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Cancer During Pregnancy: The Oncologist Overview
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Abstract

Although a rare and challenging condition, cancer during pregnancy
should promptly be identified and treated. Not only standards of care
guidelines for the underlying disease are taken into account, but also
fetal safety might be weighted for clinical decisions. Frequent lack
of experience and knowledge about this condition could lead to late
diagnosis, imprecise management, suboptimal treatment and fetal and
maternal harm. Therefore, this review aims to summarize the current
evidence regarding the epidemiology, clinical presentation, diagnos-
tic workup, staging and treatment, including novel treatment modali-
ties for patients diagnosed with cancer during pregnancy.
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Introduction

Cancer during pregnancy is a rare event, occurring approxi-
mately once per 1,000 pregnancies annually, corresponding
to 0.07% to 0.1% of all malignant tumors [1, 2]. The most
common malignancies associated with pregnancy are, in order
of decreasing frequency, melanoma and breast cancer, cervi-
cal cancer, lymphomas and leukemias [3]. These histological
types of malignancies are also among the most frequent can-
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cers sites in nonpregnant women at younger ages. Melanoma,
hematopoietic malignancies and lung cancer are the only can-
cers that have been reported to metastasize to the placenta and
fetus, while melanoma accounts for almost one third of all
cases [4]. Still, most of the data might be underrepresented due
to difficulties involving diagnosis and data report, especially in
underdeveloped countries.

The pathophysiology of cancer associated to pregnancy is
not fully understood. However, hormonal changes, immuno-
logical suppression and increased permeability and vasculari-
zation are implied. As frequency is expected to increase, due to
trends in delayed childbearing [5], health practitioners should
be aware of particularities of the diagnose and multidiscipli-
nary management of those women. This article will provide an
updated review of the diagnosis, staging and treatment options
for cancer during pregnancy in detail.

Diagnosis and Staging Exams
Clinical presentation

Signs and symptoms commonly seem in cancer may overlap
and be masked by physiological changes that occur during
pregnancy. Therefore, caretakers might easily attribute the
symptoms of an undiagnosed cancer to pregnancy itself and
do not proceed with further investigation when needed. In
addition, concerns about the exposure of the fetus to inher-
ent risks of complementary examination, such as ionizing ra-
diation, contrasts and surgical/anesthetic procedures, might
make physicians less prone to immediately proceed with
the investigation of those symptoms [6, 7]. To make things
worse, even in cases where the symptoms are properly in-
vestigated, there is still a higher chance of misdiagnose or
false-negative results since pregnancy interferes with the
sensibility and specificity of the diagnostic methods. Hence,
unfortunately, in many cases the diagnosis of cancer during
pregnancy is delayed [7].

Imaging

Intrauterine ionizing radiation exposure is known to be
linked to teratogenicity, growth restriction, intellectual dis-
ability and even death [8]. Animal studies and follow-ups of
the offspring of individuals exposed to atomic bomb explo-
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Table 1. Fetal Radiation Doses of the Most Frequent Used Im-
aging Methods in Oncology (Adapted From ACOG Committee
Opinion. Guidelines for Diagnostic Imaging During Pregnancy
and Lactation)

Fetal dose (mGys)
0

us
MRI
0.001 - 0.1
X-ray (head, chest, extremity)
Mammography
CT head and neck
Cervical spine radiography
0.1-1.0
X-ray abdomen/pelvis
Lumbar spine radiography
CT chest
1.0-10
Abdominal CT
Technetium-99m bone scintigraphy
10 - 50
CT pelvis
PET-CT FDG

Health care practitioners should consider avoiding complementary
studies that deliver fetal doses higher than 0.1 mGys. Doses up from
10 mGys are considered prohibitive. US: ultrasound.

sions in Japan and the Chernobyl disaster corroborate that
intrauterine ionizing radiation exposure increases lifetime
cancer risk [8-10].

The gestational age plays an important role in determin-
ing the severity of the effect in consequence of radiation
exposure. Exposures during the second to the eighth week
of pregnancy (organogenesis stage) have a higher chance to
induce major malformations [11, 12]. Still, some fetal tissues
continue to develop during all pregnancy, notably the cen-
tral nervous system (especially during 8th - 15th week), and
intrauterine exposure might result in cognitive impairment
even in late pregnancy. Other major factor to be considered is
the cumulative radiation dose received by the fetus. There is
a clear correlation between higher doses of radiation and the
severity of the impairment to the fetus, with an exponential
risk in exposures that exceed 100 mGys, called the threshold
dose [8, 13].

In order to avoid the effects of radiation to the fetus, non-
radioactive imaging methods like magnetic resonance and
ultrasound should be favored during pregnancy [6]. Many
imaging methods deliver inferior ionizing radiation than the
threshold dose of 100 mGys. Nevertheless, when adequate ab-
dominal shielding is employed, they should not be withheld
when necessary for proper oncologic management of the pa-
tient [6, 11, 13, 14]. Computed tomography (CT) of the abdo-
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men and pelvis, fluoroscopic imaging used in procedures and
some nuclear medicine techniques deliver higher doses to the
fetus and should be avoided [11]. For example, radioactive io-
dine (iodine 131) has a long half-life of 8 days, crosses the
placenta and can adversely affect the fetal thyroid. Whether
for diagnostic or therapeutic treatment purposes, it should not
be used during pregnancy [15]. Table 1 summarizes the fetal
radiation doses of the most frequent imaging methods used in
oncology.

Another important issue is the utilization of contrasts.
Gadolineum is known to cross the placenta and has been
proven teratogenic in animal studies, therefore it is not recom-
mended, unless diagnostic performance is expected to improve
fetal or maternal outcomes [15, 16]. There is no consensus re-
garding the use of iodinated contrasts during pregnancy. Al-
though iodinated contrast could cross the placenta and enter
the fetal circulation, animal studies did not show teratogenic or
mutagenic effects. Despite the lack of information in humans,
it is generally not indicated during pregnancy [16].

For staging purposes, most oncology services recommend
chest X-ray with abdominal shielding and abdominal ultra-
sound. In addition, magnetic resonance imaging (MRI) espe-
cially of the abdomen and bone structures, without contrast,
can be ordered for evaluation of specific body parts whenever
needed.

Serum tumor markers

Although serum tumor markers could be useful in the diagno-
sis, follow-up and management of cancer patients, they lack
sensitivity and specificity during pregnancy, due to significant
physiological variations in serum levels [17]. Commonly used
tumor markers CA 15-3, SCC, CA 125 and AFP levels are in-
creased in pregnancy and consequently are not reliable. On the
other hand, CEA, CA 19-9, LDH, AMH, and HE-4 levels are
not commonly increased in pregnancy and theoretically could
be of additional help [7, 17, 18]. Some exceptions are inibin B,
whose levels increase in the last trimester of a normal pregnan-
cy, and LDH, which is a marker of hypertensive abnormalities
related to pregnancy [19, 20].

Surgical staging and diagnosis

Surgical procedures and use of anesthetic drugs during preg-
nancy are considered safe [19, 20]. The benefits of either open
or video biopsies for diagnostic purposes often overcome the
risks and should not be withheld [7].

Pregnancy itself may induce changes in tissues such as
breast and uterine cervix that could mimic malignancy [7]. To
reduce misdiagnosis, it is recommended to inform the patholo-
gist about the pregnancy condition of the patient [21].

Radioactive nucleotides impregnated for detection of the
sentinel lymph node cause low doses radiation exposure to the
fetus, smaller than 5 mGys, and should be used if necessary,
for adequate axilla management [14]. Blue dye is frequently
associated with anaphylactic reactions and it is not routinely
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recommended during pregnancy [21].

Surgical Treatment

There is robust evidence regarding the safety of surgical proce-
dures and use of anesthetics in pregnant women. The risk of ma-
ternal death is not increased, nor is it associated with birth defects
[22-24]. Still, the risk of miscarriage is slightly elevated (1-2%),
especially during the first trimester. There is also an increase risk
in the likelihood of low birth weight and premature delivery (1.5
- 2 times relative risk). The rate of complications and morbidity
seems to be higher in major abdominal and pelvic procedures
[21, 22, 25]. Anesthetic drugs have been used in pregnancy with
a good safety record and there is no anesthetic drug listed as a
proven teratogen [21, 26, 27]. Considering this minimal risk to
the fetus and the potential benefits of the treatment, the recom-
mendation is that oncological surgery can be carried out at any
moment during pregnancy and should not be delayed if indicated
[25]. On the other hand, most reconstructions, which are mainly
aesthetic procedures, should be delayed until postpartum.

Radiotherapy

The typical dose in radiotherapy is usually in the range of 40
- 70 Gys, which is 10* - 10° times higher than the doses uti-
lized for diagnostic methods [12]. Considering such high val-
ues, there is a great concern about possible harms to the fetus
and for this reason, radiotherapy is not routinely recommended
during pregnancy and should be postponed until after child-
birth whenever possible [22]. Still, in oncologic emergencies,
where radiotherapy plays an important role (i.e. spinal cord
compression, CNS metastases, superior vena cava syndrome)
or in situations that waiting for pregnancy resolution would
compromise the treatment efficacy, radiotherapy might be con-
sidered before the delivery [22, 28].

The resulting dose to the fetus depends on several fac-
tors including the total radiation dose, distance of the target
lesion and the fetus, leakage from equipment, scattered ra-
diation from collimator and beam modifiers and the radiation
scattered within the patient [29]. The employment of shield-
ing protects the fetus from the scattered dose in the room and
increasing distance from the target to the fetus, reduces the
radiation scattered within the patient that is received by the
fetus. It is estimated that with adequate shielding, distances >
30 cm from the edge of the field to the fetus, and with careful
planning, the resulting dose could be kept in the range of 40 -
200 mGys. Therefore, some areas such as head, neck, extremi-
ties and breast could be irradiated with minimal radiation to
the fetus and radiotherapy in those areas could be considered
in selected cases [12]. Of note, the gestational age also plays
an important role since the distance between the field’s edge
and the fetus might diminish according to the fundal highness,
being an important variable when planning radiotherapy [29].
Abdominal and pelvic diseases cannot be irradiated without
deleterious effects to the fetus and in cases where it cannot be
delayed pregnancy termination should be considered [15].
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Systemic Treatment
Cytotoxic chemotherapy

Most chemotherapeutic agents have low molecular weight
and cross the placenta. Nearly all of them are known or sus-
pected teratogens accordingly to animal studies. In humans
the security data are limited due to the rarity of the cancer-
pregnancy condition and ethical issues related to conduc-
tion of clinical trials within this population [30-32]. Similar
to ionizing radiation, the timing of exposure to antineoplas-
tic drugs correlate with the severity of the injury to the fetus
[30]. Chemotherapeutic insult to the embryo during the first
2 weeks of conception may interfere with the processes that
facilitate implantation, leading to miscarriage and spontane-
ous abortion. However, if the embryo survives, it is expected
to develop normally since its cells are undifferentiated and
totipotent (all-or-nothing period). From the second to eighth
week of pregnancy occurs the organogenesis, a critical phase
with rapid differentiation and high vulnerability of the tissues
to teratogenic insults. Exposures during this period are more
likely to cause major malformations than in any other gesta-
tional period. Still, the central nervous system (CNS), genitals,
eyes and the hematopoietic system continue to be vulnerable
over the next few weeks of the first trimester. During the fetal
phase that corresponds to the second and third trimester of
pregnancy, the differentiated organs will complete their matu-
ration and growth, and exposures in this period could interfere
with this process and result in intrauterine growth restriction,
low birth weight and preterm labor [31]. Retrospective data
have shown a high incidence of major malformation in ex-
positions during the first trimester, around 14%, while during
the second and third trimester the incidence was around 3%,
which is similar to that of the general population [32]. For this
reason, chemotherapy should be avoided during the first tri-
mester. If there is an urgent need to start treatment, pregnancy
termination should be considered, and the mother should be
properly advised of the high risk of teratogenicity in case she
opts to carry on pregnancy [30-32]. Chemotherapy during the
second and third trimester is considered relatively safe. Al-
though there is no increase in malformations rates, obstetrical
and neonatal complications may occur more frequently, and
close pregnancy and fetal vitality monitoring should be of-
fered [22, 30-32].

The physiological changes that occur during pregnancy
such as hypervolemia, enhanced renal/hepatic elimination and
reduced albumin levels may interfere with the pharmacokinet-
ics of the chemotherapeutics. However, since there are no stud-
ies regarding the efficacy of treatment regimens in this context,
there is no dose adjustment preconized and current recom-
mendation is to utilize the same dose as used in non-pregnant
women [30, 31]. Special attention is required to recalculate
dosing at each cycle as patient weight usually increases during
pregnancy.

To reduce hematological risk to the fetus, it is recom-
mended to stop chemotherapy 3 weeks before the expected
date of delivery or after > 35 weeks of pregnancy. This recom-
mendation is to avoid that the nadir of the treatment coincides
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Table 2. Studies of Long-Term Follow-Up of Individuals Exposed to Intrauterine Chemotherapy

N Years of follow-up Findings
Sokal et al 17 2-95 All individuals reported to have no abnormalities.
(1960) [34]
Reynoso et al 6 1- 16 One individual with two neoplasias (thyroid and neuroblastoma)
(1987) [35] and low 1Q. All other individuals have no abnormalities.
Nulman et al 111 Im-22 Neurocognitive evaluation normal in all individuals.
(2001) [36]
Aviles et al 84 6-29 All individuals had normal growth, development, educational
(2001) [37] performance and behavior. Twelve individuals had normal offspring.
Amant et al 70 1.4-17.5 Individuals exposed to chemotherapy during the second and third trimester.

(2012) [38]

No difference in comparing to general population in regard to general health,

development, cognition, behavior, cardiologic or neurologic diseases.

with the birth date and to reduce maternal risk of infections and
bleeding. Weekly regimens should be preferred since they are
associated with lower hematological toxicity and shorter nadir
periods [22].

It is also important to note that chemotherapeutic agents
differ in their teratogenic potential and some specific drugs
such as methotrexate, dacarbazine, cyclophosphamide and
cytarabine are associated with higher teratogenic potential [30,
32, 33].

Data regarding long-term outcomes of individuals ex-
posed to chemotherapy during intrauterine life are also limit-
ed, but the few studies available showed that those individuals
have normal growth and development (Table 2) [32, 34-38].

Endocrine treatment

Considering the high frequency of hormonal expression (posi-
tivity of estrogen receptor and progesterone receptor) in preg-
nancy-associated breast cancer, inquiries about the utilization
of endocrine therapy in this scenario are pertinent. The physi-
ological changes necessary for a healthy pregnancy and fetal
development are mainly hormone mediated. Consequently,
the utilization of drugs that block estrogen and progesterone
production or action might interfere with those physiologi-
cal processes. Of note, tamoxifen, the most utilized drug in
the pre-menopausal context, is teratogenic in animals and has
been associated with birth defects in children of women who
inadvertently have utilized the medication during pregnancy.

Hence, endocrine treatment is contraindicated [39, 40].

Molecularly targeted agents

Drugs that target specific molecules involved in the growth
and spread of malignant cells are increasingly being used in
modern oncology practice. Most of these drugs are considered
new on the market and have no accumulated data of its effects
while exposition during pregnancy. Therefore, we discussed
the available evidence and concerns about some of the drugs
of this class, which were used more widely and long enough to
have available data during pregnancy (Table 3).

Imatinib, which was the first molecule to provide the proof
of principle that targeting an aberrant tyrosine kinase respon-
sible for the uncontrolled cell cycle progression could control
tumor progression in chronic myeloid leukemia, has been as-
sociated with an increase in spontaneous abortion and major
malformations, especially exencephaly, encephalopathies and
abnormalities in the skull bones. Of note, the malformations
observed in humans are similar to those described in animals,
reinforcing the teratogenic potential of this medication [32, 41,
42].

Rituximab, a monoclonal anti-CD20 antibody, has been
used in pregnancy with a good safety record. The rate of mal-
formations in inadvertently exposures during pregnancy was
not higher than that observed in the general population. The
most relevant concern about its usage while on pregnancy is
its potential to cause immunosuppression by B-cell depletion

Table 3. Pregnancy Risk Classification of Some of the Most Used Targeted Therapies and Immunotherapies in Medical Oncology

Drug Pregnancy/neonatal complication Teratogenic
Imatinib Not associated Yes

Rituximab Neonatal B-cell depletion Not associated
Trastuzumab Oligohidramnios Not associated
Lapatinib Possibly oligohydramnios Yes (animal studies)
Bevacizumab Possibly pre-eclampsia No data

Ipilimumab Abortion, stillbirths, premature delivery and higher incidence of infant mortality Not associated

PD-1/PD-L1 inhibitors

Abortion, stillbirths, premature delivery and higher incidence of infant mortality

Not associated
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in neonates, highlighting the necessity of a multidisciplinary
care team, including an attentive neonatal physician [32, 43].

Trastuzumab, an anti-HER2 antibody, has been clearly as-
sociated with oligohydramnios in pregnant women exposed to
this medication, being considered proscribed.

There is no evidence regarding the effects of bevacizumab
in pregnancy. However, it is known to cause hypertension and
proteinuria; and for that reason, it is hypothesized that it might
induce pre-eclampsia as well [44].

Immunotherapy

Since the mother and fetus are not genetically identical, it is
necessary for the mother to develop an immune tolerance to-
wards the fetus for a successful pregnancy [45]. Many im-
munomodulatory pathways are involved to create this toler-
ance. The immune checkpoints seem to have a key role in this
process, more importantly via programmed cell death ligand
1 (PD-1/PDL-1), although CTLA-4 is also involved. Their
inhibition could theoretically result in an immune response
against the fetus [46]. In addition, available drugs that inhibit
these immune checkpoints are IgG4 antibodies, which can
cross the placenta and may cause direct toxicity to the fetus
[47]. In animal models, anti-PD-1/PD-L1 and anti-CTLA-4
inhibitors during pregnancy were associated with an increase
in abortion rates, stillbirths, premature delivery and higher in-
cidence of infant mortality, especially when utilized during
the third trimester. These studies have not shown an increase
in the rate of malformations. Still, it is important to emphasize
that these studies utilized doses that were much higher than
those utilized therapeutically, and no human trials have been
conducted so far [47-49]. The incorporation of these drugs
into clinical practice is recent and there is no sufficient data to
speculate about their security in humans. For the time being,
the utilization of these drugs during pregnancy is not recom-
mended.

Support medications

Some non-antineoplastic agents routinely used in oncology
practice may also be a cause of concern during pregnancy.

Bisphosphonates inhibit osteoclastic activity, interfering
with the calcium homeostasis, diminishing its levels in ma-
ternal blood. Utilization of this class of medication during
pregnancy may reduce the calcium delivered to the fetus and
induce skeletal malformations (reduced bone growth), low
birth weight as demonstrated in animal models [50-52]. Also,
bisphosphonates could induce maternal hypocalcemia and
adversely affect parturition by diminishing uterine contrac-
tion [53]. For these reasons, utilization of bisphosphonates is
generally contraindicated in pregnancy. New compounds, such
as cimadronate, are being developed and have shown a good
safety profile in animal studies [52].

The security of granulocyte colony stimulation factors
(GCS-F) in pregnancy is also not fully established. There is
evidence that it can cross the placenta and animal studies ob-
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served an increased rate of spontaneous abortion and low birth
weight with no increase in malformations. Despite this, these
drugs have been utilized during human pregnancies with good
safety record [54]. Considering the risk and potential benefits,
the recommendation is to administer GCS-F only in cases of
severe neutropenia.

Conclusions

The identification of cancer during pregnancy is challenging.
Physiological changes that occur during pregnancy can delay
proper investigation of an underlying neoplasm. Consequently,
a multi-disciplinary team work is needed to promptly assess
gestational age, evaluate fetus viability and growth, while de-
fining the best maternal diagnostic strategy. Always consider
referral to centers with high risk obstetrical unit. Non-ionizing
imaging methods are preferred, including MRI and ultrasound,
aiming to reduce fetal radiation exposure. Surgery can be safe-
ly carried out at any moment during pregnancy and should not
be delayed if indicated. Typically, radiotherapy is not indicated
in this scenario, with exception of oncological emergencies,
where maternal risk is imposed. Other indications should
be discussed individually, by assessing and considering the
resulting dose to the fetus. Systemic treatments should, ide-
ally, follow as closely as possible, standard protocols for non-
pregnant patients and, at the same time, securing fetal safety.
Unfortunately, not many medications can be safely used dur-
ing pregnancy and mother should be exhaustive thought about
potential risks and complications of those systemic treatments.
Therapeutic abortion can be an option in a few cases, when
legislation permits.

To conclude, the treatment landscape in oncology is rap-
idly evolving. Nevertheless, few modern therapies are being
incorporated for pregnant patients. Pharmacokinetics, phar-
macodynamics and breast milk concentration studies of those
new drugs, including small molecules and immunotherapy are
needed. Additionally, medical community ought to constantly
gather data on the long-term outcome of those children ex-
posed to treatments in utero.
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