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Background: Pregnancy-associated cancer (PAC) occurs during pregnancy or
within 12 months after the delivery. Head and neck cancer (HNC) during
pregnancy is infrequent, therefore diagnosis and personalized therapy
are intricate.

Methods: We investigated outcomes of 15 PAC patients (5 salivary, 4
nasopharyngeal, 3 thyroid, 2 oral cavity, one HPV-related carcinoma)
diagnosed in the period 2005-2019. A literature review on PAC is provided.

Results: Median gestational age at PAC diagnosis was 28 weeks (range: 16-40
weeks) in ten cases, at 5 months after delivery (range: 1 week—6 months) in the
remaining five. Treatments included surgery (3 during pregnancy, 5 after
childbirth), chemoradiation (8), and 3 patients with upfront metastatic disease
received chemotherapy. Median survival was 6.6 years (eight women remain with
no evidence of disease six years after diagnosis).

Conclusion: All patients received state-of-the-art therapy, with encouraging
long-term results, highlighting treatment safety in women with HNC
during pregnancy.
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1 Introduction

Cancer is one of the most common causes of death in women
during their reproductive years (1), though, cancer during pregnancy
is an atypical clinical issue (2). Pregnancy-associated cancer (PAC) is
usually defined as a malignancy diagnosed during pregnancy and up
to 1 year after the end of pregnancy. Current knowledge about PAC is
limited because PAC is rare (3), with an estimated incidence of 1 in
1000 pregnancies (4). Maternal age distribution influences PAC
incidence rates because the risk of cancer increases with age (5).
With the increase in average maternal age over the last 30 years (6) a
rising incidence of PAC might be expected.

Due to its rarity, the diagnosis of PAC might be delayed, leading
to a potentially more advanced stage of disease at presentation, with
subsequent worse outcomes. The most prevalent PACs are breast
cancers (1 out of 3000 pregnancies) (7), followed by brain, cervical,
gastrointestinal, genitourinary, lymphoma, leukemia, melanoma, and
ovarian, cancers (1, 8, 9). Pregnancy-associated head and neck
cancers (PA-HNC) among PACs are exceedingly rare, accounting
for only 0.4% of all HNC diagnoses in women aged 16-49 years (10).

The management of PA-HNC represents a substantial
challenge. Pregnant patients should be treated with the equivalent
intensity adopted for non-pregnant individuals. However,
treatment selection and the choice of its administration should be
adapted to ensure the mother’s and her baby’s safety. In the
literature, there is no consensus about the definition of PA-HNC,
defined as HNC diagnosed either during pregnancy, lactation, or up
to 1 year post-delivery (11, 12).

The most frequently reported PA-HNCs are laryngeal
carcinoma, thyroid carcinoma, melanoma and lymphoma (13).
Nasopharyngeal carcinoma in pregnant women has been reported
in endemic areas, such as Asia, Northern Africa, and among Inuit
populations (14-16).

Younger age at HNC diagnosis (17-20), together with the
tendency to delay pregnancy until late reproductive age, have
increased the risk of PA-HNC (21-26). Although the tumorigenic
role of hormones was hypothesized, currently, there is no evidence
that pregnancy in itself may increase the risk of HNC (26, 27).

These comparatively infrequent malignancies deter in
conducting extensive studies examining their diagnosis,
management and outcomes. The present work describes a single
institution case series of 15 patients with PA-HNC. The available
data on PA-HNC and the consequence of pregnancy on cancer
prognosis are summarized. Moreover, we reviewed the medical,
surgical, and radiation oncological routes chosen in the care of
pregnant patients with HNC. The novelty of this work is the
multidisciplinary view of the patients’ management as well as the
literature review and the provided recommendations.

2 Materials and methods
2.1 Patient selection

In this retrospective study, we analyzed data from medical
charts of consecutive patients with HNC during pregnancy
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diagnosed and treated at the Fondazione IRCCS Istituto
Nazionale dei Tumori of Milan, Italy, from 2011 to 2020. All
cases were discussed in multidisciplinary HNC tumor board
meetings, including gynecologists. Socio-demographic (age and
comorbidities) and clinical details (gravidity, diagnosis, cancer
detection method, symptoms, tumor histology, treatment features,
pregnancy and neonatal outcomes, and mother’s vital status) were
recorded. Cancers were staged according to the eighth edition of the
AJCC/UICC staging systems.

The present study was approved by the Ethical Committee of
Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy in
November 2020 (local study identifier INT 268/20).

2.2 Statistical methods

Patient characteristics were analyzed with descriptive statistics
as appropriate. Survival curves were estimated using the Kaplan-
Meier method, and median follow-up using the reverse Kaplan-
Meier method. Statistical analyses were performed using Prism
GraphPad (version 5.02) software.

3 Results
3.1 Patient characteristics

Fifteen cases were included in this study, with the median age at
diagnosis being 37 years (range: 27-43 years). The most frequent
tumor sites were salivary glands (five patients; 33%),
nasopharyngeal carcinoma (four; 27%), thyroid cancer (three;
20%), oral cavity squamous cell carcinoma (two; 13%), and HPV-
related oropharyngeal squamous cell carcinoma (one; 7%). Patient
characteristics are described in Table 1.

In 10 patients (67%), HNC diagnosis occurred at a median
gestational age of 28 weeks (range: 16-40 weeks). The remaining
five patients (33%) were diagnosed after a median of 5 months from
delivery (range: 1 week-6 months).

In one asymptomatic patient, cancer diagnosis was incidental,
whereas the remaining 14 individuals (93%) had HNC-specific
symptoms at diagnosis. One-third of patients were diagnosed at
an early stage (stage I, 14%; stage II, 20%), and the remaining 66%
had loco-regionally advanced disease (stage IIT, 26%; stage IV, 40%).
Radiological assessments were performed after childbirth in 80% of
patients. Seven women had nodal involvement and four had distant
metastases at diagnosis (Table 2).

3.2 HNC management

Three women (cases 1, 4 and 5 in Table 2) received cancer
treatment during pregnancy. Surgery of the primary tumor was
performed in three patients (two with salivary gland cancer and one
with oral cavity cancer). After childbirth, five patients received
surgery (three thyroid cancers - of which two with metastatic
disease, one patient with salivary gland cancer, and one with oral
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TABLE 1 Patient characteristics of the case series (15 pregnant patients
with HNC).

Variables Number %
Age (years)
<25 0 0
25-29 2 13
30-34 3 20
35-39 6 40
>40 4 27
Gravidity
1 12 80
23 3 20
>3 0 0
Education
Elementary school 0 0
Middle school 0 0
High school 15 100
Marital status
Single 0 0
Married 14 94
Other 1 6
Familial risk of cancer
Yes 0 0
Unknown 15 100

cavity cancer), eight patients received concomitant chemoradiation
with curative (33%) or postoperative intent, and three of four
patients with metastatic disease at diagnosis were treated with
chemotherapy (Table 2).

3.3 Maternal and pregnancy outcomes

Delivery occurred at term in 73% of individuals. In the
remaining patients, the pregnancy outcome was elective
childbirth in 3 patients, and a voluntary abortion related to PAC
diagnosis was induced in one case. Cesarean section was chosen
instead of vaginal delivery in two metastatic thyroid cancer patients
due to their disease (pelvic bone metastases in one case; bulky
mediastinal tumor involvement with dyspnea and bone metastasis-
related lumbar pain in the second woman).

All 14 live births were reported with satisfactory neonatal
conditions (APGAR not available). One premature childbirth was
induced at 30 weeks due to growth retardation during pregnancy.
Good neonatal conditions were reported for all 14 live births, with
neither congenital anomalies nor major maternal morbidities.

In the PA-HNC cohort, the median overall survival was 5.8
years (range: 14+ months-12+ years). Eight patients still remain in
complete remission six years after diagnosis.

Seven maternal deaths occurred during the study: three patients
were affected by salivary gland cancer, two patients by thyroid
cancer, one by oral cavity cancer, and one patient with salivary
gland cancer died due to SARS-CoV-2 infection. Out of the 8
survivors, at last follow-up 7 were alive and cancer-free, while only
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one was alive with evidence of disease (Table 2). Median follow-up
was 114.41 months (95% CI 57.96-NR), median overall survival was
129.31 months (95% CI 55.62-NR).

The median time between diagnosis and death was 5.5 years
(range: 19 months-10 years). In one case, childbirth occurred at 30
weeks of pregnancy. A fetus up to 28 weeks is deemed as ‘severe
preterm’ when the chances of neonatal death or permanent
disability are high. In this scenario, delivery after 37 weeks is
recommended without compromising the mother’s safety.

4 Clinical features of the case series
and literature review

In the following paragraphs, while presenting the management
of the selected PA-HNC patients, we reviewed the relevant literature
on the topic, referring to the current procedure that would have
been offered to non-pregnant individuals. Pregnancy termination
should not be justified by the cancer diagnosis itself. Treatment was
similar to that for non-pregnant patients, except that radiation is
not recommended at any stage of pregnancy, and the choice of
delivering chemotherapy should be cautiously evaluated case by
case. For ideal clinical decision-making, a multidisciplinary
approach is mandatory.

4.1 Clinical presentation

The vast majority of our patient population (14 cases) was
diagnosed with HNC in a symptomatic phase. Most HNCs were
diagnosed as self-palpated cervical masses or painful ulcerated
mucosal lesions.

Older maternal age is associated with mutation accumulation,
and this might lead to an increased risk of malignancies. Recent
studies reported that epithelia from these tumors contain a high
expression of essential hormone-regulated genes linked to cell
proliferation, metabolism, tumor aggressiveness and recurrence.
Breast cancer is one of the most extensively studied malignancies
during pregnancy. Notably, breast cancer cells have a significantly
higher expression of genes guiding the cell cycle process, most of
which are hormone-dependent (28).

One thyroid cancer patient had venous thromboembolism
(VTE) and required blood transfusions. However, these
complications are expected in pregnancy-associated thyroid
cancers (29). The babies delivered by the three thyroid cancer
patients under study had no harmful neonatal outcomes, no
inborn malformations, intrauterine growth limitation, fetal death
or premature labor.

4.2 Imaging and staging procedures

The radiological staging was performed after childbirth in 80%
of our patients. Most studies and reviews considered PAC to have a
suboptimal prognosis due to a late diagnosis and the restrictions in
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TABLE 2 Tumor characteristics, clinical profile, characteristics of diagnosis and therapeutic management.

Case ECOG Histology Age Pregnancy Pregnancy Mode of Therapy (O] Maternal Fetal
PS (year) week complications cancer (years) outcome outcome
detection
1 1 Salivary Adenocarcinoma 43 22 yes Symptom I absent S$% RT 1.22 NED Vital
glands (T2 NO
MO0)
2 3 Thyroid Differentiated 38 32 no Symptom v present S; RT; CT (1L 4.63 DOD Vital
carcinoma (T3 (bone, lung, CBDCA + ADM; (cesarean
N1b mediastinal nodes, 2L lenv) section)
M1) soft tissue)
3 0 Salivary Salivary duct 27 28 no Symptom v present RT; CT (CDDP + 3.00 DOD Vital
glands carcinoma (T3 (lung) trastuzumab)
N2b
M1)
4 0 Oral Squamous cell 27 26 no Symptom 1 absent S* 1.58 DOD Vital
cavity carcinoma (T1 NO
MO0)
5 0 Salivary Mucoepidermoid 32 28 no Symptom 11 absent S5 RT 5.72 DOD Vital
glands Carcinoma (T2 NO
Mo)
6 0 Nasopharynx Undifferentiated 37 >40 yes Symptom v absent RT 9.52 NED Vital
carcinoma (T4 N2
MO0)
7 0 Nasopharynx Undifferentiated 30 >40 yes Symptom I absent RT 12.42 NED Vital
carcinoma (NA)
8 0 Salivary Adenoid cystic 36 28 no Symptom v absent S 10.76 DOD Vital
glands carcinoma (T4a
NO MO)
9 0 Nasopharynx Undifferentiated 37 16 no Symptom I absent RT 5.74 NED VIP
carcinoma (T2 N1
MO0)
10 1 Salivary Myoepithelial 41 >40 no Symptom v present RT; CT (ADM) 10.78 DOD Vital
glands carcinoma (NA) (lung)
11 0 Thyroid Medullary 37 18 no Symptom II absent S; RT 7.55 DOD Vital
carcinoma (T2 NO
Mo)
12 0 Nasopharynx Undifferentiated 34 28 no Symptom 111 absent RT 6.43 NED Vital
carcinoma (T1 N2
MO0)
(Continued)
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1L, first-line; 2L, second-line; ADM, doxorubicin; CBDCA, carboplatin; CDDP, cisplatin; DOD, died of disease; ECOG PS, Eastern Cooperative Oncology Group Perfomance Status; lenv, lenvatinib; NA, not available; NED, no evidence of disease; S, surgery; RT,

radiotherapy; CT, chemotherapy; VIP, voluntary interruption of pregnancy; *Treatment during pregnancy; ** M1 staging was assessed after birth in all cases.
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oncologic therapy. Any treatment delay may impair the maternal
prognosis. Therefore, radiological staging should be offered when
malignancy is suspected or known.

In all our patients, ultrasonography (US) was the first line
imaging technique evaluating the cervical mass during pregnancy
because of the ability of US to differentiate between solid and cystic
lesions with sufficient sensitivity (30). Besides, the US lacks ionizing
radiation, negating the possible cause of congenital disorders.

Theoretically, computed tomography (CT) could be performed
during any trimester of pregnancy with proper abdominopelvic
shielding. When the fetus is outside the field of view, the radiation
exposure is estimated to be low for CT. The mean fetal dose
produced from a chest CT is 0.06 mGy with a maximum possible
limit of 0.96 mGy — less than half an amount than an abdominal
radiograph (31). However, in daily operations, CT should be
avoided because the internal scatter of the radiation to the fetus
cannot be evaded (32).

The best radiologic assessment for HNC is Magnetic Resonance
Imaging (MRI); however, contrast-enhanced MRI scans are not
recommended during pregnancy (33). Gadolinium-based contrast,
with gadolinium as a potential teratogen, can cross the blood-
placental barrier (34). During breastfeeding, contrast-enhanced
MRI scans are considered safe (35). The images may be difficult
to be interpreted due to the increased background enhancement
related to hypervascularization and inflammatory changes.
Although negligible doses of gadolinium-based agents are known
to be excreted into breast milk, the chances of complications, such
as direct toxicity or allergic reactions, are minimal and have not
been reported. Weighing the nominal risks, the American College of
Radiology endorses the safety of breastfeeding after MRI. However,
avoidance of breastfeeding for the 12-24 hour period after
gadolinium administration is recommended (36). Although
accurate MRI scans should be obtained after contrast
administration, functional imaging techniques, such as Diffusion
Weighted Imaging (DWI), may help obtain a satisfactory tumor
delineation independently of contrast administration.

Systemic staging studies are indicated for advanced cancers.
Nevertheless, pregnant and non-pregnant patients are differently
managed due to radiation risks and the deleterious effects of the
contrast agents on the developing fetus or embryo. In pregnant
patients, positron emission tomography/CT (PET/CT) exposes the
fetus to a comparatively high radiation dose caused by the 18F-FDG
uptake and CT dose combination. Therefore, PET/CT is recommended
to be deferred until after the pregnancy completion (37).

In addition, placental histology is monitored in women with
malignant melanoma or metastatic disease to evaluate the fetal risk
of metastasis (38, 39). Even though we lack this information in our
patient cohort, the application of non-invasive prenatal testing,
equipped to detect preclinical cancer, might lead to an earlier cancer
diagnosis at a preclinical stage (40).

4.3 Surgery
In our case series, five patients were treated with surgery after

childbirth. Two patients were affected by initial HNC (respectively

frontiersin.org


https://doi.org/10.3389/fonc.2023.1298439
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Bergamini et al.

by papillary thyroid carcinoma and oral squamous cell carcinoma).
Conversely, three patients had advanced disease (two patients with
metastatic thyroid carcinoma, respectively with papillary and
medullary carcinoma, and one with locally advanced adenoid
cystic carcinoma). While these three patients showed an advanced
HNGC, the maternal treatment was not delayed because all patients
received state-of-the-art surgical treatment as per their clinical
condition. Surgery was safely performed without any delay.

For all patients with gestational thyroid cancer needing surgery,
a team of proficient endocrinologists and oncologists is
fundamental to personalize their treatment.

Even though neck lymph node dissection is fundamental in the
proper management of locally advanced HNC amenable to surgery,
our patients were only operated on primary tumors. This has been
planned due to HNC histology (adenocarcinoma and
mucoepidermoid carcinoma for salivary gland carcinomas) or the
limited stage at diagnosis (for oral squamous cell carcinoma).

Surgical recommendations for PA-HNC patients are
comparable to those for patients who are not pregnant.
Indications depend on the clinical stage, genetic status, tumor
biology, prenatal age, and the mother’s surgical requests.
Gestational age at diagnosis is vital for surgical planning because
of the associated risks of spontaneous abortion and preterm labor
(21). For this reason, the HNC multidisciplinary team should also
involve maternal-fetal medicine specialists.

Surgery can be safely executed anytime during pregnancy
providing maternal and embryo/fetal safety is addressed.
Pregnancy-induced changes in maternal physiology and anatomy
majorly impact surgical planning because they may determine
potential issues for the mother and fetus/embryo receiving
anesthesia. The baby may be exposed to potential danger due to
intraoperative hypoxemia or asphyxia triggered by several
physiological alterations within the maternal and fetal bodies.
Additionally, exposure to teratogenic drugs and the risk of
premature delivery because of the surgical process or administered
drugs are equally harmful (41). Adverse post-surgery fetal outcomes,
suggested by a population study, may be triggered by the underlying
maternal disease instead of the direct influence of anesthesia (42). In
most cases, the fetus passively receives the anesthesia from the
mother, does not bear blood losses and experiences passive changes
but direct alterations instigated by surgeries. Despite the minimal
teratogenicity of anesthetic agents, surgery is not usually advised until
after the first trimester to lessen possible risks to the fetus.

The current guidelines propose to avoid optional surgeries until
the second or third trimester (43), with the second trimester being
the safest period. The stress of surgery can lead to premature labor
and premature delivery during the third trimester. With access to a
neonatal intensive care unit, neonatologic and obstetric help should
be in place (43, 44).

4.4 Radiation therapy
In this case series, eight PA-HNC patients were treated with

radiation therapy after childbirth, five patients with radical intent,
and three cases in the postoperative setting.
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The safe administration of radiation to pregnant women is
challenging. The highest sensitivity of fetal cells to radiation occurs
during early organogenesis (up to the eighth gestational week), with
doses over 0.05 Gy. The most common radiation-induced
abnormality in this setting includes developmental disability. In
PA-HNC patients diagnosed during the first trimester, treatment
with radiation (with fetal exposure >0.1-0.2 Gy) is linked to a
greater risk of congenital abnormalities. Therefore, these cases must
be recommended for pregnancy termination (45).

Radiation therapy is generally not offered to PA-HNC patients
because of the following significant risks: teratogenicity, probable
installation of childhood malignancies and hematological disorders.
The fetal developmental stage and the dose, intensity, and
distribution of radiation are directly connected to irradiation
toxicity during pregnancy. During the first trimester, radiation-
induced growth and mental deficiency may take place (46).

The radiotherapy-related risks can be lowered by avoiding the
direct exposure of the fetus to radiation by utilizing pelvic shielding
or modifying the beams’ physical characteristics limiting the dose
delivered to the fetus. However, these therapeutic adjustments may
lead to suboptimal management of PAC (47-49).

Nonetheless, several successful radiation treatments during
pregnancy, with the birth of healthy children, have been
described (50-57).

Luis et al. reported that out of the 109 cases following up on the
offspring, 13 reported adverse outcomes, including spontaneous
abortions, perinatal deaths and neurological deficits (58). It is
emphasized that if radiotherapy is required before the post-
partum period, treatment should be managed by a qualified team
of physicists and radiation oncologists, ensuring careful planning,
appropriate shielding devices, and distribution of fractional doses
for a prolonged period reducing the scattered dose to the fetus. In
this setting, there is evidence that an accurate pre-treatment
simulation in a PA-HNC patient is fundamental to predicting the
fetal dose (59).

However, due to the complexity of treatment (the physicists
calculate the fetal radiation dose and adjust the treatment plan), the
current European guidelines prefer to delay radiation therapy to the
post-partum period, regardless of the treated site, except a site
located adequately far from the uterus demands an urgent
intervention (60).

4.5 Systemic therapy

While considering systemic treatments for PA-HNC patients,
pregnancy-related changes in maternal physiology and fetal
developmental stage should be taken into account. These include
altered metabolism and clearance that may influence drug
bioavailability and toxicity profiles. None of the PA-HNC patients
in our case series was treated with chemotherapy during pregnancy.

One of the most relevant factors in choosing and scheduling
systemic therapy is the potential consequence of chemotherapy on
fetal development. Following implantation (circa two weeks after
conception), organogenesis occurs over the subsequent 8-10 weeks.
This period has the highest probability of significant malformations
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and fetal loss (61). Although studies reporting chemotherapy in the
first trimester are few, some evidenced fetal abnormalities,
including neural tube defects, cardiac defects, cleft lip/palate, and
fetal loss (61-63). Therefore, chemotherapy administered during
the first trimester, especially during organogenesis (weeks 4 to 12),
could potentially result in teratogenesis (3, 64).

Although chemotherapy is contraindicated during the first
trimester, cytotoxic chemotherapy is more widely accepted during
the second and third trimesters of pregnancy. Low rates (3%-5%) of
fetal malformations were reported by most of the studies inspecting
chemotherapy safety beyond the first trimester (65-70).

Chemotherapy-associated congenital deformities have been
reported at 16%, 8%, and 6% of cases in the first, second and
third trimesters, respectively. These fetal consequences in the
second and third trimesters include restraint intrauterine growth,
prematurity, and lower birth weight. Chemotherapy-induced
maternal toxicity may also lead to fetal hair loss and
myelosuppression (64).

Chemotherapy regimens used to treat PAC patients include 5-
fluourouracil, doxorubicin, cyclophosphamide (65) and carboplatin
plus paclitaxel (71-73). Data in the field are limited, and although
taxane and/or platinum therapy bring about encouraging fetal
outcomes, these are based on a relatively small number of
patients with limited follow-up.

Taxanes and platinum agents should be employed carefully to
treat pregnant patients with salivary gland carcinoma, only if
standard anthracycline-based therapy is not feasible as the
preferred option. Another relevant aspect is chemotherapy
pharmacokinetics. Indeed, a higher cytochrome P-3A4 activity is
detected in the third trimester. Therefore, a greater taxane clearance
is likely, with possible limitations on drug activity (74).

Carboplatin may be preferred over cisplatin due to its better
pregnancy-related safety profile. Single-agent platinum regimens
have already been reported in this context. Mir et al. evaluated 43
patients with PAC, of whom 28 had ovarian cancer. Cisplatin was
found to be linked with various adverse consequences: restricted
intrauterine growth (in 8.3% of patients), premature birth (8.3%),
respiratory distress (8%), and neonatal anemia (5.6%). Compared
with cisplatin, carboplatin does not lead to fetal defects, toxicities, or
adverse outcomes in the newborn (73).

For PAC patients treated with chemotherapy during pregnancy,
delivery timing must be synchronized with therapies to avoid
cytopenias at delivery. Platelets might be transfused, if needed,
>30,000/mL for a vaginal delivery or 50,000/mL for a cesarean
section. A vaginal delivery is recommended, and a cesarean section
should be deemed only for a pelvic tumor (e.g., cervical, anal, or
rectal cancer) or routine obstetric symptoms (75).

Thus, single-agent chemotherapy opens up a promising future
in managing pregnancy-associated cancers, with a subsided
exposure of chemotherapeutic agents to the fetus.

Studies evaluating children exposed to long-term in utero
chemotherapy imply that chemotherapy is not necessarily linked
to inadequate postnatal growth or compromised cognitive or
cardiac functions. Nevertheless, more data on long-term
outcomes are needed to assess the safety and cancer risk (38).
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In the field of ancillary therapy, based on animal and human
studies, the effects of corticosteroids are contradictory but tend to
designate increased risks in the first trimester. Chemotherapy is
feasible after the 14" gestational week, but a few broadly used drugs,
like platinum derivatives, taxanes, and etoposide, present
substantial infusion reaction events (76). Steroid-based
premedications are usually administered to prevent such reactions
(77). Corticosteroids are particularly beneficial in these cases.
Moreover, the H2 histamine antagonists ranitidine, famotidine
and cimetidine are not associated with an increased risk of
congenital disabilities (78, 79).

In the field of targeted therapy, no robust data are available. A
drug’s placental passage is subjected to its class and size: large
molecules, like monoclonal antibodies (e.g., trastuzumab,
rituximab), need an active passage through the placenta, which is
fully developed at the beginning of the 14th gestational week. On
the other hand, tyrosine kinase inhibitors and other small molecules
can cross the placenta throughout the pregnancy. Cases of
detectable concentrations of antitumor TKI (alectinib in a
pregnant woman affected by an ALK-rearranged non-small cell
lung cancer) were described, with a fetal plasma concentration at
birth 14 times lower than the one observed in the mother (80).

Targeted therapies may increase the risk of fatal morbidity and
pregnancy-related difficulties due to the activity of antitumor drugs
on biological pathways involved in both tumor pathogenesis and
physiologic fetal development.

As angiogenesis is crucial for the placenta’s and fetus’s normal
development, the teratogenic angiogenesis inhibitors could incite
pregnancy loss, skeletal retardations and fetal growth restriction.
Therefore, during pregnancy, anti-vascular endothelial growth
factors and other antiangiogenic drugs are avoided (38). One
metastatic differentiated thyroid patient included in our case
series was treated with lenvatinib after childbirth. Targeted
therapies for cancer treatment are not recommended during
pregnancy and should be administered after delivery, apart from
the possibility of giving rituximab and imatinib in the second and
third trimesters (81).

In the framework of immunotherapy, programmed death-1
(PD-1)/PD-L1 and cytotoxic T-cell lymphocyte-4 (CTLA-4)
interactions play key roles in maintaining normal fetal tolerance.
Nivolumab and pembrolizumab are monoclonal antibodies directed
against PD-1. Recently introduced as a cancer therapy agent, anti-
PD-1 is considered safe during pregnancy. PD-1 acts in the negative
immune regulation crucial for maternal tolerance of pregnancy with
an apparent effect on human pregnancy (82). Evidently, immune
checkpoint inhibitors like anti-PD1/PD-L1 drugs are associated
with increased spontaneous abortion rates in animals (83). In
humans, a case of advanced melanoma patient treated with
nivolumab was reported during the first seven weeks of
pregnancy. Conceivably the first case of a fetal immune-related
adverse effect from maternal anti-PD-1 exposure, the prematurely
born fetus was identified with intrauterine growth restriction and
congenital hypothyroidism (84). Nonetheless, a few case reports
identified no miscarriages in melanoma patients treated during
their first trimester (85, 86).
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To precisely schedule systemic therapy during pregnancy,
several factors must be respected: clinicopathologic characteristics
(i.e., stage at diagnosis, grade, lymph node and receptor status), the
gestational age at HNC diagnosis and the prospect of a full-term
delivery to ensure maternal and fetal outcomes. Based on available
data, we would endorse initiating systemic chemotherapy after
completing the first trimester without an urgent contraindication.
Finally, although milk production may be negatively affected by
cancer treatments (87), breastfeedings should be avoided while
continuing systemic treatments after birth (88).

5 Discussion

Pregnancies complicated by cancer are comparatively rare.
However, since women in Western societies tend to delay
childbearing until their 30s and 40s, this possibility may be more
frequent in the future. In this setting, it is expected that older
women may have a higher probability of HNC risk factor exposure
(e.g., HPV infection, smoking, alcohol).

Cancer diagnosis during pregnancy is a tricky issue. On the one
hand, the mother should be optimally treated, and on the other, the
consequences of cancer treatment on the fetus should be
minimal (89).

The small number of patients may be a limitation. Other
drawbacks of this work are its retrospective nature, the lack of
data on patients’ education, and the fact that the study patients were
affected by different cancer sites, histologic types, and stages of
disease, making it difficult to assess survival outcomes. Nevertheless,
the presented data are worthwhile because our case series is a
representative sample of PA-HNC treated at a tertiary
cancer center.

No major delays between cancer diagnosis and treatment start
and no adverse events because of pregnancy were observed in the
study cohort.

Given the prevalence of symptoms and the disease stage at
clinical presentation in the presented series (all the patients were
aware of their pregnant status before the diagnosis), the diagnosis
was late for the majority of cases. Literature data reported a higher
age-adjusted incidence rate of late stage HNC in men when
compared to women in the US (90). In cancer registries we lack
data about PA-HNCs, so no direct comparisons can be made
between our data and the available literature. However, since
almost all cases described here were diagnosed at a late stage, we
cannot exclude that pregnancy could have had a promoting action
in cancer development and progression. It is well known these
phenomena are promoted by complex biological mechanisms. At
the same time, pregnancy-related exposures impact fetal growth cell
division and organ functioning. The balance between the need to
tackle tumor cell proliferation while not impairing normal fetal
development is a key point for the principles of PAC management.
Indeed, cancer and its treatments are expected to interfere with the
complex phenomena of pregnancy.

Cancer diagnosis, staging and treatment are based on the
knowledge developed treating non-pregnant HNC patients. To
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administer the safest and optimal treatment plan to the mother
and developing fetus, several challenges in systemic treatments,
surgery, radiotherapy and obstetrics must be thoughtfully evaluated
in patients with PA-HNC. Indeed, a careful and comprehensive
multidisciplinary discussion should be conducted in each case.
Given the cited literature, the following factors should be taken
into account: maternal age; pregnancy stage; cancer type, site, size
and stage; potential embryo-fetal risks associated with anticancer
treatment; wishes of the woman and her family; close monitoring of
both mother’s and baby’s health during the whole treatment period
and in the subsequent follow-up; psychological support.

Cancer treatment delay until achieving fetal maturity may be
considered in selected cases, provided that tumor evolution is
closely monitored.

The delivery term depends on the date of cancer diagnosis
(beyond 35 weeks of gestation in most cases). Pregnancy in itself
does not have a deleterious effect on cancer prognosis, but it is often
associated with a diagnostic delay.

According to the available evidence, non-obstetrical surgeries
may be conducted during pregnancy without any increased risk of
adverse outcomes. However, some cancer treatments should be
postponed to the second and third trimesters due to the higher risk
of fetal harm during the first three months of pregnancy.

6 Conclusions

Head and neck cancers during pregnancy present significant
ethical and professional challenges for patients and physicians.
Several aspects from diagnostic, medical, surgical and radiation
oncology standpoints must be addressed to ensure the safety of the
mother and the infant. An informed discussion between the patient
and her medical team is essential to ascertain a precisely
individualized treatment plan maximizing benefits and
minimizing risks to the mother and the fetus. Long term effects
on children, adolescents and adults, related to maternal cancer
treatment during pregnancy should be investigated and
longitudinally surveilled.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author: stefano.cavalieri@istitutotumori.mi.it.

Ethics statement

The studies involving humans were approved by Ethical
Committee of the Fondazione IRCCS Istituto Nazionale dei
Tumori, via Venezian 1, 20133 Milan, Italy. The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

frontiersin.org


mailto:stefano.cavalieri@istitutotumori.mi.it
https://doi.org/10.3389/fonc.2023.1298439
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Bergamini et al.

Author contributions

CB: Writing - original draft, Writing - review & editing. SC:
Writing - original draft, Writing — review & editing. CR: Writing -
review & editing. SA: Writing - review & editing. IN: Writing
- review & editing. EC: Writing - review & editing. AO: Writing —
review & editing. GC: Writing — review & editing. AV: Writing
- review & editing. NI: Writing — review & editing. MF: Writing —
review & editing. MG: Writing - review & editing. AD: Writing -
review & editing. LL: Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research and the preparation of this manuscript were supported
thanks to the generous donation of a private -funds raised in
memory of Paolo Sardella. This research was partially funded by
Italian Ministry of Health “Ricerca Corrente” funds.

Acknowledgments

We are grateful to all the patients and their families whose
precious support allowed the conduct of this study. We also thank
Somsuvro Basu (medical writing consultant), who has provided
editorial assistance in the preparation of this article.

References

1. Donegan WL. Cancer and pregnancy. CA Cancer ] Clin (1983) 33(4):194-214.
doi: 10.3322/CANJCLIN.33.4.194

2. Atabo A, Bradley PJ. Management principles of head and neck cancers during
pregnancy: a review and case series. Oral Oncol (2008) 44(3):236-41. doi: 10.1016/
J.ORALONCOLOGY.2007.02.003

3. Salani R, Billingsley CC, Crafton SM. Cancer and pregnancy: an overview for
obstetricians and gynecologists. Am ] Obstet Gynecol (2014) 211(1):7-14. doi: 10.1016/
J.AJOG.2013.12.002

4. Pentheroudakis G, Pavlidis N. Cancer and pregnancy: poena magna, not
anymore. Eur J Cancer (2006) 42(2):126-40. doi: 10.1016/J.EJCA.2005.10.014

5. White MC, Holman DM, Boehm JE, Peipins LA, Grossman M, Jane Henley S. Age
and cancer risk: a potentially modifiable relationship. Am J Prev Med (2014) 46(3 Suppl
1):S7-15. doi: 10.1016/].AMEPRE.2013.10.029

6. Matthews TJ, Hamilton BE. First births to older women continue to rise. NCHS
Data Brief (2014) 152):1-8.

7. Keyser EA, Staat BC, Fausett MB, Shields AD. Pregnancy-associated breast
cancer. Rev Obstet Gynecol (2012) 5(2):94-9.

8. Doll DC, Ringenberg QS, Yarbro JW. Management of cancer during pregnancy.
Arch Intern Med (1988) 148(9):2058-64. doi: 10.1001/ARCHINTE.1988.00380090118027

9. Pejovic T, Mari G, Schwartz PE. Rare Tumors in Pregnancy. In: Barnea ER,
Jauniaux E, Schwartz PE, editors. Cancer and Pregnancy. London: Springer (2001). p.
69-75. doi: 10.1007/978-1-4471-0707-1_7

10. Sato K, Shimamoto H, Mochizuki Y, Hirai H, Tomioka H, Shimizu R, et al.
Treatment of oral cancers during pregnancy: a case-based discussion. J Otolaryngol -
Head Neck surg (2019) 48(1):9. doi: 10.1186/S40463-019-0331-1

11. Eliassen AM, Hauff SJ, Tang AL, Thomas DH, McHugh JB, Walline HM, et al.
Head and neck squamous cell carcinoma in pregnant women. Head Neck (2013) 35
(3):335-42. doi: 10.1002/HED.22973

12. le Guevelou J, Lebars S, Kammerer E, de Gabory L, Vergez S, Janot F, et al. Head and
neck cancer during pregnancy. Head Neck (2019) 41(10):3719-32. doi: 10.1002/HED.25877

Frontiers in Oncology

10.3389/fonc.2023.1298439

Conflict of interest

LL declares the following conflicts of interest: research funds
donated directly to the institute for clinical trials from AstraZeneca,
BMS, Boehringer Ingelheim, Celgene International, Eisai, Exelixis,
Debiopharm International SA, Hoffmann-La Roche Itd, IRX
Therapeutics, Medpace, Merck-Serono, MSD, Novartis, Pfizer,
Roche, Buran; occasional fees for participation as a speaker at
conferences/congresses or as a scientific consultant for advisory
boards from Astrazeneca, Bayer, MSD, Merck-Serono, AccMed,
Neutron Therapeutics, Inc. CR declares honoraria from SunPharma.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

SC and LL declared that they were an editorial board member of
Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Chow VLY, Chan JYW, Ng RWM, Wei WI. Management of head and neck
tumours during pregnancy: case report and literature review. Asian J Surg (2008) 31
(4):199-203. doi: 10.1016/S1015-9584(08)60086-X

14. Cheng YK, Zhang F, Tang LL, Chen L, Zhou GQ, Zeng MS, et al. Pregnancy
associated nasopharyngeal carcinoma: A retrospective case-control analysis of maternal
survival outcomes. Radiother Oncol (2015) 116(1):125-30. doi: 10.1016/
J.RADONC.2015.06.008

15. Jie-Hua Y, Caisen L, Yuhua H. Pregnancy and nasopharyngeal carcinoma: A
prognostic evaluation of 27 patients. Int J Radiat Oncol Biol Phys (1984) 10(6):851-5.
doi: 10.1016/0360-3016(84)90387-0

16. Star J, Malee MP. Pregnancy complicated by nasopharyngeal carcinoma. Obstet
gynecol (1999) 94(5 Pt 2):845. doi: 10.1016/50029-7844(99)00463-9

17. Young D, Xiao CC, Murphy B, Moore M, Fakhry C, Day TA. Increase in head
and neck cancer in younger patients due to human papillomavirus (HPV). Oral Oncol
(2015) 51(8):727-30. doi: 10.1016/J.ORALONCOLOGY.2015.03.015

18. Schantz SP, Yu GP. Head and neck cancer incidence trends in young Americans,
1973-1997, with a special analysis for tongue cancer. Arch Otolaryngol Head Neck Surg
(2002) 128(3):268-74. doi: 10.1001/ARCHOTOL.128.3.268

19. Llewellyn CD, Johnson NW, Warnakulasuriya KAAS. Risk factors for squamous
cell carcinoma of the oral cavity in young people - A comprehensive literature review.
Oral Oncol (2001) 37(5):401-18. doi: 10.1016/S1368-8375(00)00135-4

20. Lingen M, Sturgis EM, Kies MS. Squamous cell carcinoma of the head and neck
in nonsmokers: clinical and biologic characteristics and implications for management.
Curr Opin Oncol (2001) 13(3):176-82. doi: 10.1097/00001622-200105000-00008

21. Bradley PJ, Raghavan U. Cancers presenting in the head and neck during
pregnancy. Curr Opin Otolaryngol Head Neck Surg (2004) 12(2):76-81. doi: 10.1097/
00020840-200404000-00004

22. Succo G, Crosetti E, Torta R, Siri I, Airoldi M, Di Lisi D, et al. Oropharyngeal
carcinoma during pregnancy: clinical and psycho-oncological aspects. Acta
otorhinolaryngol Italica (2003) 23(6):440-5.

frontiersin.org


https://doi.org/10.3322/CANJCLIN.33.4.194
https://doi.org/10.1016/J.ORALONCOLOGY.2007.02.003
https://doi.org/10.1016/J.ORALONCOLOGY.2007.02.003
https://doi.org/10.1016/J.AJOG.2013.12.002
https://doi.org/10.1016/J.AJOG.2013.12.002
https://doi.org/10.1016/J.EJCA.2005.10.014
https://doi.org/10.1016/J.AMEPRE.2013.10.029
https://doi.org/10.1001/ARCHINTE.1988.00380090118027
https://doi.org/10.1007/978-1-4471-0707-1_7
https://doi.org/10.1186/S40463-019-0331-1
https://doi.org/10.1002/HED.22973
https://doi.org/10.1002/HED.25877
https://doi.org/10.1016/S1015-9584(08)60086-X
https://doi.org/10.1016/J.RADONC.2015.06.008
https://doi.org/10.1016/J.RADONC.2015.06.008
https://doi.org/10.1016/0360-3016(84)90387-0
https://doi.org/10.1016/S0029-7844(99)00463-9
https://doi.org/10.1016/J.ORALONCOLOGY.2015.03.015
https://doi.org/10.1001/ARCHOTOL.128.3.268
https://doi.org/10.1016/S1368-8375(00)00135-4
https://doi.org/10.1097/00001622-200105000-00008
https://doi.org/10.1097/00020840-200404000-00004
https://doi.org/10.1097/00020840-200404000-00004
https://doi.org/10.3389/fonc.2023.1298439
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Bergamini et al.

23. Koike T, Uehara S, Kobayashi H, Kurashina K, Yamazaki T. Squamous cell
carcinoma of the tongue during pregnancy experiences in two-year treatments. Oral
Oncol Extra (2005) 41(1):7-11. doi: 10.1016/].00E.2004.09.002

24. Dumper J, Kerr P. Recurrent squamous cell carcinoma of the tongue in
pregnancy. ] Otolaryngol (2005) 34(4):242-3. doi: 10.2310/7070.2005.34406

25. Lloyd CJ, Paley MD, Penfold CN, Varadarajan V, Tehan B, Gollins SW.
Microvascular free tissue transfer in the management of squamous cell carcinoma of
the tongue during pregnancy. Br J Oral Maxillofac Surg (2003) 41(2):109-11.
doi: 10.1016/50266-4356(03)00003-2

26. Fetoni AR, Galli ], Frank P, Marmiroli L, Motta S, Almadori G. Management of
advanced adenocarcinoma of maxillary sinus in a young woman during pregnancy: A
case report. Otolaryngol - Head Neck Surg (2002) 126(4):432-4. doi: 10.1067/
mhn.2002.123831

27. Troisi R, Bjorge T, Gissler M, Grotmol T, Kitahara CM, Myrtveit Saether SM,
et al. The role of pregnancy, perinatal factors and hormones in maternal cancer risk: a
review of the evidence. ] Intern Med (2018) 283(5):430-45. doi: 10.1111/JOIM.12747

28. Harvell DME, Kim J, O’Brien J, Tan AC, Borges VF, Schedin P, et al. Genomic
signatures of pregnancy-associated breast cancer epithelia and stroma and their
regulation by estrogens and progesterone. Horm Cancer (2013) 4(3):140-53.
doi: 10.1007/S12672-013-0136-Z

29. Spiegel E, Spence AR, Czuzoj-Shulman N, Abenhaim HA. Pregnancy outcomes
after thyroid cancer. J Perinat Med (2019) 47(7):710-6. doi: 10.1515/JPM-2019-0039

30. Wagner JM, Alleman AM. Ultrasonography of cervical lymph nodes. Radiol Clin
North Am (2019) 57(3):485-500. doi: 10.1016/J.RCL.2019.01.005

31. Patel S], Reede DL, Katz DS, Subramaniam R, Amorosa JK. Imaging the
pregnant patient for nonobstetric conditions: algorithms and radiation dose
considerations. Radiographics (2007) 27(6):1705-22. doi: 10.1148/RG.276075002

32. Kennedy E, Iball GR, Brettle DS. Investigation into the effects of lead shielding
for fetal dose reduction in CT pulmonary angiography. Br ] Radiol (2007) 80(956):631-
8. doi: 10.1259/BJR/31771954

33. Ray JG, Vermeulen M]J, Bharatha A, Montanera WJ, Park AL. Association
between MRI exposure during pregnancy and fetal and childhood outcomes. JAMA
(2016) 316(9):952-61. doi: 10.1001/JAMA.2016.12126

34. Nguyen CP, Goodman LH. Fetal risk in diagnostic radiology. Semin Ultrasound
CT MR. (2012) 33(1):4-10. doi: 10.1053/J.SULT.2011.09.003

35. Chen MM, Coakley F, Kaimal A, Laros RK. Guidelines for computed
tomography and magnetic resonance imaging use during pregnancy and lactation.
Obstet gynecol (2008) 112(2 Pt 1):333-40. doi: 10.1097/A0G.0B013E318180A505

36. ACR Manual on Contrast Media, Version 2023. ACR Committee on Drugs and
Contrast Media. American College of Radiology (2023). ISBN: 978-1-55903-012-0

37. Devine CE, Mawlawi O. Radiation safety with positron emission tomography
and computed tomography. Semin Ultrasound CT MR. (2010) 31(1):39-45.
doi: 10.1053/J.SULT.2009.09.005

38. Wolters V, Heimovaara ], Maggen C, Cardonick E, Boere I, Lenaerts L, et al.
Management of pregnancy in women with cancer. Int ] gynecol cancer (2021) 31
(3):314-22. doi: 10.1136/1JGC-2020-001776

39. Pavlidis N, Pentheroudakis G. Metastatic involvement of placenta and foetus in
pregnant women with cancer. Recent results Cancer Res (2008) 178:183-94.
doi: 10.1007/978-3-540-71274-9_16

40. Lenaerts L, Jatsenko T, Amant F, Vermeesch JR. Noninvasive prenatal testing
and detection of occult maternal Malignancies. Clin Chem (2019) 65(12):1484-6.
doi: 10.1373/CLINCHEM.2019.306548

41. Rosen MA. Management of anesthesia for the pregnant surgical patient.
Anesthesiology (1999) 91(4):1159-63. doi: 10.1097/00000542-199910000-00033

42. Mazze RI, Killén B. Reproductive outcome after anesthesia and operation during
pregnancy: a registry study of 5405 cases. Am J Obstet Gynecol (1989) 161(5):1178-85.
doi: 10.1016/0002-9378(89)90659-5

43. Grimm D, Woelber L, Trillsch F, Keller-Vamsberg G, Mahner S. Clinical
management of epithelial ovarian cancer during pregnancy. Eur J Cancer (2014) 50
(5):963-71. doi: 10.1016/].EJCA.2013.12.020

44. Amant F, van Calsteren K, Halaska MJ, Gziri MM, Hui W, Lagae L, et al. Long-
term cognitive and cardiac outcomes after prenatal exposure to chemotherapy in
children aged 18 months or older: an observational study. Lancet Oncol (2012) 13
(3):256-64. doi: 10.1016/S1470-2045(11)70363-1

45. Greskovich JFJ, Macklis RM. Radiation therapy in pregnancy: risk calculation
and risk minimization. Semin Oncol (2000) 27(6):633-45.

46. Woo JC, Yu T, Hurd TC. Breast cancer in pregnancy: a literature review. Arch
surg (2003) 138(1):91-8. doi: 10.1001/ARCHSURG.138.1.91

47. Amant F, von Minckwitz G, Han SN, Bontenbal M, Ring AE, Giermek J, et al.
Prognosis of women with primary breast cancer diagnosed during pregnancy: results
from an international collaborative study. J Clin Oncol (2013) 31(20):2532-9.
doi: 10.1200/JC0O.2012.45.6335

48. Blake EA, Kodama M, Yunokawa M, Ross MS, Ueda Y, Grubbs BH, et al. Feto-
maternal outcomes of pregnancy complicated by epithelial ovarian cancer: a systematic
review of literature. Eur ] Obstet Gynecol Reprod Biol (2015) 186:97-105. doi: 10.1016/
j.ejogrb.2015.01.010

Frontiers in Oncology

10

10.3389/fonc.2023.1298439

49. Rouzier R, Werkoff G, Uzan C, Mir O, Gligorov J, Selleret L, et al. Pregnancy-
associated breast cancer is as chemosensitive as non-pregnancy-associated breast
cancer in the neoadjuvant setting. Ann Oncol (2011) 22(7):1582-7. doi: 10.1093/
ANNONC/MDQ642

50. Ngu SL, Duval P, Collins C. Foetal radiation dose in radiotherapy for breast
cancer. Australas Radiol (1992) 36(4):321-2. doi: 10.1111/j.1440-1673.1992.
tb03209.x

51. Antypas C, Sandilos P, Kouvaris ], Balafouta E, Karinou E, Kollaros N, et al. Fetal
dose evaluation during breast cancer radiotherapy. Int ] Radiat Oncol Biol Phys (1998)
40(4):995-9. doi: 10.1016/S0360-3016(97)00909-7

52. Spitzer M, Citron M, Ilardi CF, Saxe B. Non-Hodgkin’s lymphoma during
pregnancy. Gynecol Oncol (1991) 43(3):309-12. doi: 10.1016/0090-8258(91)90042-4

53. Nisce LZ, Tome MA, He S, Lee BJ, Kutcher GJ. Management of coexisting
Hodgkin’s disease and pregnancy. Am ] Clin Oncol (1986) 9(2):146-51. doi: 10.1097/
00000421-198604000-00009

54. Mazonakis M, Varveris H, Fasoulaki M, Damilakis J. Radiotherapy of Hodgkin’s
disease in early pregnancy: Embryo dose measurements. Radiother Oncol (2003) 66
(3):333-9. doi: 10.1016/S0167-8140(02)00329-8

55. Haba Y, Twyman N, Thomas SJ, Overton C, Dendy P, Burnet NG. Radiotherapy
for glioma during pregnancy: fetal dose estimates, risk assessment and clinical
management. Clin Oncol (Royal Coll Radiologists). (2004) 16(3):210-4. doi: 10.1016/
J.CLON.2004.01.009

56. Mazonakis M, Damilakis J, Theoharopoulos N, Varveris H, Gourtsoyiannis N.
Brain radiotherapy during pregnancy: an analysis of conceptus dose using
anthropomorphic phantoms. Br J Radiol (1999) 72(855):274-8. doi: 10.1259/
BJR.72.855.10396218

57. Yu C, Jozsef G, Apuzzo ML]J, MacPherson DM, Petrovich Z. Fetal radiation
doses for model C gamma knife radiosurgery. Neurosurgery (2003) 52(3):687-93.
doi: 10.1227/01.NEU.0000048479.23069.24

58. Luis S, Christie D, Kaminski A, Kenny L, Peres M. Pregnancy and radiotherapy:
management options for minimising risk, case series and comprehensive literature
review. ] Med Imaging Radiat Oncol (2009) 53(6):559-68. doi: 10.1111/].1754-
9485.2009.02124.X

59. Orlandi E, Zonca G, Pignoli E, Stucchi C, Borroni M, Collini P, et al.
Postoperative radiotherapy for synovial sarcoma of the head and neck during
pregnancy: clinical and technical management and fetal dose estimates. Tumori
(2007) 93(1):45-52. doi: 10.1177/030089160709300109

60. Peccatori FA, Azim HAJ, Orecchia R, Hoekstra HJ, Pavlidis N, Kesic V, et al.
Cancer, pregnancy and fertility: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol (2013) 24 Suppl 6:vi160-70. doi: 10.1093/annonc/
mdt199

61. Redmond GP. Physiological changes during pregnancy and their implications
for pharmacological treatment. Clin Invest Med (1985) 8(4):317-22.

62. Paskulin GA, Gazzola Zen PR, de Camargo Pinto LL, Rosa R, Graziadio C.
Combined chemotherapy and teratogenicity. Birth Defects Res A Clin Mol Teratol
(2005) 73(9):634-7. doi: 10.1002/BDRA.20180

63. Doll DC, Ringenberg QS, Yarbro JW. Antineoplastic agents and pregnancy.
Semin Oncol (1989) 16(5):337-46.

64. Minig L, Otafio L, Diaz-Padilla I, Alvarez Gallego R, Patrono MG, Valero de
Bernabe J. Therapeutic management of epithelial ovarian cancer during pregnancy.
Clin Trans Oncol (2013) 15(4):259-64. doi: 10.1007/s12094-012-0963-3

65. Sukumvanich P. Review of current treatment options for pregnancy-associated
breast cancer. Clin Obstet Gynecol (2011) 54(1):164-72. doi: 10.1097/
GRF.0B013E3182083A44

66. Hahn KME, Johnson PH, Gordon N, Kuerer H, Middleton L, Ramirez M, et al.
Treatment of pregnant breast cancer patients and outcomes of children exposed to
chemotherapy. utero Cancer (2006) 107(6):1219-26. doi: 10.1002/CNCR.22081

67. Peccatori FA, Azim HA, Scarfone G, Gadducci A, Bonazzi C, Gentilini O, et al.
Weekly epirubicin in the treatment of gestational breast cancer (GBC). Breast Cancer
Res Treat (2009) 115(3):591-4. doi: 10.1007/S10549-008-0159-2

68. Azim HA, Peccatori FA, Scarfone G, Acaia B, Rossi P, Cascio R, et al.
Anthracyclines for gestational breast cancer: course and outcome of pregnancy. Ann
Oncol (2008) 19(8):1511-2. doi: 10.1093/ANNONC/MDN396

69. 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. doi: 10.1200/JC0.2005.03.038

70. Data & Statistics on Birth Defects | CDC . Available at: https://www.cdc.gov/
ncbddd/birthdefects/data.html.

71. Loibl S, Han SN, von Minckwitz G, Bontenbal M, Ring A, Giermek J, et al.
Treatment of breast cancer during pregnancy: an observational study. Lancet Oncol
(2012) 13(9):887-96. doi: 10.1016/S1470-2045(12)70261-9

72. Berveiller P, Mir O. Taxanes during pregnancy: probably safe, but still to be
optimized. Oncology (2012) 83(4):239-40. doi: 10.1159/000341820

73. Mir O, Berveiller P, Ropert S, Goffinet F, Goldwasser F. Use of platinum
derivatives during pregnancy. Cancer (2008) 113(11):3069-74. doi: 10.1002/
CNCR.23935

frontiersin.org


https://doi.org/10.1016/J.OOE.2004.09.002
https://doi.org/10.2310/7070.2005.34406
https://doi.org/10.1016/S0266-4356(03)00003-2
https://doi.org/10.1067/mhn.2002.123831
https://doi.org/10.1067/mhn.2002.123831
https://doi.org/10.1111/JOIM.12747
https://doi.org/10.1007/S12672-013-0136-Z
https://doi.org/10.1515/JPM-2019-0039
https://doi.org/10.1016/J.RCL.2019.01.005
https://doi.org/10.1148/RG.276075002
https://doi.org/10.1259/BJR/31771954
https://doi.org/10.1001/JAMA.2016.12126
https://doi.org/10.1053/J.SULT.2011.09.003
https://doi.org/10.1097/AOG.0B013E318180A505
https://doi.org/10.1053/J.SULT.2009.09.005
https://doi.org/10.1136/IJGC-2020-001776
https://doi.org/10.1007/978-3-540-71274-9_16
https://doi.org/10.1373/CLINCHEM.2019.306548
https://doi.org/10.1097/00000542-199910000-00033
https://doi.org/10.1016/0002-9378(89)90659-5
https://doi.org/10.1016/J.EJCA.2013.12.020
https://doi.org/10.1016/S1470-2045(11)70363-1
https://doi.org/10.1001/ARCHSURG.138.1.91
https://doi.org/10.1200/JCO.2012.45.6335
https://doi.org/10.1016/j.ejogrb.2015.01.010
https://doi.org/10.1016/j.ejogrb.2015.01.010
https://doi.org/10.1093/ANNONC/MDQ642
https://doi.org/10.1093/ANNONC/MDQ642
https://doi.org/10.1111/j.1440-1673.1992.tb03209.x
https://doi.org/10.1111/j.1440-1673.1992.tb03209.x
https://doi.org/10.1016/S0360-3016(97)00909-7
https://doi.org/10.1016/0090-8258(91)90042-4
https://doi.org/10.1097/00000421-198604000-00009
https://doi.org/10.1097/00000421-198604000-00009
https://doi.org/10.1016/S0167-8140(02)00329-8
https://doi.org/10.1016/J.CLON.2004.01.009
https://doi.org/10.1016/J.CLON.2004.01.009
https://doi.org/10.1259/BJR.72.855.10396218
https://doi.org/10.1259/BJR.72.855.10396218
https://doi.org/10.1227/01.NEU.0000048479.23069.24
https://doi.org/10.1111/J.1754-9485.2009.02124.X
https://doi.org/10.1111/J.1754-9485.2009.02124.X
https://doi.org/10.1177/030089160709300109
https://doi.org/10.1093/annonc/mdt199
https://doi.org/10.1093/annonc/mdt199
https://doi.org/10.1002/BDRA.20180
https://doi.org/10.1007/s12094-012-0963-3
https://doi.org/10.1097/GRF.0B013E3182083A44
https://doi.org/10.1097/GRF.0B013E3182083A44
https://doi.org/10.1002/CNCR.22081
https://doi.org/10.1007/S10549-008-0159-2
https://doi.org/10.1093/ANNONC/MDN396
https://doi.org/10.1200/JCO.2005.03.038
https://www.cdc.gov/ncbddd/birthdefects/data.html
https://www.cdc.gov/ncbddd/birthdefects/data.html
https://doi.org/10.1016/S1470-2045(12)70261-9
https://doi.org/10.1159/000341820
https://doi.org/10.1002/CNCR.23935
https://doi.org/10.1002/CNCR.23935
https://doi.org/10.3389/fonc.2023.1298439
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Bergamini et al.

74. Zagouri F, Sergentanis TN, Chrysikos D, Bartsch R. Platinum derivatives during
pregnancy in cervical cancer: a systematic review and meta-analysis. Obstet gynecol
(2013) 121(2 Pt 1):337-43. doi: 10.1097/A0G.0B013E31827C5822

75. Silverstein ], Post AL, Chien AJ, Olin R, Tsai KK, Ngo Z, et al. Multidisciplinary
management of cancer during pregnancy. JCO Oncol Pract (2020) 16(9):545-57.
doi: 10.1200/0P.20.00077

76. Amant F, Berveiller P, Boere IA, Cardonick E, Fruscio R, Fumagalli M, et al.
Gynecologic cancers in pregnancy: guidelines based on a third international consensus
meeting. Ann Oncol (2019) 30(10):1601-12. doi: 10.1093/ANNONC/MDZ228

77. Boulanger ], Boursiquot JN, Cournoyer G, Lemieux J, Masse MS, Almanric K,
et al. Management of hypersensitivity to platinum- and taxane-based chemotherapy:
cepo review and clinical recommendations. Curr Oncol (2014) 21(4):630-41.
doi: 10.3747/C0O.21.1966

78. Schatz M, Petitti D. Antihistamines and pregnancy. Ann allergy Asthma
Immunol (1997) 78(2):157-9. doi: 10.1016/S1081-1206(10)63382-0

79. Gilboa SM, Ailes EC, Rai RP, Anderson JA, Honein MA. Antihistamines and
birth defects: a systematic review of the literature. Expert Opin Drug Saf. (2014) 13
(12):1667-98. doi: 10.1517/14740338.2014.970164

80. Scarfone G, Fumagalli M, Imbimbo M, Ceruti T, Cribit FM, Di Loreto E, et al.
First case report of pregnancy on alectinib in a woman with metastatic ALK-rearranged
lung cancer: A case report. ] Thorac Oncol (2021) 16(5):873-7. doi: 10.1016/
JJTHO.2021.02.005

81. Lambertini M, Peccatori FA, Azim HA. Targeted agents for cancer treatment
during pregnancy. Cancer Treat Rev (2015) 41(4):301-9. doi: 10.1016/
J.CTRV.2015.03.001

82. Wang SC, Li YH, Piao HL, Hong XW, Zhang D, Xu YY, et al. PD-1 and Tim-3
pathways are associated with regulatory CD8+ T-cell function in decidua and

Frontiers in Oncology

11

10.3389/fonc.2023.1298439

maintenance of normal pregnancy. Cell Death Dis (2015) 6(5):¢1738. doi: 10.1038/
CDDIS.2015.112

83. Poulet FM, WolfJJ, 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. doi: 10.1002/BDRB.21176

84. Xu W, Moor R], Walpole ET, Atkinson VG. Pregnancy with successful foetal and
maternal outcome in a melanoma patient treated with nivolumab in the first trimester:
case report and review of the literature. Melanoma Res (2019) 29(3):333-7.
doi: 10.1097/CMR.0000000000000586

85. Burotto M, Gormaz JG, Samtani S, Valls N, Silva R, Rojas C, et al. Viable
Pregnancy in a patient with metastatic melanoma treated with double checkpoint
immunotherapy. Semin Oncol (2018) 45(3):164-9. doi: 10.1053/
J.SEMINONCOL.2018.03.003

86. Mehta A, Kim KB, Minor DR. Case report of a pregnancy during ipilimumab
therapy. J Glob Oncol (2018) 4(4):1-3. doi: 10.1200/JGO.17.00019

87. Stopenski S, Aslam A, Zhang X, Cardonick E. After chemotherapy treatment for
maternal cancer during pregnancy, is breastfeeding possible? Breastfeeding Med (2017)
12:91-7. doi: 10.1089/BFM.2016.0166

88. Peccatori FA, Migliavacca Zucchetti B, Buonomo B, Bellettini G, Codacci-
Pisanelli G, Notarangelo M. Lactation during and after Breast Cancer. Adv Exp Med
Biol (2020) 1252:159-63. doi: 10.1007/978-3-030-41596-9_22

89. Voulgaris E, Pentheroudakis G, Pavlidis N. Cancer and pregnancy: a
comprehensive review. Surg Oncol (2011) 20(4):e175-85. doi: 10.1016/
J.SURONC.2011.06.002

90. Thompson-Harvey A, Yetukuri M, Hansen AR, Simpson MC, Adjei Boakye E,
Varvares MA, et al. Rising incidence of late-stage head and neck cancer in the United
States. Cancer (2020) 126(5):1090-101. doi: 10.1002/cncr.32583

frontiersin.org


https://doi.org/10.1097/AOG.0B013E31827C5822
https://doi.org/10.1200/OP.20.00077
https://doi.org/10.1093/ANNONC/MDZ228
https://doi.org/10.3747/CO.21.1966
https://doi.org/10.1016/S1081-1206(10)63382-0
https://doi.org/10.1517/14740338.2014.970164
https://doi.org/10.1016/J.JTHO.2021.02.005
https://doi.org/10.1016/J.JTHO.2021.02.005
https://doi.org/10.1016/J.CTRV.2015.03.001
https://doi.org/10.1016/J.CTRV.2015.03.001
https://doi.org/10.1038/CDDIS.2015.112
https://doi.org/10.1038/CDDIS.2015.112
https://doi.org/10.1002/BDRB.21176
https://doi.org/10.1097/CMR.0000000000000586
https://doi.org/10.1053/J.SEMINONCOL.2018.03.003
https://doi.org/10.1053/J.SEMINONCOL.2018.03.003
https://doi.org/10.1200/JGO.17.00019
https://doi.org/10.1089/BFM.2016.0166
https://doi.org/10.1007/978-3-030-41596-9_22
https://doi.org/10.1016/J.SURONC.2011.06.002
https://doi.org/10.1016/J.SURONC.2011.06.002
https://doi.org/10.1002/cncr.32583
https://doi.org/10.3389/fonc.2023.1298439
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Multidisciplinary management of pregnancy-associated and early post-partum head and neck cancer patients
	1 Introduction
	2 Materials and methods
	2.1 Patient selection
	2.2 Statistical methods

	3 Results
	3.1 Patient characteristics
	3.2 HNC management
	3.3 Maternal and pregnancy outcomes

	4 Clinical features of the case series and literature review
	4.1 Clinical presentation
	4.2 Imaging and staging procedures
	4.3 Surgery
	4.4 Radiation therapy
	4.5 Systemic therapy

	5 Discussion
	6 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References


