The main outcomes of our study were
pregnancy, fetal and newborn complications, and follow-
up results of neonatal health.

Statistical analysis

We use Fisher’s exact test to analyze the possible influ-
encing factors of pregnancy and fetal complications, new
born complications and child death. The OR value was
calculated to analyze the correlation between the influ-
encing factors and complications. Statistical analysis was
performed with SPSS version 20.0 statistical software. All
P values were two-sided with a P<0.05 considered statis-
tically significant.

Results

After screening, 22 articles that satisfied the inclusion
criteria were selected for meta-analysis [1, 7-27]. Fig-
ure 1 shows the process of selecting the included stud-
ies. In the 22 cases, 2 cases did not report the gestational
week at the time of confirmation of pregnancy [12, 23].
Among the remaining 20 patients who reported the ges-
tational week at the time of pregnancy confirmation, 14
(70%) patients chose to continue using trastuzumab after
pregnancy confirmation [7, 10, 13-17, 19, 21, 22, 24-27].
Among the 22 patients, 20 patients reported the the sta-
tus of the receptor,15 of 20 (75%) were hormone recep-
tor negative [1, 7-12, 14, 15, 17, 20-22, 25, 27] while 5
(25%) were hormone receptor positive [13, 14, 18, 19, 24].
Age of the sampled pregnant patients ranged from 27 to
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Fig. 1 Flowchart explaining the study selection

38 years, with an average age of 31.82 years. Gestational
weeks of delivery ranged from 27 to 39 weeks, with an
average of 34.3 weeks. In 13 (61.9%) patients, cesarean
section was used in delivery while 8 (38.1%) patients
delivered through spontaneous labor. Delivery method
was not reported in one of the patients [19]. Table 1 illus-
trates the Patients and tumours’ characteristics, treat-
ments and outcomes.

The gestational age of exposure to trastuzumab was
0-34 weeks. The average duration of use was 17 weeks,
and the average total dose of trastuzumab was 2791 mg.
It is worth noting that trastuzumab is not completely
used alone. 2 pregnant women and 3 fetuses used a com-
bination of trastuzumab and endocrine therapy. One of
the pregnant women was treated with tamoxifen endo-
crine therapy [18], and the other was treated with tamox-
ifen + goserelin [19]. 6 pregnant women and 6 fetuses
used a combination of trastuzumab and chemotherapy
drugs [13, 21, 22, 24, 25, 42] (Fig. 2).

Complications occurred in 77.27% of patients during
pregnancy. Amniotic fluid reduction is the most com-
mon, with an incidence rate of 68.18% (15/22) [10-14,
16, 18-26], and the remaining 9.09% (2/22) patients
had a decreased cardiac ejection fraction [15, 17]. After
birth, the average apgar score of the newborn were 7,9
and the average birth weight was 2310 g. 39.13% (9/23)
of the newborns were healthy, while 60.87% (14/23) of
the newborns had complications [1, 8—-12, 20-22, 25-27].
The most common neonatal complications were respira-
tory related problems, including transient tachypnoea
and respiratory distress syndrome [7, 14, 15, 17, 18, 26]
(Fig. 3). After an average follow-up of 25.28 months,
17.39% (4 / 23) of the children died [16, 18, 19, 23]. All
children who died suffer from serious complications after
birth.

Trastuzumab only exposed in early pregnancy had
fewer pregnancy and fetus related complications than
other periods (P=0.043), but there was no significant
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difference in the incidence of neonatal complication
(P=0.178). Patients with gestational age greater than
30 years were more likely to have neonatal complica-
tions after trastuzumab during pregnancy (OR=7.778,
95%CI1=1.2-50.424, P=0.04). Pregnancy and fetal
complications,neonatal ~ complications and  child
deaths were not statistically different in terms of tumor
stage,trastuzumab schedule, exposed time, total dose of

trastuzumab, combined endocrine therapy and combined
chemotherapy (Table 2).

Discussion

Breast cancer in pregnancy is characterized by a low hor-
mone receptor-positive, a higher Ki-67 nuclear antigen
index and overexpression of HER2 [28-30]. Moreover, it
is more invasive than breast cancer in patients who are
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not pregnant. From this meta-analysis, 73.7% of patients
were hormone receptor-negative, further supporting
current evidence on hormone receptor status of breast
cancer in pregnancy. The average gestational age at deliv-
ery was 34.3 weeks, suggesting that pregnant women
exposed to trastuzumab are likely to give birth prema-
turely, possibly due to decreased amniotic fluid. Further-
more, hypohydramnios may be associated with potential
placental dysfunction and decreased feto-placental cir-
culation [31]. This may lead to placental ischemia, and
Placental ischemic disease may be an important cause of
premature delivery [32].

Trastuzumab is an Immunoglobulin G (IgG) human-
ized monoclonal antibody (McAb) used as the first line
of treatment for HER2-positive breast cancer. IgG is the
only monoclonal antibody that can cross the placental
barrier to block HER2 protein. HER2 is known to play an
important role in embryonic development. Current evi-
dence indicates that trastuzumab does not have a direct
adverse effect on the fetus, but may increase the risk
of fetal morbidity and mortality by reducing amniotic
fluid. Trastuzumab is associated with the production of
vascular endothelial growth factor which regulates pro-
duction and reabsorption of amniotic fluid by changing
the permeability of fetal membranes. This may cause
oligohydramnios. Another possible mechanism is that
trastuzumab may affect aquaporin channels in the renal
tubular basement membrane, resulting in fetal renal
insufficiency and oligohydramnios [22]. Amniotic fluid
loss was significantly correlated with trastuzumab expo-
sure during pregnancy trimesters. In this study, amniotic
fluid loss rate was 0% in early pregnancy and 85% in the
middle and late pregnancy, indicating that the risk of
amniotic fluid loss in early pregnancy is very low. Studies
have shown that the degree of oligohydramnios is related
to the length of exposure time of trastuzumab [8], which
has been demonstrated by reversal of oligohydramnios
through discontinuation of trastuzumab therapy. For
instance, Watson observed that the amniotic fluid index
increased slowly after discontinuing use of trastuzumab
[20]. Through close patients follow ups, Sekar reported
a slow recovery in amniotic fluid volume after discon-
tinuation of trastuzumab therapy [22]. The shorter the
exposure time, the faster the amniotic fluid returns to its
normal volume and the lesser the effect on fetal growth.
This suggests that long-term intrauterine fetal exposure
to trastuzumab treatment could significantly increase
occurrence of serious adverse effects on the fetus. There-
fore, if trastuzumab must be used during pregnancy in
consideration of the disease of the mother, short-term
use should be chosen as far as possible and long-term
exposure to trastuzumab should be avoided.
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During pregnancy, 9.09% of the sampled patients had
reduced ejection fraction [15, 17]. The exact mechanism
of cardiotoxicity induced by trastuzumab is still unclear
[33]. Preliminary studies have shown that HER2 recep-
tor can inhibit cardiomyocyte apoptosis, reduce Reac-
tive Oxygen Species release and enhance endothelial
Nitric Oxide Synthase expression through HER4 recep-
tor, which plays a crucial role in maintaining the myocar-
dium. Inhibition of HER2 receptor may cause myocardial
damage [34]. However, trastuzumab-mediated myocar-
dial damage is reversible upon discontinuation of treat-
ment. Human epidermal growth factor is essential for
embryonic heart development. According to Lee [35],
mutant mice lacking human epidermal growth factor
had a high embryo mortality rate, presumably due to
the absence of cardiac trabeculae. But no studies have
reported trastuzumab to have a damaging effect on fetal
heart. This may be due to the fact that trastuzumab is
rarely used during pregnancy. From our meta-analysis,
there were no records of fetal or neonatal heart dysplasia
during pregnancy.

HER2 is strongly expressed in fetal renal epithelium,
inducing DNA synthesis and mitotic activity in renal
cells. Studies have shown that expression of epidermal
growth factor receptor on offspring kidneys is signifi-
cantly higher than in adult kidneys [14]. Therefore, block-
ing of epidermal growth factor receptor in fetal kidneys
by trastuzumab may impair renal function. Some schol-
ars studied the use of monoclonal antibodies to block
epidermal growth factor receptor in fetal kidneys during
the second trimester of pregnancy, reporting a decrease
in renal cell proliferation [36, 37]. We report here three
cases of neonatal renal impairment, with an incidence
rate of 13.04%(3/23) [13, 18, 27]. Trastuzumab exposure
time extended from early to mid-pregnancy. Two new-
borns died after birth while one survived after transient
renal failure. These results suggest that prenatal exposure
to trastuzumab may result in fetal renal impairment.

After delivery, 47.83% (11/23) of the newborns expe-
rienced respiratory disease. Fetal lung development is
strongly linked to fetal thoracic volume and fetal respira-
tory movement, while pulmonary dysfunction is most
often associated with amniotic fluid loss [38]. The fetus
inhales amniotic fluid into the lungs through respira-
tory movement, causing pulmonary dilatation, the main
driver of lung development [39]. Too little amniotic fluid
results in reduced chest cavity, inhibits growth of the fetal
lung, and leads to lung dysplasia [40, 41]. Amniotic fluid
loss is the most common complication of trastuzumab
use during pregnancy, so the incidence of respiratory dis-
eases is not low. It is therefore important to monitor the
amniotic fluid regularly.
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Unlike other chemotherapy drugs, the use of trastu-
zumab as treatment for breast cancer may be safe in
early pregnancy stages. This review and meta-analysis
concludes that use of trastuzumab in early pregnancy
has no adverse effects, with a zero chance of developing
complications during pregnancy and birth. This might
be as a result of low metastasis of McAb in early preg-
nancy [12]. Monoclonal antibodies have a high molecular
weight and can only be transported through the placenta
by binding to a specific neonatal Fc receptor for IgG
(FcRn). FcRn receptor is undetachable in the early preg-
nant mothers, therefore, early pregnancy monoclonal
antibodies are rarely transported to the embryo via the
placenta. The concentration of IgG in the fetus begin to
increase from 18 weeks of gestation, and increase rap-
idly at 24—26 weeks of gestation [42]. Consequently, from
the second trimester of pregnancy, the risk of fetal birth
complications caused by trastuzumab treatment is greatly
increased. According to our analysis, fetuses and preg-
nant women in patients who received trastuzumab only
in the first trimester were relatively safe, and termina-
tion of pregnancy is the safest choice for patients receiv-
ing trastuzumab in the second trimester of pregnancy,
but it could also be considered in combination with the
patient’s age, exposure time, amniotic fluid volume, and
the patient’s willingness to continue the pregnancy. In
late pregnancy, one option of avoiding the safety con-
cerns associated with trastuzumab is through inducing
premature delivery before embarking on a trastuzumab
therapy for breast cancer.

Our research has some limitations. Considering that
intrauterine exposure to trastuzumab can lead to fetal
and neonatal complications, there are few reports on
the use of trastuzumab during pregnancy. The evidence
we can gather at present are all case reports,and only 22
cases, so there are few available data. It should be empha-
sized that only two patients used trastuzumab in early
pregnancy, so we need to be cautious about our results.
Secondly, not all the data can be obtained from the col-
lected case reports, so we can not make further logistic
regression for the data. Finally, there may be publica-
tion bias due to our analysis of only published research.
Nevertheless, our research may be useful for patient’s
conceives while already undergoing trastuzumab ther-
apy, and can provide some reference for them to decide
whether or not to continue their pregnancy.

Conclusion

Maternal and fetal health should be considered during
diagnosis and treatment of breast cancer in pregnancy.
In our study, the risk of severe complications as a result
of trastuzumab use in early pregnancy is relatively low
for patients no more than 30 years old. Routine use of
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trastuzumab is not recommended for HER2-positive
breast cancer in pregnancy. However, for young patients
with unexpected pregnancy who used trastuzumab
only in the first trimester, they can choose to continue
pregnancy,but should stop using trastuzumab in time and
close monitoring of fetal health and regular monitoring
of the amniotic fluid volume during pregnancy.
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