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Introduction Because the effects on the fetus and newborn, in the short

The incidence of cancer during pregnancy hasincreased ~ term, after cancer treatment, are soothing, more women re-
in recent decades, with doctors facing a complex processof ~ ceive treatment during pregnancy. The prenatal treatment
making cancer-obstetric decisions. should follow the standard treatment as much as possible
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to optimize the maternal prognosis, always taking into ac-
count the fetal well-being. To ensure the optimal treatment
for both mother and fetus, a multidisciplinary team of spe-
cialists should be involved in the decision-making.

In addition to oncology treatment, an obstetric and
perinatal management plan, agreed with future parents,
is crucial. The results of noninvasive prenatal testing are
inconclusive in women with cancer and alternatives should
be used for the prenatal screening of the disease. Chemo-
therapy in pregnant women requires repeated ultrasound
examinations to monitor the fetal growth and the appear-
ance of the uterus. After birth, a neonatal evaluation allows
the clinical identification of the adverse effects caused by
cancer or its treatments. In addition, placental histological
examination aims to assess the fetal risk of metastases.

In thelast 20 years, the clinical management of pregnant
women with cancer has evolved, with a higher number of
patients receiving treatment during pregnancy, with rarer
cases of abortion and fewer iatrogenic-induced premature
births®. In addition, cancer may be accompanied by ma-
ternal stress, inflammatory reactions, radiation exposure,
anesthetics and other medications, which may influence
the fetal development. However, data on the short- and
long-term impact on fetal development are still limited®.

Types of cancer during pregnancy

The incidence of oncological pathology in pregnancy for
the mother is about 1:1000®. In a recent Italian popula-
tion study, breast cancer was the most common cancer in
pregnancy (32%, n=479) and the risk of developing cancer
during pregnancy increased significantly with age, from 60
in 100,000 women under the age of 30 to 265 in 100,000
women over the age of 40®. Melanoma, breast cancer and
thyroid cancer were more common in the Australian popu-
lation than reported in other countries, and the incidence
of cervical and ovarian cancer was lower®. In an interna-
tional cohort of 1170 women diagnosed with cancer during
pregnancy, the most common types of invasive cancer were
breast cancer (39%, n=462), followed by cervical cancer
(13%, n=147), lymphoma (10%, n=113), ovarian cancer (7%,
n=88) and leukemia (6%, n=68)%. A study based on the
Swedish population found that the most common type of
cancer during pregnancy was melanoma (25%, n=232), fol-
lowed by breast cancer (15%, n=139), cervical cancer (15%,
n=139) and ovarian cancer (6%, n=54)®.

Diagnostic methods

Assessing breast symptoms during pregnancy and the
postpartum period can be difficult due to hormone-induced
changesin breast tissue that canlead to increased firmness
and nodularity. In addition, the symptoms of postpartum
lactation mastitis mimic locally advanced or inflamma-
tory breast cancer. Most forms of pregnancy-associated
breast cancer (PABC) are diagnosed after a palpable mass
is detected. Thickening of the skin and redness of the skin
may also be present”®. Completing the diagnostic process
with medical imaging to determine the extent of the dis-
ease is important in making treatment decisions. In anon-
pregnant patient, breast imaging may include ultrasound,
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mammography and nuclear magnetic resonance imaging
(MRI) of the breasts. Ultrasound helps to differentiate cyst-
ic formations from solid ones, and mammography can show
calcifications that may not be visible on ultrasound®. Ul-
trasound is widely used during pregnancy due to the safety
of thisimaging method®?. Mammography with abdominal
protection (shielding) exposes the fetus to minimal doses
(0.001-0.01 mGy with two views), well below the minimum
threshold of 200 mGy for side effects during organogenesis
(up to 10 weeks of gestation)™?.

Imaging used during pregnancy to diagnose and stage
cancer can create conflicts between maternal benefit and
fetal risk. Therefore, the following aspects must be taken
into account when choosing the appropriate imaging
evaluation technique: fetal safety, risk of metastasis,
viability of the fetus.

Breast MRI with improved contrast may be a useful di-
agnostic tool in non-PABC, and the safety of gadolinium
during pregnancy is controversial. Free gadolinium is con-
sidered toxic and is therefore administered to humans only
in chelated form. It crosses the placenta and remains in
the amniotic fluid, is swallowed by the fetus and reenters
the fetal circulation. Moreover, the positioning required
to perform breast MRI can lead to prolonged pressure on
the pregnant uterus, disrupting the uterine blood flow
(uteroplacental hypoperfusion). Breastfeeding women
are encouraged to use the milking pump or breastfeed im-
mediately before MRI to improve contrast. Gadolinium is
excreted in breast milk at a rate of 0.0004% of the breast
dose, and therefore the guidelines from the American Col-
lege of Radiology do not indicate the discontinuation of
breastfeeding after contrast-enhanced MRI®?. In some
cases of advanced PABC where metastases are suspected,
appropriate radiological preparation may be required prior
to birth to guide the therapeutic decisions. Because the
lungs, bone and liver are the most common metastatic sites
for breast cancer, a pregnant patient may have a chest X-
ray with abdominal shielding, liver ultrasound and non-
contrast MRI in supine position instead of bone X-rays for
metastasis assessment. The fetal PET/CT dose was found
to be 10-50 mGy and is therefore usually delayed until the
postpartum period.

In non-pregnant patients, computed tomography fluo-
ride-18-flurodeoxyglucose emission tomography (18FDG-
PET/CT) is a valuable tool for the detection and staging of
various cancers (especially hematologic cancer and staging
advanced breast cancer). However, 18FDG-PET/CT should
be avoided during pregnancy due to the high dose of radia-
tion exposure to the fetus (up to 50 mGy)“®. Diffusion-
weighted MRI (DWI-MRI) for the whole body has been
shown to be feasible in detecting primary lesions and nodal
along with distant metastases in women diagnosed with
cancer during pregnancy. Furthermore, it can be used as a
screening tool for the underlying malignancy in a nonin-
vasive abnormal prenatal test™®. As no adverse effects on
the fetus have been identified, this non-ionizing imaging
technique can be used safely. If indicated, pineapple juice
can be used as an oral negative contrast agent for imaging
optimization of the abdomen without affecting the fetus®®.
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The protocols for one day treatment of the sentinel lymph
node are considered safe during pregnancy®®. Radioisotopes
may be used for these procedures when administered in
small amounts, not exceeding 5 mGy fetal exposure®”. The
lowest possible dose of technetium can be injected topi-
cally two hours before the procedure. In such cases, approxi-
mately 90% of technetium will be collected in the sentinel
node, resulting in low systemic exposure and minimal fetal
risk. Indocyanine green, known for accurate sentinel node
detection and very limited placental transfer, is widely used
in pregnant patients®®1%. The use of methylene blue dye for
sentinel node detection should be avoided as there is a low
risk of anaphylactic reaction (0.1%)®°.

Cervical cancer is best diagnosed by cytology in early
pregnancy, with the following symptoms: abnormal bleed-
ing, vaginal discharge and abdominopelvic pain®?. Cervical
cancer during pregnancy is generally stage I at the time of
diagnosis, with pregnant women being three times more
likely to have stage I disease than non-pregnant women®.

The treatment of preinvasive disease (CIN 1 to CIN
3) can be delayed for up to 6-8 weeks after birth. Thus,
it is recommended to perform a colposcopy in each preg-
nancy trimester to assess the size of the lesion and the
progression of the disease. Colposcopy can be a challenge
during pregnancy, secondary to increased vascularity and
increased genital edema®?.

Stage IA1 can be managed by conization, performed
especially between 12 and 20 weeks of pregnancy®. The
term “coin biopsy” is sometimes used during pregnancy
to indicate that the incision should not be deep enough
to cause damage to the fetal membranes. The prophylac-
tic cerclage can be an option both for the prevention of
premature labor and for the management of operative
bleeding. In stages IA2-IB1 (less than 2 cm), conization or
simple trachelectomy can be performed because the para-
metric extension is observed in less than 1% of women.
Stage IB1 tumors larger than 2 cm can be treated with

neoadjuvant chemotherapy (NACT) with or without pelvic
lymphadenectomy.

Chemotherapy is relatively safe in the second trimester,
although there is a higher risk of premature labor, prema-
ture rupture of membranes, and restriction of fetal growth.
NACT stabilizes the tumor until fetal maturity is reached,
so that caesarean delivery and radical hysterectomy can
be performed. In women with advanced pregnancy (above
22-25 weeks), pelvic lymphadenectomy is not possible,
and in those with disease from stage IA1 to stage IB1, the
treatment can be delayed until fetal maturity is reached
without compromising survival. NACT can be given in both
advancedlocal cancer and in the third trimester to keep the
pregnancy up to an optimal fetal prognosis (35-36 weeks).
Caesarean birth followed by radical surgery or permanent
chemotherapy/radiotherapy showed a good obstetrical and
oncological result®®. Caesarean delivery is the preferred
choice for fetal extraction in the presence of large tumors.
Vaginal birth comes with the possibility of major bleeding
and the implantation of metastases in vaginal lacerations
or episiotomy scars, being contraindicated. In locally ad-
vanced tumors, birth by segmental-transverse caesarean
section should be avoided due to the risk of sectioning or
rupture of tumor tissue. A classic incision will reduce blood
loss and avoid intercepting large tumor vessels. Where it
is not desired to preserve the pregnancy or in advanced
stages, it is recommended to terminate the pregnancy
and institute the same treatment as in women who are
not pregnant. During early pregnancy (less than 12 weeks),
miscarriage occurs after pelvic irradiation. In the second
trimester, hysterectomy followed by radiochemotherapy
is preferred because the obstetric complications are fewer.

Oncological treatment

The oncological treatment may have acute and/or
chronic side effects on the fetus, including neurotoxicity
and cardiotoxicity, as cytostatics may cross the placenta

The radiation dose received by the fetus during imaging investigations (adapted from
Bl Hepner A. Cancer during pregnancy: The oncologist Overview)?

Radiation dose received by the fetus (mGy)

The type of imaging investigation

0

Ultrasound
MRI

0.001-0.1

Radiography
(head, chest, extremities)
Mammography
(T head and neck

0.1-1

Radiography
(abdomen, pelvis)
(T chest

1-10

Abdominal CT
Bone scintigraphy with Technetium-99m

10-50

(T pelvis
PET-CT with FDG
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invarying amounts®”-*®. In general, cancer treatment dur-
ing pregnancy should adhere to medications used for non-
pregnant patients as much as possible in order to preserve
the maternal prognosis. In addition to surgery, systemic
treatment, if compatible with pregnancy, plays an impor-
tant role in prenatal cancer treatment. Abortion may be
considered in the case of aggressive or advanced cancer
in early pregnancy. Premature induction of birth to start
cancer treatment should be avoided where possible due to
the long-term morbidity of preterm infants.

The change in cancer treatment and the impact dur-
ing pregnancy were reflected in an international cohort
study®. For every five years of the study (1996-2016), the
rate of oncological treatment use increased by 10% and
the rate of use of chemotherapy increased by 31%. The
percentage of live births has increased and premature
births have decreased. Maternal survival was similar to
that of non-pregnant women treated for cancer and en-
couraging results were observed in fetuses, neonates and
in early childhood. As such, the oncological treatment is
possible during pregnancy, often without compromising
maternal or fetal safety.

The transplacental transfer of chemotherapeutic drugs
takes place by passive diffusion and is therefore based
on drug-specific molecular size, lipid solubility, protein
binding and ionization. Because most chemotherapeutic
drugs have a low molecular weight and are unloaded and
unbound, they can easily cross the human placenta. In
baboons, the switch from fetus to mother ranged from
zero for docetaxel to a maximum concentration ratio of
0.58 for carboplatin®”29,

Chemotherapy should be avoided during the first tri-
mester of pregnancy to avoid interference with organo-
genesis. After 12-14 weeks of gestation, the administra-
tion of most cytotoxic drugs is feasible and considered
relatively safe®®. The standard regimens and doses of
chemotherapy using actual maternal weight during preg-
nancy are preferred. After 35 weeks of gestation, chemo-
therapy is usually discouraged to allow a certain window
in the administration schedule for maternal and fetal
bone marrow recovery between the last cycle of chemo-
therapy and birth. The latter should be ideally planned,
allowing the resumption of postpartum chemotherapyin
a timely manner if indicated.

Imatinib, a tyrosine kinase inhibitor approved for the
treatment of Philadelphia-positive chronic myeloid leuke-
mia, crosses the placenta and should not be given in the
first trimester. It has been shown to cause malformations
when given in the first trimester in pregnant women, but
it appears safe in the second and third trimesters®®.

Thus, antivascular and other antiangiogenic endothe-
lial growth factors are contraindicated during pregnancy.
Targeted HER-2 therapy (trastuzumab), commonly used
to treat HER-2 positive breast cancer, is associated with
severe oligo-/anhydramnios and with subsequent neona-
tal respiratory failure due to pulmonary hypoplasia when
administered in the second or third trimester, probably
due to blockage of the epidermal growth factor receptor 2
secreted in the fetal kidney®?.
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The supportive medication as part of systemic treat-
ment is considered safe for a number of medications.
Antiemetics may be administered during pregnancy,
including metoclopramide and serotonin receptor an-
tagonists®?, but the safety has not been determined for
neurokinin-1 inhibitors®.

There are ongoing debates about the use of growth
factors, such as granulocyte colony stimulating factor and
erythropoietin, although the former has been shown to
be safe during pregnancy, allowing for high-dose treat-
ment programs®®.

Fetal and neonatal results

The short-term outcomes of fetuses and newborns
exposed to intrauterine chemotherapy are generally sat-
isfactory; however, the long-term results (>6 years) are
unknown and the use of more hormonal and targeted
therapies should be discouraged until more information
on fetal safety is available.

As shown above, there is a risk of malformations for
the fetus during the first trimester of pregnancy under
the influence of certain therapies and methods of diag-
nostic imaging.

A recent Italian monocentric study found a trend to-
ward fewer elective caesarean sections in the last decade
for patients diagnosed with cancer during pregnancy®®.
This has been accompanied by an increasing percentage
of labor inductions, mainly due to the need to start or
continue chemotherapy®. A higher incidence of neonatal
respiratory distress has also been observed, largely due to
iatrogenic-induced prematurity. The outcome in terms of
cognitive and cardiac development in the first six years
after exposure to chemotherapy is not significantly af-
fected compared to children in the general population®657.
Certain precautions are necessary because chemotherapy
during pregnancy is associated with impaired fetal growth
and when given at the beginning of pregnancy®.

Neonatal/fetal metastases have been found mainly
in patients with melanoma and also in lung cancer and
leukemia. Placental metastases are located mainly in the
interciliar space and to a lesser extent in the villi, prob-
ably due to the placental barrier that protects the fetus
from dangerous substances in the mother’s circulation.
Although, based on limited evidence, only villous involve-
ment has been described in association with neonatal
metastases. To this end, the histological examination of
the placenta is crucial and recommended for the detection
of microscopic placental metastases and the identification
of potential fetal involvement, especially in women with
melanoma or advanced cancer.

As mentioned earlier, fetal growth restriction is a
well-known obstetric complication in complicated can-
cer pregnancies®. Uteroplacental vascular insufficiency
and the subsequent impact on placental development are
the main causes of intrauterine growth restriction in the
general population®®. Premature rupture of membranes
and premature birth have been observed in mothers
with oncological pathology and chemotherapy during
pregnancy®®.
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Bone marrow toxicity may occur in newborns prenatally
exposed to chemotherapy and fetal anemia secondary to
cancer or treatment can be detected by Doppler ultrasound
examination®. The combination of altered general ma-
ternal health, pancytopenia, systemic disease, oncological
stress and cytotoxic drugs may endanger the fetus and pla-
cental function, leading to an increased risk of intrauterine
fetal death, especially in patients with acute fetal leukemia.
Intrauterine death in leukemia is more common compared
to other cancers.

Breastfeeding

Breastfeeding is discouraged when the systemic
treatment should be continued after birth. An interval
of at least three weeks between the last treatment and
breastfeeding is recommended to prevent any treatment-
induced neonatal effect from most non-platinum chemo-
therapeutic agents.

Women receiving chemotherapy or treatment with
tamoxifen should not breastfeed.

There is no evidence that breastfeeding increases the
risk of developing breast cancer or for developing secondary
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signs of a residual tumor should be encouraged to breastfeed.

Conclusions

Overall, obstetric outcomes have improved in recent
decades, with fewer miscarriages and fewer preterm births.
Changes in obstetric management have been driven by a
better understanding of cancer during pregnancy and by a
general tendency to reduce the effects of toxicity on the fe-
tus and newborn due to chemotherapy. Furthermore, preg-
nant women and their partners should be supported and
encouraged to be actively involved in the decision-making
on cancer treatment and perinatal decisions. In addition,
postpartum guidance on breastfeeding, physiological and
psychological well-being is often highly desirable. Oncologi-
cal pathology during pregnancy remains a challenge, due to
the side effects of diagnostic methods and treatment on the
pregnant woman, the fetus and later on the newborn. H
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