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Abstract
Cancer during pregnancy is a challenge for multi- and interdisciplinary collaboration due to the diagnostic, prognostic
and therapeutic implications, the need for an integrated harmonization of medical action for the pregnant patient and the
embryo or foetus and the characteristics of each gestational period, which will determine the protocol to be proposed and
its limitations. For this reason, a group of experts appointed by participating scientific societies, which includes the Spanish
Society of Medical Oncology (Sociedad Española de Oncología Médica—SEOM), the Spanish Association of Surgeons
(Asociación Española de Cirujanos—AEC), the Spanish Society of Gynaecology and Obstetrics (Sociedad Española de
Ginecología y Obstetricia—SEGO), the Spanish Society of Nuclear Medicine and Molecular Imaging (Sociedad Española de
Medicina Nuclear e Imagen Molecular—SEMNIM), the Spanish Society of Oncological Radiotherapy (Sociedad Española
de Oncología Radioterápica—SEOR) and the Spanish Society of Medical Radiology (Sociedad Española de Radiología
Médica—SERAM), have worked together to establish consensus recommendations that allow the harmonization of management and ultimately the optimization of the healthcare of pregnant patients with cancer. When cancer is detected in a
pregnant woman, the week of gestation in which the diagnosis is made must be considered, as well as the characteristics of
the tumour. It is strongly recommended that a multidisciplinary team assesses the situation and guides the patient and her
family during the informing, diagnosis and treatment process. Likewise, the foetus should be monitored and managed by
specialized obstetricians who are part of a multidisciplinary cancer committee.
Keywords Antineoplastic agents · Child development · Diagnosis · Follow-up · Prenatal care · Radiotherapy · Surgery ·
Systemic therapies

Introduction
Gestational cancer is defined as cancer that occurs during
pregnancy or during the year after delivery. In European
countries, the incidence of gestational cancer has remained
stable during the twenty-first century, after an annual
increase of 1.5% in the final decades of the last century,
with an incidence of 90-120 cases per 100,000 pregnancies
[1, 2]. Among them, breast cancer ranks first by frequency,
accounting for a third of all incident cases. After breast
cancer, then thyroid cancer, cervical cancer, lymphomas
and melanoma follow, ranked from high to low incidence
(Table 1) [2, 3]. The delay in the age of pregnancy in the
West carries an increased risk of gestational cancer, being
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4 times higher in women over the age of 40 years compared
to those under 30 years of age [2].
Cancer during pregnancy is a challenge for multi- and
interdisciplinary collaboration [3] because of the diagnostic,
prognostic and therapeutic implications involved. The need
for an integrated harmonization of medical action for the
pregnant patient and the embryo or foetus, and the characteristics of each gestational period, will determine the treatment
protocol to be proposed and its limitations. For this reason, a
group of experts appointed by participating scientific societies, which includes the Spanish Society of Medical Oncology (Sociedad Española de Oncología Médica—SEOM),
the Spanish Association of Surgeons (Asociación Española
de Cirujanos—AEC), the Spanish Society of Gynaecology
and Obstetrics (Sociedad Española de Ginecología y Obstetricia—SEGO), the Spanish Society of Nuclear Medicine
and Molecular Imaging (Sociedad Española de Medicina
Nuclear e Imagen Molecular—SEMNIM), the Spanish
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Table 1  Incidence of different types of cancer during pregnancy
Tumour

Frequency
Cases/105 pregnancies

Hodgkin lymphoma [82]
Breast cancer [83]
Non-Hodgkin lymphoma [84]
Melanoma [12]
Cervical cancer [37]
Ovarian cancer [37]
Colorectal cancer [40]

2.8–5.0
1.4–4.6
0.2–3.8
2.0

Cases/105
births
8.1
6.5
5.4

Society of Oncological Radiotherapy (Sociedad Española de
Oncología Radioterápica—SEOR) and the Spanish Society
of Medical Radiology (Sociedad Española de Radiología
Médica—SERAM), have worked together to establish consensus recommendations that allow the harmonization of the
management and ultimately the optimization of the healthcare of pregnant patients with cancer.

Diagnosis of cancer during pregnancy
Figure 1 summarizes the recommendations for the different
diagnostic tests to be performed during pregnancy according to trimester.

Diagnosis by nuclear medicine
Sentinel lymph node biopsy (SLNB)
Sentinel lymph node biopsy (SLNB) is a standard technique
in breast cancer staging and therefore should form part of
the discussion and preparation of the diagnostic strategy of
the multidisciplinary team responsible for the patient. The
scientific evidence regarding SLNB in breast cancer during
pregnancy is limited to cohort studies [4]; that is, there is no
Fig. 1  Recommendations
for different diagnostic tests
during pregnancy according
to trimester. SLNB selective sentinel lymph node biopsy, PET
positron emission tomography.
Green: recommended; Yellow:
depending on gestational age
and tumour location; Red: not
recommended
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level 1 evidence, and the degree of the recommendations of
the different guidelines is limited to C or D. Its use has not
been validated in the American Society of Clinical Oncology
(ASCO) guidelines due to the lack of data available in the
literature [5]. The National Comprehensive Cancer Network
(NCCN) Clinical Practice Guidelines in Oncology state
that the decision must be made individually by each patient
[6]. However, the European Society for Medical Oncology
(ESMO) does not discourage its implementation in centres
where it is a routine practice in non-pregnant patients [7].
Other guidelines recommend it when axillary ultrasound and
suspicious lymph node biopsy have been negative [8, 9].
Lymphoscintigraphy and SLNB with 99mTc-albumin
nanocolloids do not cause significant uterine irradiation
when optimized protocols are followed [10, 11]. Recommendations for minimizing foetal exposure are i) avoiding
contact with other nuclear medicine patients by scheduling
lymphoscintigraphy as the first procedure of the day and ii)
reducing the time between nanocolloid injection and surgery.
Thus, radiocolloids are considered safe [6, 8] when recommended as one-day protocols.
Regarding the efficacy of the procedure, in an international multicentre retrospective study with the largest cohort
published to date (145 cN0 patients), the identification rate
was high (99.3%), and the rate of axillary recurrence was
very low (0.7%), which presupposes oncological safety for
the mother; therefore, there is no reason to contraindicate
SLNB during pregnancy [4].
Regarding SLNB in melanoma, results of a European survey showed great inconsistency regarding its performance in
pregnancy [12]. However, SLNB with radiocolloids may be
safely indicated after individual risk assessment [13]. The
consensus is that it should be performed no earlier than the
second trimester, in a one-day protocol (10–25 MBq 99mTc)
and with surgery scheduled immediately after lymphatic
mapping [14, 15].
The main guidelines for gynaecological tumours during
pregnancy do not recommend SLNB in cervical cancer. In
the case of unifocal vulvar tumours less than 4 cm in size,
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due to the limited data available, SLNB should only be performed after assessing maternal safety and the risk of lymph
node recurrence [16]. SLNB with vital blue dye is not recommended as anaphylactic reactions have been observed
in 1–2% of patients [6, 7, 9, 11]. The safety and efficacy
of SLNB by fluorescence with indocyanine green or with
ferromagnetic particles have not been evaluated in pregnant
patients [17].
Taking into account these data, this panel of experts recommends the following for pregnant patients:
• For breast cancer, SLNB should be offered with radiocol-

loids instead of axillary lymphadenectomy, provided that
it is routinely performed in non-pregnant patients in the
centre;
• For melanoma, SLNB with radiocolloids is considered
safe and is recommended from the second trimester; and
• For gynaecological tumours, there are currently no data
to establish a recommendation [18].
Imaging tests

The ESMO guidelines state that bone scintigraphy and positron emission tomography (PET) should be avoided during
pregnancy [7]. Loibl et al. state that although radiotracers
used in nuclear medicine and during PET probably do not
produce exposure to radiation greater than 50 mGy, they
cannot be recommended during pregnancy [11].
Some data from limited studies suggest that the dose
of foetal radiation exposure is low with fluorodeoxyglucose (18F-FDG) PET and PET/magnetic resonance imaging (MRI), particularly during the later stages of pregnancy
[19]. However, these data are insufficient to establish a recommendation for the use of PET for cancer staging during
pregnancy.

Diagnosis by radiology
Although the risk of radiation exposure during pregnancy is
a common cause for concern, a missed or delayed diagnosis
may pose an even greater threat to the woman and the foetus
than any danger associated with ionizing radiation. The most
effective way to limit radiation is (i) to use non-irradiated
imaging modalities such as ultrasound, (ii) to justify all
explorations and (iii) to use the lowest possible dose [20].
Ultrasound is the imaging technique of choice for pregnant women, although prolonged use of Doppler during the
first trimester should be avoided. MRI is considered safe
for the foetus in normal clinical use if safety standards are
adhered to and ensuring that the magnetic field does not
exceed 1.5 Tesla (T). The American College of Radiology

(ACR) removed restrictions related to gestational age in a
2007 update [21].
The use of ionizing radiation, such as X-rays and computed tomography (CT), may produce biological alterations
depending on gestational age and radiation dose. In the first
10-14 days of gestation, the only potential risk is abortion,
although this has not been observed with the doses that are
routinely administered (e.g., less than 1 mGy). From week
2 to week 15 of pregnancy, tests outside the abdomen (e.g.,
head and neck, thorax and extremities) do not pose a risk
to the foetus because the only radiation that is delivered is
scattered, very low and may be eliminated with standard
precautions [22–24]. If testing procedures of the abdomen
and pelvis are optimized, the dose of radiation received by
the foetus will be well below any threshold that may induce
developmental abnormalities. With doses less than 100 millisievert (mSv), there are no identifiable effects and termination of pregnancy is not justified [25]. With doses above
100 mSv, the risk of malformations is very low; with doses
above 150 mSv, the risk of malformations during the development of the foetus increases and after week 15, the only
potential risk is of cancer, induced with doses higher than
150 mSv. Foetal radiation doses up to 1 mGy are considered
acceptable because it is the dose that a foetus receives as
natural background radiation [26, 27].
Regarding iodinated contrast agents, no biological effects
have been described following administration during pregnancy. The US Food and Drug Administration (FDA) considers them to be category B drugs; that is, no risk has been
observed following their use in reproductive studies in animals. However, there have been no controlled studies in
pregnant women. Because foetal thyroid development takes
place during gestation, however, there is a potential risk of
hypothyroidism. Therefore, the use of iodinated contrasts is
recommended when no other examination is available, the
information obtained is essential for both the mother and
the foetus, and it is considered unwise to delay the test until
after delivery [28].
The administration of gadolinium should be avoided during pregnancy because its effect when deposited in tissues is
unknown. In addition, it is associated with rheumatological,
inflammatory and infiltrative skin conditions [29].
During lactation, iodinated or gadolinium-based contrasts
are considered safe for the baby because the average dose
reached through the ingestion of breast milk is very small
(0.01% of the dose received by the mother for gadolinium
and 0.5% for iodine). In addition, only a small proportion
that reaches the baby’s gastrointestinal tract is absorbed.
The maximum peak of contrast agent concentration in breast
milk occurs 5 h after injection and is undetectable at 12 h.
The ACR in its Manual on Contrast Media states that, with
the data currently available, continuing with breastfeeding is
safe [30]. However, if after being informed, mothers do not
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wish to expose their babies to contrast agents, they should
be instructed to discard breast milk for 24 h after contrast
injection. In the case of premature babies, special attention
should be paid because thyroid regulation is not yet mature;
therefore, there is a risk of developing transient hypothyroidism [31].
It is mandatory that the medical team, of which the radiologist is a key member, reviews the indications for and frequency of radiological tests individually, as well as their
risk–benefit ratios. In addition, the patient must be properly counselled and afterwards she must provide written
informed consent. Although the risks to the foetus are small,
it is important to ensure that radiation doses are kept as low
as reasonably possible. A medical physicist must calculate
the total dose that reaches the foetus and any potential associated risk if an unusually complex procedure requires high
levels of radiation or if a patient has a medical condition that
will require multiple exposures to radiation throughout the
entire pregnancy.

Surgical treatment of cancer
during pregnancy
Standard anaesthetic procedures are considered safe during pregnancy. In general, surgical treatment should be
avoided during the first trimester because of an observed
association between surgery during weeks 3–5 of gestation
and the appearance of neural tube defects in the foetus.
Abdominal surgery is considered safer in the second
trimester, in which the risk of abortion is low and the size
of the uterus allows surgical procedures. On the other
hand, all procedures carried out after week 20 should be
performed in a slightly left lateral decubitus position to
avoid compression of the vena cava and to maintain cardiac output.
In addition, a laparoscopic approach is considered feasible and safe during pregnancy until weeks 26-28. To
minimize the potential risk to the foetus of this approach,
the following are required: (i) surgery duration less than
90 min, (ii) pneumoperitoneum with a maximum intraabdominal pressure of 10–13 mmHg, (iii) open pneumoperitoneum and (iv) the presence of an expert surgeon.
In the postoperative period, certain analgesics such
as paracetamol, non-steroidal anti-inflammatory drugs
(NSAIDs), tramadol or morphine, and antiemetics (metoclopramide or ondansetron) may be prescribed. In the
third trimester, NSAIDs have been associated with premature closure of the ductus arteriosus and possible pulmonary hypertension in the neonate in 50–80% of cases.
In addition, it is advisable to administer thromboembolic
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prophylaxis with low molecular weight heparin because
pregnancy is a procoagulant state [16].

Breast cancer
Surgical treatment of breast cancer during pregnancy is a
challenge, and published data are limited to retrospective
studies and case series. In the past, it was erroneously
thought that inducing an abortion could improve the prognosis of the patient but this assumption is no longer supported by current evidence. In general, surgical treatment
is similar to that for a non-pregnant woman and, depending on the stage, lumpectomy or mastectomy may be performed. Surgery may be carried out in any trimester with
little risk to the foetus. Breast reconstruction should be
postponed until after delivery as well as post-mastectomy
and post-lumpectomy irradiation [32–36]. The recommendations regarding SLNB are discussed in the section on
diagnosis in this article.

Cervical cancer
Treatment pathways and techniques
A laparoscopic approach for cervical cancer should be considered taking into account the laparotomic route, limited
until 14–16 weeks of pregnancy. Regarding surgical techniques, there are safety data on simple trachelectomy but
not on radical trachelectomy [37]. Lymphadenectomy is, in
general, technically feasible until week 24.
Patients should receive adequate information about the
risks to pregnancy, especially about the limitations imposed
by pregnancy for certain treatments such as radiotherapy.
Procedures according to disease stage, with the aim
of maintaining pregnancy
If cervical cancer is diagnosed at stage IA or IA1 before
weeks 22–25 of gestation, conization alone is sufficient and
safe during pregnancy although there is an increased risk of
bleeding, which increases as pregnancy progresses. Simple
trachelectomy is a safe option in these cases [37].
In the case of stage IA2, IB1, IB2 or IIA cervical cancer, if the patient is at a gestational age below 22 weeks,
the first option is lymphadenectomy. In this situation (stage
IIIC, with lymph node involvement confirmed by lymphadenectomy), if the pregnancy is continued, chemotherapy
treatment with cisplatin should be offered. This strategy is
considered safe for the foetus [39], as well as combinations
of paclitaxel with platinum salts [38], although the preferred
regimen is cisplatin monotherapy [38].
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Any approach involving radiotherapy is incompatible
with the intention of maintaining pregnancy. In the absence
of suspicion of lymph node involvement, in stages IB2 and
IIA, lymphadenectomy is not necessary, and chemotherapy
may be chosen.
In general, in tumours smaller than 2 cm in patients in
the third trimester, the option of maternal–foetal monitoring until foetal maturity may be considered, to be followed
by surgery.
In locally advanced stages (IB3-IIA2-IIB), chemotherapy
should be chosen. As indicated in the section on chemotherapy, cisplatin is a key drug in cervical cancer chemotherapy and may be safely administered without harm to
the foetus—but not in the first trimester [39]. In these cases,
the role of staging lymphadenectomy is unknown and is not
recommended. At other more advanced stages, again chemotherapy is the treatment of choice when the choice is made
to maintain pregnancy.
Regarding childbirth, elective caesarean section should
generally be the preferred option. Following conization or
trachelectomy during pregnancy, the risk of bleeding and
cervical tearing is high. If a tumour has not been operated on
during pregnancy, surgical treatment should be scheduled to
occur at the same time as the caesarean section.

Ovarian cancer
Regarding the aim of maintaining pregnancy, up until weeks
22-24, adequate surgical staging with preservation of the
uterus should be performed. The need for contralateral
adnexectomy is conditional upon gestational age and the
condition of the ovary. In general, if gestational age compromises planned surgery or if it is not possible to perform
adequate staging, then primary chemotherapy is indicated
and cytoreductive surgery should be scheduled for after
delivery. The same approach should be considered for cases
of advanced ovarian cancer in which the aim is to continue
the pregnancy.

Colorectal cancer
The surgical treatment of colorectal cancer in pregnant
patients depends on tumour location, stage, presentation
and gestational age. If the diagnosis of cancer is made in
early pregnancy, surgical resection of the tumour during
pregnancy or termination of pregnancy followed by surgical resection should be considered. If the diagnosis of cancer
is later in the pregnancy, early delivery may be induced if
the gestational age of the foetus is acceptable for premature
delivery, and then surgical treatment may be performed.
In the case of rectal cancer, the surgical approach is very
complicated during the last trimester and, although vaginal

delivery is possible, caesarean section is recommended to
avoid bleeding or the possibility of obstruction of the birth
canal in the case of bulky tumours [39, 40].

Radiotherapy for cancer during pregnancy
The administration of radiotherapy during pregnancy continues to be a topic of debate. In general, delaying radiotherapy is recommended until after delivery and it is contraindicated for tumours located in the pelvis because of
the high risk of abortion and foetal harm [41].
Since the 1990s, technological improvements in modern
radiotherapy such as three-dimensional conformal radiotherapy (3D-CRT), intensity-modulated radiation therapy
(IMRT) and volumetric modulated arc therapy (VMAT),
stereotactic radiotherapy and proton therapy have been
introduced into clinical practice. The aim is to administer high doses of radiation to a tumour while reducing
the risk of irradiating organs located in close proximity,
thereby improving the effectiveness and tolerability of the
treatment [42–45]. In addition, guided imaging techniques
using cone-beam computed tomography (CBCT) have
been developed to ensure the accurate administration of
daily doses [46]. IMRT-VMAT limits the exposure of high
doses to a more restricted volume, with the disadvantage
of administering low doses to a larger volume of normal
tissue. Taking this into account, the use of advanced radiotherapy techniques in pregnant women with cancer may
increase the probability of short- and long-term adverse
effects on the foetus; therefore, IMRT-VMAT should be
used with caution in strictly selected patients [41].
The adverse effects of foetal irradiation vary according
to the week of gestation and the irradiation dose. In the
first or second trimester, when the distance between the
foetus and the irradiation field is greater, there is a lower
risk of foetal exposure; whilst in the third trimester, this
distance is shortened, which may lead to greater foetal
exposure to radiation. However, this distance may be large
enough to safely irradiate brain, head and neck tumours
[47–49].
The biological effects of radiotherapy on the embryo
and foetus can be stochastic and deterministic. The stochastic effects are probabilistic; they do not have a threshold above which the effect appears, although the risk of
appearance, but not severity, increases with the treatment
dose. The deterministic effects are characterized by a
cause–effect association; their severity increases with the
dose, and there is a threshold dose below which an effect
does not occur [47–49]. The dominant deterministic effect
of irradiation prior to implantation is early embryo death
[47, 49], although this is very low with doses < 100 mGy.
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During organogenesis (weeks 2–7), the main effects of
radiotherapy are congenital anomalies and growth retardation without mental retardation, although the risk increases
with doses above 500 mGy [41]. The brain develops
between weeks 8-15; therefore, in this phase, the potential
effects of radiotherapy could be microcephaly and mental
retardation. Mental function does not seem to decrease
with doses < 100 mGy but does with doses > 100 mGy [41,
49, 50]. The incidence of mental retardation with doses
between 100 and 499 mGy is estimated at 6% [41].
The effects of irradiation in the second trimester (weeks
16-25) are similar to those in the first trimester. The main
risks include mental retardation, microcephaly, cataracts,
sterility and cancer. The incidence of mental retardation
is 2% with doses < 500 mGy [41]. The risk of sterility and
neurological damage is lower in the second trimester than
in the first trimester [41]. During the third trimester (week
25), the risk of mental retardation, impaired growth and
microcephaly appears to be low, although cases with exposure < 500 mGy have been observed [41].
In summary, pregnant patients with cancer should be evaluated by a multidisciplinary team to determine the risks and
benefits of administering radiotherapy, both for the woman
and the foetus. There is no justification for not administering radiotherapy when doses to the foetus are < 100 mGy.
Radiotherapy is contraindicated for tumours located in the
pelvis. The potential role of IMRT-VMAT and stereotactic
or proton radiotherapy should be limited to selected cases
until more clinical evidence is available.

Systemic treatment of cancer
during pregnancy
As a general rule, systemic treatments (chemotherapy, hormone therapy, targeted therapies and immunotherapy) are
contraindicated during the first trimester because they carry
a high risk of malformation (up to 20%) and abortion and
because there are no safety data available during this period.
Organogenesis occurs from the second week of gestation
to the eighth week; therefore, chemotherapy could be administered from weeks 13 to 33. The classical chemotherapy
regimens may be administered up to 3 weeks before the
expected date of delivery to avoid coinciding with neutropenia or thrombopenia potentially caused by these treatments.
In general, in the last 2 trimesters of pregnancy, chemotherapy does not carry a significant risk of malformation
to the foetus. There are, however, safety data for certain
chemotherapy schedules during the second and third trimesters. In breast cancer, there is only one prospective
series of pregnant women treated with the 5-fluorouracil,
doxorubicin and cyclophosphamide (FAC) regimen [51].
Anthracyclines, such as doxorubicin, epirubicin, pegylated
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liposomal doxorubicin and non-pegylated liposomal doxorubicin, exhibit very low placental transfer; therefore, they
are considered safe in the second and third trimesters [52].
In contrast, idarubicin has a low molecular weight, high
lipophilicity and little affinity for placental P glycoprotein,
and there are data on its teratogenicity, even in the second
trimester [53]. The largest published case–control study of
women with gestational breast cancer confirms that doxorubicin and epirubicin are agents without teratogenicity
when administered in the second and third trimesters [54];
however, in other studies, a tendency towards prematurity
and low birth weight has been observed [55]. Unlike idarubicin and daunorubicin, neither doxorubicin nor epirubicin
produce acute or delayed cardiotoxicity. For this reason,
the FAC, 5-fluorouracil, epirubicin and cyclophosphamide
(FEC), doxorubicin and cyclophosphamide (AC) and epirubicin and cyclophosphamide (EC) regimens are the most
frequently used in gestational breast cancer.
There is some experience with cytarabine in the treatment
of leukaemia, more frequently in combination with doxorubicin than daunorubicin or idarubicin, due to its worse
toxicity profile during pregnancy [56].
The administration of doxorubicin with ifosfamide has
also been evaluated for the treatment of pregnant patients
with soft tissue sarcomas. Nine patients were treated in the
third trimester with doxorubicin (50 mg/m2, day (D) 1) and
ifosfamide (2.5 g/m2/day D1– D2) with the corresponding
dose of Mesna, without toxicity or complications for mothers or babies [57].
Anthracyclines in polychemotherapy regimens have been
used in the second and third trimesters in patients with nonHodgkin lymphoma (cyclophosphamide, doxorubicin, vincristine and prednisone [CHOP]) and in Hodgkin disease
(doxorubicin, bleomycin, vinblastine and dexamethasone
ABVD]).
With taxanes, the data are even more scarce and limited.
In general, taxane administration is considered safe during
the second and third trimesters. Although there are fewer
data than for anthracyclines [58], studies in patients treated
in the second and third trimesters do not demonstrate foetal
malformation or excess toxicity [59]. Taxanes have a very
low placental transfer, although as a general rule, weekly
paclitaxel is preferred because of its more manageable toxicity profile.
Cisplatin has been used in the second trimester as a neoadjuvant treatment to delay radical hysterectomy in pregnant
women diagnosed with cervical cancer. Unlike doxorubicin
and epirubicin, in the 7 cases studied, significant concentrations of cisplatin were observed in cord blood and amniotic fluid. However, the published studies showed that the 8
babies of the treated mothers were born by caesarean section after week 32, and were completely healthy [60]. The
combination of cisplatin with bleomycin is recommended
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for the treatment of germinal tumours without etoposide,
due to its high haematological toxicity and an increased risk
of delayed foetal growth. In ovarian cancer, carboplatin has
been administered in combination with paclitaxel from the
second trimester [61].
Anti-HER2 agents are contraindicated throughout pregnancy. In a series of 19 patients, treatment with trastuzumab
was associated with oligohydramnios and anhydramnios in
more than 70% of pregnancies [62], as was the doublet of
trastuzumab and pertuzumab [63].
Anti-CD20 agents, such as rituximab, may be used from
the second trimester, although they may cause some foetal immunodepletion; therefore, it is advisable to assess the
risk–benefit ratio [64]. In contrast, interferon-alpha may be
used in all three trimesters [65]. There are safety data, for
both the mother and the baby, regarding the administration
of imatinib for chronic myeloid leukaemia, from the second
trimester [66]. Hormone therapy is contraindicated throughout pregnancy, and there are no safety data regarding tyrosine kinase inhibitors (TKIs) except imatinib [67, 68].
Regarding immunotherapy, anti-PD-1/PDL-1 antibodies
are associated with a greater number of abortions in animal models, probably due to their role in the immunotolerance state of pregnancy. [69]. Although there are reports
of isolated cases treated with nivolumab or nivolumab and
ipilimumab, so far there is no acceptable level of safety to
recommend their use during pregnancy. The use of bevacizumab during pregnancy is not recommended because of its
antiangiogenic effect although there are very few published
cases [70].

Monitoring and termination of pregnancy
in patients with cancer
Patients diagnosed with any type of cancer during pregnancy
should be evaluated by a multidisciplinary tumour committee, including obstetric assessment, for decision-making.
The wishes of the mother should prevail once she has been
informed regarding the situation and the risks associated
with pregnancy. In addition, these patients should be evaluated and treated in centres that have neonatal units, in which
they can act appropriately in situations of premature delivery
[34, 71, 72].
When cancer is diagnosed during pregnancy, both the
effect of the pregnancy on the cancer and the possible effect
of the cancer on the pregnancy should be taken into account
[73–75].

Effect of pregnancy on cancer
Pregnancy itself does not have a direct effect on the progression of a neoplasm but it can delay diagnosis because the
symptomatology produced by the cancer can often be confused with symptoms of pregnancy, whereas, on other occasions, being pregnant may delay the carrying out of certain
diagnostic tests. All this causes a delay in cancer diagnosis,
and so it is not uncommon for pregnant women to be in more
advanced stages at diagnosis.
In addition, pregnancy may affect decision-making, influence the treatment strategies proposed and, therefore, affect
the outcome of the disease.

Effect of cancer on pregnancy
In most cases, cancer will not influence the development of
a pregnancy, especially regarding extragenital tumours. The
most frequent risks are intrauterine foetal growth delays in
advanced stages of pregnancy, low birth weight and iatrogenic prematurity due to early termination of pregnancy to
carry out certain treatments.
Some treatments commonly used in cancer patients may
have negative effects on pregnancy that should be considered
before use. Thus, the safest treatments should be chosen, or
others should be used after the end of pregnancy. Surgical
procedures that do not affect the genital tract are usually well
tolerated by both the mother and the foetus. In the case of
genital tract tumours, surgical treatment is indicated in situations that may, immediately or later, threaten the life of the
mother or that may subsequently affect the normal progress
of the pregnancy or childbirth. It is necessary to decide the
optimal time for surgery, provide prior adequate evaluation
and information to the patient and determine whether surgery may be deferred until foetal viability is reached, thus
avoiding extreme prematurity, unless there is danger to the
life of the patient. A determining factor for making this type
of decision is the time of pregnancy in which the diagnosis
of cancer is made (i.e., first, second or third trimester) as
well as the week of gestation in which it is found.
As indicated in the section on systemic treatment during
pregnancy, in general, systemic treatments are contraindicated during the first trimester and should be administered
only when necessary during the second and third trimesters. If delay is not possible, the choice of drug should consider the health of the foetus, and therefore, the therapeutic
approach may vary (e.g., monochemotherapy instead of
polychemotherapy).
In all cases in which a patient is treated for a tumour during pregnancy, the patient must be referred to, and followed
up in, a high-risk obstetrics unit where appropriate controls
should be performed and the decision to end the pregnancy

13

Clinical and Translational Oncology

can be made as a function of the obstetric conditions and the
oncological situation of the patient, and assessed in a multidisciplinary manner. During pregnancy, exhaustive obstetric monitoring should be performed, with monthly visits to
the office and obstetric ultrasound performed at least once a
month, increasing the frequency of these if necessary. The
use of obstetric ultrasound, monitoring foetal growth and
well-being, and observing the amount of amniotic fluid and
the placenta are procedures that should be reviewed with
special attention.
In general, a foetus is viable from week 24 of gestation or
when it weighs more than 500 grams. Starting at that week,
if foetal extraction is necessary, intramuscular treatment
with corticosteroids may be administered beforehand to aid
the pulmonary maturity of the foetus (Table 2). At least 48 h
before birth, magnesium sulphate should also be administered to achieve a neuroprotective effect. Whenever possible,
attempts should be made to maintain pregnancy until week
37 or at least until week 35. If the situation does not permit,
attempts should be made to maintain the pregnancy until
week 32 and, if this is not possible, at least until week 28.
Before week 28 (between weeks 24 and 28), sequelae for the
foetus due to prematurity will be substantial; therefore, the
risk–benefit balance should be carefully evaluated.

Other considerations
Providing information to patients on different
treatment options
The diagnosis of cancer in a pregnant patient is a delicate
situation that requires specialized management by a medical
team, both during admission and when diagnosing, treating
and informing the mother, her child and her family. Therefore, a multidisciplinary, highly specialized and motivated
team of professionals is necessary to assess each case individually. In addition, it is important to have the technology and support of the necessary teams to manage the high

Table 2  Recommendations
at the end of pregnancy for
patients with cancer
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complexity of this clinical situation, implement psychological support after the diagnosis and take into account the
necessary ethical principles to provide the best possible care.
Furthermore, it is necessary to open this field to the development of new research techniques and therapeutic approaches
at the international level.
Pregnant patients with a diagnosis of cancer require
immediate multidisciplinary support, even in the initial communication of the diagnosis (Fig. 2). Medical professionals,
at the individual level, often have reasonable doubts about
the best way to act when informing, diagnosing, and treating
these patients. Therefore, the formation of multidisciplinary
tumour committees that, at least, include specialists in medical, paediatric, gynaecological and radiotherapy oncology,
is strongly recommended, as well as specialists in gynaecology, psychology, surgery, radiology, nuclear medicine,
neonatology, pathology and endoscopy.
The main objectives of these multidisciplinary teams are
as follows:
1. To offer the optimal treatment for the mother and her
child based on the cancer diagnosis, from the physical,
psychological, social and spiritual viewpoint, as established by the World Health Organization (WHO);
2. To have a highly specialized team of professionals, continuously updated in the scientific, technical and ethical
advances for the diagnosis and treatment of pregnant
patients with cancer and their children;
3. To be a reference unit for a certain area or population of
the country;
4. To have a clear impact on teaching and research tasks;
and
5. To stimulate scientific progress, both in foetal diseases
requiring intrauterine surgery and in medical treatments
during pregnancy.

Corticosteroids

Neuroprotection (magnesium Route of delivery
sulphate)

Week ≥ 24–28
Week > 28–32
Week > 32–35

Yes
Yes
Yes

Yes
Yes
No

Week > 35–37

No

No

Caesarean section
Caesarean section
Allow vaginal
delivery if there are
favourable obstetric
conditions
Allow vaginal
delivery if there are
favourable obstetric
conditions

Clinical and Translational Oncology
Fig. 2  Flowchart of the multidisciplinary team involved during the informing, diagnosis and
treatment of pregnant patients
with cancer

Informed consent
When a doctor detects cancer in a pregnant patient in his
practice, he must inform the patient that her case will be
discussed within a multidisciplinary tumour committee that
specializes in cancer during pregnancy, which will make a
proposal with the best options for the diagnosis and treatment of her pathology. In a second consultation with the
patient and her family, the options that are open should be
explained, and doubts and questions that they pose should
be resolved. Once an action plan is agreed, the medical team
will provide the patient with the necessary appointments
with the multidisciplinary team as a priority [76–79].
The patient must provide informed consent for the diagnostic and therapeutic procedures to which she has agreed.
It is recommended that the patient be provided with an individual informed consent document that allows personalizing the risk of each of the planned diagnostic and treatment
procedures (surgery, chemotherapy or radiotherapy). The
documentation regarding the individualized informed consent signed by the patient should be included in her medical
history [7, 42, 54, 80, 81].

Conclusions
The most common form of cancer in pregnant women is
breast cancer. In general, most diagnostic procedures may
be performed in pregnant women without endangering the
foetus, such as ultrasound, mammography with radioprotection and MRI without contrast. Radiation should be avoided,

but if it is clinically justified for the benefit to the mother or
foetus, there is no reason not to use it with adequate protection, taking into account that a delay in diagnosis may be
worse for the patient, and always following the as low as
reasonably achievable (ALARA) principle. In breast cancer, carrying the pregnancy to term does not mean a worse
prognosis for the patient.
When cancer is detected in a pregnant woman, the
week of gestation in which the diagnosis is made must be
considered, as well as the characteristics of the tumour.
It is strongly recommended that a multidisciplinary team
assesses the situation and guides the patient and her family
during the informing, diagnosis and treatment processes.
Chemotherapy may be administered starting at week 14
of gestation. In patients with breast cancer, treatment with
doxorubicin should be the first option, and paclitaxel the
second. Surgery may be carried out during pregnancy, but
it is important to adjust the anaesthesia times as well as to
carry out exhaustive control of postoperative pain, which
may otherwise cause contractions that advance delivery.
The foetus should be monitored and be under the control
of specialized obstetricians who are part of a multidisciplinary tumour committee who, if necessary, should perform an
assessment before administering each chemotherapy cycle
to the patient. Cancer does not affect the foetus, except in
very rare cases of metastatic melanoma which carries a high
burden of metastatic disease.
It is possible to treat cancer during pregnancy without
sequelae for the baby. Data have been published on studies
of women diagnosed with cancer during pregnancy whose
children were subsequently born without sequelae.

13

Clinical and Translational Oncology
Acknowledgements The authors are grateful for the editorial assistance of Beatriz Gil-Alberdi of HealthCo (Madrid, Spain) in the production of this manuscript.

8.

Funding AEC, SEGO, SEMNIM, SEOM, SEOR and SERAM have
not received external financial support for this project.

Compliance with ethical standards
Conflict of interest The authors declare that they did not have any conflict of interest related with this project.
Ethical approval The study has been performed in accordance with the
ethical standards of the Declaration of Helsinki and its later amendments. This article does not contain any studies with human participants or animals performed by any of the authors.

9.
10.

11.

Informed consent For this type of study, formal consent is not required.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References
1. Eibye S, Kjaer SK, Mellemkjaer L. Incidence of pregnancyassociated cancer in Denmark, 1977-2006. Obstet Gynecol.
2013;122(3):608–17. https://doi.org/10.1097/AOG.0b013e3182
a057a2.
2. Parazzini F, Franchi M, Tavani A, Negri E, Peccatori FA. Frequency of pregnancy related cancer: a population based linkage
study in Lombardy, Italy. Int J Gynecol Cancer. 2017;27(3):613–9.
https://doi.org/10.1097/IGC.0000000000000904.
3. Pavlidis NA. Coexistence of pregnancy and malignancy. Oncologist. 2002;7(4):279–87.
4. Han SN, Amant F, Cardonick EH, Loibl S, Peccatori FA, Gheysens O, Sangalli CA, Nekljudova V, Steffensen KD, Mhallem Gziri
M, Schroder CP, Lok CAR, Verest A, Neven P, Smeets A, Pruneri
G, Cremonesi M, Gentilini O, International Network on Cancer I,
Pregnancy. Axillary staging for breast cancer during pregnancy:
feasibility and safety of sentinel lymph node biopsy. Breast Cancer
Res Treat. 2017. https://doi.org/10.1007/s10549-017-4611-z.
5. Lyman GH, Somerfield MR, Bosserman LD, Perkins CL, Weaver
DL, Giuliano AE. Sentinel lymph node biopsy for patients with
early-stage breast cancer: american society of clinical oncology
clinical practice guideline update. J Clin Oncol. 2017;35(5):561–
4. https://doi.org/10.1200/JCO.2016.71.0947.
6. Guidelines®) NCPGiON, Cancer B (2019).
7. Peccatori FA, Azim HA Jr, Orecchia R, Hoekstra HJ, Pavlidis
N, Kesic V, Pentheroudakis G. Cancer, pregnancy and fertility:
ESMO clinical practice guidelines for diagnosis, treatment and

13

12.

13.

14.

15.

16.

17.

18.

19.

20.

follow-up. Ann Oncol. 2013;24(Suppl 6):vi160–70. https://doi.
org/10.1093/annonc/mdt199.
Giammarile F, Alazraki N, Aarsvold JN, Audisio RA, Glass E,
Grant SF, Kunikowska J, Leidenius M, Moncayo VM, Uren RF,
Oyen WJ, Valdes Olmos RA, Vidal Sicart S. The EANM and
SNMMI practice guideline for lymphoscintigraphy and sentinel
node localization in breast cancer. Eur J Nucl Med Mol Imag.
2013. https://doi.org/10.1007/s00259-013-2544-2.
Pregnancy and Breast Cancer. Green–top Guideline No. 12
(2011). Guia NICE.
Pandit-Taskar N, Dauer LT, Montgomery L, St Germain J, Zanzonico PB, Divgi CR. Organ and fetal absorbed dose estimates from
99mTc-sulfur colloid lymphoscintigraphy and sentinel node localization in breast cancer patients. J Nucl Med. 2006;47(7):1202–8.
Loibl S, Schmidt A, Gentilini O, Kaufman B, Kuhl C, Denkert
C, von Minckwitz G, Parokonnaya A, Stensheim H, Thomssen
C, van Calsteren K, Poortmans P, Berveiller P, Markert UR,
Amant F. Breast cancer diagnosed during pregnancy: adapting recent advances in breast cancer care for pregnant patients.
JAMA Oncol. 2015;1(8):1145–53. https://doi.org/10.1001/jamao
ncol.2015.2413.
Ribero S, Longo C, Dika E, Fortes C, Pasquali S, Nagore E, Glass
D, Robert C, Eggermont AM, Testori A, Quaglino P, Nathan P,
Argenziano G, Puig S, Bataille V, Members of the Melanoma
Group of the E. Pregnancy and melanoma: a European-wide survey to assess current management and a critical literature overview. J Eur Acad Dermatol Venereol. 2017;31(1):65–9. https://
doi.org/10.1111/jdv.13722.
Andtbacka RH, Donaldson MR, Bowles TL, Bowen GM, Grossmann K, Khong H, Grossman D, Anker C, Florell SR, Bowen
A, Duffy KL, Leachman SA, Noyes RD. Sentinel lymph node
biopsy for melanoma in pregnant women. Ann Surg Oncol.
2013;20(2):689–96. https://doi.org/10.1245/s10434-012-2633-7.
Crisan D, Treiber N, Kull T, Widschwendter P, Adolph O, Schneider LA. Surgical treatment of melanoma in pregnancy: a practical
guideline. J German Soc Dermatol JDDG. 2016;14(6):585–93.
https://doi.org/10.1111/ddg.12996.
Swetter SM, Tsao H, Bichakjian CK, Curiel-Lewandrowski C,
Elder DE, Gershenwald JE, Guild V, Grant-Kels JM, Halpern AC,
Johnson TM, Sober AJ, Thompson JA, Wisco OJ, Wyatt S, Hu
S, Lamina T. Guidelines of care for the management of primary
cutaneous melanoma. J Am Acad Dermatol. 2019;80(1):208–50.
https://doi.org/10.1016/j.jaad.2018.08.055.
Amant F, Halaska MJ, Fumagalli M, Dahl Steffensen K, Lok C,
Van Calsteren K, Han SN, Mir O, Fruscio R, Uzan C, Maxwell C,
Dekrem J, Strauven G, Mhallem Gziri M, Kesic V, Berveiller P,
van den Heuvel F, Ottevanger PB, Vergote I, Lishner M, Morice
P, Nulman I, EtfCi Pregnancy. Gynecologic cancers in pregnancy:
guidelines of a second international consensus meeting. Int J
Gynecol Cancer. 2014;24(3):394–403. https://doi.org/10.1097/
IGC.0000000000000062.
Balaya V, Bonsang-Kitzis H, Ngo C, Delomenie M, Gosset M,
Mimouni M, Nos C, David PM, Bats AS, Lecuru F. What about
sentinel lymph node biopsy for early breast cancer during pregnancy? J Gynecol Obstet Human Reprod. 2018;47(5):205–7. https
://doi.org/10.1016/j.jogoh.2018.03.003.
Morice P, Uzan C, Gouy S, Verschraegen C, HaieMeder C. Gynaecological cancers in pregnancy. Lancet.
2012;379(9815):558–69. https  : //doi.org/10.1016/S0140
-6736(11)60829-5.
Zanotti-Fregonara P, Laforest R, Wallis JW. Fetal Radiation Dose
from 18F-FDG in Pregnant Patients Imaged with PET, PET/CT,
and PET/MR. J Nucl Med. 2015;56(8):1218–22. https://doi.
org/10.2967/jnumed.115.157032.
Patel SJ, Reede DL, Katz DS, Subramaniam R, Amorosa JK.
Imaging the pregnant patient for nonobstetric conditions:

Clinical and Translational Oncology

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.
33.
34.
35.

algorithms and radiation dose considerations. Radiographics.
2007;27(6):1705–22. https://doi.org/10.1148/rg.276075002.
Kanal E, Barkovich AJ, Bell C, Borgstede JP, Bradley WG Jr,
Froelich JW, Gilk T, Gimbel JR, Gosbee J, Kuhni-Kaminski E,
Lester JW Jr, Nyenhuis J, Parag Y, Schaefer DJ, Sebek-Scoumis
EA, Weinreb J, Zaremba LA, Wilcox P, Lucey L, Sass N, Safety
ACRBRPoM. ACR guidance document for safe MR practices:
2007. AJR Am J Roentgenol. 2007;188(6):1447–74. https://doi.
org/10.2214/AJR.06.1616.
Hurwitz LM, Yoshizumi T, Reiman RE, Goodman PC, Paulson
EK, Frush DP, Toncheva G, Nguyen G, Barnes L. Radiation
dose to the fetus from body MDCT during early gestation. AJR
Am J Roentgenol. 2006;186(3):871–6. https://doi.org/10.2214/
AJR.04.1915.
Streffer C, International Commission on Radiation P. The ICRP
2007 recommendations. Radiat Prot Dosimetry. 2007;127(1–4):2–
7. https://doi.org/10.1093/rpd/ncm246.
Wieseler KM, Bhargava P, Kanal KM, Vaidya S, Stewart BK,
Dighe MK. Imaging in pregnant patients: examination appropriateness. Radiographics. 2010;30(5):1215–29. https: //doi.
org/10.1148/rg.305105034 discussion 1230–1213.
Practice ACoO. ACOG Committee Opinion. Number 299,
September 2004 (replaces No. 158, September 1995). Guidelines for diagnostic imaging during pregnancy. Obstet Gynecol.
2004;104(3):647–51. https://doi.org/10.1097/00006250-20040
9000-00053.
Franco EL, Turgeon GA. Radiodiagnostic imaging in pregnancy and the risk of childhood malignancy: raising the bar.
PLoS Med. 2010;7(9):e1000338. https://doi.org/10.1371/journ
al.pmed.1000338.
Lazarus E, Debenedectis C, North D, Spencer PK, Mayo-Smith
WW. Utilization of imaging in pregnant patients: 10-year review
of 5270 examinations in 3285 patients–1997-2006. Radiology.
2009;251(2):517–24. https: //doi.org/10.1148/radiol .25120
80736.
Gallego Ubeda M, Tellez Delgado, de Cepeda L, Fernandez
Campos, de Sevilla Mde L, De Lorenzo Pinto A, Tutau Gomez
F. An update in drug use during pregnancy: risk classification. Farm Hosp. 2014;38(4):364–78. https://doi.org/10.7399/
fh.2014.38.4.7395.
Administration USFD (2017) La FDA advierte que los medios de
contraste basados en gadolinio (MCBG) se depositan en el cuerpo
y exige una nueva clase de advertencias. https://www.fda.gov/
drugs/drug-safety-and-availability/la-fda-advierte-que-los-medio
s-de-contraste-basados-en-gadolinio-mcbg-se-depositan-en-elcuerpo-y. Accessed October 3, 2019.
Bourjeily G, Chalhoub M, Phornphutkul C, Alleyne TC, Woodfield CA, Chen KK. Neonatal thyroid function: effect of a single exposure to iodinated contrast medium in utero. Radiology.
2010;256(3):744–50. https://doi.org/10.1148/radiol.10100163.
Radiology ACo (2004) Administration of contrast medium to
breast-feeding mothers. In: Manual on contrast media. 5th edition. https://www.acr.org/Clinical-Resources/Contrast-Manual.
Accessed July 1, 2019.
Amant F, Loibl S, Neven P, Van Calsteren K. Breast cancer in pregnancy. Lancet. 2012;379(9815):570–9. https://doi.
org/10.1016/S0140-6736(11)61092-1.
Litton JK, Theriault RL. Breast cancer and pregnancy: current concepts in diagnosis and treatment. Oncologist. 2010;15(12):1238–
47. https://doi.org/10.1634/theoncologist.2010-0262.
McCormick A, Peterson E. Cancer in pregnancy. Obstet Gynecol
Clin North Am. 2018;45(2):187–200. https://doi.org/10.1016/j.
ogc.2018.01.009.
Sasidharan R, Harvey V. Pregnancy and breast cancer. Obstet
Med. 2010;3(2):54–8. https://doi.org/10.1258/om.2010.090066.

36. Shachar SS, Gallagher K, McGuire K, Zagar TM, Faso A, Muss
HB, Sweeting R, Anders CK. Multidisciplinary management of
breast cancer during pregnancy. Oncologist. 2017;22(3):324–34.
https://doi.org/10.1634/theoncologist.2016-0208.
37. Amant F, Berveiller P, Boere I, Cardonick E, Fruscio R, Fumagalli M, Halaska MJ, Hasenburg A, Johansson ALV, Lambertini
M, Lok C, Maggen C, Morice P, Peccatori F, Poortmans P, Van
Calsteren K, Vandenbroucke T, van Gerwen M, van den HeuvelEibrink M, Zagouri F, Zapardiel I. Gynecologic cancers in pregnancy: guidelines based on a third international consensus meeting. Ann Oncol. 2019. https://doi.org/10.1093/annonc/mdz228.
38. Song Y, Liu Y, Lin M, Sheng B, Zhu X. Efficacy of neoadjuvant
platinum-based chemotherapy during the second and third trimester of pregnancy in women with cervical cancer: an updated
systematic review and meta-analysis. Drug Des Devel Ther.
2019;13:79–102. https://doi.org/10.2147/DDDT.S186966.
39. Grass F, Spindler BA, Naik ND, Thiels CA, Dozois EJ, Larson
DW, Mathis KL. Oncological outcome of peripartum colorectal carcinoma-a single-center experience. Int J Colorectal Dis.
2019;34(5):899–904. https://doi.org/10.1007/s00384-019-03278
-2.
40. Pellino G, Simillis C, Kontovounisios C, Baird DL, Nikolaou S,
Warren O, Tekkis PP, Rasheed S. Colorectal cancer diagnosed
during pregnancy: systematic review and treatment pathways.
Eur J Gastroenterol Hepatol. 2017;29(7):743–53. https://doi.
org/10.1097/MEG.0000000000000863.
41. Mazzola R, Corradini S, Eidemueller M, Figlia V, Fiorentino A,
Giaj-Levra N, Nicosia L, Ricchetti F, Rigo M, Musola M, Ceccaroni M, Gori S, Magrini SM, Alongi F. Modern radiotherapy
in cancer treatment during pregnancy. Crit Rev Oncol Hematol.
2019;136:13–9. https://doi.org/10.1016/j.critrevonc.2019.02.002.
42. Kal HB, Struikmans H. Radiotherapy during pregnancy: fact and
fiction. Lancet Oncol. 2005;6(5):328–33. https://doi.org/10.1016/
S1470-2045(05)70169-8.
43. Mazonakis M, Varveris H, Damilakis J, Theoharopoulos N, Gourtsoyiannis N. Radiation dose to conceptus resulting from tangential
breast irradiation. Int J Radiat Oncol Biol Phys. 2003;55(2):386–
91. https://doi.org/10.1016/s0360-3016(02)04206-2.
44. Streffer C, Shore R, Konermann G, Meadows A, Uma Devi P,
Preston Withers J, Holm LE, Stather J, Mabuchi KHR. Biological
effects after prenatal irradiation (embryo and fetus). A report of
the International Commission on Radiological Protection. Ann
ICRP. 2003;33(1–2):5–206.
45. Yonekura Y, Tsujii H, Hopewell JW, Lopez PO, Cosset JM,
Paganetti H, Montelius A, Schardt D, Jones B, Nakamura T,
International Commission on Radiological P. ICRP Publication
127: radiological protection in ion beam radiotherapy. Ann ICRP.
2014;43(4):5–113. https://doi.org/10.1177/1535370213493715.
46. Dawson LA, Sharpe MB. Image-guided radiotherapy: rationale,
benefits, and limitations. Lancet Oncol. 2006;7(10):848–58. https
://doi.org/10.1016/S1470-2045(06)70904-4.
47. Vandenbroucke T, Verheecke M, Fumagalli M, Lok C, Amant F.
Effects of cancer treatment during pregnancy on fetal and child
development. Lancet Child Adolesc Health. 2017;1(4):302–10.
https://doi.org/10.1016/S2352-4642(17)30091-3.
48. Europea CdlU (2014) Directiva 2013/59/Euratom del Consejo,
de 5 de diciembre de 2013, por la que se establecen normas de
seguridad básicas para la protección contra los peligros derivados
de la exposición a radiaciones ionizantes, y se derogan las Directivas 89/618/Euratom, 90/641/Euratom, 96/29/Euratom, 97/43/
Euratom y 2003/122/Euratom. http://notici as.juridi cas.com/base_
datos/ Admin/ 520923 -direct iva-2013-59-eurato m-de-5-dic-norma
s-seguri dad-basica s-para-protec cion. html. Accessed July 1, 2019.
49. Amor I, Blanes A, Martí G, Rueda MD Protección de las trabajadoras gestantes expuestas a radiaciones ionizantes en el ámbito
sanitario. Consejo de Seguridad Nuclear (2016) https://www.

13

Clinical and Translational Oncology

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

csn.es/documents/10182/914805/Protecci%C3%B3n%20de%20
las%20trabajadoras%20gestantes%20expuestas%20a%20radiacio
nes%20ionizantes%20en%20el%20%C3%A1mbito%20sanitario.
Accessed July 1, 2019.
Brent R, Mettler F, Wagner L (2000) International Commission
on Radiological Protection ICRP Publication 84: Pregnancy and
Medical Radiation. https://www.aawr.org/Portals/10/Members/
ICRP%20Annals.pdf. Accessed July 1st 2019.
Hahn KM, Johnson PH, Gordon N, Kuerer H, Middleton L, Ramirez M, Yang W, Perkins G, Hortobagyi GN, Theriault RL. Treatment of pregnant breast cancer patients and outcomes of children
exposed to chemotherapy in utero. Cancer. 2006;107(6):1219–26.
https://doi.org/10.1002/cncr.22081.
Framarino-Dei-Malatesta M, Sammartino P, Napoli A. Does
anthracycline-based chemotherapy in pregnant women with
cancer offer safe cardiac and neurodevelopmental outcomes for
the developing fetus? BMC Cancer. 2017;17(1):777. https://doi.
org/10.1186/s12885-017-3772-9.
Niedermeier DM, Frei-Lahr DA, Hall PD. Treatment of acute
myeloid leukemia during the second and third trimesters of
pregnancy. Pharmacotherapy. 2005;25(8):1134–40. https://doi.
org/10.1592/phco.2005.25.8.1134.
Loibl S, Han SN, von Minckwitz G, Bontenbal M, Ring A, Giermek J, Fehm T, Van Calsteren K, Linn SC, Schlehe B, Gziri
MM, Westenend PJ, Muller V, Heyns L, Rack B, Van Calster B,
Harbeck N, Lenhard M, Halaska MJ, Kaufmann M, Nekljudova
V, Amant F. Treatment of breast cancer during pregnancy: an
observational study. Lancet Oncol. 2012;13(9):887–96. https://
doi.org/10.1016/S1470-2045(12)70261-9.
Cardonick E, Dougherty R, Grana G, Gilmandyar D, Ghaffar S,
Usmani A. Breast cancer during pregnancy: maternal and fetal
outcomes. Cancer J. 2010;16(1):76–82. https://doi.org/10.1097/
PPO.0b013e3181ce46f9.
Chang A, Patel S. Treatment of acute myeloid leukemia during
pregnancy. Ann Pharmacother. 2015;49(1):48–68. https://doi.
org/10.1177/1060028014552516.
Mir O, Berrada N, Domont J, Cioffi A, Boulet B, Terrier P, Bonvalot S, Trichot C, Lokiec F, Le Cesne A. Doxorubicin and ifosfamide for high-grade sarcoma during pregnancy. Cancer Chemother Pharmacol. 2012;69(2):357–67. https://doi.org/10.1007/
s00280-011-1707-8.
Mir O, Berveiller P, Goffinet F, Treluyer JM, Serreau R, Goldwasser F, Rouzier R. Taxanes for breast cancer during pregnancy:
a systematic review. Ann Oncol. 2010;21(2):425–6. https://doi.
org/10.1093/annonc/mdp517.
Zagouri F, Sergentanis TN, Chrysikos D, Dimitrakakis C, Tsigginou A, Zografos CG, Dimopoulos MA, Papadimitriou CA.
Taxanes for breast cancer during pregnancy: a systematic review.
Clin Breast Cancer. 2013;13(1):16–23. https://doi.org/10.1016/j.
clbc.2012.09.014.
Marnitz S, Kohler C, Oppelt P, Schmittel A, Favero G, Hasenbein
K, Schneider A, Markman M. Cisplatin application in pregnancy:
first in vivo analysis of 7 patients. Oncology. 2010;79(1–2):72–7.
https://doi.org/10.1159/000320156.
Zheng X, Zhu Y, Zhao Y, Feng S, Zheng C. Taxanes in combination with platinum derivatives for the treatment of ovarian cancer
during pregnancy: a literature review. Int J Clin Pharmacol Ther.
2017;55(9):753–60. https://doi.org/10.5414/CP202995.
Zagouri F, Sergentanis TN, Chrysikos D, Papadimitriou CA,
Dimopoulos MA, Bartsch R. Trastuzumab administration during
pregnancy: a systematic review and meta-analysis. Breast Cancer
Res Treat. 2013;137(2):349–57. https://doi.org/10.1007/s1054
9-012-2368-y.
Yildirim N, Bahceci A. Use of pertuzumab and trastuzumab during pregnancy. Anticancer Drugs. 2018;29(8):810–3. https://doi.
org/10.1097/CAD.0000000000000658.

13

64. Chakravarty EF, Murray ER, Kelman A, Farmer P. Pregnancy outcomes after maternal exposure to rituximab. Blood.
2011;117(5):1499–506. https://doi.org/10.1182/blood-2010-07295444.
65. Yazdani Brojeni P, Matok I, Garcia Bournissen F, Koren G. A
systematic review of the fetal safety of interferon alpha. Reprod
Toxicol. 2012;33(3):265–8. https  : //doi.org/10.1016/j.repro
tox.2011.11.003.
66. Pye SM, Cortes J, Ault P, Hatfield A, Kantarjian H, Pilot R, Rosti
G, Apperley JF. The effects of imatinib on pregnancy outcome.
Blood. 2008;111(12):5505–8. https: //doi.org/10.1182/blood
-2007-10-114900.
67. Lambertini M, Peccatori FA, Azim HA Jr. Targeted agents
for cancer treatment during pregnancy. Cancer Treat Rev.
2015;41(4):301–9. https://doi.org/10.1016/j.ctrv.2015.03.001.
68. Palani R, Milojkovic D, Apperley JF. Managing pregnancy
in chronic myeloid leukaemia. Ann Hematol. 2015;94(Suppl
2):S167–76. https://doi.org/10.1007/s00277-015-2317-z.
69. Poulet FM, Wolf JJ, Herzyk DJ, DeGeorge JJ. An evaluation of the
impact of pd-1 pathway blockade on reproductive safety of therapeutic PD-1 inhibitors. Birth Defects Res B Dev Reprod Toxicol.
2016;107(2):108–19. https://doi.org/10.1002/bdrb.21176.
70. Sarno MA, Mancari R, Azim HA Jr, Colombo N, Peccatori
FA. Are monoclonal antibodies a safe treatment for cancer during pregnancy? Immunotherapy. 2013;5(7):733–41. https://doi.
org/10.2217/imt.13.64.
71. Davison J, Narain S, McEwan A. Cancer in pregnancy. Obstetrics, Gynaecology and Reproductive Medicine. 2017;27(8):251–5.
https://doi.org/10.1016/j.ogrm.2017.06.003.
72. Oehler MK, Wain GV, Brand A. Gynaecological malignancies in
pregnancy: a review. Aust N Z J Obstet Gynaecol. 2003;43(6):414–
20. https://doi.org/10.1046/j.0004-8666.2003.00151.x.
73. Amant F, Han SN, Gziri MM, Vandenbroucke T, Verheecke
M, Van Calsteren K. Management of cancer in pregnancy. Best
Pract Res Clin Obstet Gynaecol. 2015;29(5):741–53. https://doi.
org/10.1016/j.bpobgyn.2015.02.006.
74. Lopez G. Cáncer y embarazo. EUNSA: Ciencias Salud; 2007.
75. Pykett R, Smith SC. Termination of pregnancy. Obstet Gynaecol Reprod Med. 2017;27(7):218–24. https://doi.org/10.1016/j.
ogrm.2017.04.007.
76. Dean RA. Humor and laughter in palliative care. J Palliat Care.
1997;13(1):34–9.
77. Dean RA, Gregory DM. Humor and laughter in palliative
care: an ethnographic investigation. Palliat Support Care.
2004;2(2):139–48.
78. Mineka S, Sutton SK. Cognitive biases and the emotional disorders. Psychol Sci. 1992;3(1):65–9. https  : //doi.
org/10.1111/j.1467-9280.1992.tb00260.x.
79. Wilkis F (1999) Relación entre razón y emoción. Barcelona,
Spain.
80. Cardonick E, Bhat A, Gilmandyar D, Somer R. Maternal and fetal
outcomes of taxane chemotherapy in breast and ovarian cancer
during pregnancy: case series and review of the literature. Ann
Oncol. 2012;23(12):3016–23. https://doi.org/10.1093/annonc/
mds170.
81. Ring AE, Smith IE, Jones A, Shannon C, Galani E, Ellis PA.
Chemotherapy for breast cancer during pregnancy: an 18-year
experience from five London teaching hospitals. J Clin Oncol.
2005;23(18):4192–7. https://doi.org/10.1200/JCO.2005.03.038.
82. El-Messidi A, Patenaude V, Hakeem G, Abenhaim HA. Incidence
and outcomes of women with Hodgkin’s lymphoma in pregnancy:
a population-based study on 7.9 million births. J Perinat Med.
2015;43(6):683–8. https://doi.org/10.1515/jpm-2014-0133.
83. Krishna I, Lindsay M. Breast cancer in pregnancy. Obstet Gynecol
Clin North Am. 2013;40(3):559–71. https://doi.org/10.1016/j.
ogc.2013.05.006.

Clinical and Translational Oncology
84. El-Messidi A, Patenaude V, Abenhaim HA. Incidence and outcomes of women with non-Hodgkin’s lymphoma in pregnancy: a
population-based study on 7.9 million births. J Obstet Gynaecol
Res. 2015;41(4):582–9. https://doi.org/10.1111/jog.12597.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Affiliations
A. Cubillo1 · S. Morales2 · E. Goñi3 · F. Matute4 · J. L. Muñoz5 · D. Pérez‑Díaz6 · J. de Santiago7 ·
Á. Rodríguez‑Lescure8,9
3

Nuclear Medicine Service, Complejo Hospitalario de
Navarra, Sociedad Española de Medicina Nuclear e Imagen
Molecular (SEMNIM), Pamplona, Spain

4

Radiology Department, Hospital Clínico San Carlos,
Sociedad Española de Radiología Médica (SERAM),
Madrid, Spain

5

D. Pérez‑Díaz
lolaperezdiaz@hotmail.com

Oncological Radiotherapy Service, Hospital Universitario
de Badajoz, Sociedad Española de Oncología Radioterápica
(SEOR), Badajoz, Spain

6

J. de Santiago
jsantiagog@hotmail.es

General Surgery Service, Hospital Clínico San Carlos,
Asociación Española de Cirujanos (AEC), Madrid, Spain

7

Gynecologic Oncology Unit, MD Anderson Cancer Center,
Sociedad Española de Ginecología y Obstetricia (SEGO),
Madrid, Spain

8

Department of Medical Oncology, Hospital General
Universitario de Elche, Sociedad Española de Oncología
Médica (SEOM), Elche, Spain

9

Grupo Español de Investigación en Cáncer de mama
(GEICAM), Madrid, Spain

S. Morales
smoralessierra@yahoo.es
E. Goñi
egonigirones@gmail.com
F. Matute
fatimamatuterx@gmail.com
J. L. Muñoz
jlmunozgarcia@gmail.com

Á. Rodríguez‑Lescure
alescure@geicam.org
1

2

Department of Medical Oncology, Centro Integral
Oncológico Clara Campal, Hospital Universitario HM
Sanchinarro, Sociedad Española de Oncología Médica
(SEOM), Madrid, Spain
Gynecologic Oncology Unit, Hospital Universitario Infanta
Leonor, Sociedad Española de Ginecología y Obstetricia
(SEGO), Madrid, Spain

13

