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Background: Immune checkpoint inhibitors have been widely implemented in current clinical practice. Although cancer
occurs in ~1 out of 1000 pregnancies, treatment remains challenging. Until now, limited data exist regarding
immunotherapy administration during pregnancy. This systemic review aims to synthesize all available data from
immunotherapy administration in pregnant women and evaluate the efficacy and safety of immunotherapy during
pregnancy.

Patients and methods: Eligible studies were identified by a search of the PubMed Medline database and Food and Drug
Administration Adverse Events Reporting System Public Dashboard for the period 1 January 2000 to 1 April 2021; the
algorithm consisted of a predefined combination of the words ‘immunotherapy’, ‘cancer’ and ‘pregnancy’. PRISMA
guidelines were applied in this study.

Results: Overall, seven articles (seven pregnancies, nine neonates) were retrieved. The mean duration of
immunotherapy administration was 9.8 weeks [standard deviation (SD): 11.27; median: 7.0; range: 1-32]. In all cases
specified, melanoma was the malignancy reported. The mean gestational age at delivery was 30.4 weeks (SD: 5.03;
median: 32.0; range: 24-38), whereas the mean weight of neonates at delivery was 1267 g (SD: 412.0; median:
1400; range: 590-1701). Only one neonate was born term at 38 weeks of pregnancy (11.1%; 1/9). Complications
during pregnancy were observed in 71.4% of cases: intrauterine growth restriction (three cases), HELLP syndrome
(hemolysis, elevated liver enzymes, low platelet count) (one case), placental insufficiency (one case) and low fetal
heart rate (one case). The mean progression-free survival and overall survival were 16.0 and 25.2 months, respectively.
Conclusion: The administration of immune checkpoint inhibitors during pregnancy is associated with increased
incidence of pregnancy complications, prematurity and low birth weight. The administration of these regimens is
not recommended during gestation. Whenever applied, close monitoring of the mother and the fetus is required.
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INTRODUCTION malignancy. Blockade of these pathways can effectively
overcome the tumor-mediated inhibition of T-cell function.?

The incidence of cancer during pregnancy remains rather
low, occurring in ~1 in 1000 pregnancies.3'4 Treatment of
cancer during pregnancy, however, remains challenging.
Administration of chemotherapy during the first trimester

Immune checkpoint inhibitors (ICls) have transformed the
treatment landscape in clinical oncology. The understanding
of the underlying principles of tumor immunology has
allowed the development of molecules that block cytotoxic
T-lymphocyte antigen-4 (CTLA-4) and programmed cell X oHE >
death protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) has been associated with increased risk of spontaneous

pathways and manipulate the immune system to reactivate abortion, congenital malformations or even fetal death.’
the antitumor immune response. CTLA-4 binding reduces Although the administration of certain chemotherapeutic

interleukin 2 (IL-2) production and T-cell proliferation, while ~ drugs seems to be safe, the risk of intrauterine growth re-

. . . 5,6
PD-1 binding leads to T-cell depletion via altered T-cell re- ~ Striction (IUGR) rémains a concern. There are no d?ta
ceptor signaling.” Under normal circumstances, CTLA-4 and regarding the administration of immunotherapy during

PD-1 enable self-tolerance that is frequently deactivated in pregnancy oth.er th.an animal studies and case reports. Anti-
PD-1 agents like nivolumab and pembrolizumab are cate-
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higher dose than the one administered in humans.’
Consistently, CTLA-4 blockade caused abortion, stillbirth,
premature delivery (with corresponding lower birth weight)
and an increased incidence of infant mortality in animals
treated with ipilimumab at a dose approximately 2.6 to 7.2
times the human exposure.’

We aim here to review all existing cases of exposure to
immunotherapy during pregnancy. A retrospective evalua-
tion of the existing cases will help to determine the effect of
ICl administration during pregnancy on the mother and the
fetus.

METHODS

This systematic review was carried out in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. The protocol of this systematic
review was submitted to the institutional review board of
Alexandra General Hospital, Medical University of Athens,
Greece, and is available upon request. Eligible articles were
identified by a search of the Medline bibliographic database
and the FDA Adverse Events Reporting System (FAERS)
Public Dashboard for the period 1 January 2000 to 1 April
2021 (see Figure 1). The search strategy consisted of the
following keywords: (neoplasms OR neoplasm OR cancer OR
cancers OR carcinoma OR carcinomas) AND (pregnancy OR
pregnant OR gestation) AND (immunotherapy OR immune
checkpoint inhibitors OR nivolumab OR pembrolizumab OR
avelumab OR durvalumab OR cemiplimab OR ipilimumab).
Furthermore, we checked all the references of relevant re-
views and eligible articles that our search retrieved so as to
identify potentially additional eligible articles. All prospec-
tive and retrospective studies, as well as case reports, were
considered eligible for this systematic review. Reviews of
literature were not included, however we checked all the
references of relevant reviews for eligible studies.'®"? Lan-
guage restrictions were applied (only articles in English were
considered eligible).***> While working separately, two re-
searchers (AA and AMK) collected and analyzed data from
each eligible study. In case of disagreement between the
members of each pair, team consensus was obtained after
consulting the principal designers of the study (FZ and MAD).

All studies investigating the administration of ICIs during
pregnancy, no matter of sample size, were eligible. Articles
where immunotherapy with interferon was administered
were excluded from our study.le-"18 In addition, cases where
immunotherapy was administered exclusively before the
gestational period or postpartum were also excluded.'®%?
From each one of those studies, the following data were
extracted: first author, year of publication, type of immu-
notherapy administered during pregnancy, type of malig-
nancy, patient age at diagnosis, patient age at pregnancy,
gestational age (GA) at immunotherapy administration,
total dose administered, GA at delivery, way of delivery
(Cesarean section, etc.), fetal outcome [prematurity, respi-
ratory distress syndrome (RDS), congenital abnormalities
etc.], weight at delivery, adverse effects of immunotherapy,
maternal outcome, maternal immune-related adverse
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events (AEs) before or during pregnancy, overall survival
(OS) and progression-free survival (PFS) in months. PFS was
defined as the time from immunotherapy initiation to time
of disease recurrence. OS was defined as the time from
immunotherapy initiation to death from any cause. In case
of overlapping publications emerging from the same study,
the larger size study was evaluated.

RESULTS

Overall, 487 articles were identified and screened. After
removal of 471 irrelevant articles, 9 reviews'%*%?3?® and 3
non-English articles,”>™* 4 studies were considered eligible
for our review.”>>? Having investigated the references of
the relevant reviews and eligible articles, two more articles
were added.’*** An additional search of the FAERS Public
Dashboard®® revealed one more eligible study.>®

Detailed information of all eligible studies is provided in
Table 1. The mean age of pregnant women at diagnosis was
26.9 years [standard deviation (SD): 5.31; median: 27.0;
range 19-35],%°3%3° whereas the mean age of cancer pa-
tients at pregnancy was 34.1 years (SD: 2.41; median: 34.0;
range 32-39).2°3%3® Among the immunotherapy regimens
administered during pregnancy, nivolumab was adminis-
tered as a single agent>* or in combination with
ipilimumab,?®?%3%3¢ whereas there was one case of mon-
otherapy with ipilimumab.®® In all cases specified, mela-
noma was diagnosed,’®3*3® whereas there was one case of
uveal melanoma reported.®* In all cases, immunotherapy
was administered in the metastatic setting.”*>**® The mean
duration of immunotherapy administration was 9.8 weeks
(SD: 11.27; median: 7.0; range: 1-32).2931,33.34.3¢

According to the data provided, two patients received
four cycles of nivolumab/ipilimumab,’®** one patient
received two cycles of nivolumab/ipilimumab combina-
tion,”” one patient received one cycle of nivolumab/
ipilimumab combination®® whereas in one patient four
cycles of ipilimumab were administered.®® In four cases,
immunotherapy had been initiated before preg-
nancy.>%*333% Five pregnancies were exposed to immu-
notherapy during the first trimester,**>* whereas two of
them were exposed to immunotherapy exclusively during
the second/third trimester.?%*®

Pregnancy outcomes were described in all of the cases
identified. Cesarean section was carried out in six out of
seven pregnancies,zg"gz'g“'36 whereas vaginal delivery was
carried out in one case.” In all cases specified, placental
melanoma metastasis was not identified in the majority of
cases (4/5)°%313%3% and there was only one case of
placental micrometastases at the maternal site.”’ The mean
GA at delivery was 30.4 weeks (SD: 5.03; median: 32.0;
range: 24-38),7°3%3¢ whereas the mean weight of neonates
at delivery was 1267 g (SD: 412.0; median: 1400; range:
590-1701).°93%3% Consistently, eight out of nine neonates
were premature (88.9%)°73%3%3¢ and only one neonate was
born term at 38 weeks of gestation.®® In 3 cases (3/9) a
completely healthy neonate was born,*>*>* while in the
remaining cases (6/9)>°31¢ the following conditions were
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Figure 1. Stages of the search strategy.
FDA, Food and Drug Administration.

noted: RDS (two cases),>>>® intraventricular hemorrhage
grade Il (one case),”® retinopathy of prematurity grade II
(one case),” congenital hypothyroidism (one case),** upper
limb malformation (one case)®* and severe combined im-
munodeficiency (SCID) (one case).*®

AEs during pregnancy were observed in five out of seven
cases: IUGR in three cases,***"** HELLP syndrome (hemo-
lysis, elevated liver enzymes, low platelet count) in one
case,®* placental insufficiency in one case®” and low fetal
heart rate.>’ Immune-related AEs during pregnancy were
reported in two cases: grade 1 diarrhea in one case® and
immune-related hepatitis in another case®” with increased
bilirubin (grade 3), increased aspartate aminotransferase/
alanine aminotransferase (grade 3) and increased gamma-
glutamyl transferase (grade 4).

With regard to the maternal outcome, according to the
data provided, the mean PFS was 16.0 months, whereas the
mean OS was 25.2 months.”??*3¢ The qualitative inter-
pretation of the individual eligible studies is provided below,
in the discussion section.

DISCUSSION

Treatment of cancer during pregnancy is a challenging
condition that requires the careful weighing of disease
progression against the risks to the fetus and the mother.
There are limited data regarding the administration of
immunotherapy during pregnancy that mainly emerge from
animal studies. To our knowledge, this is the first review
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summarizing all existing cases of immunotherapy adminis-
tration during pregnancy reported in literature. We show
here that there is an increased incidence of complication
during pregnancy (71.4%), prematurity (88.9%) and low
birth weight (1267 g) following immunotherapy adminis-
tration during pregnancy, although the available informa-
tion is scarce (see Figure 2).

Notably, the malignancy reported was melanoma in all
cases. Malignant melanoma is one of the most common
malignancies diagnosed during pregnancy along with cer-
vical cancer, breast cancer, lymphomas and leukemias and
accounts for 2.8 per 1000 deliveries.” Melanoma accounts
for ~8% of malignant tumors diagnosed during pregnancy.
A review of case reports reported an incidence of trans-
placental melanoma metastasis of 16.7% in patients with
metastatic disease.>’ Metastasis to the placenta is rare,
however, melanoma is the malignancy that metastasizes
more frequently to the placenta. In our study, placental
metastasis was reported in only one case (20%).”°

Since the fetus represents a foreign entity to the
maternal immune system, it is necessary for the mother to
develop an immune tolerance towards the fetus for the
continuation of pregnancy. PD-1/PD-L1 interactions have
been shown to play a key role in immunotolerance of the
mother towards the paternal alloantigens of the fetus.*®
PD-L1 (B7-H1) is overexpressed in the syncytiotrophoblast
and extravillous cytotrophoblasts in the human placenta.*®
PD-L1 is a negative regulator of the maternal alloimmune
responses and blockade of this pathway could result in
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Table 1. Summary of case reports describing the administration of immunotherapy during pregnancy for cancer

Author/date Immunotherapy Type of Stage at Previous chemo/ Age at Age at GA at Total dose GA at delivery Way of Placenta Weight at
administered malignancy pregnancy immunotherapy diagnosis pregnancy immunotherapy administered delivery melanoma delivery
involvement
Mehta Ipilimumab Melanoma IV (cutaneous Vemurafenib 31 33 Before pregnancy- 4 Cycles (3 mg/kg) Full-term (>38th Normal NR NR
et al., 2018* in-transit, 9th GA week GA week) delivery
subcutaneous,
nodal)
Menzer Nivolumab, Melanoma IV (lung, pleura, NR 22 34 21st GA week-24th 2 Cycles (nivolumab 1 24 + 2 GA week Cesarean Yes (micro 590 g
et al., 2018%° ipilimumab lymph nodes, spine, GA week mg/kg, ipilimumab 3 section  metastases
liver and spleen) mg/kg) at the
maternal site)
Bucheit Nivolumab, Melanoma IV (brain, breast, Cisplatin, vinblastine, 27 32 Before pregnancy- 4 Cycles of nivolumab 1 32nd GA week Cesarean No Twin A:
et al., 2020°° ipilimumab peritoneum, ovary) dacarbazine (CVD), delivery mg/kg, ipilimumab 3 section 1530 g
interleukin 2 (IL-2), (32nd GA week) mg/kg), then Twin B:
interferon monotherapy with 1700 g
Vemurafenib, nivolumab 1 mg/kg
cobimetinib, every 3weeks
atezolizumab
Xu et al., Nivolumab Melanoma IV (lung, liver) Ipilimumab, nivolumab 27 32 Before pregnancy- NR (nivolumab (3 mg/ 33rd GA week Cesarean No 1400 g
2019%" 7th + 6 GA week kg) twice weekly) section
Burotto Nivolumab, Melanoma IV (breast, nodal, No 27 34 9th GA week- 2nd 4 Cycles of nivolumab/ 32nd GA week  Cesarean NR 1640 g
et al., 2018*” ipilimumab lung liver bone) trimester ipilimumab followed by section
1 cycle of nivolumab
Haiduk et al., Nivolumab Uveal IV (heart, lung) No (radiotherapy, 19 39 Before pregnancy- NR (240 mg nivolumab 30th GA week Cesarean No Twin A: 1055g
2021* melanoma surgical resection of 6th GA week every 2 weeks) section Twin B: 950g
heart metastasis)
Niemi et al., Nivolumab, Melanoma IV (liver, lungs, No 35 35 24 4+ 3 GA week 1 Cycle of nivolumab/ 24 + 5 GA week Cesarean No NR
2017°° ipilimumab chest wall, spleen, ipilimumab section
bone)
Author (continued)  Maternal irAE before Maternal irAE during AE during pregnancy Fetal outcome Maternal outcome PFS (o}
pregnancy pregnancy
Mehta et al., 2018*> G1 diarrhea G1 diarrhea None No melanoma metastasis, PD during pregnancy (five new 7 months >30 months
Healthy at 2 years 9 months in-transit metastases),
Initiation of pembrolizumab 1
month postpartum, PD to
pembrolizumab 2 years later
Menzer et al., 2018”° No No No IUGR, no melanoma Very premature, respiratory Died 1 day postpartum (after 2 1 month 1 month

metastasis to the fetus

distress syndrome,
intraventricular hemorrhage
grade Il on day 3 after birth,
retinopathy of prematurity
grade |I.

No signs of melanoma. At 6
months elevated tonus of the
lower extremities/slight delay
in motor development

cycles of treatment)
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Bucheit et al., 2020*°

Xu et al., 2019°*

Burotto et al., 2018°2

Haiduk et al., 2021°*

Niemi et al., 2017°°

G3 GGT elevation, G2 rash,
lymphocytic hypophysitis,
bursitis, vitiligo

No (previous history of
autoimmune hepatitis)

No

No

Immune hepatitis with G3
bilirubin rise; G3 AST/ALT
elevation; G4 GGT elevation

NR

Twin A: IUGR (<10th
percentile)
Twin B: IUGR (<10th
percentile)

Moderate IUGR

Placental insufficiency, low fetal
heart rate

Twin A: IUGR after the 24th GA
week

Twin B: IUGR after the 24th GA
HELLP syndrome (hemolysis,
elevated liver enzymes, low
platelet count)

Preterm delivery

Twin A: admission in neonatal
intensive care unit for 30 days
Twin B: admission in neonatal
intensive care unit for 28 days

Congenital hypothyroidism
with a normally descended
thyroid gland (due to immune-
related thyroiditis?). Admission
in neonatal intensive care unit
for 5 weeks

Healthy at 6 months follow-up
No melanoma metastasis,
Apgar score 6/9 at 1 and 5 min,
healthy at 11 months

Twin A: healthy

Twin B: upper limb
malformation (strangulation by
amniotic cord), healthy at 9
months postpartum

Respiratory distress syndrome,
placed on ventilator,
‘incomplete’ testing for severe
combined immunodeficiency
(SCID)

Generalized tonic-clonic seizure
on day 1 postpartum.
Treatment with
dexamethasone and
levetiracetam, monotherapy
with nivolumab with no PD at 1
year

Complete response at 7
months postpartum

Immune hepatitis/cholestasis
postpartum and treatment
with azathioprine and steroids,
PD to immunotherapy.
Underwent surgery and
radiotherapy and started
treatment with vemurafenib,
PR to vemurafenib

CR at nivolumab. Disease-free
at 9 months postpartum

NR

>12 months

>27.25 months

6 months

>19.25 months

>0.07 months

>12 months

>27.25 months

>11 months

>19.25 months

>0.07 months

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CR, complete response; G, grade; GA, gestational age; GGT, gamma-glutamyl transferase; irAE, immune-related adverse event; IUGR, intrauterine growth restriction; NR, not
reported; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response.
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Figure 2. Complications of ICl administration during pregnancy.

AE, adverse event; irAR, immune-related adverse event; ICl, immune checkpoint inhibitor.

enhanced fetal rejection. ICIs could theoretically result in an
immune response against the fetus. Indeed, Guleria et al.*®
reported that treatment with anti-PD-L1 resulted in a five-
fold increase in the rate of spontaneous resorption of
allogeneic murine pregnancy from 18%-86%. Moreover,
treatment with anti-PDL1 inhibitors resulted in expansion of
Th1 effector cells.*® Concerning the fact that a balance of
Th1/Th2 cytokines is required for the outcome of a healthy
pregnancy, expansion of alloreactive Thl cells could prove
to be deleterious for the pregnancy outcome.

In accordance with the expression of PD-L1 in tropho-
blasts, CTLA-4 is expressed in fetal tissues at the maternal-
fetal interface.®® In addition, CTLA-4 is expressed at a high
rate in human T-regulatory cells (Tregs) and Tregs increase
during pregnancy to promote maternal tolerance.*®** Anti-
CTLA-4 ipilimumab depletes Tregs with membrane CTLA-4
expression via ADCC/ADCP (antibody-derived cell cytotox-
icity/phagocytosis).”* This depletion could abolish the Treg-
mediated immunotolerance of the fetus. In the cynomolgus
monkey DART study, the treatment of pregnant animals
with ipilimumab was associated with adverse effects
occurring primarily in the third trimester including higher
abortion rates, premature delivery and higher incidence of
infant mortality.”® In animal studies, cynomolgus monkeys
were given 2.6 to 7.2 times the human dose of 3 mg/kg
beginning in the third trimester and were found to have
dose-related increases in abortion, stillbirth, premature
delivery and an increased incidence of mortality. In
addition, developmental abnormalities were identified in
the urogenital system of two infant monkeys exposed to 30
mg/kg of ipilimumab (7.2 times the human dose): one case
of unilateral renal agenesis of the left kidney and ureter and
one case of imperforate urethra.’ As a result, ipilimumab is
categorized as pregnancy category C by the FDA in the
absence of adequate well-controlled human studies.’

6 https://doi.org/10.1016/j.esmoop.2021.100262

Another concern about the administration of ICIs during
pregnancy is the high incidence of immune-related
AEs. Immune-related hypophysitis may lead to pituitary
hormone abnormalities including impairment of follicle
stimulating hormone and luteinizing hormone secretion.
Immune-related hypophysitis is more commonly reported in
patients treated with anti-CTLA-A inhibitors (0%-17%) than
with PD-1 inhibitors nivolumab and pembrolizumab (0.5%-
2.0%), whereas PD-L1 inhibitors rarely cause hypophysitis.*?
In our study, there were two cases of immune-related AEs
during pregnancy. In addition, treatment of immune-related
AEs requires the administration of corticoids and other
immunosuppressive treatments that in theory could also
affect the fetal outcome. Exposure to repetitive courses of
antenatal glucocorticoids has been associated with fetal
growth restriction, impairment of cerebral myelination, lung
growth and hypothalamic—pituitary—adrenal axis and
increased risk of neonatal hypoglycemia.****

Nivolumab and pembrolizumab are both immunoglobulin
G4 (lgG4) antibodies that can be transferred across the
placenta, potentially leading to immune-related AEs in the
exposed fetus. Fetal IgG levels remain low during the first
two trimesters of pregnancy and typically increase during
the third trimester so that the levels of 1gG4 in the fetus are
similar to those in the maternal circulation.?® Therefore,
both nivolumab and pembrolizumab have the potential to
be transmitted from the mother to the developing fetus
and thus theoretically to cause immune-related AEs in the
fetus. In our study, there was one case of congenital hy-
pothyroidism reported with a normally descended thyroid
gland. Such a malformation could be a result of immune-
related thyroiditis of the fetus. It could be thus postulated
that the fetus is minimally exposed during organogenesis
while this exposure to IgG4 antibodies would increase
during the third trimester of pregnancy.
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At this time, anti-PD-1 agents are categorized as preg-
nancy category D by the FDA.”® Animal reproduction
studies have not been conducted with anti-PD-1 pem-
brolizumab to evaluate its effect on reproduction and fetal
development. The estimated risk of major birth defects and
miscarriage in clinically recognized pregnancies is 2%-4%
and 15%-20% in the USA.” In contrast, nivolumab has been
evaluated in cynomolgus monkeys. Nivolumab was admin-
istered twice weekly from the onset of organogenesis
through delivery at a dose between 9 and 42 times higher
than the one administered in humans.® Treatment with
nivolumab resulted in a non-dose-related increase in
spontaneous abortion and increased neonatal death in
monkeys. Of note, there were no apparent malformations
and no effects on neurobehavioral, immunological or clin-
ical pathology parameters throughout the 6-month post-
natal period in babies of cynomolgus monkeys that received
nivolumab.

A thorough search of the FAERS Public Dashboard was
conducted to evaluate the registered cases of administra-
tion of anti-PD-1/anti-PD-L1 or anti-CTLA-4 during preg-
nancy. The most frequently used ICls (nivolumab,
pembrolizumab, ipilimumab, avelumab, durvalumab) were
evaluated. Until now, there are 62 cases of nivolumab
administration during pregnancy, 38 cases of ipilimumab
administration and 7 cases of pembrolizumab administra-
tion registered in the database.*® The most commonly
reported complications are spontaneous abortion, fetal
growth restriction, premature delivery, fetal distress syn-
drome and a few cases of congenital abnormalities
(congenital hypothyroidism, congenital hand malformation).
In most cases a Cesarean section was carried out and a
premature neonate was delivered.*®

It is well known that human fetuses are exposed to
maternal IgG antibodies via the neonatal Fc receptor.”’ In
addition, 1gG1 subclass is transported most effectively, fol-
lowed by IgG4, 1gG3 and finally 1gG2 with the least trans-
port. Fetal 1gG levels remain low during the first two
trimesters of pregnancy and typically rise during the third
trimester, so that the levels of 1gG4 in the fetus are similar
to or exceed those in the maternal circulation.”” Nivolumab
and pembrolizumab are both IgG4 antibodies. Given the
low to very low exposure to maternal antibodies during
organogenesis, it would seem unlikely that ICls could have a
detrimental impact on the embryo during early pregnancy.
Consequently, patients conceiving while on treatment with
ICIs should not be encouraged to abort, as the fetus would
be barely exposed. According to the FDA instructions,
women should be advised to use effective contraception
during treatment and for at least 5, 4 and 3 months after
the last dose of nivolumab, pembrolizumab and ipilimumab
respectively.”

As previously mentioned, the risk of IgG antibody transfer
is higher during the third trimester of pregnancy. In addi-
tion, melanoma is one of the most common malignancies
diagnosed during pregnancy. There is evidence that
increased risk of transplacental melanoma transmission
occurs beyond 36 weeks of gestation.*" It could thus be
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speculated that gestation would be at greater risk during
the third trimester. The management of patients with
controlled disease should be based on a consensus
including different medical specialties: medical oncologists,
obstetricians and neonatologists. Clinicians, however, could
consider elective delivery at 34-36 weeks rather than
waiting to term to avoid maximum exposure of the fetus.

CONCLUSION

While immunotherapy is not complicated by the terato-
genic effects of chemotherapy, it could deactivate maternal
immunotolerance leading to miscarriages, impaired fetal
growth or immune-related adverse effects in the fetus or
the mother. However, this causative link is still unclear, since
other factors could potentially affect the pregnancy
outcome, such as the advanced stage of disease. Conse-
quently, there is an unmet need for clinical trials evaluating
the real incidence of these data, although such an endeavor
would confront ethical and human rights restrictions. For
the time being, the utilization of ICls during pregnancy is
not recommended. A multidisciplinary approach and close
monitoring of the pregnancy are of high importance
whenever these agents are used during pregnancy.
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