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1. Introduction

Melanoma is the most malignant cutaneous tumor. The incidence of melanoma accounts
for the sixth place among malignant diseases, 5% of malignancies among men and 4% of
malignancies among women; it stands for 1.4% of deaths caused by malignant disease
(Fisher et al., 2008). The incidence of malignant melanoma has constantly been increasing
and it has reached 3% per year in the last several years. At the beginning of the 20th
century, the population risk for malignant melanoma was in the ratio 1:500 but today 1:73
of women and 1:49 of men are at risk (Fisher et al., 2008). It is anticipated that there will
be 68,130 newly diagnose cases of melanoma and approximately 8,700 deaths from the
disease in the USA (Jamal et al., 2010). Among the population aged between 20 to 39 years
malignant melanoma is on the second place by incidence. Although the disease is more
frequent among men, its incidence during the reproductive period is higher among
women. In Great Britain, the third of all diagnosed melanomas arise before 50 years of
age and about 30% to 35% develop during the reproductive period of women (Anonymus,
2003; Cancer Research UK 2006). The actual incidence of melanoma during pregnancy is
unknown. Smith and Randall (Smith RS & Randall, 1969) gave the first reports based on
the source documents of a small non-reference Plattsburg Air Force Base Hospital, New
York. The incidence of melanoma was 2.8 per 1000 deliveries but studies that are more
recent showed that it is between 2.8 and 5 per 100,000 of pregnancies; the registry of
German Dermatological Society shows that 1% of female patients affected with melanoma
is pregnant (Dillman et al., 1996; Garbe, 1993). A group of Swedish authors analyzed the
period from 1973 to 1984 and reported that melanoma is the most common cancer
appearing in pregnancy and accounts for 24.5% of cancer cases in pregnant women
(Matthiasen & Berg, 1989). From 1958 to 1999, 19,337 women with melanoma were
included in the most extensive epidemiology study based on Swedish and regional
registries; 0.9% of malignant melanomas were diagnosed during the pregnancy. Of all
included patients, 5,533 of women were in reproductive age and 185 (3.3%) of them were
diagnosed with melanoma during the pregnancy (Lens et al.,, 2004.). The prognostic
features for melanoma depend on the stage it has been diagnosed. Although the 5-year
survival for stage IV melanoma is still less than 5%, overall mortality from melanoma has
a decreasing tendency (Rigel et al.,, 1996). The effect of pregnancy to the course of
melanoma has been a researching issue for years. The results of uncontrolled studies
conducted from 1950 to 1980 show that pregnancy is an unfavorable prognostic factor in
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patients” survival (Pack & Scharnagel, 1951; Sutherland et al., 1983; Trapeznikov et al.,
1987 ), but the reports of recent controlled studies oppose this finding (Lens et al., 2004;
Reintgen et al., 1985, McManamny et al., 1989; Wong et al., 1989; Slingluff et al., 1990;
MacKie et al., 1991). The most recent population studies demonstrate equal survival
among women with the same melanoma stage regardless they are pregnant or not (Lens
et al., 2004; O’Meara et al, 2005). Overall survival rate in both pregnant and nonpregnant
patients was 82% (Lens et al., 2004).

2. The influence of sex hormones on melanoma

Sun exposure and excessive tanning are the main risk factors for melanoma developing
(Katsambas et al., 1996; Lazovich et al., 2010). Because the appearance of malignant
melanoma in reproductive period is more often in women than in men (Cancer research UK
2006), the influence of sex hormones, exogenous hormones, and reproductive factors is a
broadly investigated topic in the pathogenesis of melanoma ( Osterlind et al., 1988; Smith
MA et al., 1998; Karagas et al., 2002; Pfahlberg et al., 1997; Durvasula et al., 2002; Elwood &
Coldman, 1978).

2.1 The influence of reproductive factors and exogenous hormones

The length of exposure to female sex hormones has no influence on the risk of melanoma
development. Osterlind et al. (Osterlind et al., 1988) included in their case-control study 280
patients with melanoma and 536 patients in the control group. They showed that age of
menarche, the length of reproductive period, the age of natural menopause appearance, the
age of first pregnancy, the number of pregnancies, the number of live newborn infants, and
the number of abortions has no influence on melanoma development. In addition, the
results of the same study demonstrated that there is no correlation between melanoma
appearance and the use of oral contraceptives, their type or time of usage. According to
study metioned above, the use of hormone-replacement therapy does not increase the risk of
melanoma development. Smith et al. (Smith MA et al., 1998) included in their study 308
women with malignant melanoma and 233 patients in the control group. They investigated
the influence of previous pregnancies, the age of the first pregnancy, the use of hormone-
replacement therapy, the use of oral contraceptives, and the age when first contraceptive
was taken; they found that neither of these parameters had any influence on the increase of
the risk of melanoma development. Menopause and body mass index did not have any
specific effect to the risk of melanoma development but the incidence of melanoma was
three times higher in obese postmenopausal women than in premenopausal women of
average weight. This study also reported that multiple pregnancies could partly have
protective influence on the development of melanoma. Two meta-analyses of case-control
studies found no risk of melanoma development among women who used oral
contraceptives. The age when first contraceptive was used, duration of contraceptive use,
the length of the period from the first and the last use of contraceptives, and the type of
contraceptives did not increase the risk of melanoma development (Karagas et al., 2002;
Pfahlberg et al., 1997). The conclusion of Durvasula et al. (Durvasula et al., 2002) study is
that there is no need to stop hormone-replacement therapy in patients treated of malignant
melanoma because there is no evidence of the negative influence of this therapy to the
patients” survival. Although several studies demonstrated the protective effect of multiple
pregnancies on melanoma development (Smith MA et al., 1998; Karagas et al., 2006), the
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results of the last case-control study conducted by Lea et al. (Lea, 2007) are opposite: women
with multiple pregnancies are at higher risk for malignant melanoma.

2.2 Estrogen receptors

Estrogen effects are expressed by the activation of two estrogen receptors: ERa and ERP. Up
to the discovery of ERpP in 1995, no immunohistochemical analysis pointed to the influence
of ER in pathogenesis of malighant melanoma. Contrary to ERa, which is predominant in
breast tissue, ERP is characteristic for skin and other tissues that are not estrogen-
dependant, such as prostate, colon, and brain (de Giorgi et al., 2011). ERB distribution in
skin depends on the sex and age of a person. Men have lower ERp level in skin than women
in whom the level of this receptor decreases after menopause because of positive estrogen
feedback loosing (Stevenson & Thornton, 2007). Immunohistochemical and real-time
polymerase chain reaction (PCR) analyses of ERp in the tissue of melanoma (de Giorgi et al.,
2009; Schmidt et al.,, 2006) showed that expression of ERp is reversely proportional to
Breslow thickness, which is a significant prognostic factor for survival from melanoma
(Rigel et al., 1996). De Giorgi et al. found lower ERP concentration in thicker and more
invasive melanomas and concluded that ERB had an antiproliferative effect; hence their
explanation for the failure of tamoxifen in the treatment of malignant melanoma (Lens et al.,
2003). The authors believe that tamoxifen inhibits ERa and ER( nonselectively and in this
way, although it inhibits ERa proliferative effect, it inhibits antiproliferative effect of ER
(de Giorgi et al., 2011). The influence of estrogen receptors in melanoma pathogenesis is still
to be cleared up in future.

2.3 The impact of pregnancy

The impact of pregnancies and other reproductive and hormonal factors on melanoma
development has been described in previous chapters. Melanomas are relatively often
diagnosed during pregnancies; it has led to the speculation that certain hormone effects and
immunosuppression in pregnancy may induce malignant transformation (Sadoff et al., 1973;
Cochran et al., 1982). However, none of the studies showed that the risk for melanoma
occurring is higher during pregnancy. Perhaps, diagnosis of melanoma is more frequent
because patients visits the physicians more regular. According to the Connecticut Tumor
Registry, the percent of melanoma that are diagnosed among pregnant women equals the
one among the general female population (Houghton et al., 1981). In addition, the percent of
melanoma arisen by the transformation of existing nevus is from 62% to 68% in pregnant
women (Houghton et al., 1981; Colboum et al., 1989), which is similar to 65% found among
general female population (George et al., 1960; Friedman et al., 1985).

3. Diagnosis

Diagnosis of melanoma in pregnancy does not differ from the diagnosis in other population
and it comprises clinical examination, tumor excision or biopsy, and pathological
examination. The classic ABCD system for melanoma detection was developed in 1985 by
the American Cancer Society and it is the basis of clinical examination (Friedman et al.,
1985). ABCD is a simple method for early detection of malignant melanoma and its
differentiation from benign nevi and other skin changes. The mnemonic ABCD is formed
from the initial letters of the words Asymmetry, Border irregularity, Color variety, and
Diameter greater than 6 mm (Figure 1).
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Fig. 1. ABCD diagnostic criteria

The presentation of newly formed or preexisting lesion is of great importance in early
detection of melanoma; therefore, the letter E, which stands for Evolving, has been added to
the ABCD system. The introduction of ABCD criteria has drastically increased the number
of melanoma diagnosed in its early, curable stage, without ulceration and with lower
Breslow thickness (Rigel et al., 2010). Because of its complexity, Glasgow 7-point checklist
(MacKie, 1990) is rarely used, contrary to Ugly Duckling Sign. This method is used to mark
the nevus that deviate from surrounding lesions and require further examination for
suspected malignancy (Scope et al., 2008).

3.1 Skin self-examination

The method of skin self-examination should be performed by whole population, especially
individuals that are at higher risk for melanoma developing. Melanomas are most often
detected by the patients themselves (Rigel et al., 2010). Patients who performed skin self-
examination have thinner melanoma than those who did not practice this approach (Pollitt
et al.,, 2009). In addition to the good knowledge of the criteria for melanoma diagnosis by
gynecologists and obstetricians, it is of great importance to perform regular skin self-
examination during pregnancy.

3.2 Problems in pregnancy
Pregnancy triggers a number of physiological changes, skin pigmentation is intensified, and
nevi often became darker and bigger (Lens, 2008). These changes complicate the
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establishment of melanoma diagnosis in pregnancy and physician in charge of a pregnant
woman should not assign changed nevus only to physiology mechanisms in pregnancy.
Each change of existing or appearance of new nevus should be followed carefully by
gynecologist at each patient visit and biopsy should be indicated in case of each suspected
lesion. A number of studies report that women diagnosed with melanoma during
pregnancy present thicker tumors (Lens et al., 2004, MacKie et al., 1991, Travers et al., 1995.).
In Lens study tumor tickness was 1.28 mm in pregnant and 1.07 mm in non-pregnant
patients. Same observation was made by Travers et al. (2.28mm vs 1.22 mm). The authors
explain this by the impact of hormones and growth factors, and delayed diagnosis
compared to general population (Lens et al., 2004). Tumor tickness was independent factor
for survival, but once tumor tickness was controlled for survival rate was the same in
pregnant and non-pregnant patients.

3.3 Excision and pathological examination

Final diagnosis of melanoma is based on excisional biopsy and histopathology analysis.
Each lesion suspected for melanoma should be completely removed with free margins.
Lidocaine should be used as local anesthetic in pregnant women; epinephrine, usually
used for better control hemostasis and prolongation of lidocaine effect, is not
recommended because it belongs to group C according to Food and Drug Administration
(Lawrence, 1996). A clinician has to provide pathologist with all relevant information
about the patient; these information should include: the history of melanoma appearance
among the family, the size and the location of excised lesion and its morphological
characteristics. Pathological report should include: the type of melanoma, dimesions,
status of the margins, disease stage according to Breslow and Clarke, the existence of
ulceration, presence of vascular and/or lymphatic invasion, mitotic index, and the
growing phase (Lens, 2008).

4. Staging

Staging system used for melanoma is based on Union Internationale Contre la
Cancer/ American Joint Committee on Cancer Staging (UICC.AJCC) guidelines (Balch et al.,
2009) (Table 1 and Table 2.). Melanoma staging implies the use of histopathological
procedures for measuring the depth of tumor invasion (Breslow thickness), sentinel node,
radiology and nuclear medicine procedures. Some of those procedures are contraindicated
in pregnancy.

4.1 Sentinel node

No locoregional recurrence will occur after local excision without lymphadenectomy in
about 80% to 85% of patients with melanomas less than 4 mm thick (Breslow thickness).
However, the rest of 15% to 20% of patients will experience locoregional recurrence
(Hoekstra, 2008). In order to improve these results a number of authors have tried to
routinely perform lymphadenectomy after the excision of primary tumor. Sim et al. (Sim et
al., 1986) analyzed the survival of 171 patients with localized malignant melanoma; they
preformed an early Iymphadenectomy, delayed Ilymphadenectomy, or no
lymphadenectomy at all. No statistically significant difference was found in either
metastasis-free survival (MFS) or overall survival (OS). Cacscinelli et al. (Cascinelli et al.,
1998) examined 255 patients with melanoma located on the trunk and thicker than 1.5 mm.
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They found no statistically significant difference in survival between patients with early
lymphadenectomy and patients with lymphadenectomy performed after the diagnosis of
lymph node metastases. Balch et al. (Balch et al, 1996) obtained similar results in comparing
early lymphadenectomy with only follow-up. However, their extensive study showed
certain benefits of lymphadenectomy in case of patients under 60 year of age and those with
tumor thickness of 1 mm to 2 mm and no ulceration. Although no statistically significant
difference was confirmed, the results of the above-mentioned studies show clearly that there
are benefits from early lymphadenectomy for some patients. In 1992, Morton et al.
developed the method of sentinel node biopsy (Morton et al., 1992). This technique combine
9mTc and blue dye for mapping of affected lymph nodes. When metastases are confirmed
by this method, surgeon perform complete lymph node resection in that area. Gershenwald
(Gershenwald et al., 1999) and de Vries (de Vries et al., 2005) in their studies have pointed to
the importance of sentinel node biopsy in the prognosis of melanoma patients. In addition,
Morton (Morton et al., 2006) reports the results of Multicenter Selective Lymphadenectomy
Trial I (MSLT I) regarding the sentinel node biopsy in patients with medium thick
melanoma of (1.2 mm to 3.5 mm); they show better 5-year survival in patients with early
lymphadenectomy than in case of patients with lymphadenectomy after confirmation of
metastases development (72.3% vs. 52.4%, p=0.04). Beside, limphoedemas were more
frequent in patients with delayed lymphadenectomy ( 20.4 vs 12.4%, p= 0,04) (Faries et al.,
2010) After all these results, sentinel node biopsy has become a standard in the treatment of
melanoma (Valsecchi et al., 2011; Balch et al., 2009; Dummer et al., 2008).
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Table 1. UICC/AJCC TNM staging system
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Table 2. UICC/AJCC TNM staging system

4.1.1 Sentinel node mapping during pregnancy

In spite of being a standard treatment in large healthcare centers sentinel node biopsy has
generated a considerably controversy in case of pregnant patients. Because blue dye is
contraindicated in pregnant women and #mTc is a radioactive some surgeons avoid this
procedure (Squatrito & Harlow, 2008). The results of at least five studies examined safety of
the procedure for fetus in pregnant patients affected with melanoma or breast cancer.
Gentilini et al. (Gentilini et al., 2004) have indirectly estimated the possible fetus exposure
after application of radiopharmaceutical and its distribution in 26 premenopausal
nonpregnant patients. They concluded that fetus exposure would be minimal and therefore
the procedure could be safe for application in pregnant patients. Similar study has been
performed by Keleher et al (Keleher et al., 2004). Mondi et al. (Mondi et al., 2007) presented
the first report on sentinel node biopsy during pregnancy. The procedure has been
performed in nine pregnant patients - six patients with melanoma and three with breast
cancer. All patients had delivery at term and there were no harms for fetus. A retrospective
study conducted in H. Lee Moffitt Cancer Center, Tampa, Florida, USA (Mondi et al., 2007)
analyse the results of sentinel node biopsy in 5,563 breast cancer patients. Ten of these
patients were pregnant. Median duration of pregnancy was 15.8 weeks. Nine patients
delivered a healthy child and one patient had intentional abortion. Another study was
performed by Gentilini et al and its results were published last year (Gentilini et al., 2010).
The study covered sentinel node biopsy in breast cancer patients applying
radiophramaceutical only. Eleven of 12 patients delivered a healthy baby and in case of one
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baby, ventricular septal defect was operated in the third month of pregnancy. Small number
of patients, the fact that most patients had a breast cancer, results from indirect studies, and
the studies in which blue dye was not applied refer that sentinel node biopsy has not been
proved as a safety procedure yet. Pregnant patients must be warned to both benefits and
possible harmfulness of this procedure.

4.2 Radiology procedures in melanoma staging

In case of low risk melanoma (tumor thickness less than 1 mm), detailed physical
examination is enough and no further radiological procedures are required (Dummer et al.,
2008). In patients with locally advanced disease and lymph node involvement, optimal
staging is indicated because of the probability for detection of distant metastases (Hoekstra,
2008; Dummer et al., 2008). It is important to identify solitary operable metastases, which
increase the chances for cure (Wasif et al., 2011). Ultrasound examination of abdomen and
chest X ray are preferable in pregnancy because fetal exposure is minimal (Orecchia et al.,
2008). CT scan should be avoided in pregnant patients because of higher radiation doses. If
ultrasound and X ray examination reveal suspected metastases that may have effects to
further treatment course, CT scan may be used with strict respect of all procedures for fetus
protection. Additional imaging examination with contrast medium should be avoided and
low-dose protocols and minimal number of slices should be used (Orecchia et al., 2008).
Magnetic resonance imaging may replace X-ray based techniques, but it is contraindicate in
the first trimester (Campbell FA & Campbell C, 2006).

4.3 Nuclear medicine procedures

The use of positron-emission tomography (PET/CT) may change the stage of the disease
and thus the change in treatment decision-making (Bastiaannet et al., 2006 a). Standard
uptake value is a good prognostic factor of the recurrence in melanoma patients
(Bastiaannet et al., 2006 b). On the other hand, PET/CT fails to detect distant metastases
within the initial staging of patients with positive sentinel node biopsy (Wagner et al., 2011).
Because PET/CT examination is contraindicated during pregnancy, it will not be discussed
in this chapter.

5. Prognosis

The above chapters deal with the impact of earlier pregnancies and reproductive parameters
to the development of malignant melanoma. This chapter presents studies that demonstrate
the impact of pregnancy to treatment outcome and occurrence of transplancental metastasis

5.1 Impact of pregnancy to melanoma prognosis

From the ‘50s of the last century to present time, there have been many studies of the impact
of pregnancy to melanoma prognosis. Most of these studies and meta-analyses show that
malignant melanoma in pregnancy has no influence on patients survival. However, because
the conclusions of these studies are inconsistent, it is still unclear whether pregnancy has
impact to rapid tumor growth, more rapid occurrence of metastases, and poorer survival of
patients (Sampson et al., 1998; Karagas et al., 2002). From the first report on this issue,
which was published in 1951 (Pack & Scharnagel , 1983), up to the ‘80s of the last century
almost all studies demonstrate poorer survival rate from melanoma diagnose during
pregnancy (Pack et al., 1951; Sutherland et al., 1983; Trapeznikov et al., 1987; Reintgen et al.,
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1085; McManamny et al., 1989; Wong et al., 1989; Slingluff et al., 1990; MacKie et al., 1991;
O’Meara et al., 2005; Katsambas et al., 1996; Lazovich et al., 2010; Osterlind et al., 1988; Smith
MA et al,, 1998; Shiu et al., 1976; Houghton et al., 1981). These findings were mostly the
consequence of diagnosing tumors in their higher stages during the pregnancy than in case
of tumor diagnosis in nonpregnant women of the same age (Shiu et al., 1976; Houghton et
al.,, 1981; Landthaler & Braun-Falco, 1985), and frequent appearance of trunk melanoma
(Houghton et al.,, 1981). The first study that demonstrated no difference inthe overall
survival rate was the one published by Wong et al. in 1989 (Wong et al., 1989). The authors
compared the survival of 66 pregnant patients in stage I melanoma with 619 nonpregnant
patients of the same age and found no difference in the 5-year survival. In the study of
Slingluff et al. (Slingluff et al., 1990) there was no difference in the survival time, but
pregnant patients were presented with a larger number of involved lymph nodes (39%
versus 26%, p=0.053) at diagnosis, lymph node metastases appeared in shorter interval after
the diagnosis of stage I disease (p=0.021), and shorter disease free survival (DFS). The results
of following studies have not reported difference in survival among pregnant patients
(MacKie et al., 1991; Stein et al., 1990; Driscoll et al., 1993; Travers et al., 1995; Grin et al.,
1996; Daryanani et al., 2003), but in some a caution has been stressed to the diagnosis of
thicker melanoma in pregnancy (MacKie et al.,, 1991; Travers et al., 1995). In already
mentioned Lens et al. study (Lens et al., 2004) (Figure 2.), the results of investigate cohort of
5,533 women (185 of them were pregnant) showed no difference in survival time between
pregnant patients and general population with melanoma diagnosis.
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Fig. 2. Kaplan-Meier curve of the survival in pregnant patients with melanoma compared
women in generative period (Lens et al., 2004)

Another influential study is a meta-analysis by Karagas et al. (Karagas et al., 2006), which
include results obtained in ten case-control studies. Their analysis also did not give evidence
for the survival difference between pregnant and nonpregnant melanoma patients. After
this study, the general opinion is that there is no difference in the survival between these
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two patient groups. Yet, the last study that was conducted with a smaller group of patients
gave opposite results (Miller et al., 2010) and points out that not all issues in this sphere has
been cleared up.

5.2 Transplancental metastases and risk for fetus

The occurrence of transplancental metastases in fetus is rare and when it occurs, the most
common neoplasm is melanoma. Sporadic case reports can be found in current literature.
The study, which particularly dealt with this phenomenon in melanoma, was conducted by
Alexander et al. They analyzed MEDLINE database for the period 1966-2002 and found 87
patients with placental metastases. Twenty-seven (31%) of these patients were diagnosed
with metastatic melanoma and the rest of cases were breast and lung cancer, leukemia, and
lymphoma. The involvement of fetus was found in six of 27 patients with placental
metastases from melanoma. Five of six newborn infants died. Because occurrence of
melanoma in newborn infant is rare, no diagnostic standards exist. Some recommendations
regarding the follow-up include complete skin examination, abdominal ultrasound, and
screening for melanocytic proteins in urine (Alexander et al., 2003).

5.3 Pregnancy after treatment of melanoma

Contrary to the studies, that analyzed the impact of pregnancy to the treatment outcome of
melanoma, the results of the studies that analyse the safety of pregnancy after melanoma
diagnosis and treatment are more consistent. The results of all studies show that pregnancy
after the treatment of melanoma is safe (Lens et al., 2004; Sutherland et al., 1983; Reintgen et
al., 1985, Wong et al., 1989; MacKie et al., 1991; 71 28, Driscoll et al., 1993; o’'Meara et al,,
2005; Driscoll & Grant-Kels, 2008). The risk of disease recurrence is mainly associated with
the stage of the disease before the diagnosis and thus the opinion that the patient’s decision
regarding the pregnancy should be based on the level of that risk (MacKie et al., 1991). There
are authors that advice patients to avoid pregnancy during first two or three years after the
treatment of melanoma (Lens st al., 2004, McManamny et al., 1989). Also, there is a report of
successful pregnancy with no disease recurrence after the treatment of metastatic melanoma
(Nikolin et al., 2005).

6. Treatment

Treatment of melanoma in pregnancy does not greatly differ from the treatment of
melanoma in general population. However, certain problems such as somewhat more
difficult inguinal lymphadenectomy in late pregnancy, as well as the application of some
teratogenic medications, complicate the optimal treatment of pregnant women.

6.1 Surgical treatment

6.1.1 Excision of primary lesion

More than hundred years ago, it was observed that the skin tumors spread in a star-like
shape and that malignant cells exist even a few centimeters away from the visible tumor
margins. However, many years later, it was proved that the probability of the surrounding
spread depends on the size of the primary tumor. Initially, for all melanomas, regardless the
tumor size, a technique that included 5 cm width of healthy tissue around the tumor was
applied. With this kind of surgery, skin grafts were transplanted for most of the operations
(Brady et al., 2009). After that, a large number of studies were performed, which proved that
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for tumors of smaller size, it is not necessary for the margin to be so wide. Today’s
recommendation of the sufficient margin for in situ melanomas is 0.5 cm, for those with the
Breslow thickness less than 2 mm, it is 1 cm, while larger melanomas require the margin of
more than 2 cm. In an early stage of the disease, there are no specificities related to
pregnancy. If it is not possible to achieve a sufficiently wide excision, it is possible to use a
skin graft, while the transfers of any deeper tissues are not recommendable because they
postpone diagnosis of a local relapse (Hoekstra, 2008). Sentinel node biopsy is described
earlier in this chapter.

6.1.2 Regional lymphadenectomy

Patients with, clinically observed, enlarged regional lymph nodes without any evidence of
distant metastases, should be treated with regional lymphadenectomy. In some specific
cases of enlarged lymph nodes, prior to this procedure, a fine needle aspiration should be
performed (FNA) (Brady et al., 2009). In patients where lymph nodes are not enlarged, the
performance of lymphadenectomy depends on the results of sentinel node biopsy, which is
today a standard in melanoma staging (Valsecchi et al., 2011; Balch et al., 2009; Dummer et
al., 2008). After a positive sentinel node biopsy, a regional lymphadenectomy is performed
(Brady et al., 2009). This procedure may be more difficult due to pregnancy if it is a group of
deep groin and loin lymph nodes. In case of late pregnancy, it is allowed to postpone
lymphadenectomy after the childbirth (Hoekstra, 2008).

6.1.3 Ocular melanoma

Ocular melanoma mostly occurs in choroidea, although it may occur in the iris or cilliary
body as well. When less than 3 mm, it usually does not have any symptoms, although, as
the tumor grows, the patient notices a brown or a yellow spot in his visual field. In certain
number of cases, melanoma causes an increase of intraocular pressure, and sometimes pain
(Grgic et al., 2009). As an eye does not have any lymphatic vessels, melanoma does not have
lymphogenous metastases, surgical postulates for cutaneous melanomas could not be
applied. Some small and peripheral lesions can be excised with minimal loss of vision. Such
melanomas can also be treated with the laser photocoagulation, transpupillary
thermotherapy, and radiotherapy. However, the radiotherapy possibilities in pregnancy are
limited. In the largest number of cases, it is necessary to perform enucleation, and
sometimes the exenteration of the orbit. Besides that, the COMSG randomized study
showed that implantation of the radioactive gold plaque behind the tumor, gives survival
results similar to enucleation, with eye preservation, but again, there are no experiences
with this method during the pregnancy (Brady et al., 2009; Grgic et al., 2009).

6.1.4 Surgery of locoregional recurrences

Locoregional metastases (satellite metastases, in-transit metastases) represent the recurrence
of melanoma in the area between the primary lesion and the local lymph nodes. They are
the consequence of intralymphatic spread outside the excision area (Heenan & Ghaznawie,
1999). It is necessary to treat them like thick primary melanoma, because in this way the
patient could be cured. Nevertheless, such treatment is not always possible and it depends
on the number, location, and size of the lesions. The treatment is directed towards excision
with healthy margins, while the amputation of the extremity is not indicated, because it
does not increase survival. Besides, it is possible to treat small lesions with laser ablation
(Testori et al., 2009). Certain studies proved successful the treatment with isolated extremity
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perfusion by melphalan and tumor necrosis factor a (TNFa) (Lienard et al., 1992;
Grunhagen et al.,, 2004). However, as there is no experience in this procedure during
pregnancy, some authors consider it contraindicated for the time being (Hoekstra, 2008),
while others consider that in specific situations it can be applied due to minimal systemic
absorption (Dummer et al., 2008).

6.1.5 Surgery in stage IV disease

Some studies showed that resection of single metastasis is related to the prolonged survival
(Sarnaik et al., 2007; McLoughlin et al., 2008). However, there are no studies that compared
surgical and conservative treatment of single metastasis. Most of authors advise metastasis
resection in such a case (Testori et al., 2009). This recommendation is surely the safest and
the most efficient in pregnant patients.

6.2 Radiotherapy

Because surgical treatment of cutaneous melanoma achieves good results, the use
radiotherapy in the treatment of primary melanoma does not have its place (Testori et al.,
2009). Vontgama et al. showed certain efficacy of radiotherapy in desmoplastic melanoma,
when the clean margins after surgery could not be achieved (Vongtama et al., 2003). On the
other hand, radiotherapy of the primary melanoma of the nasal cavity and the paranasal
sinuses is successfully applied because melanoma of this region has tendency of more often
local than systemic relapse and it is sometimes very difficult to access this region for
complete surgery (Testori et al., 2009). Furthermore, seems like postoperative therapy gives
better results than surgery alone in melanoma of this region (Stevens & mcKay, 2006; Kirova
et al, 1999). However, there are no randomized studies, which could support this.
Depending on the number, size and localization of the lymph nodes, local relapse after
lymphadenectomy is found in 20%-50% of cases (Calabro et al., 1989). Since such relapse is
very difficult for treatment, there were attempts to obtain better results with postoperative
radiotherapy. Although some phase II studies showed certain efficacy (Testori et al., 2009),
the only randomized study did not show any difference, neither in DFS, nor in OS (Creagan
et al.,, 1978). Radiotherapy in metastatic melanoma is especially significant for symptoms
palliation, primarely of pain due to bone metastases (Testori et al., 2009). In pregnancy, such
treatment would be theoretically possible if the metastases are not located in the area of
lower thoraces and lumbar vertebrae, which shall be discussed later. The greatest
significance of radiotherapy in metastatic melanoma is the treatment of brain metastases.
CNS metastases occur in 10%-40% of melanoma patients (Douglas & Margolin, 2002). A
median survival without treatment is about 1 month. A whole brain radiotherapy treatment
(WBRT) in 60%-70% of patients reduces the symptoms, improves neurological status, and
prolongs survival up to 6 months (Patchell, 2003). Furthermore, in solitary metastases,
WBRT after surgery prolongs survival when compared to surgery alone (Tarhini &
Agarwala, 2004). In addition, stereotactic radiosurgery (e.g. gamma knife), irradiation by
linear accelerator (Linac) and surgery, have equal results in treatment of one operable
metastasis (Grob et la., 1998).

6.2.1 Radiotherapy of melanoma in pregnancy

Due to risk of death or heavy malformation of the fetus, radiotherapy in pregnancy was the
subject of controversies due to the necessary balance between the benefits for the mother
and the harmful effect to the fetus (Kal & Struikmans, 2005). Some authors postpone
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irradiation therapy of breast carcinoma during the pregnancy (Pavlidis, 2002; Gwyn 2000),
while the others recommend the termination of pregnancy if the doses received by the fetus
are larger than 0.05-0.1 Gy (Greer et al., 1997). There is no doubt that high X-ray doses are
extremely harmful for the fetus, but more current approaches show that irradiation therapy
can be safely applied in most of the cases (Kal & Struikmans, 2005). During the earliest
pregnancy, doses above 0.1-0.2 Gy lead to the death of the embryo; in weeks 2 to 8 of
organogenesis they may cause heavy anomalies, while in the later period of CNS
development hinder development of intelligence and cause consequential mental
retardation consequentially. The occurrence of neoplasms in children is more frequent to
some extent (Kal & Struikmans, 2005). Regardless these data, the greatest number of
irradiation therapies outside the pelvis can be safely applied. The first prerequisite for this is
a careful planning, a properly functioning device that does not dissipate irradiation and an
adequate protection of abdomen and pelvis of a pregnant woman. Van der Giesen et al.
calculated the doses for breast cancer irradiation, which are received by the fetus during the
standard therapy of 50 Gy (Van der Giessen 1997). Namely, the dosage was 0.03 Gy in week
8, 0.2 Gy in week 24, and 1.43 Gy in week 36 because the fetus is larger and thus closer to the
irradiation source. Several cases of births of healthy children after the irradiation therapy of
breast carcinoma are reported. A large number of series of irradiation therapy of
supradiaphragmally localized Hodgkin lymphoma in pregnant women, who gave birth to
healthy children, is also presented in literature (Zucali et al., 1981, Mazonakis et al., 2003;
Lishner et al., 1992). Fetal dose in brain irradiation with 54 Gy at Varian accelerator is about
0.22 Gy, and even without any shielding, the fetus dosage almost never exceeds 0.1 Gy
(Haba et al., 2004; Mazonakis et al., 1999). There was one case of a pregnant patient who
underwent a gamma-knife treatment due to melanoma metastases without any
consequences upon her child (Yu et al., 2003). A case of a pregnant patient irradiated with 66
Gy for head and neck tumor was also presented (Podgorsak et al., 1999). In melanoma
treatment during pregnancy, the benefits and the harmfulness of the radiotherapeutic
treatment should be properly balanced. A possible irradiation of some distant regions
postoperatively, due to positive margins, could be taken into consideration. Sinusal
melanoma irradiation was proved useful and it is safe for the fetus. Adjuvant irradiation
after lymphadenectomy proved no benefit in a randomized study (Creagan et al., 1978), so it
should be avoided in pregnancy. A specific question is when to irradiate a pregnant patient
with metastatic melanoma. In our opinion, palliative irradiation of the lower thoracic and
lumbar vertebrae should be avoided. In the case of brain metastases, the fetus receives a
minimal dosage of irradiation, which sometimes could be useful for patient’s prolongation
of life and ending of pregnancy in a due term. Indications for pregnancy termination in
irradiated patients, who were not aware of being pregnant at the moment of irradiation, are
the doses over 0.5 Gy upon the fetus, because that would almost certainly lead to fetus
malformation, while the doses of 0.2 Gy bear the risk of mental retardation of a child (Kal &
Struikmans, 2005).

6.3 Systemic treatment
6.3.1 Adjuvant therapy
Adjuvant treatment, for stage II/IIl melanoma is a subject of controversy. The reason is a
large number of studies, which tested various agents, chemotherapy, immunomodulators,
and therapeutic vaccines with more or less success (Eggermont et al., 2009). Although
Wheatley et al. (Wheatley et al., 2007) and Mocellina et al. (Mocellina et al., 2010),
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demonstrated a prolonged DFS and OS in meta-analyses of interferon a (IFNa) studies, such
therapy did not become a standard because neither the optimal dose of IFNa nor the
optimal duration of treatment is still known. It is considered that the control arm, used in
clinical trials, should be just follow up after the complete surgery (Wheatley et al., 2007). The
EORTC 18991 study, in which high doses of a pegylated IFNa were used, demonstrated a
prolonged DFS (p=0.01), but without any effect either to distant-metastasis-free survival
(DMEFS), or to OS. The greatest benefit was observed in patients with micrometastases
detected by the sentinel node biopsy, while the patients with palpable lymph nodes did not
have any benefits (Eggermont et al., 2008). Several studies with small doses of IFNa showed
the effect to DFS (Grob et al., 1998; Pehamberger et al., 1998; Cameron et al., 2001; Kirkwood
et al., 2000; Hancock et al., 2004), of which, only one showed significant importance for OS
(Grob et al., 1998). On the other hand, the WHO-16 study, which tested low doses of IFNa in
duration of 3 years in patients in stadiums IIIB and IIIC, did not show any significant effect
to DFS or OS (Cascinelli et al., 2001). Some other drugs were tested in combination with
IFNa, although dacarbazine (Garbe et al.,, 2008), Melacine (Mitchell et al., 2007), IL-2
(Hauschild et al., 2003), or isotretinoin (Richtig et al., 2005) did not show any difference in
comparison to IFNa alone. As the results of various studies are very different, there is a
question if an adjuvant therapy should be applied, especially in the case of a pregnant
patient. On the one side toxicity and a possible teratogenicity of drugs that would be used
are opposed to higher aggressiveness of melanoma in pregnancy, observed in several
studies (Shiu et al., 1976; 73 36, Landthaler & Braun-Falco, 1985). There are no sufficient data
on IFNa safety during pregnancy. One study of a smaller scope did not observe any defects
in the fetuses after their birth although the patients were treated with IFNa (Egberts et al.,
2006). However, IFNa was used during pregnancy in some other indications. In 14 patients
with immune thrombocytopenia, 2 of which were in their first trimester, there were no
observed changes in the fetus (Vantroyen & Vanstraelen, 2002). However, in the study
where the patients were treated from a chronic hepatitis or myeloproliferative syndrome (6
were in the first trimester), there were 4 cases of a premature childbirth and 6 cases of
intrauterine growth retardation (Hiratsuka et al., 2002).

6.3.2 Metastatic disease

Median 5-year survival of the melanoma patients in stage IV is less than 5% (Rigel et al.,
1996). Until two years ago, there was no drug that prolongs survival in patients with distant
melanoma metastases. For the purpose of palliation, the most frequently used drug was
dacarbazine with small RR and the median survival, not longer than the natural survival
duration in melanoma patients. A large number of different drugs, alone or in combination
with dacarbazine did not show any difference in relation to RR, DFS, or OS (Brady et al.,
2009). Thus, a major question rises, whether to administer dacarbazine to pregnant patients
with a metastatic disease, having in mind the risk, which it carries for the fetus and its
minimal benefit for the patient. However, some patients demand treatment and some
physicians think that it would be unethical if they do not try a cytotoxic therapy. There are
certain experiences in administration of dacarbazine-based therapy in pregnancy. Thirty-six
patients were administered dacarbazine during pregnancy, 8 of them during their first and
28 of them during their second and third trimesters. Malformations were observed in two
fetuses exposed to chemotherapy during the first trimester. In one fetus, a micorophthalmus
with secondary heavy hypermetropia was observed, while the other experienced floating
thumb malformation. In administration of chemotherapy after the first trimester, one fetus
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died in utero, while in the other one a syndactyly was observed. Other fetuses were born
without any malformations and after a short follow up of 14 months, they were still healthy.
In the last two cases, a polychemotherapy was used (Pages et al., 2010). Intensive research in
metastatic melanoma treatment achieved significant results in the past few years. Several
new drugs proved to be better than standard dacarbazine therapy. Immunotherapy based
treatment has been tested for decades and is used in melanoma treatment. Ipilimumab and
tremelimumab are monoclonal antibodies, which bind to cytotoxic T-lymphocyte-associated
antigen (CTLA4). Under natural conditions, this receptor binds to receptor B7 at the antigen
presenting cells and thus, prevents connecting of molecule CD28 that binds to this receptor
and conditions the T-cells activation. Under normal conditions, this reaction induces self-
tolerance. By blockage of CTLA4 receptors, an undisturbed connecting of CD28 and B7
occurs, and induction of antitumor effect of T-cells to melanoma cells (Schadendorf et al.,
2009). In the largest study published until now, median overall survival was 10.1 months
(Hodi et al., 2010). Some other immunomodular drugs were tested in metastatic melanoma:
human anti-CD137 antibody, anti-integrin antibodies volociximab and etaracizumab, as well
as various vaccines: MAGE-3, dendritic, peptide vaccines, etc. (Schadendorf et al., 2009).
These agents are mostly in phase I or II of clinical trials and the results are expected in the
following period. Cell signal transition inhibitors take very important role in oncology in the
last decade. RAF/RAS/MEK signaling pathway is very important in melanoma because it
participates in proliferation induction and apoptosis inhibition. A large number of inhibitors
of this signaling pathway are in different phase of clinical trials: sorafenib, AZD6244,
tipifarnib, (Hersey et al., 2009). A most remarkable result in treatment was achieved with
direct B-Raf inhibitor PLX4032 (Flaherty et al., 2010). In the phase I/II study 32 patients with
V600 BRAF mutation, 24 partial and two complete remissions were achieved, with DFS of
over 7 months. Besides that, the inhibitors of some other signaling pathways are also
intensively tested. They include various inhibitors like tyrosine kinase, PI3K, Akt, mTOR,
Stat3 inhibitors, and many other agents (Hersey et al., 2009). Since these drugs are mostly
present in clinical trials, and in most of the trials, pregnancy is an exclusion criteria, there is
no experience in treatment of childbearing women. A drug, which would most likely be the
first to enter regular clinical practice, ipilimumab, causes autoimmunity (Schadendorf et al.,
2009), which may be expressed through a syndrome, similar to lupus or antiphospholipid
syndrome, which may be fatal both for the fetus and the mother. Experience with imatinib
in chronic myeloid leukemia in pregnant patients shows that imatinib is teratogenous
(Apperley, 2009). Nevertheless, there was a case where the patient was treated with
dasatinib and two cases of treatment with nilotinib where healthy children were born
(Conchon et al., 2010; Conchon et al., 2009).

7. Future remarks

Since etiology and the connection between the hormones, pregnancy and melanoma is not
entirely clarified, and the results of metastatic melanoma treatment are poor, there are still
many unanswered questions related to the etiology, but also to the treatment of melanoma.
Huu et al. (Huu et al., 2009) tested the presence of fetal cells in human melanomas,
diagnosed during pregnancy. They found that the fetal cells were present in 63% of
melanoma, 12% of nevus during pregnancy and 0% in healthy skin. Since fetal cells are
capable of developing in various tissues and since they precipitate angiogenesis, it remains
to be seen, whether they have any, and what their role in melanoma development during
pregnancy is. Estrogen receptors, their relationship, and the possibility of the hormone
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therapy in melanoma shall also be the subject of further research. Namely, relationship
between ERa and ERp is probably of the key significance for the response to the hormone
therapy (de Giorgi et al., 2011). Efficacy and safety of the new drugs’ administration in
pregnancy is still to be seen.
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