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Cutaneous malignant melanoma is the most frequent cause 

of death from skin cancer, and therapeutic opportunities 

in advanced cases are limited. The incidence has increased, 

and melanoma is among the most common malignancies in 

younger adults. There is a need for increased knowledge of 

the biology of this disease and improved prognostication for 

more precise management of patients.

In the present study, the aims were to explore the prognostic 

impact of different tumour cell proliferation markers and 

tumour necrosis in cutaneous melanoma, and to explore the 

expression and impact of the stem cell associated marker 

nestin in these tumours.

The thesis is based on four separate articles (Paper I–IV). A 

patient series of consecutive cases of cutaneous nodular mela-

noma was examined. In Paper I, 202 cases (1981–1997) were 

included, and prior to Paper II–IV, the series was expanded 

to also include cases from 1998–2008 (255 additional cases). 

In Paper I, mitotic count (mitoses per mm2) was assessed on 

H&E sections, and Ki-67 expression was estimated by immuno-

histochemistry on standard sections. Phosphohistone H3 

(PHH3), MCM4 and mitosin were examined by immunohis-

tochemical staining on tissue microarrays (TMA) sections. In 

Paper II, both mitotic count and PHH3 count were recorded 

on standard sections, in the most mitotically active areas, in 

areas of at least 1 mm2. Original H&E sections were reexamined 

for morphologic tumour necrosis, and recorded as significant 

when an area of at least ¼ high power field (HPF) (field dia-

meter 0.61 mm; area 0.07 mm2) was occupied by necrotic 

cells and sparse when clusters of at least 5 necrotic cells were 

observed (Paper III). The nestin expression was examined by 

immunostaining of TMA sections (Paper IV).

In Paper I, increased mitotic count and elevated Ki-67 

expression were associated with unfavourable features like 

increased tumour thickness and tumour ulceration. High 

expression of PHH3 and MCM4 was correlated with high 

mitotic count, elevated Ki-67 expression and ulceration. Uni-

variate survival analyses 

showed that increased 

mitotic count and Ki-

67 expression were as-

sociated with reduced 

survival, whereas PHH3, 

MCM4 and mitosin did 

not predict patient out-

come. Ki-67 expression 

was the only prolifera-

tion marker to be sig-

nificant by multivariate 

analysis. In Paper II, 

high PHH3 count as-

sessed on regular slides 

and increased mitotic 

count were both associ-

ated with thicker tumours and presence of tumour ulcera-

tion. Both markers showed highly significant prognostic 

impact by univariate analysis, whereas multivariate analysis 

indicated PHH3 to be a stronger prognostic indicator than 

mitotic count. In multivariate analysis on a subset of cases 

with data on Ki-67 expression as well as PHH3 counts on 

standard sections, both Ki-67 and PHH3 remained in the 

final model. Assessment of mitotic activity by PHH3 had 

important practical advantages compared with standard 

mitotic counting. In Paper III, tumour necrosis (present 

in 26% of the cases) was associated with increased tumour 

thickness, high mitotic count, presence of tumour ulcera-

tion, and reduced survival. Stratified analyses (univariate 

and multivariate) indicated the strongest prognostic impact 

in tumours thicker than 4 mm. Notably, in the stratum of 

pT4 tumours, presence of necrosis was a stronger prognos-

tic predictor than ulceration. Finally, in Paper IV, nestin 

expression was found in the majority of primary nodular 

melanomas, and strong expression was associated with ag-

gressive melanoma features, with independent prognostic 

impact in comparison with clinico-pathologic factors by 

multivariate analysis.
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In conclusion, Ki-67 expression was superior to mitotic count 

but not PHH3 as a prognostic factor. Increased mitotic count 

and PHH3 frequency showed prognostic impact, but multi-

variate analysis indicated PHH3 to be a stronger prognostic 

predictor than mitotic count. Assessment of mitotic activity 

is facilitated by the use of the mitotic marker PHH3. Tumour 

necrosis is associated with histopathologic markers of aggres-

sive melanomas and has prognostic impact. In pT4 melanomas, 

presence of tumour necrosis appears to be a stronger prognostic 

factor than mitotic count and ulceration. High nestin expres-

sion in tumour cells is associated with unfavourable melanoma 

features and reduced survival by multivariate analysis.
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