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Introduction

Cutaneous melanoma is still a potentially fatal tumor that raises 
ongoing concern. Its incidence continues to increase in white 
populations worldwide. Moreover, its incidence is one of the most 
rapidly increasing ones in Caucasians (1). There are several pos-
sible reasons for the increasing melanoma incidence over the last 
four decades; however, the main reason proposed is differences in 
sun-exposure behavior; namely, more intensive exposure of white 
individuals’ pale skin to natural sunlight (2). Despite constantly 
increasing incidence rates, mortality rates show different trends. 
The rise in mortality figures is much less than the rise in incidence 
(1). For the time being, early diagnosis is the most important fac-
tor for effective management of melanoma. It allows treatment to 
be undertaken at the point when the malignancy can be cured. 
Treatment of metastatic disease has only modest effectiveness for 
the time being (3).

The clinical and histopathological characteristics that predict 
the outcomes of patients with melanoma have been studied for 
more than four decades. The first multivariate analysis of prog-
nostic factors was published in 1978 (4). Well-known factors lead-
ing to poorer prognosis for primary invasive melanoma survival 
are tumor thickness (with worse prognosis in thicker lesions), the 
presence of ulceration on histopathological examination, a high 
mitotic rate, anatomic site (trunk and/or facial lesions have worse 
prognosis than lesions on extremities), male sex, and age (with 
worse prognosis in older patients) (5).

Classification and staging of melanoma

Staging systems are clinically important because they allow pa-
tients to be categorized into groups that differ significantly from 
one another in terms of prognosis. In 1959, the American Joint 
Committee on Cancer (AJCC) was set up with the aim of formu-
lating and publishing cancer classification and staging systems. 

Since then, the AJCC’s Melanoma Staging Committee has been 
constantly revising the melanoma staging system. Clinical and 
histopathological features of the tumor that more precisely cor-
relate with the biology of melanoma have been regularly incor-
porated. The Melanoma Staging Committee acts on behalf of 
major melanoma centers around the world. Based on experience 
and published data, changes to the tumor, node, and metasta-
sis (TNM) criteria and groupings into stages have been regularly 
proposed. TNM categories are primarily determined by factors 
that strongly correlate with melanoma survival. Stage groupings 
therefore represent cohorts of patients that have similar disease 
outcomes, as determined by melanoma survival rates (6). Staging 
of a localized primary melanoma determined by the tumor’s his-
topathological characteristics is crucial for appropriate treatment 
decisions, planning follow-up visits, and evaluation of recurrence 
risk. AJCC introduced the previous staging system for melanoma 
in 2002. It was built on data from more than 17,000 patients from 
13 centers around the world specializing in melanoma treatment. 
It introduced some major changes and was widely adopted. The 
strongest predictors of survival in patients with stage I and II mel-
anomas (localized tumor without evidence of metastasis) were 
Breslow tumor thickness and the presence or absence of ulcera-
tion. Clark level of invasion was an important predictor only for 
the group of patients with thin melanomas measuring 1 mm or 
less. The most significant predictors of survival in stage III dis-
ease, which represents patients with nodal metastases, were the 
total number of metastatic nodes, tumor burden (whether nodal 
metastases were clinically occult or clinically apparent), and pri-
mary tumor ulceration. The most powerful survival predictor in 
stage IV melanoma, which includes patients with metastatic dis-
ease, was the location of distant metastases (6).

The newest melanoma staging system from the recently pub-
lished seventh edition of the AJCC Cancer Staging Manual has 
been in use since 2010 (7, 8). The updated criteria are based on 
evidence from more than 30,000 patients with stage I through III
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melanoma as well as almost 8,000 patients with stage IV mela-
noma. Data were collected from 17 centers on three continents 
specializing in melanoma treatment. Not only was the sample size 
substantially expanded, but a new covariate was added into the 
survival analyses: the mitotic rate of the primary tumor. The use of 
melanoma thickness in TNM categorization has not changed, nor 
has the use of ulceration status. However, the mitotic rate of the 
primary tumor has been determined to be a powerful independ-
ent indicator of survival. Thus, for the first time, the mitotic rate 
has been incorporated into the AJCC staging classification for thin 
melanomas and is now valid as one of the three criteria for classi-
fication of stage T1b disease, replacing the Clark level of invasion. 
The Clark level is not an independent prognostic factor when mi-
totic rate is included in the calculation and thus it is no longer 
suggested as a staging criterion. T1a melanomas are characterized 
in the new classification as tumors that are no thicker than 1.0 
mm, are not ulcerated, and have a mitotic rate of less than one 
mitosis/mm² (stage IA). T1b melanomas are now characterized as 
tumors that are thicker than 1.0 mm and either have at least one 
mitosis/mm² or evidence of tumor ulceration (stage IB). Staging of 
melanomas thicker than 1.0 mm has not changed since the previ-
ous version of the AJCC staging system. In stage IIA melanomas 
are classified as ulcerated tumors measuring from 1.01–2.0 mm or 
nonulcerated tumors with thickness from 2.01–4.0 mm. Stage IIB 
melanomas represent ulcerated tumors 2.01–4.0 mm thick or non-
ulcerated tumors that are thicker than 4.0 mm. Stage IIC melano-
mas are ulcerated tumors thicker than 4.0 mm (7). The sentinel 
node biopsy has become a standard procedure for detecting nodal 
metastases in patients with clinically uninvolved lymph nodes. 
The procedure identifies and removes the sentinel lymph node 
(the one that drains the area of the primary melanoma), which is 
then histologically analyzed. Clinically occult nodal metastases 
are therefore discovered in more melanoma patients. This proce-
dure provides powerful prognostic information. The use of senti-
nel lymphadenectomy is recommended for patients with clinical 
stage IB or II melanoma with the aim of identifying occult stage III 
melanoma (9). What is new in the 2010 AJCC staging system is the 
inclusion of immunohistochemical staining for detection of mi-
crometastases. Isolated tumor cells or tumor deposits larger than 
0.1 mm detected histopathologically or immunohistochemically 
should be classified as stage III melanoma (7).

Important and independent predictors of primary cutaneous 
melanoma survival that are not currently in the AJCC staging 
system include the age and sex of the patient and the anatomic 
location of the primary tumor. These and other, still unknown 
factors in combination with the TNM criteria could predict an 
individual patient’s prognosis more accurately than the AJCC 
staging system currently in use. A validated predictive model 
for localized primary melanoma, which was based on a very 
large data set, is available on the Internet. The prognostic fac-
tors included in this model are tumor thickness, ulceration, 
and level of invasion, as well as lesion site and patient age 
and sex. It is clinically useful and helps with treatment plan-
ning, predicting the outcome, and designing clinical trials (10). 
With increasing knowledge, our understanding of melanoma 
stage-specific prognostic features will further improve. Still un-
known factors will probably refine the prognoses for individual 
patients.

Prognostic factors for localized primary melanoma 
survival

About 90% of melanomas are diagnosed as primary tumors with-
out any evidence of metastasis (5). Data on more than 27,000 pri-
mary invasive melanoma patients (stages I and II) was prospec-
tively collected in the 2008 AJCC Melanoma Staging Database. The 
10-year survival rate for patients with thin, nonulcerated melano-
mas with less than 1 mitosis/mm² (stage IA) is 93%, but it falls to 
39% for patients with thick and ulcerated primary tumors (stage 
IIC) (7). Three histopathological features of the primary melano-
ma—Breslow tumor thickness, mitotic rate, and presence or ab-
sence of ulceration—are currently the most important prognostic 
and staging factors. Therefore, a critical point for correct diagno-
sis and staging is the proper biopsy of a tumor. When melanoma 
is in question, the technique of choice is an excisional biopsy of 
the entire lesion, with a narrow margin of adjacent skin. For larger 
lesions an incisional biopsy can be justified. In addition to his-
topathological features, demographic or clinical factors such as 
age, sex, and anatomic site have also been associated with mela-
noma patient survival.

Breslow tumor thickness

The determination of tumor thickness was first introduced by 
Breslow in 1970. The distance from the upper part of the granular 
layer to the melanoma cell that is located the deepest was meas-
ured by micrometer (11). It was soon identified as the strongest 
prognostic feature for primary invasive melanoma. Based on 
Breslow’s work, a clinically useful scheme was proposed. Pa-
tients with tumors thinner than 0.76 mm were designated low-
risk patients because thin melanomas seldom metastasized. Low-
intermediate risk patients were those with melanoma thickness 
from 0.76–1.5 mm, and high-intermediate risk were patients with 
tumors thicker than 1.5 mm but thinner than 4.0 mm. At very high 
risk for recurrence were patients with tumors thicker than 4.0 mm. 
In the population-based study, patients with melanomas thinner 
than 0.76 mm had 5-year survival of 97.9%, whereas the group of 
patients with tumor thickness of 0.76–1.69 mm had 91.7% 5-year 
survival. 72.8% of patients with melanomas ranging from 1.7–3.6 
mm and 57.5% of patients with tumor thickness > 3.6 mm sur-
vived at least 5 years (12). Different breakpoints were set in other 
studies. The AJCC staging system selected the breakpoints of 1.0, 
2.0, and 4.0 mm because there are no distinguishable thresholds 
as tumor thickness increases, and these breakpoints are gener-
ally more convenient (13). Tumors measuring 1.0 mm or less in 
thickness are defined as thin melanomas and are prognostically 
favorable. Tumors measuring more than 4.0 mm in thickness are 
defined as thick melanomas and are prognostically unfavorable. 
Studies showed a high correlation between increasing melanoma 
thicknesses and 10-year melanoma-specific survival (6, 7). In the 
study that was the foundation for the current AJCC melanoma 
staging system, 10-year survival in 11,841 patients with thin mela-
nomas (1.0 mm or thinner) was 92%. Ten-year survival in 8,046 
patients with melanomas measuring from 1.01–2.0 mm was 80%, 
and it was 63% in the 5,291 patients with tumors measuring from 
2.01–4.0 mm. Ten-year survival in the 2,461 patients with thick 
melanomas (thicker than 4.0 mm) was 50% (7). The fact that tu-
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mor thickness is the most important prognostic factor of survival 
at the primary tumor stage is now well accepted (7, 13).

Ulceration

The negative association of primary melanoma ulceration with 
worse disease outcome has been studied thoroughly (6, 7, 14, 15). 
The definition of ulceration is a loss of the epithelium continuity 
in full thickness with several features of host response (16). In the 
population-based study, 5-year survival in patients with ulcera-
tion was 66.2%, compared to 91.6% in patients with nonulcer-
ated tumors (12). The presence or absence of primary melanoma 
ulceration was the second most powerful survival predictor in the 
analysis for the 2002 AJCC staging system and the third most pow-
erful survival predictor in the analysis for the currently valid 2010 
AJCC staging system (6, 7). Thicker tumors are more commonly 
ulcerated. The incidence of melanoma ulceration in thin melano-
mas was only 6% and thick melanomas were ulcerated in 63% of 
cases (6). However, melanoma ulceration is a factor that predicts 
the disease outcome independently of tumor thickness. Patients 
with ulcerated melanomas had a twofold higher estimated risk 
of dying due to melanoma compared to those with nonulcerated 
tumors. Interestingly, the presence of ulceration diminishes sur-
vival rates to the same level as for the patients with nonulcerated 
melanomas of the next, larger thickness group. Five-year survival 
in the case of 2.01–4.0 mm thick and nonulcerated melanoma was 
79%, similar to the 82% rate for a 1.01–2.0 mm thick and ulcerated 
melanoma. Therefore, both were included in stage IIA (7).

Mitotic rate

The mitotic rate is a measure of proliferation of the primary tumor. 
It can easily be quantitatively assessed during the histopathologi-
cal examination. When it is analyzed in the vertical growth phase 
it is among the strongest factors predicting survival. Mitoses in 
the epidermal component are of no prognostic value (17). There-
fore, the present agreement is to report on the dermal mitotic rate 
in the vertical growth-phase tumor as the number of mitoses/
mm². First, the area of the tumor with the greatest mitotic activ-
ity or the “hot spot” is identified. Then mitoses over an area of at 
least 1 mm² are counted (18). Sometimes mitoses are sparse and 
no “hot spot” can be found. In this case an area of 1 mm² around 
a representative mitosis is assessed and the result is expressed as 
the number of mitoses/mm². If the invasive component of the tu-
mor is smaller than 1 mm², the mitotic rate is either at least 1/mm² 
or 0/mm² (9). Many researchers have found the mitotic rate to be 
highly predictive of survival (12, 19–20). Survival times decline as 
the mitotic rate increases, especially in thin melanomas (7). In a 
population-based study, 5-year survival for patients with mitotic 
rates of 0 mitoses/mm² was 98.7% and 85.1% for those with mi-
totic rates from 0.1–6.0 mitoses/mm². Patients with mitotic rates 
of more than 6 mitoses/mm² had 5-year survival of 68.2%. In this 
study mitotic rate and tumor thickness were the only two inde-
pendent factors predicting survival (12). Similarly, in a recently 
published study 10-year survival ranged from 93% for patients 
whose tumors had 0 mitosis/mm² to 48% for those with 20 mi-
toses/mm² or more. In the same study, 10,233 patients with local-
ized primary melanoma were included in the multivariate analy-
sis. The mitotic rate was determined as the strongest prognostic 
factor after tumor thickness among the independent predictors of 
melanoma-specific survival (20). As with tumor thickness, there is 

a correlation between mitotic rates and adverse outcomes in mela-
noma. As the mitotic rate increases survival tends to decrease. At 
least 1 mitosis/mm² is the threshold at which the most significant 
correlation with outcome was detected (7). Tumor thickness, mi-
totic rate, and ulceration were the most powerful factors predict-
ing survival in a multivariate analysis of 4,861 patients with thin 
melanomas. In the same study, when mitotic rate and ulceration 
were included in the hazard rates calculation, the Clark level of 
invasion lost its statistical significance. The 10-year survival rate 
for nonulcerated thin melanomas with less than 1 mitosis/mm² 
was 95%, but it fell to 88% if at least 1 mitosis/mm² was present (7).

In the seventh edition of the AJCC melanoma staging system, 
the primary tumor’s mitotic rate is a required element (8).

Clark level of invasion

In 1967 Wallace H. Clark Jr. characterized melanomas into five his-
topathological levels of invasion. This was the first widely accept-
ed method of microstaging for melanoma (21). In level I lesions, 
melanoma cells are restricted to the epidermis, constituting an in 
situ melanoma. Level II invasion is characterized by the extension 
of melanoma cells from the epidermis into the papillary dermis, 
but the papillary dermis is not filled with tumor cells or expand-
ed. A true tumor with a vertical growth-phase nodule is catego-
rized as a level III invasion, in which tumor cells fill and expand 
the papillary dermis. The infiltration of reticular dermis collagen 
fibers by melanoma cells constitutes a level IV invasion. Level 
V invasion is categorized by infiltration of melanoma cells from 
the reticular dermis into the subcutaneous fat. When considered 
as a single variable, level of invasion is strongly associated with 
melanoma outcome. Patients with level II melanoma had 98.8% 
5-year survival, which dropped to 92.5% in patients with level III 
melanoma, 76.7% in patients with level IV melanoma, and 75% in 
patients with level V melanoma (12). For a subgroup of patients 
with thin melanomas, level of invasion predicted survival better 
than tumor ulceration, while the opposite was true for melano-
mas thicker than 1.0 mm (6). In the 2002 AJCC classification, level 
of invasion was included for thin melanomas only. In the cur-
rently valid 2010 AJCC classification, the Clark level of invasion 
is no longer suggested as a staging criterion. When mitotic rate is 
taken into consideration, Clark level of invasion is no longer an 
independent prognostic factor (6, 7). However, if there are no data 
about the mitotic rate or the mitotic rate cannot be accurately as-
sessed in the subgroup of thin melanomas, level of invasion can 
still provide additional prognostic information (7).

Anatomic location

The location of a melanoma is an independent predictor of mel-
anoma patient outcomes (6, 7, 20). Melanomas on the trunk, 
head, and neck have a worse prognosis than tumors located on 
the extremities. Tumors in the first group are designated as axial 
melanomas and they more frequently spread to distant locations 
compared to tumors located on the extremities. On the other 
hand, melanomas on the extremities metastasize locally more fre-
quently than axial melanomas, giving rise to satellite or in-transit 
metastasis (22). Therefore, primary tumor sites that are prognos-
tically unfavorable have been classified as BANS regions, which 
include the back, upper arm, neck, and scalp, or TANS regions, 
which include the trunk, upper arm, neck, and scalp (23, 24). The 
different clinical course of melanomas at different anatomical 
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locations could be explained by the differences in the lymphatic 
drainage from these locations. The longer length of the lymph 
vessels on the extremities and the greater number of lymph nodes 
on the way to the venous angle and blood circulation could be 
important factors for the better prognosis of melanomas located 
on the extremities (22).

Age

Numerous studies have showed worse survival in older melano-
ma patients. An important high-risk group consists especially of 
patients older than 60. Despite the fact that older patients more 
often have thicker and ulcerated melanomas that are prognosti-
cally unfavorable, the age of the patient at the time of establishing 
the diagnosis has proved to be an independent prognostic factor 
predicting the outcome (6, 7, 25, 26). In an analysis of 17,600 pa-
tients, a consistent decline in melanoma patient survival rates 
with advancing age was recorded (6). Perhaps with advancing 
age the progressive decline in immune function (immunosenes-
cence) is a factor. The organism’s reduced ability to fight against 
malignant cells can lead to more cancer morbidity and mortality. 
Moreover, advanced age may represent a risk factor for melanoma 
undertreatment. The present understanding of the influence of 
aging on immunity to malignancy is still limited (27, 28).

Sex

Sex is an important factor predicting outcome in melanoma pa-
tients. There are significant differences between men and women 
regarding the incidence of melanoma, primary tumor characteris-
tics, and survival (26, 29, 30). Sex patterns in incidence differ from 
continent to continent. In the United States and Australia, men 
have a higher incidence of melanoma, whereas women have high-
er incidence rates in Europe. Despite the differences in incidence 
patterns around the world, the survival of women with melanoma 
is consistently better compared to men. (1, 6, 26, 29–33). Wom-
en as a group more often have prognostically favorable primary 
melanomas, namely thinner and nonulcerated tumors located on 

the extremities, and are younger at the first presentation of dis-
ease compared to men (26, 29, 30). However, these differences in 
the primary melanoma features do not fully explain the sex dif-
ferences in survival. Several studies using multivariate analyses 
determined that sex is an independent predictor of survival (6, 
7, 15). In a study analyzing 7,338 patients with primary cutane-
ous melanoma from southern Germany, men had lower 10-year 
melanoma-specific survival compared with women, at 83.9% and 
89.5%, respectively. Sex was an independent predictor of survival 
in multivariate analysis after the adjustment for other factors: 
Breslow tumor thickness, presence of ulceration, Clark invasion 
level, melanoma location, histopathological type of melanoma, 
age of the patient at the time of diagnosis, and decade of diag-
nosis. Interestingly, the female advantage in survival disappeared 
after age 60 (15). Conflicting results were reported by studies that 
stratified sex survival differences across age categories. Some re-
ported superior survival for women in all age categories (34, 35), 
whereas other reported loss of survival advantage in older women 
(26, 36–39). For the time being, the molecular mechanisms of mel-
anoma survival differences between the sexes remain undiscov-
ered. Hormonal factors, sex differences in immunity, or sex differ-
ences in oxidative stress could be of relevance (27, 34, 38, 40–42).

Conclusion

Three histopathological characteristics of melanoma are the ba-
sis for the currently valid AJCC staging of the primary melanoma 
without evidence of metastasis at the time of diagnosis (stage I 
and II melanoma): Breslow tumor thickness, presence or absence 
of ulceration, and mitotic rate. Other independent predictors of 
primary melanoma survival that are not included in the AJCC sys-
tem include the age and sex of the patient and the primary tumor’s 
anatomic location. These factors, combined with the histopatho-
logical features of melanoma, could predict an individual patient’s 
prognosis more precisely than the AJCC staging system currently 
in use. With increasing knowledge, our understanding of melanoma 
stage-specific prognostic features will further improve. Still unknown 
factors will probably refine the prognoses for individual patients.
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