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Practice points

e To date, pregnancy-associated melanoma (PAM) has been reported to have 17-56% higher mortality than
melanoma in nonpregnant women.

e The role of sexual hormones, cytokines and circulating factors, the immune status changes and the increased
lymphangiogenesis during pregnancy are biological mechanisms that could explain the worse outcome of PAM;
however, the poorer prognosis could be simply due to diagnostic and therapeutic delay.

o If melanoma is suspected, excisional biopsy with lidocaine is safe, regardless of gestational status, and therefore
should be performed without delay.

e Concerning staging, ultrasonography and magnetic resonance imaging are considered the safest techniques but
recent evidence shows that radiographic studies (included computed tomography) can be appropriate, if the
benefits clearly outweigh the risks.

e Sentinel lymph node biopsy indication and timing are still debatable: since it has only prognostic significance, it
can be acceptable to delay the procedure until after delivery; if performed, technetium 99 m alone should be
used as a marker.

o If surgery requires general anesthesia and cannot be deferred, the second trimester is the safest to perform it,
but risk-benefit ratio has to be assessed by a multidisciplinary discussion involving the patient.

e Treatment of metastatic melanoma during pregnancy is difficult, since traditional agents such as dacarbazine and
IFN-«, as well as target therapy (BRAF and MEK inhibitors) and immunotherapy are contraindicated.

e In regard of fetal development and wellbeing, PAM is not associated to higher risk of preterm or planned birth,
cesarean section and stillbirth, being conversely related to increased rates of large for gestational age newborns;
placental and fetal metastases are rare.

e A multidisciplinary tailored approach should be always preferred, with referral to highly specialized centers, if
possible; thorough counseling of the mother is necessary, to understand her perspectives and priorities.

Melanoma diagnosed during childbearing period or up to 1 year after delivery is defined as pregnancy-
associated melanoma (PAM). There is some evidence that PAM has worse prognosis if compared with
melanoma in nonpregnant women, although literature is still inconclusive. Many biological mechanisms
could explain this behavior, such as hormonal and immune status, increased lymphangiogenesis but also
delay in diagnostic and therapeutic management. If PAM is suspected, a prompt excisional biopsy under
local anesthesia can be performed regardless of the gestational period. Conversely, additional staging pro-
cedures (such as sentinel lymph node biopsy or imaging) and systemic therapy are still debatable during
pregnancy. A multidisciplinary tailored approach should be preferred, together with exhaustive counsel-
ing of the mother.
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Background

Melanoma is one of the most common cancers in young adults, often occurring in women of fertile age [1,2].

Its incidence has been increasing over the last few decades and age-standardized incidence rates in European

countries vary from 3.5 to 34.9 per 100,000 women [3]. Moreover it is the most common malignancy in pregnancy,  Fyty re
accounting for 31% of all cancers identified during gestation [1,4,5]. Melanomas diagnosed during childbearing or  Medj Clne
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up to 1 year after delivery are termed pregnancy-associated melanomas (PAMs), although this definition may vary
among different studies [6]. It is debated if PAMs represent entities somewhat different from classic melanomas, with
distinct clinical and etiopathological implications, prognosis and management. The aim of this work is to provide
an overview of the available evidence on this disputed topic. The literature research included peer-reviewed articles
published in English language, in other words, clinical trials or scientific reviews. They were identified by searching
electronic databases (MEDLINE and PubMed), using the words ‘melanoma’, ‘pregnancy’, ‘pregnancy-associated
melanoma’ till February 2020 and by using reference lists of previously analyzed articles.

Melanocytic lesions during pregnancy

Increased melanocytic activity and hyperpigmentation can be observed during pregnancy: melasma, linea nigra,
genital and areolar darkening are well known [71. These conditions seem related to increased levels of estrogen,
progesterone, beta and alfa melanocyte-stimulating hormone and beta-endorphin [8]. It was therefore hypothesized
that benign melanocytic nevi could undergo physiological modifications during gestation, but in accordance
to recent findings, there is insufficient evidence to support the presence of clinical or histological changes [9].
Moreover, diameter increase and transient dermoscopic findings, if recorded, are due to skin stretching: indeed they
generally regard benign melanocytic nevi located on breast and abdomen [9). On the contrary, in pregnant patients
with dysplastic nevus syndrome, clinical and histologic changes may occur, although data on this aspect are very
limited [10]. Summarizing, it is important to underscore that any major modification in melanocytic lesions should
not be disregarded as physiological during pregnancy.

Dermoscopy is a noninvasive diagnostic technique that can be performed safely during pregnancy [11-13].
Dermoscopy improves diagnostic accuracy of melanoma [14,15] and allows its recognition at an early stage thanks
to the identification of specific dermoscopic criteria [16-18].

An excisional biopsy with histopathological analysis should be promptly performed when a lesion changes its
clinical and dermoscopic characteristics in pregnancy [9]. Any unjustified conservative management could lead to
diagnostic delay and eventually to worse prognosis.

Prognosis of PAM

Older literature suggested that PAMs could lead to a poorer prognosis if compared with melanomas in nonpregnant
women [19-21]. On the contrary, a recent large-scale study has found no significant difference in the outcomes,
including overall survival, disease-free survival and melanoma-specific survival [22] and other research showed similar
results [23]. A meta-analysis including studies up to 2013 found a slight but statistically significant increased risk of
death in women with PAM (pooled hazard ratio = 1.56, 95% confidence interval: 1.23—1.99) [24]. Only four studies
were included in the statistical model and the authors underlined the strong limitations of this evidence, due to
eligibility criteria for the articles and lacking data [24,25]. Similarly, a meta-analysis confirmed these results, showing
that PAM was associated with a 17% higher mortality compared with melanoma diagnosed in nonpregnant women
(hazard ratio = 1.17, 95% confidence interval: 1.03-1.33, p = 0.02) [26]. In summary, literature is still inconclusive
regarding prognosis of PAMs, but there is some evidence of a worse outcome.

Biological aspects of PAM

Many biological factors could explain a more aggressive behavior of PAM, such as placental growth factor, human
chorionic gonadotropin, estrogen, progesterone, relaxin, indolamine 2,3 dioxygenase and many other circulating
factors [27,28]. In the initial phase of implant, these substances are involved in inducing immune tolerance toward
the fetus, which can be seen as a semiallogenic transplant. Indeed, they seem to favor immune tolerance through a
shift to T helper 2 (Th2) cell response [28]. Moreover, this hormonal status facilitates placentation, which implies
neoangiogenesis and tissue invasion: all these mechanisms are not surprisingly in common with melanoma and
cancer in general [28]. A recent study demonstrated that PAPP-A, normally secreted by placental tissue, could
accelerate melanoma growth through the IGF-1 pathway [29).

Interestingly, near parturition, the changes in hormonal and cytokine asset lead to the loss of immune tolerance
and promote labor, thanks to prolactin, CRH and visfatin [28]. The function of estrogen is not so clear and seems to
play a role either in the induction of immune dormancy (initial phase of pregnancy) and in the break of tolerance
(final phase and labor) [28]. All these findings are interesting, although based on 77 vizro studies and lacking clinical
validation.
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In summary, it is possible that, in the first stages of pregnancy, PAMs grow and escape from immunity taking
advantage of the favorable hormonal and cytokine status. Another hypothesis that could explain the worse prognosis
of PAMs is increased lymphangiogenesis during the gestational period. This circumstance could enhance the
metastatic potential of malignancies [30,31], given that tumor lymphangiogensis is a strong independent factor that
predicts presence of melanoma metastasis to sentinel lymph nodes [32]. Notably it was hypothesized that prolactin
could play a role in the mechanism and this hormone increases in the late part of gestation, thus suggesting to
prefer a prompt management of PAMs, avoiding unnecessary delay.

Management of PAM: surgical excision & staging

Some clarifications should be made regarding melanoma management during pregnancy. First of all, a multidisci-
plinary tailored approach should be adopted and different strategies should be chosen depending on tumoral stage
and gestational period. It is therefore clear that a correct staging is the essential prerequisite.

Excisional biopsy can be performed without delay and lidocaine is safe for use in pregnancy [33]. The addition
of epinephrine is also considered harmless in small amounts and the benefits in terms of patient’s comfort seem
to outweigh potential risks: despite one dated study suggested an increase in malformations when mothers were
exposed to systemic epinephrine during the first trimester, these data were not confirmed by further research [33,34].
It is essential to remember that one of the possible explanations of poorer prognosis of PAM is simply delayed
diagnosis and management, therefore procrastination should be avoided 27]. If wide local excision is feasible under
local anesthetic, it should not be postponed, because it is a potentially curative procedure [35).

Sentinel lymph node biopsy (SLNB) is considered technically safe after the first trimester using technetium
99m and avoiding blue dye, since the latter has anaphylaxis risk (<1%) and potential teratogenic effects [27,36].
In fact, radiation exposure for the fetus is minimal (estimated to 5 milligray [mGy]) and doses up to 50 mGy
do not increase incidence of malformation [57,38]. However, the main issue for SLNB is that general anesthesia is
required in most cases, posing the same challenges as lympadenectomy. After a collegial discussion involving the
obstetrician, anesthesiologist and neonatologist, assessment of risk-benefit ratio, and thorough patient information,
the second trimester is the safest to perform the surgery [35,39]. In the late phase of the third trimester, the procedure
should preferably be postponed after delivery, whereas in the early phase of the third trimester the risk of inducing
premature labor should be carefully taken into account [35,40. Fetal heart monitoring is useful and recommended
during intraoperative phases and subsequently, in order to accurately monitor fetal wellbeing 401. It is essential
to highlight that SLNB has only prognostic significance and it is not performed with a curative intent. In a
European survey regarding 290 physicians (80% dermatologists, 12% surgeons and 8% oncologists) almost half of
respondents preferred to delay SLNB until after delivery (41]. However, if the patient is entering the last phase of
gestation and is potentially eligible for adjuvant treatment, SLNB can be proposed [39].

For completing tumoral staging, ultrasonography, chest radiograph with appropriate shielding and magnetic
resonance imaging are safe methods (37]. Gadolinium use should be limited to situations in which the benefits
clearly outweigh the possible risks and superparamagnetic iron oxide contrast should not be used [37]. Recent
evidence shows that also other radiographic techniques (included computed tomography) and nuclear medicine
studies with technetium 99m are acceptable, but iodinated contrast should be used only if absolutely necessary to
obtain relevant additional diagnostic information [37].

Management of PAM: systemic treatments
After pathological staging is completed, systemic therapy could be needed in advanced melanoma. Immunotherapy
or target therapy (with BRAF and MEK inhibitors) are commonly used in melanoma, but are not indicated during
pregnancy and lactation. In a pregnant patient, in adjuvant setting, these drugs should be reasonably avoided
or withheld up to delivery 421. On the other hand, in metastatic PAM, a treatment could be adopted but a
multidisciplinary and individualized approach as well as referral to highly specialized centers are essential in these
difficult cases [42]. Termination of pregnancy should be discussed with women in the first or second trimester with
advanced disease, in order to gain more therapeutic possibilities (39]. The mother’s desires obviously play a central
role in decision making, but counseling is fundamental and the clinician should provide all the information needed.
Among BRAF inhibitors, dabrafenib is clearly teratogenic; on the other hand, animal studies suggest that
vemurafenib can cross the placenta, but without any associated teratogenic effects [43,44]. In regard of MEK
inhibition, animal reproduction studies demonstrated that trametinib and cobimetinib can harm the fetus. Therefore
combination therapy with BRAF and MEK inhibitors is not an available option for BRAF-mutated PAMs, while
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there are some case reports of pregnant women with metastatic PAM treated with vemurafenib alone, although
with scarce results [44-46].

Drugs used in immunotherapy act on PD-1 pathway such as nivolumab and pembrolizumab or on CTLA4
pathway, such as ipilimumab (43]. Their aim is to break immune tolerance for the tumor but they can also hinder
maternal tolerance for the fetus, therefore increasing risk of spontaneous abortions. This is proved by animal studies
for anti-PD-1 agents that are thus labeled as pregnancy category D for US FDA, but not for anti-CTLA4, labeled
as FDA category C. The use of immunotherapy in pregnancy could lead to immune-related adverse effects and
cause malformations and endocrine alterations in the newborn such as congenital hypothyroidism [47-49). However
good outcomes without apparent harm to the newborn are also reported for ipilimumab alone [50] and even for
ipilimumab-nivolumab combination (48] suggesting that immune-mediated response to the fetus during the therapy
could be patient specific.

Last, other therapies such as imatinib, dacarbazine, IFN-a, cyclophosphamide and bexarotene are all contraindi-
cated in pregnancy [43].

Fetal wellbeing & PAM

In regard of fetal development and wellbeing, a recent study reported that PAM was not associated with increased
risk of preterm or planned birth, cesarean section and stillbirth (51). On the contrary, it was significantly related to
increased rates of large for gestational age newborns, thus suggesting possible implication of growth factors that
could play a common role for the fetus and the malignancy [51].

Additionally, it should be remembered that metastatic PAM can involve the placenta in exceptional cases and
the fetus in even rarer circumstances. Nevertheless, melanoma represents 30% of placental metastases and 58% of
fetal metastases, being the most common culprit in such cases [35,52]. Careful macroscopic and histopathological
examination of fetal adnexa with appropriate immunohistochemical staining is recommended after delivery in
women with known or suspected metastatic PAM [38]. In absence of placental involvement, fetal metastasis can be
reasonably excluded according to the literature (53]. On the other hand, if there is evidence of placental involvement,
thorough examination of the newborn should be performed, including skin inspection, chest radiography, abdom-
inal ultrasound, liver enzymes and lactate dehydrogenase testing, since approximately 22% of neonates can also
show clinical evidence of disease [521. This latter situation is associated to a very poor prognosis, both maternal and
fetal, being an indicator of very high burden of disease (38,52]. In addition, apparently healthy neonates delivered
with concomitant placental metastasis represent a high-risk population and follow-up for at least 24 months should

be scheduled [52].

Conclusion

In conclusion, pregnancy-associated melanoma is a vast, debated and complex field. Thorough information and
counseling of patient about risks, issues and therapeutic possibilities is fundamental, in order to understand perspec-
tives and priorities of the mother. A multidisciplinary management together with the obstetrician, neonatologist,
radiologist, surgeon and anesthesiologist is extremely useful. Because shared and clear guidelines are lacking, each
case should be discussed on an individual basis and a tailored approach should be adopted. Further research is
needed to understand biological basis of PAM and new potential therapeutic options.

Future perspective

It is essential to stress that an excisional biopsy can be promptly obtained in pregnant women with suspicious
pigmented lesions and this procedure is both staging and therapeutic. With this concept in mind, any unnecessary
delay in diagnosis and therapy of PAM will be hopefully minimized in the future and this should improve
its prognosis. Regarding management of metastatic disease during gestation, more data are needed to evaluate
available treatments: vemurafenib and ipilimumab are the agents less likely to cause harm to the fetus, although
they are far from being considered safe. Research on biological mechanisms that foster PAM could shed light on
melanoma pathogenesis, leading to new therapeutic opportunities maybe not only related to pregnant patients.
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