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Since many years, 
melanomas are classified 
worldwide according to 
criteria established by the 
American Joint Committee 
on Cancer, the AJCC. That 
classification, however, is 
not a biologic one. It does 
not serve to distinguish 
biologic entities from one 
another, such as sheep or 
dogs, nevus or melanoma, 
but aspires to predict the 
behavior of individuals of 
the same entity, its purpose 
is not diagnosis but 
prognosis.



Diagnosis is usually fairly 
reliable, based as it is on 
numerous unchangeable 
criteria, such as shape of 
the head and the quality of 
the fur. 



Prediction of the behavior 
of individuals of the same 
entity is much more 
difficult because not every 
friendly looking dog is 
harmless, 



and not every dog with 
bared teeth is going to bite. 
For the appraisal of danger, 
there is only one reliable 
criterion, namely, the stage 
of development.



A puppy is never 
dangerous, and the same 
applies to melanoma is 
situ. 



When dogs or melanomas 
have grown a bit, they are 
still relatively harmless,



but eventually a stage is 
reached in which one can 
never be sure and in which 
danger can, at best, be 
assessed vaguely on the 
basis of other, less reliable 
criteria. 



Prognostic factors

• Ambiguity

• Changeability

• Incompleteness

The problem with those 
prognostic factors is their 
ambiguity (for example, 
tail-wagging is not always a 
sign of friendly intentions), 
their changeability (tail-
wagging and baring of 
teeth may change from one 
second to the next), and 
their incompleteness (we 
simply do not know enough 
about training and possible 
traumatic experiences of a 
barking dog at the sidewalk 
to be able to predict 
behaviour).



Prognostic factors

• Ambiguity

• Changeability

• Incompleteness

Regression

Ulceration

Immunologic State

The same problems pertain 
to melanoma. For example, 
regression has been inter-
preted as a favourable sign 
because it indicates a 
strong immune response, 
and as an unfavourable one 
because the lesion may 
have been larger formerly 
than it appears currently. 
Any melanoma may ulcer-
ate from one moment to 
the next, and an ulcer may 
heal in a matter of days, 
and many prognostic para-
meters, such as the immu-
nologic state of the patient, 
cannot be determined. All 
those aspects must be 
considered when dealing 
with prognosis of a neo-
plasm, and also in regard to 
the AJCC classification of 
melanoma.



The current version of this 
classification was published 
in 2009. It was based on 
the American Joint 
Committee on Cancer 
Melanoma Staging 
Database. Multivariate 
analysis of data from 
thousands of patients 
revealed tumor thickness, 
mitotic rate, and ulceration 
as “the most dominant 
prognostic factors.” As a 
consequence, mitotic rate 
replaced Clark levels in the 
TNM classification of 
melanoma, and all this was 
implemented in early 2010.



In order to get a sense for 
the relevancy of the 
current classification, it 
must be put in historical 
perspective, and this 
requires review of 
mountains of literature. 
Attempts to stratify 
melanomas prognostically
reach back almost 90 years. 



Previously, diagnosis of 
melanoma was considered 
to be a death sentence, the 
reason being that lesions 
were recognized only in 
stages far advanced.



Extirpation even of the

very first nodules

cannot halt the

subsequent course. 

For this reason, the

operation is carried out 

only very rarely, and

the first symptom of

pigmented cancer is

regarded as an 

ominous sign of a 

rapidly fatal course. Moriz Kaposi, 1872

For example, Moriz Kaposi 
claimed in 1872 that 
“extirpation even of the 
very first nodules cannot 
halt the subsequent course. 
For this reason, the 
operation is carried out 
only very rarely, and the 
first symptom of pigmented 
cancer is regarded as an 
ominous sign of a rapidly 
fatal course.“



At that time, and for many 
decades to come, early 
stages of melanoma were 
misinterpreted as nevi. For 
example, in Jadassohn’s
Handbook of 1929, this 
lesion was labeled “nevus 
tardus with malignant 
transformation.” Only the 
nodule was considered to 
be melanoma, the flat 
component was thought to 
be benign or, at best, 
“precancerous.”



Among reasons for that 
misconception was slow 
growth of melanomas, but 
also genetic instability 
leading to accumulation of 
molecular and 
chromosomal aberrations 
with development of 
different populations of 
cells. 



Often cells in exophytic
nodules of melanoma are 
large, poorly pigmented, 
and highly pleomorphic 
with many, sometimes 
atypical mitotic figures,



whereas cells in the flat 
component are smaller and 
show few, if any, mitoses. 
For that reason, they were 
misinterpreted as cells of a 
pre-existing nevus.



Miescher G. Melanom. In: Jadassohn J (ed.) Handbuch der

Haut-und Geschlechtskrankheiten, vol. XII/3, 1933, p. 1122.

By that time, however, it 
had become evident that 
not all melanomas are 
deadly. Some could be 
healed. In Jadassohns
Handbook, Guido Miescher
in 1933 was the first to 
propose prognostic criteria, 
namely, anatomic site –
favorable for the face, 
worse for rest of the body –
and association with “pre-
existing lesions“ – favorable 
for melanomas associated 
with a so-called “pre-
cancerous melanosis,” 
worse for those associated 
with what was thought to 
be a pre-existing nevus, 
worst for lesions appearing 
spontaneously on normal 
skin.



Miescher G. Melanom. In: Jadassohn J (ed.) Handbuch der

Haut-und Geschlechtskrankheiten, vol. XII/3, 1933, p. 1122.

Of course, the “pre-existing 
lesions” were nothing but 
flat portions of the 
melanoma, but Miescher’s
three tier classification 
anticipated by 40 years the 
later classification of 
melanoma in superfical, 
lentigo maligna, and 
nodular types – including 
its presumed prognostic 
implications.



Then came the war, and 
the progress made in 
Europe was largely 
forgotten. Until well into 
the 1950s, melanoma was 
thought of as a nodular 
lesion, 



and the macular periphery 
was misinterpreted as a 
pre-existing nevus, even if 
cytological features and 
architecture were identical, 
even if nests were 
confluent, nuclei atypical, 
and melanocytes present in 
all reaches of the 
epidermis.



The decision as to whether or

not a given lesion is to be

diagnosed an active junctional

nevus or a melanocarcinoma

must … depend on this single

fact: THE PRESENCE OR 

ABSENCE OF DERMAL 

INVASION.

Allen AC, S. Spitz S, Cancer, 1953

In 1953, Arthur Allen and 
Sophie Spitz claimed that 
“the decision as to whether 
or not a given lesion is to 
be diagnosed an active 
junctional nevus or a 
melanocarcinoma must … 
depend on this single fact: 
THE PRESENCE OR 
ABSENCE OF DERMAL 
INVASION.“



That concept delayed 
diagnosis of melanoma 
considerably. As a 
consequence, prognosis 
remained grim, and the 
classification was simple. In 
the 1960s, three stages 
were distinguished: local 
disease, including the 
primary tumor and 
localized recurrences; 
regional nodal disease, 
including regional nodal or 
in-transit metastases, and 
disseminated disease. 



This changed when it was 
recognized that the 
macular component of 
melanomas is part of the 
malignant process. 



Melanomas were 
recognized earlier, before 
nodules developed, the 
survival rates improved 
gradually, and it became 
evident that prognosis 
depends on the point of 
time of diagnosis and 
excision. In 1958, Nathan 
Lane noticed 



… melanomas 2 cm. and 

less in size had a 5-year 

apparent cure rate of 

61% as opposed to 16% 

for melanomas more than 

2 cm.

Lane N et al., Cancer 1958

that “melanomas 2 cm. and 
less in size had a 5-year 
apparent cure rate of 61% 
as opposed to 16% for 
melanomas more than 2 
cm,“ thus establishing the 
diameter of melanomas as 
a prognostic factor.



However, some melanomas 
grow in situ for many years 
and acquire a great 
diameter without risk of 
metastases,



whereas the diameter of 
nodular melanomas may 
be small. The horizontal 
diameter, therefore, is a 
poor prognosticator, and 
the vertical diameter much 
more important. 



In 1965, Mehnert and 
Heard suggested to use the 
depth of invasion as an 
index to prognosis and 
distinguished four 
prognostic groups, 



epidermis

reticular dermis

papillary dermis

subcutis

II

I

III

IV

Mehnert JH, Heard JL
Am J Surg,1965

namely, wholly 
intraepidermal lesions and 
those infiltrating the 
papillary dermis, the 
reticular dermis, and the 
subcutis. This was, in 
effect, the so-called Clark 
levels, 



epidermis

reticular dermis

papillary dermis

• infiltrated

• filled

subcutis

II

III

I

IV

V

Clark WH Jr. et al.
Cancer Res, 1969

only that Clark four years 
later subdivided the second 
group into lesions 
infiltrating the papillary 
dermis superficially and 
those filling it completely.



Only one year later, 
Alexander Breslow 
introduced thickness as a 
prognostic parameter, and 
within short, Clark levels 
and tumor thickness 
became the cornerstones 
for classification of primary 
malignant melanoma.



In the UICC staging system 
of 1978, the border 
between stage IA and stage 
IB was set at level III and a 
thickness of 1.5 mm. 



In the first melanoma 
staging system of the 
American Joint Committee 
on Cancer in 1983, stage Ia
referred to lesions up to 
0.75 mm or level II, stage Ib
up to 1.5 mm or level III, 
stage IIA up to 4 mm or 
level IV, and stage IIB over 4 
mm in thickness or level V.



Tumor thickness

Clark levels

Stage of

development

Those two parameters, 
tumor thickness and Clark 
levels, reflect the stage of 
development of 
melanomas and, therefore, 
they correlate with 
prognosis. 



Clark levels, however, 
reflect size only poorly, the 
reasons being (1) that the 
anatomy of the skin, such 
as the thickness of the 
reticular dermis, is highly 
variable, so that level IV 
melanomas on the trunk 
are usually much bigger 
than those on the face or 
forearm, and (2) that the 
papillary dermis is very 
expansible. As a 
consequence, lesions with 
the same Clark level, in this 
case level III, may vary 
greatly in thickness. 



Level I vs. II ? Level III vs. IV ?

Moreover, assessment of 
levels, such as the border 
between levels I and II or 
levels III and IV, may be 
very subjective. 



Level I vs. II ? Level III vs. IV ?

After 40 years of being an integral component 

of melanoma staging, the Clark level is no 

longer recommended as a staging criterion.

It is salutary, therefore, that 
the American Joint 
Committee on Cancer 
declared, in its newest 
classification: “After 40 
years of being an integral 
component of melanoma 
staging, the Clark level is no 
longer recommended as a 
staging criterion.”



LMM
incidence 13.9 %

mortality 10.3 %

SSM
incidence 54.5 %

mortality 31.5 %

NM
incidence 31.6 %

mortality 56.1 %

Let me briefly come back to 
Clark’s seminal article of 
1969. In this paper, Clark 
not only re-defined levels 
but also types of 
melanoma. Lentigo maligna
melanoma was said to be 
the least common type 
with the best prognosis and 
superficial spreading 
melanoma the most 
common type with a worse 
prognosis. Nodular 
melanoma was said to 
account for about one third 
of melanomas and to carry 
the highest mortality. 



As a consequence, 
melanomas for many years 
were treated differently 
depending on type, extra 
centimetres being added to 
the already generous 
margins of excision for 
nodular melanomas, 



and Moh’s micrographic 
surgery with narrow 
margins being accepted for 
prognostically favorable
lentigo malignant 
melanomas. But does 
Clark’s classification have 
legitimacy?



A few years ago, we re-
assessed histopathologic 
criteria for distinction of 
different types in a study of 
more than 900 melanomas. 



• chiefly spindled 
melanocytes

• minimal pagetoid 
spread

• marked pleomorphism

• chiefly epithelioid 
melanocytes

• prominent pagetoid 
spread

• mild pleomorphism

SSM

LMM

For distinction between 
SSM and LMM, Clark 
originally advanced three 
criteria, namely, chiefly 
epithelioid melanocytes, 
prominent pagetoid
spread, and slight 
pleomorphism in superfical
spreading melanoma 
versus chiefly spindled 
melanocytes, minimal 
pagetoid spread, and 
marked pleomorphism in 
lentigo maligna melanoma. 



SSM

LMM

• chiefly epithelioid 
melanocytes

• prominent pagetoid 
spread

• chiefly spindled 
melanocytes

• minimal pagetoid 
spread

In subsequent studies, 
pleomorphism was no 
longer mentioned, but two 
other criteria were added, 



SSM

LMM

• chiefly spindled 
melanocytes

• minimal pagetoid 
spread

• epidermal atrophy

• solar elastosis

• chiefly epithelioid 
melanocytes

• prominent pagetoid 
spread

• no epidermal atrophy

• no solar elastosis

namely, absence of 
epidermal atrophy and 
solar elastosis in SSM, and 
presence of those features 
in LMM. The problem is 
that those criteria are 
correlated only poorly.



SSM

LMM

26/830 (3.1%)

7/830 (0.7%)

• chiefly epithelioid 
melanocytes

• prominent pagetoid 
spread

• no epidermal atrophy

• no solar elastosis

• chiefly spindled 
melanocytes

• minimal pagetoid 
spread

• epidermal atrophy

• solar elastosis

In our study, all four criteria 
for SSM were fulfilled in 
only 26 cases or 3.1%, and 
all criteria for LMM in only 
7 cases or 0.7%. 



Two examples: a melanoma 
in sun-damaged skin with 
predominance of spindle 
cells, as demanded for 
LMM, 



but with prominent 
pagetoid spread typical of 
SSM;



then a melanoma with 
predominance of spindle 
cells and no pagetoid
spread, seemingly LMM, 



but where is the solar 
elastosis?  



LMM SSM

SSM LMM

Those examples are the 
rule, rather than the 
exception, and, therefore, 
it usually depends on the 
taste of the pathologists 
whether he labels a 
melanoma SSM or LMM. 
This being the case, how 
dependable can prognostic 
implications be? 



In fact, the very same 
authors who advanced the 
concept of prognostically
different types of 
melanoma, including Clark 
and Mihm, acknowledged 
later that “lentigo
malignant melanoma has 
no better prognosis than 
other types of melanoma.”



ALM

Like SSM and LMM, acro-
lentiginous melanoma is 
defined poorly. Usually, 
that term is applied to 
melanomas on palms and 
soles,



but when Richard Reed 
described acro-lentiginous 
melanoma in 1976, he 
referred to it as a “variant 
that with rare exceptions 
originates on palmar and 
plantar surfaces.“



Reed emphasized criteria 
other than anatomic site, 
such as a “lentiginous 
pattern of atypical 
melanocytes at 
dermoepidermal interface.”
As a consequence, acro-
lentiginous melanomas 
were described not only on 
palms and soles, and not all 
melanomas on palms and 
soles were diagnosed as 
acro-lentiginous 
melanoma. Reed’s 
description of ALM was so 
vague that one never 
knows what it meant by 
that term.



NM

The only type of melanoma 
that was defined clearly 
was nodular melanoma.



The demonstration of 

dermal invasion 

throughout the lesion, 

whereever there is 

intraepidermal growth, 

is nodular melanoma 

by definition. If this 

growth extends beyond 

the width of 3 rete 

ridges in any section, 

the tumor is classified 

as a superficial 

spreading melanoma.

Clark WH Jr. et al.
Cancer Res, 1969

According to Clark, “the 
demonstration of dermal 
invasion throughout the 
lesion, whereever there is 
intraepidermal growth, is 
nodular melanoma by 
definition. If this growth 
extends beyond the width 
of 3 rete ridges in any 
section, the tumor is 
classified as a superficial 
spreading melanoma.“ In 
this case, we at least know 
what is meant if the 
definition is observed, but 
this is not always done. 



Often melanomas are 
referred to as “nodular” 
despite presence of a flat 
peripheral rim 



and, depending on the 
angle of the section, that 
rim may not be visible. 



Moreover, Clark’s definition 
is fulfilled by two types of 
lesions, those infiltrating 
the dermis early-on, 
corresponding to Clark’s 
original concept, 



and, much more 
commonly, those with 
disappearance of the 
peripheral rim secondary to 
regression. 



Whether or not nests can 
be detected in the 
periphery may change from 
one section to the next.



And in regard to the 
asserted prognostic 
implications, it is advisable 
to use one’s brain. It should 
be clear that, in an 
advanced melanoma, 
prognosis depends on the 
thick nodule and not on the 
question whether it 
extends as melanoma in 
situ for three or four rete 
ridges beyond that nodule.



Fortunately, the type of 
melanoma is not included 
in the AJCC classification, 
but assessment of it 
continues to be 
recommended by the AJCC, 
and management of 
patients continues to be 
influenced by it. For 
example, in this article of 
2010, the authors suggest 
that “in case of a nodular 
melanoma subtype, 
sentinel lymph node 
biopsies should also be 
considered at a tumor
thickness below 1 mm.”



In other words, the authors 
advise that management of 
patients be based on 
presence of a few cells in 
the periphery accounting 
for maybe one ten 
thousandth of the entire 
tumor volume and located 
wholly within the 
epidermis. This does not 
make sense.



In a conflict of statistics 
with basic rules of logic, 
one should not follow 
curves and numbers but 
one’s own brain; logic 
should triumph. 



The reason is that the 
human body is far too 
complex to be calculable 
even for the most aspiring 
mathematicians, 



and that all data entering 
the meat chopper of 
statistics are based on 
subjective assessment of 
morphologic findings. 
Those truths seem to be 
self-evident, but they were 
neglected

Statistics



Cox Proportional

Hazard ModelStatistics

as methods of statistics 
became more and more 
advanced. In 1972, the Cox 
proportional hazard model 
was introduced that allows 
estimation of the influence 
of several independent 
variables on a dependent 
variable, 



Cox Proportional

Hazard ModelStatistics

independent

dependent

production

sales

storage period

such as the influence of 
production and sales on 
the storage period of 
industrial goods.



Cox Proportional

Hazard ModelStatistics

independent

dependent

ulceration

mitoses

survival rate

In oncology, the method 
was used to assess the 
influence of factors such as 
ulceration and mitoses on 
the survival rate of patients 



Cox Proportional

Hazard ModelStatistics

the most important 

methodological 

development in the 

area of survival 

data analysis in 

over three decases.

Ding et al.

J Biopharm Med, 2009

and was praised, in 2009, 
as “the most important 
methodological 
development in the area of 
survival data analysis in 
over three decades.”



In the textbook on 
melanoma by Balch and co-
workers, the mathematical 
formula is shown, and the 
different variables are 
explained, including 
“measured patient 
characteristics (or 
prognostic factors), …the 
mean values of those 
variables, ... regression 
coefficients to be estimated 
from the data, and λ0(t) …, 
an arbitrary baseline 
hazard function where all 
prognostic variables are at 
their average values.“



All those variables entered 
into complex 
computations, and in the 
apparel of numbers, up to 
the fifth place after the 
decimal point, oncology 
almost looked like exact 
science. 



Statistics

data

results

data However, the quality of 
results of statistics depends 
on the quality of data 
entering into them. 



Statistics

• validity

• reliability

• database

data

results

data

precise definitions

easy assessment

number of cases

The latter is influenced by 
their validity, which can be 
enhanced by precise 
definitions, their reliability, 
which can be enhanced by 
focusing on findings easy to 
assess, and the size of the 
database. The American 
Joint Committee on Cancer 
neglected validity and 
reliability



and tried to improve the 
quality of statistics 
exclusively by enhancing 
the number of cases. In 
2001, “prognostic factors 
analysis of 17,600 
melanoma patients”



AJCC, 2001

resulted in a classification 
of primary melanoma 
based on thickness, 
ulceration, and Clark levels, 
ulceration being newly 
introduced as a prognostic 
factor. 



AJCC, 2009

By 2009, the database had 
been expanded more than 
twofold, and another new 
factor was introduced, 
namely, mitoses.



Let us take a look at validity 
and reliability of those 
variables. The most 
important one is thickness 
that is clearly defined as 
the greatest vertical 
distance between granular 
zone and the deepest 
melanoma cell in the 
dermis. Assessment of 
thickness is usually easy 
and, therefore, reliable. 
However, a number of 
problems may arise. 



1) Melanomas are 
increasingly often excised 
incompletely so that their 
true thickness cannot be 
determined.



2) Many melanomas show 
extensions of neoplastic 
cells along adnexal 
structures, and it is unclear 
if, and how, those 
extensions into the depth 
should be included in the 
measurement. 



3) There are often nevus-
like cells in the dermis, and 
it is difficult to decide 
whether those cells belong 
to the melanoma or to an 
associated nevus. That 
subjective decision may 
influence measurement of 
thickness significantly.



4) Measurement of 
thickness depends on the 
technique of procession of 
the specimen. Nearly thirty 
years ago, Salomon and co-
workers compared routine 
sampling with sequential 
serial microscopic sections 
and found that “measured 
thickness in thin cutaneous 
melanoma is a function of 
the number of sections 
examined.”



Thickness was significantly 
higher when serial sections 
were assessed. 5) One 
always has to be aware of 
the limitations of the 
method.



Breslow A. Ann Surg 1970; 172: 902

This principle was already 
violated by Alexander 
Breslow who, in his original 
article about melanoma 
thickness in 1970, defined 
prognostic categories on 
the basis of values such as 
0.76 and 1.51 mm. Those 
numbers in the range of 
one hundredth of a 
millimetre make no sense 
because they exceed by far 
the limitations of the 
method. 



Take this melanoma: It is 
confined to the epidermis 
and papillary dermis. 



0.4 mm

Thickness must be 
measured here, and it is 0.4 
mm. If these are 0.4 mm,



0.4 mm

0.1 mm
0.05 mm

0.01 mm

this is 0.1 mm, and this 
0.05 mm. 0.01 can only be 
represented as a spot, and 
a slightly oblique section 
suffices to enhance 
thickness by several of 
those spots. 



An even greater influence 
is exerted by shrinkage of 
the specimen following 
excision. In this study, 
excision and fixation 
caused the specimens to 
shrink by an average of 
48%, and shrinkage was 
influenced by factors such 
as age and anatomic site.



Fixation in formalin is also 
important because the 
specimen continues to 
shrink, and this depends on 
the amount of formalin and 
the duration of fixation.



Poor fixation caused, for 
example, by a small 
container with insufficient 
formalin, will result in 
lower measurements of 
thickness.



It is welcome, therefore, 
that since 2001 even 
numbers – 1, 2, and 4 mm 
– are used for melanoma 
staging, although the 
second place after the 
decimal point continues to 
appear in the current 
classification. The fact that 
the issue of measuring 
accuracy has never been 
addressed by the American 
Joint Committee on Cancer 
indicates great laxness in 
dealing with the subject.



Ulcer

... Loss of

portions of skin

reaching into the

dermis.

If further evidence of 
laxness is needed, it is 
provided by the other 
criteria for melanoma 
staging, namely, ulceration 
and mitoses. In the 
language of dermatology, 
an ulcer is defined as “loss 
of portions of skin reaching 
into the dermis,” but not by 
the AJCC 



AJCC:

Melanoma ulceration is defined as the

absence of an intact epidermis overlying a 

major portion of the primary melanoma.

Ulcer

... Loss of

portions of skin 

reaching into the 

dermis.

that defines “melanoma 
ulceration” as “absence of 
an intact epidermis 
overlying a major portion 
of the primary melanoma.”
According to that 
definition, a melanoma is 
ulcerated if its epidermis is 
not intact.



Melanoma ulceration in defined as the

absence of an intact epidermis overlying a 

major portion of the primary melanoma.

This melanoma, for 
example, should be 
ulcerated because the 
epidermis is not intact but 
shows parakeratosis. Of 
course, this is not meant, 
but it illustrates the 
flippancy with which work 
was done. 



And what is “a major 
portion of the primary 
melanoma”? This 
melanoma is clearly 
ulcerated, 



but how about this one? 
Does this already qualify as 
“a major portion”? And if it 
does, maybe the ulcer did 
not exist yesterday and will 
be healed next week.



The AJCC distinguishes 
“melanoma ulceration” 
from any “artifactual or 
traumatic disruption of the 
epidermis,” the latter do 
not qualify as ulceration, 
and then the committee 
declares, “traumatically 
induced defects are 
associated with 
hemorrhage, brightly 
eosinophilic fibrin 
exudation at the site, and 
an architectural defect that 
usually defines the agent 
leading to the trauma, such 
as an insect bite or an 
excoriation.”



This is pure confabulation. 
In general, histopathologic 
attributes of an ulcer do 
not reveal its cause, and 
traumatic influences are 
usually at least partially 
involved in it. For example, 
is the ulcer in this 
melanoma caused by a 
previous biopsy or, not 
being situated immediately 
above the scar, evidence of 
“melanoma ulceration”?



And who can exclude that 
the ulcer in this melanoma 
is not caused by minor 
trauma, such as rubbing 
clothes? 



When ulceration was 
introduced as a staging 
criterion, the AJCC claimed 
that “the interpretation of 
melanoma ulceration 
among pathologists is one 
of the most reproducible of 
all the major 
histopathologic features.”
This, however, depends on 
the melanomas examined. 



As soon as it becomes 
difficult, the definition of 
“melanoma ulceration” is 
worthless, and it is 
irresponsible to adjust 
treatment of patients to 
the notion of ulceration in 
a pathology report.



AJCC, 2009

Even more problematic
than ulceration is the
newest staging criterion, 
namely, mitotic rate. The 
introduction of mitotic rate 
as a staging criterion has a 
long history that is closely
connected to the concept
of so-called “growth phases
of melanoma.” 



In most superficial
melanomas, mitoses are
rare, and they often can
only be found



when new populations of
cells arise. For Clark, the
striking differences
between those portions of
melanoma were intriguing
because they seemed to be
evidence of the, at that
time, relatively new
hypothesis of multistep
carcinogenesis.



According to that 
hypothesis, normal cells 
become initiated and start 
to multiply by clonal 
expansion, forming a 
benign neoplasm that, 
through additional genetic 
changes, converts into a 
malignant neoplasm.



Melanoma was conceived
of by Clark as a model
tumor for multistep
carcinogenesis, and this
conviction was the
foundation on which all his
later concepts were built, 
ranging from dysplastic
nevi to the radial and
vertical growth phase.



Six evident lesional steps of tumor progression form the neoplastic

system that affects the human epidermal melanocyte: 1) the

common acquired melanocytic nevus; 2) a melanocytic nevus with

lentiginous melanocytic hyperplasia, i.e., aberrant differentiation;

3) a melanocytic nevus with aberrant differentiation and

melanocytic nuclear atypia, i.e., melanocytic dysplasia; 4) the

radial growth phase of primary melanoma; 5) the vertical growth

phase of primary melanoma; and 6) metastatic melanoma.

In a “study of tumor
progression” 1984, Clark 
claimed that melanomas
result from “six evident 
lesional steps of tumor
progression,” namely, “1) 
the common acquired
melanocytic nevus; 2) a 
melanocytic nevus with
lentiginous melanocytic
hyperplasia, i.e., aberrant
differentiation; 3) a 
melanocytic nevus with
aberrant differentiation
and nuclear atypia, i.e., 
melanocytic dysplasia; 4) 
the radial growth phase of
primary melanoma; 5) the
vertical growth phase of
primary melanoma; and 6) 
metastatic melanoma.”



... the radial growth phase is ... not associated with metastasis, and

it is hypothesized that such tumors do not have competence for

metastasis. For a melanoma to acquire competence for metastasis

it must progress to the next step of tumor progression – the vertical

growth phase. This lesional step is characterized by the appearance

of a new population of cells within the melanoma, not an

expansion of the cells forming the pre-existing radial growth

phase.

In regard to melanoma, he 
contended that “the radial 
growth phase is ... not 
associated with metastasis, 
and it is hypothesized that
such tumors do not have
competence for metastasis. 
For a melanoma to acquire
competence for metastasis
it must progress to the next
step of tumor progression –
the vertical growth phase. 
This lesional step is
characterized by the
appearance of a new
population of cells within
the melanoma, not an 
expansion of the cells
forming the pre-existing
radial growth phase.”



In these words, Clark 
described accurately the
qualitative change that can
be noted in the growth of
many advanced
melanomas. 



However, circumscribed
nodules arising in the midst
of a larger melanoma are
not always formed by a 
different population of
cells. In many melanomas, 
cells of the exophytic
nodule and of the adjacent
flat component look just 
the same. Because those
melanomas are also thick
and associated commonly
with metastases, 



Clark had to change his
definitions in order to
adhere to the concept of
growth phases as distinct
biologic steps of tumor
progression; the definition
of the vertical growth
phase had to be expanded
and that of the radial 
growth phase constricted. 
Clark still emphasized that
“the vertical-growth phase
may … give rise to cell
populations commonly
associated with metastatic
disease, a phenomenon
referred to as intralesional
transformation,” but 
evidence of “intralesional
transformation” was no
longer required for the
vertical growth phase. 



Invasion to levels III, IV, and V is, by 

definition, the vertical-growth phase.

Instead, Clark made the
pronouncement: “Invasion 
to levels III, IV, and V is, by
definition, the vertical-
growth phase.” In other
words, nature was no
longer observed but 
defined, 



but that change in attitude
allowed Clark and co-
workers to adhere to the
concept of radial growth
phase as a stage of
“invasive malignant
melanomas lacking
competence for
metastasis.” Unfortunately, 
it turned out that level II 
melanomas may also 
metastasize, and so 
definitions had to be
changed again. 



One of Clark’s closest co-
workers, David Elder, 
defined the vertical growth
phase of melanoma by
either “at least one cluster
(nest) in the dermis that is
larger than the largest
intraepidermal cluster” or
“the presence of any
mitoses in the dermal 
component of the
melanoma.”



It was a long way from the
point of origin of the
concept of growth phases, 
namely, the authentic
observation of a qualitative 
change in the growth of
melanoma caused by
development of a new
population of cells,



to the single larger nest in 
the dermis



or the single mitotic figure, 
but the new definition of
growth phases caused the
spotlight of attention to
focus on mitoses. 



The value of mitoses as a 
gauge for prognosis of
melanoma had been
assessed before. For
example, Schmoeckel
reported in 1983 that, in an 
“evaluation of clinical and
histological
prognosticators” of
melanoma, “the most
effective proved to be
tumor thickness and mitotic
activity.”



By contrast, McGovern 
claimed that “high mitotic
activity … exerted only an 
indirect effect upon 
survival, tumour thickness
being the most important
prognostic determinant.”



AJCC, 2001

In the 2001 version of the
American Joint Committe 
on Cancer Staging System 
for Cutaneous Melanoma, 
mitotic figures were not 
mentioned at all. 



Then they were taken out 
of the can. 



In 2003, a group from the
University of Sydney 
reported results of an 
“analysis of 3661 patients
from a single center,”
according to which “tumor
mitotic rate is a more
powerful prognostic
indicator than ulceration in 
patients with primary
cutaneous melanoma.”



Patients with tumors recorded as having 

0 mitoses/mm2

had significantly 

better survival than 

those with 1 mitosis/mm2.

Survival rates were 
influenced by the number 
of mitotic figures, and the 
greatest difference was 
noted between none and 
one. The authors 
concluded “that patients 
with tumors recorded as 
having 0 mitoses/mm2 had 
significantly better survival 
than those with 1 
mitosis/mm2.”



These findings, of course, 
were like wind for the mills
of proponents of the new
definition of growth
phases. Stimulated by the
new data, they did not 
hesitate to reassess their
own material in regard to
mitoses



A new prognostic factor, 

VGP mitogenicity, was 

identified.

and soon announced that
“a new prognostic factor, 
VGP mitogenicity, was 
identified.” The new term, 
“mitogenicity,” referred to
melanomas “with a mitotic
rate greater than zero.”



Of course, that term made
no sense. One may refer to
mitoses as being
“tumorigenic,” because
mitoses may be regarded
as formative elements of
the tumor, but to refer to a 
tumor as being
“mitogenic,” implying that
the tumor is the formative 
element of mitoses, is
obviously absurd. Yet, 
introduction of the new
term may be regarded as a 
stroke of genius because
“mitogenicity” sounds
much more scientific than
the paltry word, “mitosis.” 



The authors concluded that 
“mitogenicity, a feature of 
the VGP, is important 
beyond those factors that 
are used at present to 
stage thin melanomas. … 
Our data support the 
incorporation of 
mitogenicity into the next 
version of AJCC staging for 
melanoma.”



AJCC, 2009

That recommendation was 
heeded, one explanation 
probably being that 
applicants and decision-
makers were more or less 
identical, and so 
mitogenicity entered the 
TNM classification of 
melanoma. Since 2009, T1b 
melanomas are defined as 
melanomas measuring up 
to 1 mm in thickness that 
are either ulcerated or 
have a mitotic rate of 
≥1/mm2. 



AJCC, 2009

The melanoma staging committee recommended 

that mitotic rate be determined by the “hot spot” 

approach and expressed as the number of mitoses 

per square millimeter of primary tumor. 

Moreover, “the melanoma 
staging committee 
recommended that mitotic 
rate be determined by the 
‘hot spot’ approach and 
expressed as the number of 
mitoses per square 
millimeter of primary 
tumor.” How is this done?



First, find the area in the vertical growth phase 

containing most mitotic figures, the so-called hot 

spot. After counting the mitoses in the hot spot, the 

count is extended to adjacent fields until an area 

corresponding to 1 mm2 is assessed.

Details are specified in a 
“Protocol for the 
Examination of Specimens 
From Patients With 
Melanoma of the Skin,“ in 
which the committee 
demands to, “first, find the 
area in the vertical growth 
phase containing most 
mitotic figures, the so-
called hot spot. After 
counting the mitoses in the 
hot spot, the count is 
extended to adjacent fields 
until an area corresponding 
to 1 mm2 is assessed.”



Now we know how to 
proceed. We have a 
melanoma, we look, at 
highest magnification, for 
the field containing most 
mitotic figures, count them, 



and then extend our count 
to adjacent fields until 1 
mm2 is assessed.



6/mm2

Then we have our result, in 
this case 6 per mm2. 
Clinical experience teaches 
that a mitotic rate that high 
is associated with an 
adverse prognosis, 



but when the statisticians 
of the AJCC analyzed their 
data, they found that 
already 1 mitotic figure 
makes the difference. 



Multiple thresholds of mitotic rate were 

examined statistically, and the most 

significant correlation with survival was 

identified at a threshold of at least 

1/mm2. 

They explained that 
“multiple thresholds of 
mitotic rate were examined 
statistically, and the most 
significant correlation with 
survival was identified at a 
threshold of at least 
1/mm2.” But in their great 
joy about those beautiful 
results, the reliability of 
data entering into them 
was sacrificed completely. 



•Mitoses 
also in 
epidermis ?

•How many 
sections?

•Which 
detection 
method?

The committee did not 
even bother to specify 
whether the count of 
mitoses should include only 
those in the dermis or also 
those in the epidermis. It 
did not specify how many 
sections must be examined 
– obviously, it makes a big 
difference whether mitoses 
are searched for in one, 
five, or ten sections. It not 
specify the detection 
method. 



Most data concerning 
mitotic rate are based on 
sections stained with 
hematoxylin and eosin, but 
immunohistochemical
markers for mitoses are far 
more sensitive. Here is an 
example. In this area, many 
nuclei are stained, but, 
morphologically, mitoses 
are detectable in only two 
of them.



In a recent study about 
“mitotic rate in thin 
melanoma,” “the mean 
mitotic rate was 1.63” by 
immunohistochemistry 
“and 0.67 for H&E, 
representing a mean 
increase of 243%.”



Mitotic rate is influenced 
by many other factors. One 
of them is time. In general, 
the duration of mitoses is 
between 30 and 120 
minutes, and the 
metaphase is much shorter. 
Hence, in a tumor with only 
scant proliferation, 



mitotic rate may depend on 
whether or not the surgeon 
takes a coffee break before 
the next biopsy. 



In high-ploidy cells, 
metaphases have been 
found to be prolonged in 
time. Hence, the increased 
number of mitoses 
commonly found in 
nodules of melanoma 
composed of markedly 
atypical cells may be 
caused not only by 
enhanced proliferation but 
also by prolongation of the 
metaphase. 



Once a melanoma has been 
excised, mitotic rate is 
influenced by fixation. Poor 
or delayed fixation results 
in a reduced mitotic rate, a 
finding attributed, in part, 
to completion of the cell 
cycle and, in part, to 
reduced identifiability of 
mitoses. 



The latter is a major 
problem, especially in the 
case of thick sections and 
poor fixation. 



How could anybody 
exclude mitotic figures in 
those nests?



Identification of mitoses 
becomes absolutely 
impossible if there are 
crush artefacts.



And if a mitotic figure is 
found, it may be difficult to 
decide whether it is 
situated in extensions of 
epidermal or adnexal 
epithelium or in the 
uppermost portion of 
papillary dermis.



Moreover, mitotic figures 
do not necessarily belong 
to neoplastic cells. Here we 
have a biopsy of a drug 
reaction. In the papillary 
dermis, there is an isolated 
mitotic figure, possibly a 
fibrocyte. 



But what happens if the 
very same cell is seen in a 
melanoma? This is an 
example: a melanoma with 
a single mitotic figure in 
the dermis, but is this a 
tumor cell or, possibly, an 
endothelial cell? 



In lesions with high mitotic 
rate, one can neglect those 
doubtful findings, but what 
if this mitotic figure suffices 
for a different staging and 
management?   



In recent years, the 
reproducibility of 
histopathologic prognostic 
variables in melanomas has 
been assessed in numerous 
studies. 



Mitotic rate always did 
worse than other 
parameters, including 
thickness and ulceration. 
The best values for mitotic 
rate were found in this 
study by the Sydney 
Melanoma Unit, a finding 
attributed by the authors 
to the advantages of the 
“hot spot approach” vis-á-
vis former methods of 
assessment. 



The number of mitoses in at least 10 HPFs over the entire lesion was 

determined and then expressed as the average number of mitoses/5 

HPF. … As the number of mitotic figures often varies greatly 

between different parts of a tumor, … there is likely to be significant 

measurement error between observers.

Scolyer et al., Am J Surg Pathol 2003; 27: 1571

The authors explained that, 
formerly, “the number of 
mitoses in at least 10 HPFs 
over the entire lesion was 
determined and then 
expressed as the average 
number of mitoses/5 HPF. 
… As the number of mitotic 
figures often varies greatly 
between different parts of 
a tumor, … there is likely to 
be significant measurement 
error between observers.”
And they were right: the 
number of mitoses may 
vary greatly in a given 
neoplasm, and by focusing 
on the “hot spot”, 
reproducibility of mitotic 
rate can be enhanced 
significantly. 



“hot spot approach”

1 mitosis/mm2

However, they overlooked 
a pitfall that they dug 
themselves and into which 
the entire melanoma group 
of the American Joint 
Committee on Cancer fell 
in a slapstick comedy 
manner, namely, the 
consequences of 
combining the “hot spot 
approach” with a threshold 
of 1 mitotic figure.



With the original approach, 
counting mitoses in a broad 
area and then giving an 
average number per 5 high 
power fields, a threshold of 
1 mitotic figure might have 
made sense because the 
average mitotic rate is 
usually lower in thin 
melanomas. 



With the “hot spot 
approach,” a threshold of 2 
or more mitotic figures also 
might have made sense 
because more than one 
mitotic figure in a 
circumscribed area implies 
enhanced proliferation. 
Detection of a single 
mitosis, however, implies 
nothing.



One mitotic figure can be 
found in any melanoma 
and almost any nevus. In a 
recent study of banal 
melanocytic nevi, at least 
one mitotic figure was 
present in 19.5 to 42.8%, 
depending on the method 
of detection. Those 
numbers could have been 
raised to nearly 100% if 
lesions had been examined 
entirely. The high priests of 
melanoma prognostication 
love complex 
computations, but one easy 
computation has never 
been made by them: 



10.000 μm : 5 μm = 2000

1 cm = 10.000 μm

if a melanoma has a 
diameter of 1 cm, equal 
10,000 μm, and the 
thickness of a 
histopathologic section is 5 
μm, then one needs 10,000 
through 5, equal 2000, 
sections to assess that 
lesion completely. 



Of course, no pathologist 
can study 2000 sections 
thoroughly for presence of 
mitotic figures. Instead, a 
few sections are cut and 
large portions of the lesion 
are never examined.



In those portions, one 
would always find mitoses 
because melanomas are 
proliferating neoplasms, 
and proliferation requires 
mitotic activity. This is what 
children learn in their basic 
biology class in school.



Detection of mitoses 
depends on how well they 
present themselves and on 
our diligence in searching 
for them. And if one really 
does not find a mitotic 
figure in 100 or 1000 
sections, how can one be 
sure that it will not show 
up in section 1001? 



And yet, if a single mitotic 
figure is found, it 
represents the “hot spot,”



≥1/mm2 = T1b

and if one finds no other 
mitoses in adjacent fields, 
the mitotic rate will 
automatically be ≥1/mm2

and will thus fulfill criteria 
for stage T1b.



T1a melanomas

?

And what are T1a 
melanomas? 



T1a melanomas

=

T1b melanomas in which mitoses have

not been searched for long enough.

There is a synonym for 
them, namely, “T1b 
melanomas in which 
mitoses have not been 
searched for long enough.”



In short, the AJCC failed to 
consider the input before 
switching on its computer, 
and the output is a rotten 
egg. 



Curiously, the committee 
did not even notice the foul 
smell. 



Its members were 
completely blind to the fact 
that, by following the 
recommended “hot spot 
approach,” their own 
definition of T1b 
melanomas would be 
fulfilled by demonstration 
of a single mitotic figure.



This is evidenced by the 
fact that they continue to 
speak of “mitotic rate” and 
“hot spot approach,”
although there is no need 
to follow that approach in 
order to classify a 
melanoma as T1a or T1b. 
Once a mitotic figure is 
found, the work is done. 



That this was never 
considered demonstrates 
how easy it is to blow one’s 
cerebral cortex by attaching 
too much trust to the 
magic of numbers.



AJCC

American Joint

Comedy on Cancer

With the new melanoma 
classification, the AJCC has 
proved itself as a genuine 
American Joint Comedy on 
Cancer.



There are aspects, 
however, that are not so 
funny. The new 
classification may have 
serious consequences for 
patients with thin 
melanomas. With 
demonstration of a single 
mitotic figure, they are in 
stage T1b. 



The 10-year-survival rate … dropped
[from 95%]  to 88% if the mitotic rate was

at least 1/mm2.

According to the AJCC, this 
means that the 10 year-
survival rate drops from 95 
to 88%.



Sentinel lymph node biopsy ... 

should be recommended selectively

for patients with T1b melanomas. 

As a consequence, sentinel 
lymph node biopsies are 
“recommended selectively 
for patients with T1b 
melanomas,” and criteria 
for evaluation of them have 
also been changed.



The AJCC Melanoma Staging Committee 

considers it acceptable to classify nodal 

metastases solely on the basis of IHC staining.

Since 2009, “the AJCC 
melanoma staging 
committee considers it 
acceptable to classify nodal 
metastases solely on the 
basis of IHC staining.” In 
other words, a few Melan-
A positive cells suffice for 
diagnosis of nodal 
micrometastasis,



and once the patient is in 
stage N1, complete lymph 
node dissections are 
commonly performed, the 
only benefit being a 
psychological advantage, 
not for patient, but for the 
physician. Of course, 
oncologists are aware of 
terrible cases of melanoma, 
and they do not want to 
confront them empty-
handed. It is comforting to 
be able to “offer” 
something to the patient.



In the not too distant past, 
this was amputation. If the 
patient died nonetheless, 
one had at least done 
everything possible.



Then came excision with 
wide margins under the 
pretext that removal of a 
scar and healthy skin might 
be beneficial. 



Today, sentinel lymph node 
biopsies are recommended 
and, if positive, often 
supplemented by complete 
lymph node dissections 



although a therapeutic 
effect of sentinel lymph 
node biopsy has never 
been demonstrated.



In brief, detection by 
chance of a single mitotic 
figure in the dermis may 
result in great efforts and 
costs, not to mention 
unnecessary anxiety on the 
part of patient. Hence, if 
there really is a mitotic 
figure in the few sections of 
melanoma being examined, 
the patient can only hope 
that it is overlooked by the 
pathologist.



In the modern world, 
making sense is not 
enough. There is a great 
tendency to rely exclusively 
on numbers. 



People love computations, 
the more complicated, the 
better, 



Statistics

and modern meat 
choppers of statistics, such 
as the Cox proportional 
hazard model, look 
beautiful. For good 
hamburgers, however, one 
needs good meat. If the 
latter is rotten, even the 
most beautiful chopper 
won’t work.



StatisticsStatistics

30,946 patients with stages I, II, 

and III melanoma and 7,972 

patients with stage IV melanoma.

The statisticians of the 
AJCC announced proudly 
that their database 
includes “30,946 patients 
with stages I, II, and III 
melanoma and 7,972 
patients with stage IV 
melanoma,” but they were 
oblivious to the fact that 
most of the meat was 
rotten.



They claimed to have 
produced something great, 
whereas, in truth, 



AJCC

their product is a miserable 
creature that can survive 
only because it is sheltered 
by a big ass, the ass of the 
AJCC. What can this ass 
achieve?



A lot, because it belongs to 
a powerful organization. 
Once the new classification 
had been published, the 
printing press was put in 
full gear 



and countless articles 
appeared, twisting the 
subject again and again,



one quoting the other, and 
as result, the new 
classification has been 
implemented worldwide. 



Br J Dermatol 2010; 163: 238

For example, it was readily 
adopted by the British 
Association of 
Dermatologists although 
the BAD at least 
acknowledged that these 
were “BAD guidelines.” 
Nevertheless, they found 
general acceptance. 



AJCC

The whole world sucks 
from the breast of the 
AJCC,



but instead of accepting 
everything with a broad 
smile,



the new classification 
deserves to be criticized 
harshly.



There is only one place for 
it, the trash can.



The problem, however, is 
not only this classification. 
In general, the ever 
increasing emphasis on 
prognostication needs to 
be re-considered. Our job is 
diagnosis, not prognosis. 
Nonetheless, 
prognostication often 
occupies more space than 
diagnosis in journals and 
textbooks of oncology, 
especially in regard to 
melanoma. 



It is clear why pathologists 
love prognosis.



For a wrong diagnosis, they 
may go to court, but in 
regard to prognosis, any 
nonsense goes, 



The 10-year-survival rate … dropped
[from 95%]  to 88% if the mitotic rate was

at least 1/mm2.

even the notion that a 
single mitotic figure causes 
the 10-year-survival rate of 
thin melanomas to drop to 
88%. If patients remain free 
of disease despite presence 
of several mitotic figures, 
this is the expected 
outcome; if they develop 
metastases in the absence 
of mitotic figures, they 
belong to the unlucky 5%! 



The prognosis, however, 
was on target! It is always 
right, one cannot err with 
prognosis.



The same is true for 
astrology. If one phrases 
one’s predictions careful 
enough, one cannot err, 
and like oncologists, 



astrologists like to play with 
numbers in order to attach 
a scientific apparel to their 
prognostications, 



but the constellation of 
stars and other data 
entering into them are 
unreliable. The same is true 
for most parameters used 
to predict prognosis in 
melanoma.



Factors such as thickness 
that reflect the stage of 
development of a lesion, 
whether it is a puppy or a 
full grown melanoma, have 
some value.



More sophisticated 
attempts to translate 
histopathologic findings 
into numbers



and to create a 
mathematical formula for 
prognosis of melanoma, 
however, are bound to fail. 
The complicated equations 
used by oncologists to 
calculate the future of 
melanoma patients may 
produce awe, 



but they are pseudo-
science, and in the end, 
they add up to zero.


