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Chapter 1
Pathology of Melanoma and Skin 
Carcinomas

Anna Szumera-Ciećkiewicz and Daniela Massi

 Melanoma

The fourth edition of the WHO Classification of Skin Tumors concerns two basic 
types of melanoma with a radial phase and those that develop vertically [1]. The first 
group includes superficial spreading melanoma (SMM) and lentigo maligna mela-
noma (LMM). In contrast, nodular melanoma (NM) has only a vertical growth 
phase, and also naevoid melanoma usually does not have a radial phase. Both types 
of melanoma growth differ in the clinical picture, genetic profile, and mechanism of 
oncogenesis, in which the most critical role is played by ultraviolet radiation, both 
naturally associated with sun exposure and artificial [2]. In the latest WHO classifi-
cation of skin tumors, it is proposed to divide skin melanomas into the following 
categories: those with a high degree of solar damage resulting from high cumulative 
skin damage (high-CSD)/superficial spreading melanoma (SMM)—and those that 
develop in skin exposed to low UV exposure (low-CSD)—lentigo maligna mela-
noma (LMM)  and desmoplastic melanoma (DM) [1, 3]. The high-CSD melanoma 
group outlines many point mutations, including the NF1, NRAS, BRAF (other than 
p.V600E), KIT (MAPK activation pathway), and TP53 genes. In low-CSD melano-
mas, the dominant molecular signature is the mutation in codon 600 of the BRAF 
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gene (BRAF p.V600E) [4–8]. A group of melanomas that are not associated with 
UV radiation exposure was also distinguished and included acral melanoma (AM), 
malignant Spitz tumor/Spitz melanoma, mucosal melanoma (genital, oral, sinona-
sal), and uveal melanoma. In all the above types, different genetic change profiles 
are detected, for example, mutations in the HRAS (Spitz melanoma), KIT, NRAS, 
BRAF, HRAS, KRAS, ALK, NTRK3 (acral melanoma), KIT, NRAS, KRAS (mucosal 
melanoma); GNAQ, GNA11, CYSLTR2 (uveal melanoma) [9]. The classification 
based on the nine molecular pathways is presented later in the chapter.

The differentiation of melanocytic lesions into benign or malignant is clear, 
but, still, some of them manifest uncertain malignant potential. In these cases, 
morphological features, immunohistochemical profile, and the status of genetic 
changes cannot determine the clinical prognosis. The fourth edition of the WHO 
classification provides definitions of terms used to describe atypical melanocytic 
proliferation, that is, Melanocytic Tumors of Uncertain Malignant Potential 
(MELTUMP) —atypical melanocytic proliferation in the dermis, which means 
that it has a “tumorigenic” phase in the absence of specific criteria needed to dis-
tinguish benign from a malignant lesion. Furthermore, the superficial atypical 
melanocytic proliferation of uncertain significance (SAMPUS)  was also defined 
as atypical melanocytic proliferation located only in the epidermis and upper 
layer of the skin with insufficient features for a conclusive diagnosis, lacking the 
vertical growth phase but without the possibility of radial growth exclusion [1, 
10–12]. Practically, the therapeutic procedure is identical and consists of widen-
ing the surgical margin (so- called scar cutting) and observing the patient. 
Differential diagnosis of SAMPUS is challenging and subjective, especially if the 
only available material is biopsy or regression is severe. The concept of “uncer-
tain significance” in SAMPUS means the possibility of recurrence or progression, 
while “uncertain malignant potential” in MELTUMP strengthens the risk of 
malignant progression. Differential diagnosis of MELTUMP always includes 
melanoma, and the histopathological report must contain a detailed description 
and so-called “provisional” diagnosis. The pathologist should always try to deter-
mine the most precise and unambiguous result of the histopathological examina-
tion, and the borderline results should not exceed 1% of all diagnoses.

The melanocytic neoplasm of low malignant potential (provisional category) and 
melanocytoma were introduced to WHO classification as well. Both changes are 
included in the evolution pathway from benign naevus to melanoma [13–15]. 
Melanocytic neoplasm of low malignant potential is the proliferation that fulfills the 
traditional criteria of invasive melanoma. However, clinically, it is not associated 
with melanoma-related deaths (lesions thinner than 1 mm, without vertical growth, 
mitotic activity, and regression, diagnosed among patients >55  years of age). 
Melanocytoma was provided for tumorigenic lesions with increased cellularity and/
or atypia and an increased risk of progression [1]. The above “intermediate” lesions 
still require further investigation and long-term clinical observation.
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 Pathology of Melanoma According to Molecular Pathways

 Pathway I. Low-CSD Melanoma/Superficial Spreading 
Melanoma (SMM)

Low-CSD melanoma is characterized by the absence of marked solar elastosis and 
frequent BRAF V600E mutation (>50% of cases) [16]. According to the fourth ed. 
of the WHO classification, SMM is included in that category. It comprises approxi-
mately 60% of all melanoma types among people with lighter skinned people. 
Usually, it is found in locations with intermittent sun exposure with a predilection 
to legs in females and back or shoulders in males.

Macroscopically, low-CSD/SMM begins with a radial growth phase, and lesions 
in situ present as patches of pigmentation on the skin that progress into elevated 
plaques. Initially, the borders are sharply delimited and that lesions are indistin-
guishable from benign junctional nevi. The pigmentation is variable, from tan to 
black with white areas that represent regression areas. Some tumors are amelano-
cytic and may be misdiagnosed with keratinocytic neoplasms. The dermal invasion 
may present as a papule, usually without ulceration. As the lesion gradually devel-
ops, the distinctive “ABCDE” clinical characteristics are seen [17].

Microscopically, the pagetoid pattern of growth is seen in in situ lesions. The 
intraepidermal melanoma cells may form nests that can be prominent (buck-shot 
pagetoid spread). The extension along epidermal adnexes may be found. There is 
also a lentiginous pattern of low-CSD/SMM with the reduced pagetoid spread. The 
invasive usually starts with the single, scattered cells within the papillary dermis 
(invasive RGP) and may progress into large, expansive nests with brisk mitotic 
activity (VGP) (Fig. 1.1a). In the dermis, the diffuse fibroplasia and areas of regres-
sion may be found. The differentiation between low- vs. high-CSD requires evalua-
tion of solar elastosis. The grading system includes mild (grade 1) single elastic 
fibers in the dermis visible at ×20 magnification; moderate (grade 2) altered fibers 
in bunches or fascicles; severe (grade 3) homogeneous clumps of elastotic material 
without that texture of individual fibrils [18]. Usually, most cases of SSM/low-CSD 
melanoma show some degree of mild-to-moderate solar elastosis. Melanomas on 
non-glabrous skin with no, mild, or moderate solar elastosis should be classified as 
low CSD. Lesions with histological features of SMM (pagetoid scatter, a predomi-
nance of large epithelioid melanocytes with powdery melanin pigmentation, or a 
contiguous melanocytic nevus as a precursor) despite severe solar elastosis should 
also be described as low-CSD/SSM.

1 Pathology of Melanoma and Skin Carcinomas
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Fig. 1.1 (a) Low CSD/superficial spreading melanoma (200×), melanoma cells and nests present 
at all levels of the epidermis; (b) Nodular melanoma (HE, 10×), epidermis adjacent to melanoma 
lacks RGP component; (c, d) Lentigo maligna (HE, 600×) and in SOX10 immunostaining (400×), 
respectively; (e, f) Lentigo maligna melanoma (HE, 200×) and in SOX10 immunostaining (100×), 
respectively, severe solar elastosis is seen as an extension of melanoma along skin adnexes; (g) 
Acral melanoma (HE, 20×), atypical melanocytes present as nests and pagetoid spread; (h) 
Mucosal melanoma (HE, 200×), infiltration of the sinonasal tract
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 Pathway II: High-CSD Melanoma/Lentigo Maligna 
Melanoma (LMM)

High-CSD melanomas are less common than low-CSD/SMM and occur more fre-
quently among older people who were chronically exposed to the sun [18]. That 
population includes particular outdoor professions as well as high daily exposure 
related to recreation.

Macroscopically, LMM presents as a patch or plaque, usually with a less cir-
cumscribed border. The lesions may extend a marked distance beyond the clinically 
visible border; thus, the local recurrence is found more frequently. The LMM evolve 
from RGP to VGP and subsequently fulfill the ABCDE criteria. The VGP progres-
sion (region of thickening, palpable or visible nodule, plaque-like area, desmoplas-
tic) seems to be slower than in SMM [19]. Pigmentation is less expressed than in 
SSM; some lesions are amelanotic, and primarily may be diagnosed as an inflam-
matory skin disorder.

Microscopically, high-CSD melanomas/LMMs demonstrate severe (grade 3) 
solar elastosis. The RGP presents two types of growth: classic lentigo maligna (con-
tinuous proliferation of atypical naevoid to epithelioid melanocytes along dermo- 
epidermal junction) and dysplastic naevus-like lentigo maligna (nest formation 
tendency, with bridging adjacent elongated rete ridges) (Fig. 1.1c, d). The differen-
tiation with dysplastic naevus can be challenging; LMM shows asymmetry and con-
tinuous growth [20]. On the contrary to solar and other lentigines, in LMM the rete 
ridges tend to be effaced rather than elongated, the epidermis is thinned, and the 
proliferation is at least focally continuous rather than intermittent. The so-called 
“skipped” regions with evident fibroplasia are the regression evidence. High-CSD 
melanomas are not derived from a precursor nevus (unlike low-CSD melanomas) 
[21]. The VGP of LMM is constituted from small-to-moderate, atypical ovoid mela-
nocytes, which may resemble naevoid or spindle to desmoplastic melanocytes 
(Fig. 1.1e, f).

 Pathway III: Desmoplastic Melanoma

Desmoplastic melanoma is a variant of spindle cell melanoma, which accounts for 
1–4% of all cases. There is a slight predilection to females and older patients 
(median age at diagnosis approximately 65 years). Desmoplastic melanoma involves 
severely sun-damaged skin with a high mutation load.

Macroscopically, desmoplastic melanoma usually presents as a firm, painless 
scar-like tumor. The lesions are commonly localized at the head and neck region 
(nose, lip, ears, scalp) and are amelanotic or sparsely pigmented. The clinical dif-
ferential diagnosis is difficult; only a few tumors rise below a preexisting pigmented 
patch. The lesions are typically endophytic and rarely form a nodule [22].

1 Pathology of Melanoma and Skin Carcinomas
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Microscopically, in most cases, there is an in situ/invasive RGP component, 
with general characteristics of LMM. Pigmentation is usually sparse or absent. In 
some cases, there is an inconspicuous junctional proliferation that does not meet 
the melanoma in situ criteria; limited cases present no junctional component. The 
VGP is composed of spindle cells that resemble schwannian differentiation pattern 
[23]. Melanoma cells are separated by delicate collagen fibers, which are synthe-
sized by the tumor (Fig. 1.2a, b). A distinctive feature is the presence of lympho-
cytes aggregated into nodular clusters. The desmoplastic component is highly 
infiltrative and extend into the subcutis (diffusely or in fibrous bands) and may 
involve fascia and interlobular septa. The cytological atypia is generally mild, but 
typically a few larger cells with hyperchromatic nuclei are seen [24]. In the major-
ity of cases, desmoplastic melanoma lacks HMB-45 and Melan A immunohisto-
chemical expression; spindle cells are usually at least focally positive for SOX10 
and pS100 [25, 26]. The differential diagnosis includes not only lesions with mela-
nocytic origin (desmoplastic naevus, desmoplastic Spitz naevus, sclerosing blue 
naevus) but also immature scars and other spindle cell neoplasms (dermatofibroma, 
atypical fibroxantoma/pleomorphic dermal sarcoma, sarcomatoid carcinoma, 
leiomyosarcoma).

 Pathway IV: Spitz Melanoma

Malignant Spitz tumor/Spitz melanoma is a rare variant of melanoma derived from 
Spitz naevus. The diagnosis criteria are based on clinical features, histopathological 
and cytological image, immunohistochemical pattern, genetic alterations profile, 
and clinical evolution [27]. The spectrum from Spitz naevus to Spitz melanoma is 
morphologically characterized by the distinctive large spindle and/or epithelioid 
melanocytes and genetically by a different set of driver mutations and fusion 
kinases. Lesions “in-between” are categorized as atypical Spitz tumors.

Macroscopically, Spitz melanoma presents as enlarging, asymmetrical, and 
changing plaque or nodule, which occurs in any age but more often among patients 
over 40 years of age, usually located on extremities and trunk. The features suggest-
ing melanoma include larger size (>6  mm), irregular borders, color variegation, 
ulceration, or bleeding [28].

Microscopically, Spitz melanoma is defined by the presence of large spindle 
and/or epithelioid melanocytes with high-grade cytological atypia (Fig.  1.2c, d). 
The features supporting histopathological diagnosis in the epidermal component are 
size (often >10  mm), asymmetry, poor circumscription, ulceration, irregular and 
confluent nesting, extensive pagetoid spread, effacement of the epidermis, lack of 
maturation, high mitotic index (>6 and >3 mitoses/mm2 in the dermal component in 
children and adults, respectively), deep or atypical mitoses and necrosis. 
Immunohistochemically, Spitz melanoma shows HMB-45 and Ki-67 expression in 
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Fig. 1.2 (a, b) Desmoplastic melanoma (HE, 200×) and in SOX10 immunostaining (200×), 
respectively, malignant melanoma cells with elongated nuclei and cytological atypia are found 
within abundant collagen fibers; (c, d) Spitz melanoma in S100 immunostaining (20×) and HE 
(400×), respectively, asymmetrical, poorly circumscribed lesion with effacement of the epidermis 
and lack of maturation; (e, f) Uveal melanoma (10× and 400×); (g, h) lymph node metastasis of 
melanoma (HE and SOX10, 200× respectively)
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more profound parts of a lesion; elevated Ki-67 (in a hot-spots >20%) and p16 stain-
ing loss are common findings [29–31]. The genomic landscape is also specific, but 
comprehensive molecular testing is not always accessible [32].

 Pathway V: Acral Melanoma

Acral melanoma refers to melanoma occurring in the glabrous acral skin, including 
palms, soles, and nail beds. The non-hair-bearing volar surface of the skin has a 
thick stratum corneum, which is a natural barrier against UV radiation. The risk 
factors may be associated with mechanical or physical stress. The total incidence 
rate of acral melanomas is similar, but in some populations (Asian, Hispanic, 
African), it is the most frequent melanoma subtype [33, 34].

Macroscopically, acral melanoma begins with a patch lesion that enlarges into 
asymmetrical, black, pigmented irregular plaque. The RGP may be prolonged (sev-
eral months to years) before progression to VGP. Advanced lesions usually become 
ulcerated nodules. Subungual melanoma often presents as longitudinal melano-
nychia, and Hutchinson’s sign (pigmented patch spreads over the nail plate, beyond 
the proximal nail fold and hyponychium). Rare amelanocytic acral melanomas can 
be misdiagnosed with other, nonmalignant conditions. The dermoscopy is very sup-
portive in making the diagnosis, while many features differentiating naevus and 
melanoma can be easily found [33].

Microscopically, acral melanomas most commonly present with a lentiginous 
pattern of proliferation (acral lentiginous melanomas). The pagetoid growth is less 
conventional, and both histologically and genetically resembles low-CSD/SSM 
(Fig. 1.1g). The VGP may be composed of spindle cells with or without a desmo-
plastic pattern of growth, which corresponds with increased neurotropism. The sub-
ungual melanomas show frequent bone invasion due to its superficial location. The 
differential diagnosis with acral naevi may be challenging also because of problems 
with proper biopsy of the nail [35, 36].

 Pathway VI: Mucosal Melanoma

Melanoma occurring in a mucous membrane is most commonly found in genital 
sites, oral and nasal cavities, and conjunctiva. These lesions are not specific epide-
miologically, and risk factors are largely unknown. Mucosal melanomas are not 
associated with UV exposure or other factors (chemical substances, viruses, or 
trauma) [37, 38].
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Macroscopically, the pigmentation change is seen in the majority of cases. The 
difficulties in visualizing lesions located in nasal sinuses and visceral organs result 
in a bulky tumor presentation. These advanced tumors sometimes present with pain, 
bleeding, epistaxis, nasal stuffiness, proptosis, and diplopia [39, 40].

Microscopically, mucosal melanomas mostly show a lentiginous or nodular pat-
tern of growth. Both epithelioid and spindle cell morphology is seen (Fig. 1.1h). 
The ulceration and lymphovascular invasion are typical.

 Pathway VII: Melanoma Arising in a Congenital Nevus

Melanomas occur in giant congenital nevi; a lifetime incidence of melanoma is 
estimated at 2–5%. Most melanomas are located on the scalp or back and occur dur-
ing childhood (first 5 years of life) within the epicenter of the intradermal or subcu-
taneous lesion [41, 42].

Macroscopically, rapidly growing nodules or plaques with ulceration are found. 
The differences in color and texture between melanoma and surrounding nevus are 
apparent. At the time of initial diagnosis, the lymph node metastatic spread is often 
found [43–45].

Microscopically, three main histological subtypes are epithelioid, spindled, or 
“small round blue” cells; rarely melanoma arising in congenital nevus may exhibit 
malignant schwannoma, rhabdomyosarcoma, or liposarcoma morphology. The 
developing melanoma may be clinically masked by the heavily pigmented nevus. 
Moreover, cellular and proliferative nodules in congenital nevi, which are benign 
lesions, need to be excluded [41, 45–47].

 Pathway VIII: Melanoma Arising in Blue Nevus

That type of melanoma is rare and usually occurs on the scalp among adult individu-
als (usually >45 years). The risk factors remain unknown.

Macroscopically, it presents as a rapidly growing nodule; the residual cellular 
blue nevus may be found [48].

Microscopically, melanoma arising in a blue nevus is a tumorigenic prolifera-
tion. The diagnosis is usually late due to overlay with the presence of the precursor 
lesions. Ulceration may occur; however, some melanomas are deeply growing 
lesions, which are recognized only because of an increase in the size of the preexist-
ing nevus. Melanoma consists of large, anaplastic cells with brisk mitotic activity. 
Loss of nuclear BAP1 expression favors the melanoma diagnosis as well [49, 50].

1 Pathology of Melanoma and Skin Carcinomas
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 IX Uveal melanoma

Uveal melanoma is a malignant ocular melanocytic tumor that originates in the iris, 
ciliary body, or choroid (the most frequent localization constituting 90% of all 
cases). It occurs mainly within adults (median age 60 years) with an estimated inci-
dence of 2–8 million cases per year.

Clinically, patients have visual problems. Large necrotic melanomas may mani-
fest as painful uveitis or glaucoma.

Macroscopically, uveal melanomas grow like a dome- or mushroom-shaped 
tumors. The typical changes related to choroidal melanoma are retinal pigment epi-
thelium disruption, lipofuscin accumulation, and serous retinal detachment. The 
invasive spread of melanoma along nerves (small nerves into orbit and optic nerve) 
and blood and lymphatic vessels is described [51, 52].

Microscopically, uveal melanomas may be epithelioid or spindle cells. The typi-
cal melanoma features such as mitotic figures, necrosis, lymphocytic infiltration, 
and melanophages are seen (Fig.  1.2e, f). In differential diagnosis, the panel of 
melanocytic markers should be used. Genetically, uveal melanomas show frequent 
loss-of-function mutations in GNA11, GNAQ, BAP1, EIF11AX, SF3B11, PLCB4, 
and CYSLTR2 [46].

The conjunctival melanomas are included in ocular melanomas but genetically 
do not belong to the IX pathway (harbor BRAF p.V600 mutations/low-CSD mela-
noma vs. NRAS or KIT mutations/high-CSD melanoma). Histologically, conjuncti-
val melanoma is the novo malignancy; in the majority of cases, it can be associated 
with a precursor naevus or primary melanosis. The microscopical features are the 
same as in cutaneous melanoma, and all morphological variants can be found [53].

 Nodular Melanoma

Nodular melanomas can occur in any of the pathways discussed above, and there-
fore the epidemiologic and genomic features are likely to be heterogeneous.

Macroscopically, nodular melanomas present as a rapidly growing papular or 
nodular lesion with a wide range of pigmentation. Typically, nodular melanomas are 
elevated above the epidermis, demonstrating the growth in an upward direction. 
They can be heavily melanized (dark nodules), but also amelanotic (pink papulo-
nodular lesions) cases are seen. Nodular melanomas have a worse prognosis on 
average than other melanomas, but this difference diminishes in multivariable anal-
yses [54].

Microscopically, nodular melanoma shows tumorigenic, vertical growth phase 
with generally high Breslow thickness. The lesions are usually ulcerated. The sur-
rounding epidermis is normal (Fig. 1.1b). The melanoma cells are mostly epitheli-
oid, but also spindle cell or a mixture of cells can be found (patchwork or clonal 
pattern). The pseudo-maturation (superficial cells are larger than cells located 
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deeply) may lead to misdiagnosis with nevi of naevoid melanomas. The differential 
diagnosis includes metastatic melanoma and a wide range of non-melanocytic 
tumors (i.e., carcinomas, sarcomas, and lymphomas). Nodular melanomas are typi-
cally devoid of melanin, and additional immunohistochemistry needs to support the 
diagnosis [54, 55].

 Reporting of Melanoma

The eighth edition of the American Joint Committee on Cancer (AJCC) staging 
system keeps microscopic infiltration depth of melanoma and ulceration as the most 
important prognostic parameters [56, 57]. Currently, the mitotic activity has not 
been included in the stratification of pT1 and does not change influence categoriza-
tion from pT1a to pT1b. However, it remains an important prognostic factor and 
should be a component of histopathological diagnosis. Thin melanomas are lesions 
with a depth of up to 0.8  mm without ulceration. Clinically, these changes are 
treated as locally advanced and do not require a sentinel lymph node removal pro-
cedure. However, pT1 melanomas are characterized by the variable risk of recur-
rence (from 1% to 12%) [58, 59]. Still, there is a strong need for the identification 
of additional robust prognostic factors to support decision-making processes.

Moreover, the combination of the T and N categories led to the redefinition of 
stage III (Fig. 1.2g, h). Long-term observation under the AJCC database proved that 
the 10-year survival among patients with T1, T2, T3, and T4 melanomas were 92%, 
80%, 63%, and 50%, respectively [67]. The most important prognostic factors in 
patients with extra-regional metastases are the localization of metastases and LDH 
activity. Patients with central nervous system metastases have the worst prognosis 
in this group. The detailed definitions, according to the eighth edition of the AJCC 
melanoma staging, are depicted in Table 1.1 [64].

 Histopathological Prognostic Markers

 Breslow Thickness

Breslow thickness is the most reproducible measurement (in millimeters) of the 
melanoma vertical growth phase. It should be assessed from the granular layer or, in 
ulcerated lesions, from the bottom of ulceration, up to the deepest part of infiltration 
[3, 65]. Adnexal involvement by melanoma is currently considered as in situ disease 
[66]. However, the classification and measurement of periadnexal extension mela-
noma remain ambiguous. If it is the only focus of invasion, it is recommended to 
measure Breslow thickness from the inner layer of the outer root sheath epithelium 
or inner luminal surface of sweat glands, to the furthest extent of infiltration into the 
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Table 1.1 pTNM for melanoma, according to the eighth edition of the AJCC staging [64]

T category
Breslow thickness (mm) Ulceration

TX: primary tumor thickness cannot be assessed (e.g., fragmented biopsy)
T0: no evidence of primary tumor (e.g., unknown primary or completely regressed primary 
melanoma
T is (melanoma in situ)
T1 ≤1.0 Unknown or 

unspecified
  T1a <0.8 Without
  T1b <0.8 With

0.8–1.0 Without or With
T2 >1.0–2.0 Unknown or 

unspecified
  T2a Without
  T2b With
T3 >2.0–4.0 Unknown or 

unspecified
  T3a Without
  T3b With
T4 >4.0 Unknown or 

unspecified
  T4a Without
  T4b With
N category

Extent of regional lymph node and/or lymphatic 
metastasis

Presence of in-transit, 
satellite, and/or 
microsatellite 
metastases

NX: Regional nodes not assessed (e.g., SLN biopsy not performed, regional nodes previously 
removed for another reason)
Exception: pathological N category is not required for T1 melanomas, use cN, if regional lymph 
nodes not assessed for patient with T1 melanoma
N0 0 No
N1 One tumor-involved node or any number of in-transit, satellite, and/or 

microsatellite metastases with no tumor-involved nodes
  N1a Clinically occult (i.e., detected by SLN biopsy) No
  N1b Clinically detected No
  N1c No regional lymph node disease Yes
N2 Two or three tumor-involved nodes or any number of in-transit, satellite, 

and/or microsatellite metastases with one tumor-involved node
  N2a Clinically occult (i.e., detected by SLN biopsy) No
  N2b At least one clinically detected No
  N2c One clinically occult or clinically detected Yes
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periadnexal dermis [66]. The interpretation problems of Breslow thickness include 
cases with a preexisting nevus, severe regression, or exophytic melanoma with ver-
ruciform architecture.

Nevertheless, Breslow’s thickness is a highly reliable and accepted prognostic 
factor that shows an excellent correlation with mortality. The prognosis is worsen-
ing logarithmically with increasing thickness to 8 mm, then it achieves a plateau, 
but 100% mortality is never accomplished [56]. Long-term observation in the AJCC 
database proved that the 10-year survivals among patients with T1, T2, T3, and T4 
melanomas were 92%, 80%,63%, and 50%, respectively [67].

Table 1.1 (continued)

N3 Four or more tumor-involved nodes or any number of in-transit, satellite, 
and/or microsatellite metastases with two or more tumor-involved nodes, 
or any number of matted nodes without or with in-transit, satellite, and/or 
microsatellite metastases

  N3a Clinically occult (i.e., detected by SLN biopsy) No
  N3b At least one of which was clinically detected, or 

presence of any number of matted nodes
No

  N3c Two or more clinically occult or clinically 
detected and/or presence of any number of matted 
nodes

Yes

M category
Anatomic site LDH level

M0 No evidence of distant metastasis Not applicable
M1 Evidence of distant metastasis
  M1a Distant metastasis to skin, soft tissue including 

muscle, and/or nonregional lymph node
Not recorded or 
unspecified

  M1a(0) Not elevated
  M1a(1) Elevated
  M1b Distant metastasis to lung with or without M1a 

sites of disease
Not recorded or 
unspecified

  M1b(0) Not elevated
  M1b(1) Elevated
  M1c Distant metastasis to non-CNS visceral sites with 

or without M1a or M1b sites of disease
Not recorded or 
unspecified

  M1c(0) Not elevated
  M1c(1) Elevated
  M1d Distant metastasis to CNS with or without M1a, 

M1b, or M1c sites of disease
Not recorded or 
unspecified

  M1d(0) Not elevated
  M1d(1) Elevated
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 Ulceration

Microscopical assessment of the presence of ulceration must be performed in each 
primary melanoma. The criteria of ulceration are well established and include full- 
thickness epidermal defect (including the absence of stratum corneum and base-
ment membrane), evidence of reactive changes (fibrin deposition and neutrophils), 
thinning, effacement, or reactive hyperplasia of the surrounding epidermis in the 
absence of trauma or a recent surgical procedure. Recently, the extension of ulcer-
ation has shown substantial prognostic value; it may be reported as a diameter or 
percentage of tumor width [68]. Increasing melanoma thickness is correlated with 
more frequent ulceration (for thin vs. thick melanomas, ulceration is found in 6% 
vs. 63% of cases, respectively), but those two factors are independent prognostic 
factors [67]. The analysis of the eighth edition of the AJCC staging system showed 
that patients with ulcerated melanomas had a twofold higher estimated risk of dying 
due to melanoma in comparison to non-ulcerated tumors. Moreover, the presence of 
ulceration is reducing survival rates—these cases may be matched to the one level 
thicker non-ulcerated melanomas —5-year survival for T2b ulcerated vs. T3a non-
ulcerated melanomas was 82% vs. 79%, T3b ulcerated vs. T4a non-ulcerated mela-
nomas was 68% vs. 71%, respectively  [56].

 Mitotic Rate

In the previous AJCC staging system, the mitotic count was crucial in the pathologi-
cal separation pT1a from pT1b melanoma [56]. The multivariate analysis presented 
the mitotic count as the strong prognostic factor, especially for thin melanomas. 
Currently, the number of mitoses per 1  mm2 in the invasive dermal component, 
including “hot spots,” should be reported [59]. Measurement of mitoses per mm2 
instead of per high-power field (HPF) is recommended because the HPF diameters 
vary between microscopes. Moreover, the reproducibility is high only when the 
scaling per 1 mm2 and hot-spot method are used [69].

 Tumor-Infiltrating Lymphocytes

The cross-talk between melanoma and microenvironment cells is still not fully 
understood. A significantly better prognosis among patients with a marked lympho-
cytic infiltrate within primary cutaneous melanoma than among those with absent 
TILs was found [70]. The TILs were classified according to their distribution and 
intensity as brisk (the lymphocytes present throughout the substance of the vertical 
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growth phase or present and infiltrating across the entire base of the vertical growth 
phase), non-brisk (the lymphocytes in one focus or more foci of the vertical growth 
phase, either dispersed throughout or situated focally in the periphery), and absent 
(no lymphocytes or if the lymphocytes present but did not infiltrate the melanoma) 
[71]. The conflicting results of several studies under the role of TILs as prognostic 
factors were presented as well as modifications of TILs classification [72–74]. 
Regardless, the authors of the current AJCC system support the “classical” methods 
of TILs evaluation [59].

 Clark’s Level

Clark’s level is based on the histopathological evaluation of the melanoma invasion 
related to the anatomical level of the skin [75]. Melanoma limited to the epidermis 
(in situ) is described as level I and characterizes excellent prognosis with low risk of 
distant metastases. Level II (superficial extension to the papillary dermis), III (infil-
tration of the papillary dermis up to the reticular dermis), IV (invasion of the reticu-
lar dermis), and V (invasion of subcutaneous fat) should be additionally reported, 
but they cannot replace Breslow thickness anymore [56].

 Tumor Growth Phase

The radial  (the proliferation of melanocytes in the epidermis and/or in the papillary 
dermis, without the formation of tumor nodule) and vertical phases (presence of an 
expansive nodule larger than the intraepidermal aggregates and/or by the presence 
of mitotic figures in the invasive melanoma component) are described. The evolu-
tion from radial to vertical growth is correlated with increased metastatic potential.

 Tumor Regression

Regression is defined as a replacement of the melanoma by fibrosis. The increased 
vascularity, presence of scattered melanophages, and lymphocytes are also seen. 
The residual epidermal component can be identified. Regression is classified as 
partial (early to the intermediate stage; <75% of the melanoma) or extensive (late- 
stage; ≥75% of the melanoma) [76]. In the majority of studies, regression is indi-
cated as an inferior prognostic factor. Lack of standardized diagnostic criteria and 
reduced interobserver reproducibility place regression among features that are 
assessed electively [77].
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 Lymphovascular Invasion

Melanoma cells within the blood vessels or lymphatics lumina are called lympho-
vascular invasion. Surprisingly, it is found in less than 10% of primary cutaneous 
melanoma [78]. The detectability rises when the immunohistochemical staining is 
applied. However, in routine diagnostics, it is not recommended. The presence of 
lymphovascular invasion is related to a worse prognosis [79, 80].

 Microsatellites

Microsatellites are described as microscopic and discontinuous cutaneous and/or 
subcutaneous metastases >0.05 mm in diameter found adjacent to a primary mela-
noma (but separated from the main invasive component by a distance of at least 
0.3  mm). Microsatellites are cutaneous or subcutaneous deposits of melanoma 
trapped within the lymphatics between the primary tumor and the regional lymph 
node basin. Microsatellitosis defines a subgroup of patients with a higher risk for 
regional and systemic recurrence [59, 64].

 Melanoma Histotype

The melanoma histotypes (according to the fourth ed. of the WHO classification) 
have minor independent prognostic significance [1]. The interpretation is not objec-
tive, and the interobserver variability rate is high. Currently, the correlation of mela-
noma histotype with molecular signatures is emphasized [24, 81, 82].

The synoptic report for primary cutaneous melanoma, including the histopatho-
logical prognostic factors, is shown in Table 1.2 [3].

 Keratinocytic/Epidermal Tumors

Keratinocytic neoplasms are the most frequent cancers from all other human malig-
nancies. The spectrum of epidermal tumors includes benign lesions (i.e., verrucae, 
acanthomas, and seborrhoeic keratoses), premalignant lesions (i.e., actinic, arseni-
cal and PUVA keratoses), and malignant lesions (squamous cell carcinoma and 
basal cell carcinoma). Merkel cell carcinoma, which originates from neuroendo-
crine skin cells, is incorporated into epidermal tumors according to the fourth edi-
tion of the World Health Organization (WHO) classification. Another significant 
change concerns keratoacanthoma, which should now be categorized as a variant of 
squamous cell carcinoma. High-risk variants of basal cell carcinoma were revised, 
and the pathological criteria were specified [1].
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 Basal Cell Carcinoma

Basal cell carcinoma (BCC)  is the most common skin cancer, accounting for about 
75% of all skin cancers. It is characterized by slow growth and local malignancy, 
and distant metastases are extremely rare. BCC occurs in sun-exposed skin, primar-
ily in the face (skin above the line connecting the corners of the mouth with external 
auditory ducts), especially nose, forehead, cheeks, eyelids, corner of the eye, and 
auricle. The superficial variant of BCC is located more frequently on the trunk [83–
86]. The risk factors of BCC are similar to those of the squamous cell carcinoma. 
Gorlin syndrome or nevoid basal cell carcinoma syndrome is defined by numerous 
basal cell carcinomas occurring in young adults (below 30 years old), cysts within 
the jaw, and skeletal abnormalities. The disease is inherited autosomally dominant 
and is characterized by the loss of function PTCH1 suppressor gene mutation 
(9q22.1-q31) [87–89].

Macroscopically, basal cell carcinoma presents with one of the three most com-
mon appearances: nodular, ulcerative, or superficial.

The most common histological types of basal cell carcinoma, along with their 
characteristics, are presented in Table 1.3.

Microscopically, cell aggregates are derived from the basal layer of the epider-
mis. Cancer cells have scant cytoplasm and hyperchromatic nuclei. Fibromyxoid 

Pathologic feature

Site/localization Right, left/anatomic site
Diagnosis According to fourth ed. of 

the WHO classification
Breslow thickness Value in mm
Clark level I–V
Ulceration Present/Absent
Dermal mitotic rate Value per mm2

Melanoma subtype According to 4th ed. of 
the WHO classification

Vascular or lymphatic 
invasion

Present/Absent

Neurotropism Present/Absent
TILs Present [brisk/non-brisk]/

Absent
Microsatellites Present/Absent
Regression Present/Absent
Predominant cell type Epithelioid/
Associated nevus Description
Solar elastosis Present/Absent
Margins of excision for 
invasive and in situ 
components (in mm)

Description

Comments Description

Table 1.2 Histopathological 
synoptic report for primary 
cutaneous melanoma [3]
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Table 1.3 Morphological variants of basal cell carcinoma, including recurrence risk stratification 
grouping [1, 90]

BCC variant Macroscopic presentation and the most important characteristics

Nodular The most common variant (45–60%)
Usually located on head and neck
A slowly growing pearly flesh-colored flesh
Well demarcated from the skin
With numerous telangiectasias
In the late phase, ulcers often have well-delimited, cylindrical margins 
(“nonhealing ulcer”)
It can grow as a primary ulcerative (previously called “rodent ulcer”): 
particularly dangerous in the medial corner of the eye, characterized by 
significant tissue destruction and high bone infiltration potential

Superficial 10–30% of all BCC
The least aggressive, often numerous
It is more common on the trunk and arms
Slow course for months or years
Flatly elevated lesions surrounded by an embankment, well-demarcated, pink 
to erythematous and scaly patches, non-ulcerative

Micronodular The flat or slightly elevated lesion, not clearly defined
Cancer cells appear as small, discrete nests or cysts that can deeply infiltrate 
and exhibit neuroinvasive features
More aggressive course

Infiltrating It resembles a scar
Frequent recurrences after surgical treatment
Usually infiltrates perineural spaces
In later stages, stromal fibrosis occurs, and the image may overlap with the 
sclerosing/morpheic variant

Sclerosing/
morpheic

A flat, not clearly defined change resembles a scar
Stroma highly collagenized
Often, nerve invasion
Frequent recurrences after surgical treatment

Pigmented Contains melanin deposits
Dermoscopic specific features: large blue-gray ovoid nests, blue-gray globules, 
leaf-like areas
Nodular or superficial morphological variant
It may resemble melanoma

Other morphological variants
Basosquamous carcinoma
Basal cell carcinoma with sarcomatoid differentiation
Basal cell carcinoma with adnexal differentiation
Fibroepithelial BCC (Pinkus tumor)
BCC grouping according to recurrence risk stratification
Higher risk Location: nose, nasolabial fold, inner corner of the eye, lip, ear

≥20 mm
Variants: Basosquamous carcinoma, Sclerosing/morpheic BCC, Infiltrating 
BCC, BCC with sarcomatoid differentiation, Micronodular BCC

Lower risk Location: other than those listed for the higher risk type
<20 mm
Variants: Nodular BCC, Superficial BCC, Pigmented BCC, Infundibulocystic 
BCC, Fibroepithelial BCC
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stromal change impacts on tumor retraction from the stroma. The different patterns, 
including solid, trabecular, cystic, adenoid, cribriform, are described. Additionally, 
within the BCC infiltrate, focal keratinization, desmoplasia, and scarring may be 
seen (Fig. 1.3b–d). A common feature is the peripheral palisading of neoplastic cells 
arranged as nests. On the contrary to squamous cell carcinoma, no intercellular 
bridges are visible; however, high mitotic activity and apoptosis can be found. BCC 
containing large amounts of melanin must be differentiated with melanoma. In the 
differential diagnosis, immunohistochemistry is used rarely. Combination of 

a b

dc

fe

Fig. 1.3 Keratoacanthoma. (a) Mature stage of keratoacanthoma, characteristic crateriform archi-
tecture with central keratin masses (HE, 10×), peripheral epidermal lipping is seen; (b) keratin 
debris and proliferative squamous cells (HE, 40×). Basal cell carcinoma. (c) The nodular type of 
basal cell carcinoma (HE, 20×); (d) Characteristic peripheral palisading (HE, 200×); Squamous 
cell carcinoma. (e) Moderately differentiated squamous cell carcinoma with prominent cytological 
atypia, mitotic figures, and intercellular bridges (HE, 200×); (f) Squamous cell carcinoma is typi-
cally positive for p40 (200×)
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BerEP4 and EMA is useful in distinguishing BCC from squamous cell carcinoma 
[BCC: BerEP4(+)/EMA(−); SCC: BerEP4(−)/EMA(+)] [1].

The TNM classification is not routinely used to determine the prognosis of 
BCC. The histopathological variant and the largest dimension of cancer infiltration, 
together with the depth of infiltration, and location are of significant importance for 
patient follow-up and risk stratification of local recurrence (see Table 1.3) [90]. The 
histopathological report requires the status of surgical margins [91].

 Squamous Cell Carcinoma

Squamous cell carcinoma (SCC)  is the second most common type of skin cancer. It 
usually occurs in elderly individuals on the skin exposed to sunlight (head and neck, 
auricles, dorsal parts of hands). Risk factors that are associated with SCC also 
include immunosuppressive treatment, human papillomavirus infection, burn scars, 
chronic inflammation, arsenic, and coal tar [92–95].

Macroscopically, SCC in situ may present as roughened hyperkeratotic lesions 
similar to benign keratoses, dermatoses, or lichen simplex chronicus. An invasive 
SCC can be described as exo- or endophytic lesion. The first occurs mainly on the 
face, auricles, and lips, and the second one develops on both sun-exposed skin and 
skin covered from UV radiation. The keratoacanthoma, which is a well- differentiated 
variant of SCC, shows a crateriform lesion with central keratin plugs (see also below).

Microscopically, the following variants of SCC are distinguished: acantholytic, 
spindle cell, verrucous, adenosquamous carcinoma, clear cell, and other (uncom-
mon) rare variants, that is, SCS with sarcomatoid differentiation, lymphoepithelioma- 
like carcinoma, pseudovascular SCC, SCC with osteoclast-like giant cells. 
Regardless of the histological variant, the assessment of the histological grade is 
based on the establishment of the shape of cells with cellular atypia, mitotic activity, 
presence of necrosis, intercellular bridges, and keratin pearls (Fig.  1.3e, f). The 
well- (G1), medium- (G2), and low-differentiated (G3) SCC are distinguished. The 
histological grading system refers to the least differentiated part of SCC; even it is 
only a small part of the entire tumor. Well-differentiated SCC is characterized by the 
presence of large, polygonal cells with abundant acidophilic cytoplasm, with clearly 
visible intercellular bridges and the presence of keratin pearls, while the mitotic 
index is low. In low-differentiated SCC, the cells are often spindle-like or round 
with a medium abundant or scant cytoplasm; high atypia and brisk mitotic activity 
are found. Keratinization may be visible only in single cells. These lesions often 
present no apparent features of squamous cell differentiation and require immuno-
histochemical confirmation of the diagnosis. Positive reactions with p40, p63, and 
CK5/6 antibodies are typical for SCC. The SCC, G2, is characterized by an interme-
diate differentiation between G1 and G3 [1, 96, 97].

The histopathological report of SCC should include macroscopic description: loca-
tion of the lesion; type of diagnostic material (biopsy, surgical excision); dimensions 
of the material, and examined lesion; type of tumor growth; and margins of resection. 
A microscopic evaluation obligatorily present diagnosis with a morphological variant 
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of SCC; histological grading; the largest dimension of carcinoma and the depth of the 
infiltrate (measured from the granular layer of the epidermis; does not apply to the “in 
situ” lesions); clinical staging (pTNM) [98, 99]; assessment of vessels and nerves 
infiltration; margins assessment [100]. Besides, in advanced SCC, bone and bone mar-
row infiltration may need to be described. In the case of SCC metastases to the lymph 
node/nodes, reporting of the number of lymph nodes, the largest dimension of the 
metastasis and extranodal metastasis extension is required [101, 102]. It is worth not-
ing that the TNM classification of SCC is distinct for the following locations: conjunc-
tiva, head and neck, perianal region, vagina, and penis [103].

 Keratoacanthoma

Keratoacanthoma (KA)  is a frequent change characterized by rapid growth and 
spontaneous regression. Histologically, it has a morphology that corresponds to 
well-differentiated SCC with a benign clinical course. Most often, these changes 
occur on sun-exposed skin on the face, dorsal part of hands, forearms, and legs 
among people over 50 years of age [104]. Multiple lesions are found in rare disease 
syndromes, that is, multiple familial keratoacanthomas or the Ferguson–Smith type 
or Muir–Torre syndrome. Exposure to UV radiation, effect of HPV, point mutations 
in the TP53 gene, and MAP 3K8 (TPL2) oncogene changes play a crucial role in 
pathogenesis [105, 106].

Macroscopically, it is a well-limited dome-shaped lesion with raised edges and 
a central “crater”—an ulcerative depression. Lesions are usually single, and their 
size does not exceed 3 cm.

Microscopically, the keratoacanthoma is symmetrical: in the central part (cra-
ter), keratin masses predominate, the lateral parts are composed of squamous epi-
thelium forming nests and elongated bands (Fig. 1.3a). A characteristic feature is 
epidermal lipping on both sides of the keratin core. At the base of the lesion, usually 
dense, mixed inflammatory infiltrates and fibrosis are visible. Due to the macro-
scopic presentation in the fourth edition of the WHO classification, the following 
KA subtypes were distinguished: solitary KA, multiple KA, multiple familial KA of 
Ferguson–Smith type, centrifugum marginatum KA, generalized eruptive KA of 
Grzybowski, subungual KA. KAs undergo spontaneous regression and rarely recur, 
especially central facial giant KA and subungual KA [1, 107]. The clinical picture 
of KA may overlap with other SCC variants as well. The recent recommendations 
indicate that KA should be qualified for total surgical excision.

 Merkel Cell Carcinoma

Merkel cell carcinoma (MCC)  is a rare primary skin neuroendocrine tumor that 
occurs mainly in elderly patients (over the age of 70), usually in the scalp and neck 
(especially the eyelids and orbital area) and limbs [108]. It is characterized by an 

1 Pathology of Melanoma and Skin Carcinomas



24

aggressive course with the presence of lymph node metastases in about 50% of 
cases at the time of diagnosis; local and distant metastases are found in 35–40% of 
patients [109–111].

Macroscopically, MCC presents itself as a hard, painless tumor with a smooth 
surface, usually covered with intact epidermis.

Microscopically, MCC is composed of small, oval cells with characteristic cell 
nuclei with granular chromatin described as “salt with pepper” (Fig. 1.4a, b). Cancer 
cells form solid infiltrates or alveolar, trabecular, or rosette-like structures. Merkel 
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Fig. 1.4 Merkel cell carcinoma. (a, b) The intermediate cell type with nuclear salt-and-pepper 
chromatin pattern (200×, 600×); (c) Neuroendocrine markers include positive reaction with chro-
mogranin (200×); (d) CK20 immunoreaction presents characteristic) perinuclear dot-like pat-
tern (200×)
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cell carcinoma resembles low-differentiated round cell neoplasm, which must be 
differentiated with small cell lung cancer (SCLC), melanoma, lymphoma, and 
Ewing’s sarcoma [112–114]. The final diagnosis requires confirmation in immuno-
histochemistry. The characteristic immunoprofile includes positive reactions with 
neuroendocrine markers, that is, synaptophysin, chromogranin A and CD56 and 
dot-like, perinuclear reaction with CK20 (Fig. 1.4c, d). Lack of S100, HMB-45, 
SOX-10, LCA/CD45, TTF-1 expression supports the exclusion of melanoma, lym-
phoma, and SCLC [115].

MCC high-risk factors in the adverse clinical course include lymph node metas-
tases at the time of diagnosis, tumor size >2 cm, primary lesion location on the 
limbs, and male gender [110, 111, 114, 116]. The histopathological report addition-
ally should include information about lymph node and in-transit metastases. The 
pTNM for MCC has been separated in the WHO classification [117, 118].
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