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Abstract: The main goal of precision medicine in patients with breast cancer is to tailor the treatment
according to the particular genetic makeup and the genetic changes in the cancer cells. Breast cancer
occurring during pregnancy (BCP) is a complex and difficult clinical problem. Although it is not very
common, both maternal and fetal outcome must be always considered when planning treatment.
Pregnancy represents a significant barrier to the implementation of personalized treatment for breast
cancer. Tailoring therapy mainly takes into account the stage of pregnancy, the subtype of cancer,
the stage of cancer, and the patient’s preference. Results of the treatment of breast cancer in pregnancy
are as yet not very satisfactory because of often delayed diagnosis, and it usually has an unfavorable
outcome. Treatment of patients with pregnancy-associated breast cancer should be centralized.
Centralization may result in increased experience in diagnosis and treatment and accumulated data
may help us to optimize the treatment approaches, modify general treatment recommendations,
and improve the survival and quality of life of the patients.
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1. Introduction

The need to protect the fetus from the adverse events associated with the treatment
of cancer represents a significant barrier to the implementation of genomic and molecular
biological personalization of treatment in a subgroup of pregnant patients with breast
cancer. Pregnancy-associated breast cancer (PABC) is defined as breast cancer diagnosed
during pregnancy (BCP) or in the first postpartum year or at any time during lactation. BCP
is a special situation of concomitant pregnancy and cancer and, due to different subtypes
of breast cancer, tumor detection at different stages and diagnosis confirmed at different
trimesters of pregnancy does not allow the application of only one standard treatment
approach. The reason is also the fact that despite the increasing experience with the
treatment of such patients, the published data on PABC are still limited. Prospective studies
of breast cancer during pregnancy are almost lacking, and we must rely on data from
retrospective case series [1,2].

The development of personalized precision medicine as the ultimate aim of the treat-
ment of PABC is dependent on a better understanding of the pathogenesis of PABC [3].

The advent of big genomic data has shifted our attention from examining single genes
to whole exome and transcriptome analysis with the aim of identifying new predictive
factors, biomarkers, and therapeutic targets although until now, still only some more
frequently mutated genes are tested to achieve better cost-effectiveness, i.e., genes that
seem to be associated with better cost-effectiveness, enhanced data analysis, and rapid
availability for the immediate clinical decisions [4]. Unfortunately, pregnant patients with
breast cancer do not yet benefit from these advances in precision medicine.
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Tailoring the treatment of breast cancer in pregnancy must primarily adapt to the
course of pregnancy. Due to the young age, the disease is more often associated with
hereditary mutations of risk genes. Cancer is more likely to have a high histological risk
profile and is diagnosed at a more advanced stage. Therefore, in clinical practice we are
more often faced with the need to treat patients with a very advanced stage of cancer,
frequently with the presence of metastases in the skeleton or visceral organs.

2. Epidemiology

Increasing incidence of PABC is associated with an overall increase of breast cancer in
the population and increasing age at conception. PABC is still, however, relatively uncom-
mon (with an incidence of 15 to 35 per 100,000 deliveries, more frequently occurring during
the first postpartum year rather than during the pregnancy) although breast cancer is the
most common type of cancer in pregnancy [5]. PABC is very rare (one per 1000 pregnancies
annually, i.e., 0.07% to 0.1% of all malignant tumors, only) [6].

Pregnancy generally has a lifelong protective effect on breast cancer risk, but it in-
creases the risk of breast cancer for several years after pregnancy with the highest risk at
6 years after delivery and significantly higher risk in older primiparas. There are important
differences (in terms of diagnosis, treatment, and outcome) between PABC and breast
cancer after pregnancy [2].

3. Pathophysiology

The pathogenesis of PABC is not fully understood [7]. Pregnancy and lactation
are associated with increased levels of estrogens with the impairment of their normal
cyclical pattern resulting in resultant molecular and histological changes in the breast gland.
Increased estrogen levels may also promote the formation of metastases. Other factors,
e.g., immune changes and inflammation [8], also promote carcinogenesis, especially in
women with occult disease at conception (more frequent during the involution of the
mammary gland) [9]. It should also be stressed that late diagnosis of breast cancer in
pregnancy may also contribute to the more frequent presence of metastatic disease.

Pregnancy-associated plasma protein A (PAPP-A) may also play an important role in
the development of metastatic PABC (by its collagen-modifying properties) and may help
to identify patients at risk of metastatic disease [10].

4. Pathology

As in non-pregnant women, the most common form of PABC is infiltrating ductal
adenocarcinoma. PABC is, however, less differentiated and (as already stressed) diagnosed
at more advanced stage. Inflammatory breast cancer is also more frequent in pregnancy
than in non-pregnant women [11]. The molecular pattern of PABC is different, namely in
terms of more frequent mutations of the mucin gene family, mismatch repair deficiencies,
and other non-silent mutations [12].

Estrogen and progesterone receptor expression seems to be decreased in PABC com-
pared to that in non-pregnant patients with breast cancer (25% vs. 55% to 60%) [13] probably
with no significant difference in overexpression of human epidermal growth factor receptor
2 (HER2) ([14,15], Table 1). Despite many differentially expressed genes, there seems to be
no correlation between genetic changes and histopathological and clinical characteristics
of BCP. Further studies in search of putative novel biomarkers that could identify the
subpopulation of women in childbearing age at risk of PABC are warranted [16].
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Table 1. Tailoring treatment according to the type of breast cancer.

Tumor Subtype Luminal A Luminal B HER2+ Triple Negative

Preferred approach

Surgery, postponement
of hormone therapy,
and radiotherapy
after delivery

Surgery, adjuvant/
neoadjuvant
chemotherapy,
depending on the stage,
postponement of
hormone therapy, and
radiotherapy
after delivery

Surgery, adjuvant/
neoadjuvant
chemotherapy
depending on the stage,
postponement of
anti-HER2 treatment,
and radiotherapy
after delivery

Surgery, adjuvant/
neoadjuvant
chemotherapy
depending on the stage,
postponement of
radiotherapy
after delivery

HER2, human epidermal growth factor receptor 2.

5. Precision Medicine in Breast Cancer

Precision medicine involves the identification of molecular signature, biomarkers,
and clinical phenotype and the evaluation of their impact in combination with lifestyle and
environmental factors on the prevention and treatment of the disease [17]. Cancer biomark-
ers may be diagnostic, prognostic, predictive, or used to monitor treatment responses.
Prognostic biomarkers provide information about a patient’s overall cancer outcome, irre-
spective of therapy [18]. They can identify high-risk patients who may benefit from more
aggressive treatment but provide no information on which patients will most likely derive
a clinical benefit from any specific therapy. Conversely, modifiable predictive markers
responding to the treatment can indicate the probability of a patient gaining a therapeutic
benefit from a specific treatment [19].

Breast cancer can be classified based on gene expression and histology including the
expression of estrogen receptor (ER), progesterone receptor (PgR), and human epidermal
growth factor receptor 2 (HER2) into several subtypes, characterized as luminal, normal-
like, HER2-overexpressing, and triple negative breast cancer (TNBC) [20]. Gene expression
profiling is more in-depth and provides more detailed stratification of breast cancer com-
pared to histology itself. Based on these analyses, breast cancer was shown to be very
heterogeneous with substantial variability in biological behavior, pathogenesis, response to
treatment, and outcome [21].

Analysis based on microarray gene expression is already available, but its cost prevents
its broader use in routine clinical practice with more focused analysis aimed at smaller
gene sets (breast cancer index, Endopredict, the Oncotype DX 21-gene recurrence score,
the BreastOncPx 14-gene distant metastasis signature, 50-gene signature called PAM50
(Prosigna), and the MammaPrint 70-gene prognosis signature) used for breast cancer
stratification may emerge as more cost-effective and help clinicians to pinpoint the use of
endocrine treatment and adjuvant chemotherapy [22].

To overcome the need to obtain biopsy samples from primary or metastatic lesions,
great attention is paid to the blood-based biomarkers, e.g., circulating tumor cells (CTCs),
exosomes and circulating tumor DNA (ctDNA), sometimes called liquid biopsy. CTCs are
released from the primary tumor and are related to the propensity of the cancer to form
distant metastases [23].

Genomic instability, which is common in cancer, results in genetic and epigenetic
heterogeneity, and so the outcomes of patients with the same histologic type of cancer may
be different in terms of response to treatment and outcome [24].

Epigenetic modification, e.g., DNA methylation and histone acetylation, is instrumen-
tal in the early phase of carcinogenesis. Recently, the role of different types of non-coding
RNAs (ncRNAs) regulating gene expression and working as epigenetic modifiers has been
uncovered [25].

Evaluation of the expression of both estrogen (ER) and progesterone (PR) receptors is
indispensable before the introduction of hormonal treatment, and similarly, evaluation of
HER2 amplification is necessary for the prediction of the response to anti-HER2 treatment.
Mutation of the gene for the estrogen receptor (ESR1) predicts the risk of resistance to
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aromatase inhibitors. Similar markers predicting the response to radiotherapy and different
modes of chemotherapy are warranted [26].

Analysis of some of these biomarkers in clinical practice may refine the search for
suitable clinical trials with drugs aimed at the identified targets, but pregnant patients,
unfortunately, cannot be recruited to the clinical trials. In the treatment of pregnant women,
we can use neither standard, breast-cancer-specific immunohistochemical targets, such as
hormone receptor or HER2 antigen positivity, nor targets derived from genomic analysis,
such as PIK3 (phosphatidylkinase 3) or ESR1 (gene for estrogen receptor 1) mutations,
nor those found by pathologists (TILs (tumor infiltrating lymphocytes)). Off-label treatment
aimed at molecular targets not typical for breast cancer (KRas, BRAF, EGFR, etc.) cannot be
used in the treatment of PABC.

Pregnancy and concomitantly diagnosed breast cancer are currently a major barrier to
the use of precision medicine in the treatment of breast cancer. Its inclusion in treatment
plans must be postponed until after delivery or modified so that the questions we specifi-
cally address in these situations can be answered. Due to the small number of patients and
the fetuses, there are currently no (and will hardly be any in the future) clinical studies in
this breast cancer subpopulation.

6. Clinical Presentation

Common signs and symptoms of cancer (lump, thickening, change in the size, shape,
inverted nipple, etc.) may be hidden because of the pregnancy-associated physiological
changes of the breast gland. This can delay diagnosis and adequate care. Patients with
the presence of metastases may develop general symptoms, fatigue, back pain, dyspnea,
pain and pressure in the right ribs, etc.

7. Diagnosis

Physical examination of the breast gland in pregnancy in search for putative cancer
is difficult because of pregnancy-associated changes of the breast gland and also the
utility of mammography may be limited resulting often in delayed diagnosis of PABC [27].
Any persisting (for more than two weeks) mass should be examined although 80% of
the findings in breast biopsies in pregnant women are benign [28]. Mammography is not
contraindicated in pregnancy with abdominal shielding (although the decrease of fetal
radiation exposure with shielding remains uncertain). The sensitivity of mammography
may be decreased due to higher density of the breast gland during pregnancy and lactation,
but it still remains useful as a diagnostic tool. Breast ultrasonography can determine
whether a breast mass is a simple or complex cyst or a solid tumor without the risk of fetal
radiation exposure and may be used to guide the diagnostic biopsy. Gadolinium-enhanced
MRI should be (if possible) avoided during pregnancy [29]. Needle core biopsy is the
preferred method in any clinically suspicious breast mass and can be safely done during
pregnancy, preferably under local anesthesia [30]. Possible infiltration of the lymph nodes
by cancer cells should be further evaluated with ultrasound and fine needle aspiration
biopsy for cytologic confirmation [31].

8. Staging

Modifications of the standard staging work-up should be implemented to protect the
fetus (Table 2). Chest radiographs to evaluate for lung metastases should be performed with
appropriate fetal shielding and limited late in gestation when the gravid uterus is pressing
against the diaphragm. Computed tomography (CT) scans should be avoided during
pregnancy because of the radiation exposure. Abdominal ultrasound for the evaluation
of liver metastases is safe, but in pregnant women, significantly less sensitive than CT or
MRI. MRI without gadolinium can be considered only if needed, especially in the first
trimester, since there is a limited experience assessing safety during organogenesis [32].
Bone scans must not be used in pregnant patients for the evaluation of bone disease in the
absence of signs or symptoms of bone abnormality. As an alternative, skeletal MRI may be
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considered (without contrast). Increases in tumor markers CA (cancer antigen ) 15.3 and
CEA (Carcinoembryonic antigen) always give rise to the suspicion of metastasis [33].
Locally advanced-stage disease and/or suspicious symptoms should prompt a complete
radiographic staging evaluation with modifications and shielding to protect the fetus.
Since the therapeutic approach to patients with early or metastatic breast cancer is not
usually changed during pregnancy (neither targeted nor hormonal treatment is considered),
it is possible to safely leave staging of early breast cancer examinations after delivery,
preferably using PET-CT or CT scans [34].

Table 2. Tailoring treatment according to the stage of breast cancer.

Stage Local Local Advanced Metastatic

Treatment approach

Surgery with subsequent
adjuvant chemotherapy,
hormone therapy, targeted
therapy, and radiotherapy
must be postponed
after delivery

Neoadjuvant chemotherapy,
subsequent surgery usually
after delivery, hormone
therapy, targeted therapy, and
radiotherapy must be
postponed after delivery

Palliative chemotherapy in
pregnancy, targeted treatment,
hormone therapy, must be
postponed after delivery

9. Hereditary Breast Cancer and PABC

Genetic predisposition to breast cancer is more frequent among pregnant women with
cancer. The protective effect of multiparity and breastfeeding may be lost in women who
inherit BRCA2 (but not BRCA1) mutations. BRCA1 (Breast cancer antigen 1) or BRCA2
(Breast cancer antigen 2) mutations confer the women with a 50–80% lifetime risk of breast
cancer and 16–65% lifetime risk of ovarian cancer. These risks far exceed those of breast
(13%) and ovarian (1.5%) cancer in the general population [35].

Most cases of breast cancer related to BRCA1 and BRCA2 are diagnosed in young
women, and the probability of pregnancy in young women is high. At present, several other
genes that increase the risk of breast cancer (PALB2, CHECK2, CDH1, etc.) are being
identified in genetic screening panels. Genetic counseling is recommended for all patient
with PABC [36]. Carriers of BRCA/2 not only have a higher risk of developing PABC
but also have probably poorer outcomes with higher probability of developing distant
metastases [37].

If a pregnant woman carries a BRCA1/2 mutation, this information may influence
the decision on the type of surgery but does not allow the use of PARP (poly-ADP ribose
polymerase) inhibitors in pregnancy in case of metastatic spread.

10. Monitoring of the Pregnancy

The pregnant woman with breast cancer requires careful and continuous monitoring
of her pregnancy by her obstetrician and her oncologist. Confirmation of gestational age
and expected date of delivery are important, as both are significant factors in treatment
planning. For this reason, follow-up should take place at the center with experience in
the care of patients with BCP and the gynecologist/obstetrician should be the part of
the multidisciplinary team [38]. Breast-feeding should be discontinued immediately after
delivery. Since, according to clinical studies, a properly selected cancer treatment does
not compromise the cognitive function of the newborn as opposed to its immaturity, it is
optimal to complete pregnancy until physiological delivery, if this is possible in terms of
the severity of the disease course [39].

11. Prognosis

Based on smaller studies, maternal outcome may be worse in women with breast
cancer diagnosed in pregnancy [40]. The largest cohort study in women treated for PABC,
however, demonstrated similar disease-free survival and overall survival comparable to
those of the general population [41].
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In the registry study that compared over 300 women with breast cancer during
pregnancy with almost 870 women who were not pregnant at the time of diagnosis,
there was no significant difference in either progression-free survival (PFS, hazard ratio
(HR) 1.34, 95% CI 0.93–1.91) or overall survival (OS, HR 1.19, 95% CI 0.73–1.93) [42].
In another smaller study that included 75 women who received standard chemotherapy
during the second and third trimesters, women who were pregnant had a significantly
improved five-year disease-free survival (72% vs. 57%) and OS (77% vs. 71%) [43].

A 2012 meta-analysis comprising over 3000 cases of gestational breast cancer and
37,100 controls found that gestational breast cancer was associated with a higher risk
of death (HR 1.44, 95% CI 1.27–1.63), however, the association appeared to be limited
primarily to women diagnosed in the postpartum period (HR 1.84, 95% CI 1.28–2.65) rather
than during pregnancy (HR 1.29, 95% CI 0.72–2.24) [44].

12. Treatment of BCP

Pregnant women with breast cancer should be treated according to the guidelines for
non-pregnant patients, with some modifications to protect the fetus (Table 3) [42,45].

Table 3. Personalization of breast cancer treatment in pregnancy with regard to its stage (adapted according to [46–48]).

Stage Early First Trimester
Conception—4 Weeks

First Trimester
4—14 Weeks

Second Trimester
14 Weeks—28 Weeks

Third Trimester
28 Weeks—Delivery

Surgery 1–2% increased risk of
miscarriage

1–2% increased risk of
miscarriage Premature delivery Premature delivery

Radiotherapy All or none
Gross malformation,
microcephaly, mental
retardation

Mental and growth
retardation, cataracts,
microcephaly, sterility,
secondary
malignancies

Growth retardation,
sterility, cataracts,
secondary
malignancies

Gamma Knife
stereotactic
radiosurgery (GKSRS)

Lack of data Lack of data

Probably safe by a
conservative treatment
of patients with
multiple brain
metastases

Probably safe by a
conservative treatment
of patients with
multiple brain
metastases

Chemotherapy All or none

High risk of severe fetal
malformation.
Increased risk of
miscarriage

Growth restriction, low
birth weight, preterm
labor,
myelosuppression,
need for neonatal
intensive care unit
admission

Growth restriction low
birth weight, preterm
labor,
myelosuppression,
need for neonatal
intensive care unit
admission

Anti-HER2
Fetus unaffected in
review of limited case
reports

Fetus unaffected in
review of limited case
reports

Oligohydramnios/
anhydramnios

Oligohydramnios/
anhydramnios

Hormonal therapy Possible increased risk
of miscarriage

Facial malformations,
ambiguous genitalia,
possible increased risk
of miscarriage, some
cases with no adverse
effects observed, data
limited to animal
studies and case reports

Insufficient data Insufficient data
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Table 3. Cont.

Stage Early First Trimester
Conception—4 Weeks

First Trimester
4—14 Weeks

Second Trimester
14 Weeks—28 Weeks

Third Trimester
28 Weeks—Delivery

Immunotherapy Increased risk of
miscarriage

Increased risk of
miscarriage

Increased risk of
stillbirth, premature
delivery, infant
mortality

Increased risk of
stillbirth, premature
delivery, infant
mortality

Anti-VEGF/VEGFR
(Vascular endothelial
growth factor/Vascular
endothelial growth
factor receptor)

All or none

Increased risk of
miscarriage, skeletal
malformations,
abnormal vascular
development of the
skin, pancreas, kidney,
and lung

Intrauterine growth
restriction,
preeclampsia,
hypertension

Intrauterine growth
restriction,
preeclampsia,
hypertension

PARP inhibitors Lack of data in
pregnant women

Potential to cause
embryo-fetal harm, but
lack of data

Potential to cause
embryo-fetal harm, but
lack of data

Potential to cause
embryo-fetal harm, but
lack of data

12.1. Surgery

Either breast-conserving surgery or mastectomy are a reasonable option for the preg-
nant woman with breast cancer. A choice between them is guided by tumor characteristics
and the result of the genetic test and patient preferences [49]. Women with breast cancer
during pregnancy should undergo an axillary node evaluation. While axillary lymph node
dissection is preferred, there are increasing data on the safety and efficacy of sentinel lymph
node dissection [50].

The best cosmetic results and the least complications are achieved by surgery on
a hormonally unstimulated breast preferably after childbirth after lactation arrest.

12.2. Radiotherapy

If the breast-conserving surgery is performed, the adjuvant radiotherapy (RT) should
be postponed after delivery. The threshold for adverse radiation effects in fetuses is less
than 100 mGy. Given the high dosage of fetal radiation, radiation therapy for breast cancer
in pregnancy is still considered an absolute contraindication, although this may change in
coming years with improving technologies [51].

As methods of stereotactic radiation and improved modalities of delivery are devel-
oped, radiation therapy may be an option for more women during pregnancy [46].

12.3. Systemic Antitumor Therapy

• Pharmacokinetics and Distribution of Drugs in Pregnancy

Alterations in drug distribution are expected due to the physiologic changes that
occur in pregnancy. Pregnancy leads to 40–60% increase in plasma volume even as early
as 6 weeks after gestation. Increased fluid volume is associated with decreased plasma
albumin, which may interfere with plasma concentration of some protein-bound drugs, e.g.,
taxanes, but this effect may be counterbalanced by high levels of estrogens, which increase
other plasma proteins. Drug clearance by the kidney and liver increases, which may
again reduce plasma levels of cytotoxic drugs. Diminished gastric motility may impact
the absorption of orally administered drugs. “Third space” of the amniotic sac may play
a role as well. The multidrug-resistance p-glycoprotein has been detected in fetal tissues
and in the gravid endometrium and may offer some degree of protection to the fetus.
However, currently it is not clear how these physiologic changes impact upon active drug
concentrations and their resulting efficacy and toxicity. Moreover, pregnant women receive
similar body surface-area based chemotherapy doses as non-pregnant women, which are
adjusted according to continuing weight gains [52].
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• Chemotherapy

Patients indicated to chemotherapy during pregnancy may only start treatment af-
ter the first trimester. Data are available namely for anthracycline-based chemotherapy,
often on an every-three-week schedule. Anthracyclines, more specifically doxorubicin,
have not been found to significantly affect the cardiac function of children exposed in
utero [53]. However, at least four cases of neonatal adverse cardiac effects have been
reported after in utero exposure to anthracyclines, and there are several cases of in utero
fetal death after exposure to idarubicin or epirubicin. Largely because of these reports,
doxorubicin is preferred to idarubicin or epirubicin for the use in pregnancy [54]. Cy-
clophosphamide also has not been demonstrated to increase neonatal morbidity. In a
prospective single-arm study, 87 pregnant breast cancer patients were treated with FAC
(5-fluorouracil, adriamycine (doxorubicine), cyclophosphamide) in the adjuvant or neoad-
juvant setting [55]. No stillbirths, miscarriages, or perinatal deaths occurred in the cohort
of patients who received FAC chemotherapy during their second and/or third trimester.
Most of the children did not have any significant neonatal complications. Three children
were born with congenital abnormalities: one each with Down syndrome, ureteral reflux,
or clubfoot. The rate of congenital abnormalities in the cohort was similar to the national
average of 3%.

Taxanes, specifically paclitaxel, have not been found to be teratogenic when admin-
istered in the third trimester. Paclitaxel is preferred over docetaxel due to the better
transplacental transfer of docetaxel. Taxanes were administered in the second and third
trimesters in 38 patients and for the treatment of breast cancer in 27 patients. Despite the
limitations and bias inherent in case reports, the use of taxanes appears feasible and
safe during the second and third trimesters of pregnancy, with minimal maternal, fetal,
or neonatal toxicity [56]. Although taxanes have promising treatment outcomes, we still
have information about their safety only from case reports and small case series, and there-
fore, we must use them with caution [57]. Platinum derivatives may play a role in the
treatment of triple negative breast cancer. They are highly protein bound, but the unbound
fraction may cross the placenta. Carboplatin may be associated with the derangements of
trophoblast invasion and disrupting placental development, which is not complete until
20 weeks of gestation. Although the data regarding the safety of platinum in pregnancy
are limited, a systematic review of the use of carboplatin and cisplatin in pregnancy found
that no malformation or toxicity was reported in seven carboplatin-exposed neonates [58].
Although only limited case reports are available, anthracycline chemotherapy administered
on a dose-dense schedule (i.e., treatment every two weeks) does not appear to increase
the risks of maternal or fetal complications compared with treatment administered ev-
ery three weeks [59]. Chemotherapy should be avoided for three to four weeks before
delivery whenever possible to avoid transient neonatal myelosuppression and potential
complications, including sepsis and death. Weekly regimens with low hematotoxicity are
an exception [60].

• Targeted Treatment

The use of trastuzumab during pregnancy is relatively contraindicated. Exposure to
trastuzumab during pregnancy can result in oligohydramnios, which in some cases may
lead to pulmonary hypoplasia, skeletal abnormalities, and neonatal death. Women exposed
to trastuzumab during pregnancy require ongoing monitoring of amniotic fluid volume,
which is a marker of fetal renal status, throughout the pregnancy [61,62]. In a case report
of maternal exposure to lapatinib for 11 weeks during the first and second trimester
of pregnancy, there was an uneventful delivery of a healthy female infant, who was
developmentally normal at 18 months of age [63].

However, until more information is available, we recommend against the use of lapa-
tinib during pregnancy and lactation. There are currently no significant data on the safety
of other anti-HER2 agents such as pertuzumab and ado-trastuzumab emtansine (TDM-1),
and therefore, we do not recommend these agents until after delivery. However accidental
short-term exposure to these agents during the first trimester does not appear to be associ-
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ated with increased risk of fetal malformation, which is different compared to the risk from
chemotherapy [64].

Currently we have not enough information on the safety of using bevacizumab,
PARP inhibitors, and immunotherapy (PD-1 (Programmed death-1) and PDL-1 (Pro-
grammed death ligand-1) inhibitors) during pregnancy.

• Endocrine Treatment

The use of selective estrogen receptor modulators (SERMs) such as tamoxifen during
pregnancy should be generally avoided. They have been associated with vaginal bleed-
ing, ambiguous genitalia, miscarriage, congenital malformations (spinal abnormalities,
absent ears, craniofacial abnormalities, and cardiac malformation seen in Goldenhar’s syn-
drome), and fetal death [65]. Aromatase inhibitors (AIs) and luteinizing hormone-releasing
hormone (LHRH) agonists are both contraindicated in pregnancy. AIs are not used in
premenopausal women, but AIs combined with ovarian suppression by LHRH agonists
may be used following term delivery.

• Supportive Care

Antiemetics, including selective serotonin (5-HT) and neurokinin 1 (NK1) antagonists,
are used to treat severe nausea and vomiting in pregnant women and are generally con-
sidered safe. However, long-term dexamethasone therapy should be avoided, if possible,
because of potential maternal and fetal risks. Safe use of G-CSF (Granulocyte-colony stimu-
lating factor) (and recombinant erythropoietin) in human pregnancy has been reported.
Although there are no prospective trials evaluating the use of G-CSF or granulocyte-
macrophage colony-stimulating factor (GM-CSF) in pregnant women, these agents are
safe in the treatment of neonatal neutropenia and/or sepsis, but more caution is needed
considering the very limited data. Hence, dose-dense chemotherapy is not the optimal
strategy in pregnant patients [66].

12.4. Postponement of Treatment

If a malignant tumor is diagnosed in the first trimester, it is possible to terminate the
pregnancy prematurely or postpone treatment until the second trimester. Delay can mean
the risk of progression and generalization of the disease depending on the type of cancer
and its staging at the time of diagnosis and may worsen prognosis (Table 4) [67]. If the
patient has a lower-grade hormone-dependent cancer limited to the breast itself, the risk of
delay is lower than in triple-negative cancer with nodal involvement. Delaying chemother-
apy by 3–6 months may increase the risk of metastases by 5–10% [68].

Table 4. Personalization according to patient preference.

Patient Preference Request A Possible Solution

Staging Avoid all imaging
methods with radiation

Tumor markers, abdominal ultrasonography, MRI without contrast,
until after delivery complete staging using PET-CT (Positron emission
tomography—computed tomography) or CT(Computed tomography)

Termination of pregnancy
To prioritize the life of the
mother over the life of
the child

Does not bring any benefits in terms of overall survival, subsequent
pregnancy is possible but uncertain, interruption must be considered in
the first trimester of pregnancy, if the initiation of anticancer treatment
cannot be delayed

Anticancer treatment
in pregnancy

Avoid anticancer
treatment during
pregnancy due to concerns
about the baby

Treatment can be delayed with varying degrees of risk of progression
and generalization depending on the type of cancer, the patient must
be informed of the risks of delay and the fact that properly timed
surgery and chemotherapy do not pose a serious risk to the fetus

Spontaneous
vaginal delivery

Avoid a planned
cesarean delivery

The reason for the planned delivery is the risk of severe neonatal
life-threatening neutropenia of the fetus after chemotherapy,
in pregnant women treated with a weekly chemotherapy regimen
(e.g., taxol), it is possible to consider spontaneous delivery
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12.5. The Course of Pregnancy, Fetal Monitoring, and Childbirth

Based on the available evidence, chemotherapy in BC patients may be safe during
the second and third trimesters, with cessation of treatment three weeks prior to expected
delivery. The most common complications of pregnancy associated with the application of
chemotherapy are intrauterine growth retardation, prematurity, low birth weight, and bone
marrow toxicity. Prematurity is generally associated with worse neonatal and long-term
outcomes and, thus, should be avoided. Fetal condition can be well monitored by regular
ultrasound biometrics and Doppler flowmetry. If premature birth is necessary, induction of
fetal pulmonary maturity by corticoid administration is indicated. Most women expect
vaginal delivery at term, but due to chemotherapy, delivery must be planned and induced,
and immediately after delivery, lactation must be stopped.

13. Infant Outcome

Data suggest that early development among children born to women with cancer
appears similar to that of children of the same gestational age, irrespective of in utero
exposure to radiation or chemotherapy.

In a study of 129 children born to mothers diagnosed with cancer during pregnancy
(over half of whom had breast cancer), cardiac, cognitive, and general development after a
median of 22 months was equivalent with controls matched for gestational age [69]. In a
subgroup analysis of children exposed to anticancer therapy in utero, similar outcomes
were reported for the 96 children exposed to chemotherapy after the first trimester and
the 11 children exposed to radiation compared with gestational-age-matched controls.
There was a non-significant trend toward higher rates of small for gestational age at birth
infants born to women with cancer (22% vs. 15%), particularly if exposed to chemotherapy
or radiation. While the median gestational age of the children born to women with cancer
was 36 weeks and, thus late preterm, it is unclear whether these children were born early
because of early induction given their mothers’ diagnosis of cancer.

In the cohort study of 1170 pregnant women with all types of cancer treated at multiple
institutions, 39% of whom had breast cancer, 88% of pregnancies resulted in live births [70].
Half of these deliveries were preterm, almost 90% of which were iatrogenic. These studies
suggest that low neonatal complication rates are associated with in utero exposure to
chemotherapy, but long-term data are limited. Moreover, studies may be limited by the
fact that treatment providers may sometimes opt for early delivery induction, even when
pregnancy does not affect treatment. One study reported 40% mortality among patients
with advanced BCP who received chemotherapy when studied over a 13-year period
(1991–2004) [71]. For women with breast cancer during pregnancy, the risk of cancer to the
unborn is unknown, although there are no reported cases of childhood cancer arising in
children exposed to chemotherapy of their mothers for breast cancer in utero.

14. Termination of Pregnancy

Early termination of pregnancy does not improve the outcome of BCP. In fact, some se-
ries suggest decreased survival in pregnant women who electively terminate their preg-
nancies compared with that in those who continue the pregnancy. However, these studies
are retrospective case reviews and possible bias cannot be excluded; women with more
advanced disease or poorer prognostic features possibly were more likely to be counseled
to have an abortion [71]. The decision to terminate pregnancy for health reasons is difficult
and should always be comprehensively considered in terms of the risk of fetal cancer treat-
ment, the patient’s prognosis, and the impact of cancer therapy on the mother’s fertility.
Although this situation is quite ambiguous, many physicians recommend to the patients
with BCP to end pregnancy and so often deprive the patient of their only chance of having
a child (Table 4).
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15. Metastatic BCP

During pregnancy we can also diagnose patients with de novo metastatic breast
cancer, and some patients with early breast cancer treated in a neo/adjuvant setting later
metastasize. The main problem of the care of the metastatic breast cancer in pregnancy
is limited treatment options with respect to the fetus. The main goal of therapy is to
prolong the patient’s life, maintain its quality, not to damage the fetus, and for mother to
spend as much time as possible with the child. This situation is extremely physically and
psychologically demanding for the patient and affects the whole extended family [72].

16. Tailoring Treatment of Breast Cancer in Pregnancy

Personalized medicine has changed our approach from a “one size fits all” to the
treatment of patients in a more individually tailored way. The goal of clinical research
programs with a personalized approach to patients with breast cancer is to evaluate the
unique code of RNA and DNA of cancer, enabling individualization of the treatment
plan [73].

During pregnancy, tailoring to immunohistochemical markers such as hormone recep-
tors, HER2 or PDL-1 expression, cannot be used at present, due to the risk of fetal harm.
Genome testing and the use of next-generation sequencing (NGS) could, in the future,
refine the prognosis of cancer and its sensitivity to chemotherapy, as the only acceptable
systemic treatment in pregnancy.

From 2010 to 2020, 53 patients with BCP were treated at the Department of Oncology
of the First Faculty of Medicine and the General Hospital in Prague. The number and
proportion of patients has been influenced by the fact that in our comprehensive cancer
center we have a program dedicated to young patients under 35 years of age and pregnant
patients with breast cancer are referred to us from almost all over the Czech Republic
(Table 5).

Table 5. Patients with breast cancer occurring during pregnancy (BCP) were treated at the Department
of Oncology of the First Faculty of Medicine and the General Hospital in Prague (2010–2020).

N Termination
Pregnancy

BRCA1+/
BRCA2+

Local
Recurrence

De Novo
Metastatic

Systemic
Recurrence

Median
Age

53 3 4/2 1 7 14 31 years

17. Conclusions

BCP is an example of cancer where individualization of the treatment approach could
significantly improve the results of treatment and the hope of patients with concomitant
breast cancer and pregnancy to prolong survival. The therapeutic plan must be adapted
to the clinical parameters, the degree of pregnancy, the type and stage of the tumor,
and the patient’s preference. The current options for a personalized treatment approach
are not yet widely used in this subgroup of patients, although, in the future it would
certainly be possible to focus molecular biology, NGS, and liquid biopsy methods to
refine staging, estimate tumor chemosensitivity, and cancer prognosis to assess possible
postponement of treatment to the postpartum period. Physicians treating patients with
breast cancer in pregnancy have increased responsibility because they are trying to save
two lives. While information and data on BCPs are increasing, it is necessary to centralize
the treatment of BCP in the hands of experienced oncologists and obstetricians with praxis
in this type of high-risk pregnancy and personalized access to each pregnant patient.

Author Contributions: P.T. prepared the draft of the paper which was then extensively consulted
with both of them and D.P. and A.P. added valuable information from the gynecologist’s point view.
All authors collaborated on the analysis of available data and their interpretation and contributed
significantly to the final version of the manuscript. All authors have read and agreed to the published
version of the manuscript.



J. Pers. Med. 2021, 11, 18 12 of 14

Funding: The work on the paper was supported by the research initiative the Ministry of Health of
the Czech Republic Progress Q28/LF1 and DRO VFN 64165.

Conflicts of Interest: No potential conflict of interest is to be disclosed.

References
1. Peccatori, F.A.; Lambertini, M.; Scarfone, G.; Del Pup, L.; Codacci-Pisanelli, G. Biology, staging, and treatment of breast cancer

during pregnancy: Reassessing the evidences. Cancer Biol. Med. 2018, 15, 6–13. [CrossRef] [PubMed]
2. Borges, V.F.; Schedin, P.J. Pregnancy-associated breast cancer: An entity needing refinement of the definition. Cancer 2012,

118, 3226–3228. [CrossRef]
3. Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646–674. [CrossRef] [PubMed]
4. Low, S.K.; Zembutsu, H.; Nakamura, Y. Breast cancer: The translation of big genomic data to cancer precision medicine. Cancer

Sci. 2018, 109, 497–506. [CrossRef] [PubMed]
5. Parazzini, F.; Franchi, M.; Tavani, A.; Negri, E.; Peccatori, F.A. Frequency of pregnancy related cancer: A population based linkage

study in Lombardy, Italy. Int. J. Gynecol. Cancer 2017, 27, 613–619. [CrossRef] [PubMed]
6. Litton, J.K. Gestational Breast Cancer: Epidemiology and Diagnosis. 2020. Available online: https://www.uptodate.com/

contents/gestational-breast-cancer-epidemiology-and-diagnosis (accessed on 19 November 2020).
7. Wohlfahrt, J.; Andersen, P.K.; Mouridsen, H.T.; Melbye, M. Risk of late-stage breast cancer after childbirth. Am. J. Epidemiol. 2001,

153, 1079–1084. [CrossRef] [PubMed]
8. Ruiz, R.; Herrero, C.; Strasser-Weippl, K.; Touya, D.; St Louis, J.; Bukowski, A.; Goss, P.E. Epidemiology and pathophysiology of

pregnancy-associated breast cancer: A review. Breast 2017, 35, 136–141. [CrossRef]
9. Schedin, P. Pregnancy-associated breast cancer and metastasis. Nat. Rev. Cancer 2006, 6, 281–291. [CrossRef]
10. Slocum, E.; Craig, A.; Villanueva, A.; Germain, D. Parity predisposes breasts to the oncogenic action of PAPP-A and activation of

the collagen receptor DDR2. Breast Cancer Res. 2019, 21, 56. [CrossRef]
11. Callihan, E.G.; Gao, D.; Jindal, S.; Lyons, T.R.; Manthey, E.; Edgerton, S.; Urquhart, A.; Schedin, P.; Borges, V.F. Postpartum

diagnosis demonstrates a high risk for metastasis and merits an expanded definition of pregnancy-associated breast cancer. Breast
Cancer Res. Treat. 2013, 138, 549–559. [CrossRef]

12. Nguyen, B.; Venet, D.; Azim, H.A., Jr.; Brown, D.; Desmedt, C.; Lambertini, M.; Majjaj, S.; Pruneri, G.; Peccatori, F.; Piccart,
M.; et al. Breast cancer diagnosed during pregnancy is associated with enrichment of non-silent mutations, mismatch repair
deficiency signature and mucin mutations. NPJ Breast Cancer 2018, 4, 23. [CrossRef] [PubMed]

13. Middleton, L.P.; Amin, M.; Gwyn, K.; Theriault, R.; Sahin, A. Breast carcinoma in pregnant women: Assessment of clinicopatho-
logic and immunohistochemical features. Cancer 2003, 98, 1055–1060. [CrossRef] [PubMed]

14. Reed, W.; Hannisdal, E.; Skovlund, E.; Thoresen, S.; Lilleng, P.; Nesland, J.M. Pregnancy and breast cancer: A population-based
study. Virchows Arch. 2003, 443, 44–50. [CrossRef] [PubMed]

15. Collins, L.C.; Gelber, S.; Marotti, J.D.; White, S.; Ruddy, K.; Brachtel, E.F.; Schapira, L.; Come, S.E.; Borges, V.F.; Schedin, P.; et al.
Molecular phenotype of breast cancer according to time since last pregnancy in a large cohort of young women. Oncologist 2015,
20, 713–718. [CrossRef] [PubMed]

16. Korakiti, A.-M.; Moutafi, M.; Zografos, E.; Dimopoulos, M.A.; Zagouri, F. The genomic profile of pregnancy-associated breast
cancer: A systematic review. Front. Oncol. 2020, 10, 1773. [CrossRef]

17. Ghasemi, M.; Nabipour, I.; Omrani, A.; Alipour, Z.; Assadi, M. Precision medicine and molecular imaging: New targeted
approaches toward cancer therapeutic and diagnosis. Am. J. Nuclear Med. Mol. Imaging 2016, 6, 310–327.

18. Mandrekar, S.J.; Sargent, D.J. Clinical trial designs for predictive biomarker validation: Theoretical considerations and practical
challenges. J. Clin. Oncol. 2009, 27, 4027–4034. [CrossRef]

19. Polley, M.Y.C.; Freidlin, B.; Korn, E.L.; Conley, B.A.; Abrams, J.S.; McShane, L.M. Statistical and practical considerations for
clinical evaluation of predictive biomarkers. J. Natl. Cancer Inst. 2013, 105, 1677–1683. [CrossRef]

20. Sotiriou, C.; Neo, S.Y.; McShane, L.M.; Korn, E.L.; Long, P.M.; Jazaeri, A.; Martiat, P.; Fox, S.B.; Harris, A.L.; Liu, E.T. Breast cancer
classification and prognosis based on gene expression profiles from a population-based study. Proc. Natl. Acad. Sci. USA 2003,
100, 10393–10398. [CrossRef]

21. Wang, Y.; Yin, Q.; Yu, Q.; Zhang, J.; Liu, Z.; Wang, S.; Lv, S.; Niu, Y. A retrospective study of breast cancer subtypes: The risk of
relapse and the relations with treatments. Breast Cancer Res. Treat. 2011, 130, 489–498. [CrossRef]

22. Meehan, J.; Gray, M.; Martínez-Pérez, C.; Kay, C.; Pang, L.Y.; Fraser, J.A.; Poole, A.V.; Kunkler, I.H.; Langdon, S.P.; Argyle, D.;
et al. Precision Medicine and the Role of Biomarkers of Radiotherapy Response in Breast Cancer. Front Oncol. 2020, 10, 628.
[CrossRef] [PubMed]

23. Pantel, K.; Speicher, M.R. The biology of circulating tumor cells. Oncogene 2016, 35, 1216–1224. [CrossRef]
24. Burrell, R.A.; McGranahan, N.; Bartek, J.; Swanton, C. The causes and consequences of genetic heterogeneity in cancer evolution.

Nature 2013, 501, 338–345. [CrossRef] [PubMed]
25. Pasculli, B.; Barbano, R.; Parrella, P. Epigenetics of breast cancer: Biology and clinical implication in the era of precision medicine.

Semin Cancer Biol. 2018, 51, 22–35. [CrossRef]
26. Nicolini, A.; Ferrari, P.; Duffy, M.J. Prognostic and predictive biomarkers in breast cancer: Past, present and future. Semin Cancer

Biol. 2018, 52, 56–73. [CrossRef] [PubMed]

http://dx.doi.org/10.20892/j.issn.2095-3941.2017.0146
http://www.ncbi.nlm.nih.gov/pubmed/29545964
http://dx.doi.org/10.1002/cncr.26643
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://dx.doi.org/10.1111/cas.13463
http://www.ncbi.nlm.nih.gov/pubmed/29215763
http://dx.doi.org/10.1097/IGC.0000000000000904
http://www.ncbi.nlm.nih.gov/pubmed/28107260
https://www.uptodate.com/contents/gestational-breast-cancer-epidemiology-and-diagnosis
https://www.uptodate.com/contents/gestational-breast-cancer-epidemiology-and-diagnosis
http://dx.doi.org/10.1093/aje/153.11.1079
http://www.ncbi.nlm.nih.gov/pubmed/11390326
http://dx.doi.org/10.1016/j.breast.2017.07.008
http://dx.doi.org/10.1038/nrc1839
http://dx.doi.org/10.1186/s13058-019-1142-z
http://dx.doi.org/10.1007/s10549-013-2437-x
http://dx.doi.org/10.1038/s41523-018-0077-3
http://www.ncbi.nlm.nih.gov/pubmed/30109263
http://dx.doi.org/10.1002/cncr.11614
http://www.ncbi.nlm.nih.gov/pubmed/12942575
http://dx.doi.org/10.1007/s00428-003-0817-z
http://www.ncbi.nlm.nih.gov/pubmed/12756565
http://dx.doi.org/10.1634/theoncologist.2014-0412
http://www.ncbi.nlm.nih.gov/pubmed/26025931
http://dx.doi.org/10.3389/fonc.2020.01773
http://dx.doi.org/10.1200/JCO.2009.22.3701
http://dx.doi.org/10.1093/jnci/djt282
http://dx.doi.org/10.1073/pnas.1732912100
http://dx.doi.org/10.1007/s10549-011-1709-6
http://dx.doi.org/10.3389/fonc.2020.00628
http://www.ncbi.nlm.nih.gov/pubmed/32391281
http://dx.doi.org/10.1038/onc.2015.192
http://dx.doi.org/10.1038/nature12625
http://www.ncbi.nlm.nih.gov/pubmed/24048066
http://dx.doi.org/10.1016/j.semcancer.2018.01.007
http://dx.doi.org/10.1016/j.semcancer.2017.08.010
http://www.ncbi.nlm.nih.gov/pubmed/28882552


J. Pers. Med. 2021, 11, 18 13 of 14

27. Lethaby, A.E.; O’Neill, M.A.; Mason, B.H.; Holdaway, I.M.; Harvey, V.J. Overall survival from breast cancer in women pregnant
or lactating at or after diagnosis. Auckland Breast Cancer Study Group. Int. J. Cancer 1996, 67, 751–755. [CrossRef]

28. Byrd, B.F., Jr.; Bayer, D.S.; Robertson, J.C.; Stephenson, S.E., Jr. Treatment of breast tumors associated with pregnancy and lactation.
Ann. Surg. 1962, 155, 940–947. [CrossRef]

29. Yang, W.T.; Dryden, M.J.; Gwyn, K.; Whitman, G.J.; Theriault, R. Imaging of breast cancer diagnosed and treated with chemother-
apy during pregnancy. Radiology 2006, 239, 52–60. [CrossRef]

30. Collins, J.C.; Liao, S.; Wile, A.G. Surgical management of breast masses in pregnant women. J. Reprod. Med. 1995, 40, 785–788.
[CrossRef]

31. Annane, K.; Bellocq, J.P.; Brettes, J.P.; Mathelin, C. Infiltrative breast cancer during pregnancy and conservative surgery. Fetal.
Diagn. Ther. 2005, 20, 442–444. [CrossRef]

32. Case, A.S. Pregnancy-associated Breast Cancer. Clin. Obstet. Gynecol. 2016, 59, 779–788. [CrossRef] [PubMed]
33. Nicklas, A.H.; Baker, M.E. Imaging strategies in the pregnant cancer patient. Semin. Oncol. 2000, 27, 623–632. [PubMed]
34. Chen, M.M.; Coakley, F.V.; Kaimal, A.; Laros, R.K., Jr. Guidelines for computed tomography and magnetic resonance imaging use

during pregnancy and lactation. Obstet. Gynecol. 2008, 112, 333–340. [CrossRef] [PubMed]
35. Chen, J.; Prasath, V.; Axilbund, J.; Habibi, M. Concerns of Hereditary Breast Cancer in Pregnancy and Lactation. Adv. Exp. Med.

Biol. 2020, 1252, 129–132. [CrossRef]
36. Cullinane, C.A.; Lubinski, J.; Neuhausen, S.; Ghadirian, P.; Lynch, H.T.; Isaacs, C.; Weber, B.; Moller, P.; Offit, K.; Kim-Sing, C.;

et al. Effect of pregnancy as a risk factor for breast cancer in BRCA1/BRCA2 mutation carriers. Int. J. Cancer 2005, 117, 988–991.
[CrossRef]

37. Johansson, O.; Loman, N.; Borg, A.; Olsson, H. Pregnancy-associated breast cancer. Lancet 1998, 352, 1359–1360. [CrossRef]
38. Azim, H.A., Jr.; Del Mastro, L.; Scarfone, G.; Peccatori, F.A. Treatment of breast cancer during pregnancy: Regimen selection,

pregnancy monitoring and more. Breast 2011, 20, 1–6. [CrossRef]
39. Keyser, E.A.; Staat, B.C.; Fausett, M.B.; Shields, A.D. Pregnancy-associated breast cancer. Rev. Obstet. Gynecol. 2012, 5, 94–99.
40. Hartman, E.K.; Eslick, G.D. The prognosis of women diagnosed with breast cancer before, during and after pregnancy: A meta-

analysis. Breast Cancer Res. Treat. 2016, 160, 347–360. [CrossRef]
41. Amant, F.; von Mickwitz, G.; Han, S.N.; Bontenbal, M.; Ring, A.E.; Giermek, J.; Wildiers, H.; Fehm, T.; Linn, S.C.; Schlehe, B.; et al.

Prognosis of women with primary breast cancer diagnosed during pregnancy: Results from an international collaborative study.
J. Clin. Oncol. 2013, 31, 2532–2539. [CrossRef]

42. Peccatori, F.A.; Azim, H.A., Jr.; Orecchia, R.; Hoekstra, H.J.; Pavlidis, N.; Kesic, V.; Pentheroudakis, G.; ESMO Guidelines Working
Group. Cancer, pregnancy and fertility. ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol.
2013, 24, vi160–vi170. [CrossRef] [PubMed]

43. Litton, J.K.; Warneke, C.L.; Hahn, K.M.; Palla, S.L.; Kuerer, H.M.; Perkins, G.H.; Mittendorf, E.A.; Barnett, C.; Gonzalez-Angulo,
A.M.; Horgobágyi, G.N.; et al. Case control study of women treated with chemotherapy for breast cancer during pregnancy as
compared with nonpregnant patients with breast cancer. Oncologist 2013, 18, 369–376. [CrossRef] [PubMed]

44. Azim, H.A.; Santoro, L., Jr.; Russell-Edu, W.; Pentheroudakis, G.; Pavlidis, N.; Peccatori, F.A. Prognosis of pregnancy-associated
breast cancer: A meta-analysis of 30 studies. Cancer Treat. Rev. 2012, 38, 834–842. [CrossRef] [PubMed]

45. Loibl, S.; Schmidt, A.; Gentilini, O.; Kaufman, B.; Kuhl, C.; Denkert, C.; von Mickwitz, G.; Parokonnaya, A.; Stensheim, H.;
Thomssen, C.; et al. Breast cancer diagnosed during pregnancy: Adapting recent advances in breast cancer care for pregnant
patients. JAMA Oncol. 2015, 1, 1145–1153. [CrossRef]

46. Folsom, S.M.; Woodruff, T.K. Good news on the active management of pregnant cancer patients. F1000 Res. 2020, 9. [CrossRef]
47. Paulsson, A.K.; Braunstein, S.; Phillips, J.; Theodosopoulos, P.V.; McDermott, M.; Sneed, P.K.; Ma, L. Patient-specific fetal dose

determinatioin for multi-target gamma knife radiosurgery: Computational model and case report. Cureus 2017, 9, e1527.
48. Ringley, J.T.; Moore, D.C.; Patel, J.; Rose, M.S. Poly (ADP-ribose) polymerase inhibitors in the management of ovarian cancer:

A drug class review. Pharm. Ther. 2018, 32, 549–556.
49. Litton, J.K. Gestational Breast Cancer: Treatment. 2020. Available online: https://www.uptodate.com/contents/gestational-

breast-cancer-treatment (accessed on 19 November 2020).
50. Khera, S.Y.; Kiluk, J.V.; Hasson, D.M.; Meade, T.M.; Meyers, M.P.; Dupont, E.L.; Berman, C.G.; Cox, C.E. Pregnancy-associated

breast cancer patients can safely undergo lymphatic mapping. Breast J. 2008, 14, 250–254. [CrossRef]
51. Boere, I.; Lok, C.; Vandenbroucke, T.; Amant, F. Cancer in pregnancy: Safety and efficacy of systemic therapies. Curr. Opin. Oncol.

2017, 29, 328–334. [CrossRef]
52. Wiebe, V.J.; Sipila, P.E. Pharmacology of antineoplastic agents in pregnancy. Crit. Rev. Oncol. Hematol. 1994, 16, 75–112. [CrossRef]
53. Gziri, M.M.; Hui, W.; Amant, F.; Van Calsteren, K.; Ottevanger, N.; Kapusta, L.; Mertens, L. Myocardial function in children after

fetal chemotherapy exposure. A tissue Doppler and myocardial deformation imaging study. Eur. J. Pediatr. 2013, 172, 163–170.
[CrossRef]

54. Cardonick, E.; Iacobucci, A. Use of chemotherapy during human pregnancy. Lancet Oncol. 2004, 5, 283–291. [CrossRef]
55. Murthy, R.K.; Theriault, R.L.; Barnett, C.M.; Hodge, S.; Ramirez, M.M.; Milbourne, A.; Rimes, S.A.; Hortobagyi, G.N.; Valero, V.;

Litton, J.K. Outcomes of children exposed in utero to chemotherapy for breast cancer. Breast Cancer Res. 2014, 16, 500. [CrossRef]

http://dx.doi.org/10.1002/(SICI)1097-0215(19960917)67:6&lt;751::AID-IJC1&gt;3.0.CO;2-Q
http://dx.doi.org/10.1097/00000658-196215560-00014
http://dx.doi.org/10.1148/radiol.2391050083
http://dx.doi.org/10.1097/00006254-199606000-00004
http://dx.doi.org/10.1159/000087114
http://dx.doi.org/10.1097/GRF.0000000000000235
http://www.ncbi.nlm.nih.gov/pubmed/27749365
http://www.ncbi.nlm.nih.gov/pubmed/11130469
http://dx.doi.org/10.1097/AOG.0b013e318180a505
http://www.ncbi.nlm.nih.gov/pubmed/18669732
http://dx.doi.org/10.1007/978-3-030-41596-9_17
http://dx.doi.org/10.1002/ijc.21273
http://dx.doi.org/10.1016/S0140-6736(05)60750-7
http://dx.doi.org/10.1016/j.breast.2010.10.008
http://dx.doi.org/10.1007/s10549-016-3989-3
http://dx.doi.org/10.1200/JCO.2012.45.6335
http://dx.doi.org/10.1093/annonc/mdt199
http://www.ncbi.nlm.nih.gov/pubmed/23813932
http://dx.doi.org/10.1634/theoncologist.2012-0340
http://www.ncbi.nlm.nih.gov/pubmed/23576478
http://dx.doi.org/10.1016/j.ctrv.2012.06.004
http://www.ncbi.nlm.nih.gov/pubmed/22785217
http://dx.doi.org/10.1001/jamaoncol.2015.2413
http://dx.doi.org/10.12688/f1000research.22472.1
https://www.uptodate.com/contents/gestational-breast-cancer-treatment
https://www.uptodate.com/contents/gestational-breast-cancer-treatment
http://dx.doi.org/10.1111/j.1524-4741.2008.00570.x
http://dx.doi.org/10.1097/CCO.0000000000000386
http://dx.doi.org/10.1016/1040-8428(94)90043-4
http://dx.doi.org/10.1007/s00431-012-1849-7
http://dx.doi.org/10.1016/S1470-2045(04)01466-4
http://dx.doi.org/10.1186/s13058-014-0500-0


J. Pers. Med. 2021, 11, 18 14 of 14

56. Amant, F.; Deckers, S.; Van Calsteren, K.; Loibl, S.; Halaska, M.; Brepoels, L.; Beijnen, J.; Cardoso, F.; Gentilini, O.; Lagae, L.;
et al. Breast cancer in pregnancy: Recommendations of an international consensus meeting. Eur. J. Cancer 2010, 46, 3158–3168.
[CrossRef]

57. Hahn, K.M.; Johnson, P.H.; Gordon, N.; Kuerer, H.; Middleton, L.; Ramirez, M.; Yang, W.; Perkins, G.; Hortobagyi, N.; Theriault,
R.L. Treatment of pregnant breast cancer patients and outcomes of children exposed to chemotherapy in utero. Cancer 2006,
107, 1219–1226. [CrossRef]

58. Mir, O.; Berveiller, P.; Ropert, S.; Goffinet, F.; Goldwasser, F. Use of platinum derivatives during pregnancy. Cancer 2008,
113, 3069–3074. [CrossRef]

59. Cardonick, E.; Gilmandyar, D.; Somer, R.A. Maternal and neonatal outcomes of dose-dense chemotherapy for breast cancer in
pregnancy. Obstet. Gynecol. 2012, 120, 1267–1272. [CrossRef]

60. Ring, A.E.; Smith, I.E.; Jones, A.; Shannon, C.; Galani, E.; Ellis, P.A. Chemotherapy for breast cancer during pregnancy: An 18-year
experience from five London teaching hospitals. J. Clin. Oncol. 2005, 23, 4192–4197. [CrossRef]

61. Zagouri, F.; Sergentanis, T.N.; Chrysikos, D.; Papadimitriou, C.A.; Dimopoulos, M.A.; Bartsch, R. Trastuzumab administration
during pregnancy: A systematic review and meta-analysis. Breast Cancer Res. Treat. 2013, 137, 349–357. [CrossRef]

62. Lambertini, M.; Martel, S.; Campbell, C.; Guillaume, S.; Hilbers, F.S.; Schuehly, U.; Korde, L.; Azim, H.A.; Di Cosimo, S., Jr.;
Tenglin, R.C.; et al. Pregnancies during and after trastuzumab and/or lapatinib in patients with human epidermal growth factor
receptor 2–positive early breast cancer: Analysis from the NeoALTTO (BIG 1-06) and ALTTO (BIG 2-06) trials. Cancer 2019,
125, 307–316. [CrossRef]

63. Kelly, H.; Graham, M.; Humes, E.; Dorflinger, L.J.; Boggess, K.A.; O’Neil, B.H.; Harris, J.; Spector, N.L.; Dees, E.C. Delivery of
a healthy baby after first-trimester maternal exposure to lapatinib. Clin. Breast Cancer 2006, 7, 339–341. [CrossRef]

64. Lambertini, M.; Di Maio, M.; Pagani, O.; Curigliano, G.; Poggio, F.; Del Mastro, L.; Paluch-Shimon, S.; Loibl, S.; Partridge,
A.H.; Demeestere, I.; et al. The BCY3/BCC 2017 survey on physicians’ knowledge, attitudes and practice towards fertility and
pregnancy-related issues in young breast cancer patients. Breast 2018, 4, 41–49. [CrossRef]

65. Buonomo, B.; Brunello, A.; Noli, S.; Miglietta, L.; Del Mastro, L.; Lambertini, M.; Peccatori, F.A. Tamoxifen exposure during
pregnancy: A systematic review and three more cases. Breast Care 2020, 15, 148–156. [CrossRef]
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