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Malignant melanomas have a high metastatic potential. Although the depth of tumour invasion is the single

most important histological prognostic factor, in clinical practice this correlation is frequently challenged.

In this study, we assessed the cohesion of malignant melanocytes in the dermal component of all primary

melanomas in vertical growth phase with tumour thickness 40.76mm diagnosed in our Department between

1990 and 1995. The rationale behind this morphological evaluation was based on the hypothesis that a change

in the adhesion molecule profile of melanoma cells may manifest visually discrete changes in the way that cells

group together in dermal aggregates. We used a dyscohesion score based on the proportion of invasive tumour

occupied by dyscohesive neoplastic cells and assessed its clinical significance by correlating it with the

incidence of recurrence, regional and distant metastases and survival of the patients. Follow-up was up to

12 years. We found that the degree of melanoma cell dyscohesion was associated with the probability of local

recurrence or metastasis. This correlation was particularly significant when dyscohesion involving an area

smaller than 25% (dyscohesion score 1) of the dermal component was compared to dyscohesion involving a

larger area (scores 2–4). Melanomas in the latter group had significantly increased likelihood of recurrence or

metastasis (Po0.025, log-rank test). This was particularly the case in T1–T3 melanomas (Po0.005). Similarly,

T1–T3 melanomas with dyscohesion score 1 had a significantly higher survival rate (Po0.025). In the same

cohort, both disease-free survival and survival were not significantly correlated to thickness, probably due to

the limited number of cases. Finally, we showed that extent of dyscohesion was independent of Breslow

thickness or tumour regression. We believe that estimation of melanoma cell dyscohesion is a reliable

histological prognostic factor that may be appropriate in clinical practice.
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Malignant melanoma is by far the cutaneous tumour
with the highest metastatic potential.1 Despite
increased public awareness promoting early detec-
tion of malignant melanoma,2 its mortality rate
remains high, surpassed only by lung cancer
(reviewed by Slominski et al3).

It is now well established that, in the majority of
cases, a malignant melanoma acquires its metastatic
potential through the successive steps of dysplasia,
melanoma in situ, radial (horizontal) growth phase
and vertical growth phase. In fact, radial growth

phase melanomas are considered practically not to
have metastatic potential, regardless of level of
invasion or thickness,4,5 except for extremely rare
cases of invasive radial growth phase melanomas
where occasional tumour cells extend into the upper
dermis, singly or in small nests.6 However, the same
is practically true for vertical growth phase melano-
mas less than 0.76mm in thickness that metastasize
only very rarely.7 Indeed, the thickness of invasion
into dermis (Breslow thickness) is the single most
important histological prognostic factor. This, to-
gether with ulceration and the level of dermal
invasion (Clark level), is the only histopathological
feature incorporated into the new TNM classifica-
tion of the American Joint Committee on Cancer.8

Other reported histopathological prognostic param-
eters include regression of the dermal tumour mass,
vascular invasion, neurotropism and number of
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tumour-infiltrating lymphocytes.5 Histopathological
features with prognostic significance represent
static reflections of functional characteristics. In
this context, Breslow thickness represents the
capacity of melanoma cells to invade through the
surrounding extracellular matrix components, and
ulceration represents their ability to breach the
overlying epidermis.

It is becoming increasingly clear that tumour
progression to metastasis is a complex process,
involving numerous homotypic and heterotypic
interactions between the neoplastic cells and their
environment. In order to acquire metastatic poten-
tial, the neoplastic cells have to detach from
their original neighbours and migrate through the
surrounding extracellular matrix before entering
lymphatics and blood vessels.9 The progression of
malignant melanoma from in situ to metastatic
disease has been studied both in vitro and in vivo,
and some molecular interactions underlying this
process have been clarified. Melanoma cells have
been shown to exhibit altered expression of inter-
cellular adhesion molecules that reflect their
disturbed cell–cell interactions with an initial
loosening of their adhesion to their neighbours.10

Cytological smear preparations obtained from pa-
tients with metastatic melanoma are composed of
loosely cohesive or noncohesive cells with only
occasional cohesive clusters seen.11

Although a variety of patterns of dermal invasion
of melanoma cells have been described12,13 and
demonstrated to show prognostic significance,14

there are no reports on morphological assessment
of tumour cohesion in situ. In this study, we
assessed, semi-quantitatively, the extent of cell–cell
cohesion on paraffin sections of invasive melano-
mas. The rationale behind this morphological
evaluation was based on the hypothesis that the
altered adhesion molecule profile of melanoma cells
may manifest changes in the way that cells group
together in dermal aggregates. We used a dyscohe-
sion score based on the proportion of the tumour
mass occupied by dyscohesive neoplastic cells. The
functional and clinical significance of tumour cell
dyscohesion was then assessed by correlating the
degree of tumour cell cohesion with the incidence of
recurrence, regional and distant metastases and
survival of the patients.

Materials and methods

Patients

We reviewed all cases diagnosed with a primary
cutaneous malignant melanoma at the Histopathol-
ogy Department of St George’s Hospital between
1990 and 1995. In total, 188 cases were identified.
From these, 34 cases were in situ melanomas, 52
were in radial growth phase and 102 cases were
in vertical growth phase. According to established

criteria, vertical growth phase is characterized by
dermal clusters of melanoma cells larger than
junctional nests or larger than 20–25 cells across,
with mitoses usually present.3 Because the aim of
this study was to evaluate morphologically the
cohesion between malignant cells in melanomas
with metastatic potential, we focused our attention
to the latter category. The reason for this is that
melanomas in radial growth phase are practically
considered to possess no metastatic potential.4

In addition, because most patients with very thin
melanomas in vertical growth phase (Breslow
thickness r0.75) are cured by surgical excision,7,15

we also excluded seven such cases from this study.
Therefore, only 95 cases were selected for further
histological evaluation and follow-up.

During histological evaluation seven further cases
were excluded for several reasons: one case was
diagnosed as desmoplastic melanoma, one case as
naevoid/minimal deviation melanoma and one case
as spitzoid melanoma. For biopsy and laboratory
technical reasons, tumours could not be fully
assessed in three other cases: in one case a central
prominent part of the melanoma was missing, in one
case the maximum thickness could not be assessed
and in one case there were extensive areas of
necrosis and haemorrhage. Finally, in one case it
was not possible to confirm that the tumour was a
primary.

Follow-Up

Follow-up data were obtained from patients’ files
retrieved from the medical records of St George’s
Hospital. Thirteen cases were excluded during this
phase: in nine cases medical notes were missing
despite multiple efforts to retrieve them and in one
case no follow-up data were included in the notes.
Finally, three cases were excluded because the
patients moved away very shortly after the excision
of their melanoma. Therefore, the final yield con-
sisted of 75 cases of vertical growth phase primary
cutaneous malignant melanomas.

The main source of follow-up data was the notes
of the Melanoma Clinic of St George’s Hospital
where patients with excised melanomas are fol-
lowed up. To supplement our follow-up further to
the information provided by the Melanoma Clinic,
we sent letters to their general practitioners for 25
cases. We obtained replies in 15 cases, considerably
extending our follow-up data. As a result, 51 of the
studied patients had a complete follow-up. Of these,
16 were followed up to the time when this study was
completed (1 patient for 12 years, 5 for 11, 4 for 10, 1
for 9, 1 for 8 and 4 for 7; mean 9.5 years, median
10 years) and 35 were followed up to the time of
their death (mean 2.86 years, median 2 years). The
remaining 24 patients had an incomplete follow-up.
From the latter group, 3 patients had a 0–2 years
follow-up, 6 had a 3–4 years follow-up and 15 had a
5–9 years follow-up (mean 5.17 years, median
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5 years). Overall, the range of follow-up period was
0–12 years with a mean of 5.01 years and a median
of 5 years.

Histological Assessment

We assessed the following histological parameters in
each case:

a. Breslow thickness
b. Presence or absence of ulceration
c. Presence or absence of regression

Assessment of Cohesion

Cellular cohesion was assessed in conventional
paraffin sections stained with haematoxylin and
eosin. The cohesion of adjacent melanoma cells was
considered only in the invasive dermal part of
the tumours because it is exclusively cells of this
component that have been shown to possess meta-
static potential.4

Adjacent melanoma cells were considered to be
dyscohesive when the distance between them was
greater than the diameter of the cells (Figure 2b).
When the distance was less, we regarded it as
artefactual cytoplasmic retraction due to specimen
processing (Figure 1b, arrows). A helpful feature
that was used for the distinction between dyscohe-
sion and artefactual cytoplasmic retraction was
the way of arrangement of the cell membranes of
adjacent cells. Cell membranes of neighbouring
dyscohesive cells were randomly arranged. In
addition, dyscohesive melanoma cells frequently
showed cytoplasmic processes (Figure 2b). In con-
trast, neighbouring cells with a gap between them

but with a parallel arrangement of their cell
membranes were generally considered to have
undergone artefactual cytoplasmic retraction (Figure
1b, arrows). Areas of melanomas composed of singly
dispersed cells within dermis were also considered
as dyscohesive.

To quantify the degree of dyscohesion, we devised
a dyscohesion score based on the proportion of the
dermal component occupied by dyscohesive mela-
noma cells. Hence, melanomas in which 0–25% of
the dermal component was composed of dyscohe-
sive cells received a dyscohesion score 1. Dyscohe-
sion score 2 corresponded to dyscohesion involving
25–50% of the dermal component (Figure 1a), score
3 was given to tumours with 50–75% dermal
proportion of dyscohesion and melanomas of
which 75–100% of the dermal component was
dyscohesive were given score 4 (Figure 2a). All the
histological sections were assessed by one person
(IR). In addition, 20 randomly assessed cases were
re-evaluated by another observer (JC), without
knowledge of the original score.

Statistical Analysis

Kaplan–Meier survival curves were compared by the
log-rank test. An estimate of the differences was
obtained with the hazard ratio (the risk of matas-
tasis/death in one group to the risk of metastasis/
death to the other group).

Contingency tables were analysed using the w2-test
with the appropriate use of Fisher’s exact test in
smaller samples.

Kendall’s rank correlation coefficient was used for
the study of relation of dyscohesion and tumour
thickness.

Figure 1 Haematoxylin and eosin (HþE) stained section from a T4 (Breslow thickness 35mm) melanoma present for 2 1/2 years. The
lesion was excised from the left upper arm of a 74-year-old male. During 5 years of follow-up, there was no evidence of local recurrence or
distant metastasis. The tumour was given a dyscohesion score 2. Areas of dyscohesion are seen in the dotted part of the section (a).
Cohesive areas are shown in higher magnification in b. Arrows in b indicate artefactual cytoplasmic retraction rather than genuine
dyscohesion.
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Inter-observer variation in the assessment of
dyscohesion was analysed by k statistics.

Results

Clinical Information

There were 24 men and 51 women, with an age
range of 19 and 93 years at the time of excision
(mean 59.4 years). The Breslow thickness ranged
from 0.8 to 35mm (mean 3.9mm). The anatomic
location was recorded in 71 cases. Fifty of them
were located in the extremities, 10 were located in
the head, 10 were located in the trunk and 1 case
was a vulval melanoma.

Dyscohesion Score

All cases were classified according to the final
version of the American Joint Committee on
Cancer Staging System for Cutaneous Melanomas5

(T1 r1mm, T2 between 1.01 and 2mm, T3 between
2.01 and 4mm and T4 44mm). Of them, 11
were T1 tumours, 19 were T2, 22 were T3 and 23
were T4.

As shown in Table 1, the majority of the studied
cases had a dyscohesion score 1 (48%), with a
relatively even distribution among T1 (45%), T2
(59%), T3 (42%) and T4 (48%) tumours. Thinner
tumours (T1 and T2) had a tendency to show higher
dyscohesion score (27 and 24%, respectively, had
dyscohesion score 4) than thicker (T3 and T4) ones
(13% each had dyscohesion score 4), although this
difference was not statistically significant.

Melanoma Thickness, Ulceration and Regression

Breslow thickness has been shown to be the
single most important histological prognostic
parameter. The disease-free Kaplan–Meier survival
curves in T1–T4 melanomas are shown in
Figure 3a. Absence of in-transit metastases, satellite
metastases, local recurrence (after complete
excision of the primary) and nodal or visceral
metastases were all considered in disease-free
survival. Disease-free times were calculated
from the time of excision of the primary melanoma.
As expected, the disease-free survival rates
showed a gradual decline from T1 to T4 melanomas
(Figure 3a). However, probably because of the
relatively small number of cases in our study,
this difference did not reach statistical significance
(log-rank test).

Similarly, the survival rates of T1–T4 melanomas
showed no statistically significant decline (Figure
3b). It should be noted that survival rate was
estimated taking melanoma-related deaths only into
consideration.

Figure 2 Haematoxylin and eosin (HþE) stained section from a T1 (Breslow thickness 1mm) melanoma excised from the left foot of a 49-
year-old female. The tumour was given a dyscohesion score 4. Despite its low thickness, melanoma deposits on the left thigh were
detected 2 years after the excision, lung metastasis in 4 years and the patient died within 5 years of presentation. Panel a Shows that the
pattern of dermal infiltration is nested. In b, higher magnification shows genuine dyscohesion between the melanoma cells with gaps
exceeding the cells’ diameter and presence of cytoplasmic processes.

Table 1 Dyscohesion score and tumour thickness

Dyscohesion T1 T2 T3 T4 Total

1 5 (45%) 10 (59%) 10 (42%) 11 (48%) 36 (48%)
2 2 (18%) 2 (12%) 3 (13%) 5 (22%) 12 (16%)
3 1 (9%) 1* (6%) 8* (33%) 4 (17%) 14 (19%)
4 3 (27%) 4 (24%) 3 (13%) 3 (13%) 13 (17%)
Total 11 17 24 23 75

*The only significant difference seen was in dyscohesion 3 subgroup
(more T3 than T2 cases; P¼0.04, Fisher’s exact test).
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Ulceration was present in 30 out of 72 cases that
could be evaluated. Ulcerated melanomas had a
significantly lower disease-free survival rate com-
pared to non-ulcerated tumours (Po0.05, log-rank
test, w2¼ 4.29) (Figure 3c).

Regression was noted in 27 out of the 75 cases.
In our sample, the disease-free survival curves of
patients with melanomas with or without regression
were close, showing no statistically significant
difference (Figure 3d).

Dyscohesion and Disease-Free Survival

We then progressed to the analysis of the prognostic
significance of cellular dyscohesion. We first plotted
the metastasis-free Kaplan–Meier curves of all 75
melanomas in the four groups of dyscohesion
(scores 1–4). As shown in Figure 4a, the disease-
free survival rates of melanomas with dyscohesion
scores 2, 3 and 4 were almost indistinguishable,
whereas the corresponding rate of melanomas with
dyscohesion score 1 was clearly higher.

Therefore, we pooled the groups with dyscohesion
scores 2, 3 and 4 together, creating two subgroups:
The first had dyscohesion in less than 25% of the
dermal component of the tumour (subgroup with
dyscohesion score 1—low dyscohesion subgroup)
and the second had dyscohesion in more than 25% of
the dermal component of the tumour (subgroup with
dyscohesion scores 2, 3 and 4—high dyscohesion
subgroup). As shown in Figure 4b, the disease-free

rates of these two subgroups showed a significant
difference (Po0.025, log-rank test, w2¼ 6.1). The
hazard ratio (the risk of recurrence or metastasis
in the low dyscohesion subgroup to the risk of
recurrence or metastasis in the high dyscohesion
subgroup) was 0.38.

Interestingly, the difference in the disease-free
rate between these two subgroups in independently
studied T1–T4 melanomas (Figure 5) was significant
only in T1 and T2 melanomas (Figures 5a and b). In
addition, the hazard ratios were increasingly higher
going from T1 to T4 melanomas (T1, 0; T2, 0.21;
T3, 0.2 and T4, 0.9). When T4 melanomas were
excluded from analysis, the difference of disease-
free survival rates between the low and the high
dyscohesion score subgroups showed an even high-
er level of statistical significance (Po0.005, log-rank
test, w2¼ 8.207) with a hazard ratio of 0.2 (Figure 4c).

Dyscohesion and Melanoma-Related Survival

The Kaplan–Meier survival curves for all 75 mela-
nomas studied in the four groups of dyscohesion are
shown in Figure 6a. Patients with dyscohesion
scores 1 and 2 showed similar survival rates, which
were higher than survival rates of patients with
dyscohesion scores 3 and 4. Comparison of the
survival curves of subgroups with dyscohesion
score 1 versus dyscohesion scores 2–4 showed no
statistical difference (Figure 6b). However, when
only T1–T3 melanomas were analysed (Figure 6c)

Figure 3 (a) Kaplan–Meier disease-free survival curves of T1–T4 melanomas. The differences were not significant (log-rank test).
(b) Kaplan–Meier survival curves of T1–T4 melanomas. The differences were not significant (log-rank test). (c) Kaplan–Meier disease-free
survival curves of 72 melanomas comparing lesions with or without ulceration. The difference was significant (Po0.05, log-rank test).
(d) Kaplan–Meier disease-free survival curves of all 75 melanomas comparing lesions with or without regression. The difference was not
significant (log-rank test).
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the difference was significant at the level of
Po0.025 (log-rank test, w2¼ 5.1).

Relationship of Dyscohesion with Other Prognostic
Parameters

Table 1 shows the distribution of dyscohesion
groups in T1–T4 melanomas. As is apparent from
the proportion of each dyscohesion score group in
the different T groups, there is no evidence that
dyscohesion and tumour thickness are related. This
was confirmed statistically using Kendall’s rank
correlation coefficient.

Dyscohesion was also shown to be unrelated
to regression. Indeed, the distribution of different
dyscohesion score groups in cases showing regres-
sion was almost identical to cases showing no

regression (score 1, 48 versus 48%; score 2, 19
versus 15%; score 3, 22 versus 17% and score 4, 11
versus 21% in melanomas with or without regres-
sion correspondingly).

Finally, there was no association between ulcera-
tion and dyscohesion score apart from those with
score 3 (Po0.05) (score 1, 40 versus 55%; score 2, 17
versus 14%; score 3, 30 versus 10% and score 4, 13
versus 21% in melanomas with or without ulcera-
tion correspondingly).

Dyscohesion Score: Inter-observer Variation

From the randomly selected cases that were eval-
uated by a second observer, only 3 out of 20 received
a score that would result in different dyscohesion
subgroup (low instead of high dyscohesion sub-
group or vice versa). The k value was 0.69
(substantial strength of agreement). In 14 out of 20
cases the score was perfectly matched, in 2 out of 20
the score differed by 1 (4 versus 3 and 3 versus 2)
and in 1 out of 20 it differed by 2 (4 versus 2).

Discussion

In this study, we assessed morphologically the
cohesion of malignant melanocytes in the dermal
component of potentially metastatic cutaneous
melanomas. We noticed that the proportion of
dyscohesive cells was variable and, to obtain a
quantitative estimate of this proportion, a ‘dyscohe-
sion score’ was devised. On the basis of the fact that
a well-described step in tumour progression is
loss of cell–cell contact, and hypothesizing that
such loss might be discerned morphologically in
paraffin sections as dyscohesion between tumour
cells, we evaluated the prognostic significance of
dyscohesion score.

Our main finding was that the extent of melanoma
cell dyscohesion was associated with the probability
of local recurrence or metastasis. This correlation
was particularly significant when dyscohesion
involving an area smaller than 25% (defined as
dyscohesion score 1) of the dermal component was
compared to dyscohesion involving a larger area
(dyscohesion scores 2–4). Melanomas with high
dyscohesion scores had significantly increased
likelihood of recurrence or metastasis. This was
particularly the case in T1–T3 melanomas. Simi-
larly, T1–T3 melanomas with dyscohesion score 1
had a significantly higher survival rate. In the same
sample, although both disease-free survival and
survival were clearly related to thickness, the
differences were not statistically significant.
Finally, we showed that extent of dyscohesion
was not related to Breslow thickness or tumour
regression.

There is good evidence that dissociation of
malignant cells from their neighbours is the very
initial step of tumour progression.16 Indeed, during

Figure 4 (a) Kaplan–Meier disease-free survival curves of all
75 melanomas comparing lesions with dyscohesion scores
1–4 (D1–D4). (b) Kaplan–Meier disease-free survival curves of
all 75 melanomas comparing lesions with dyscohesion score
1 (D1) with lesions with dyscohesion scores 2–4 (D2–D4) pooled
together. The difference was significant (Po0.025, log-rank test).
(c) Kaplan–Meier disease-free survival curves of T1–T3 melano-
mas only comparing lesions with dyscohesion score 1 (D1) with
lesions with dyscohesion scores 2–4 (D2–D4) pooled together.
The difference was significant (Po0.005, log-rank test).
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melanoma development, malignant melanocytes
initially loosen their adhesion to basal keratino-
cytes.10 Furthermore, homotypic cell–cell adhesion
at the site of primary tumour suppresses invasion.9

In this context, experiments using primary melano-
ma explants cultured in three-dimensional collagen
lattices have shown that decrease in cell–cell
contacts leads to conversion of multicellular migra-
tion to single-cell movement.17 It has been shown
that, in addition to loss of cell growth control,
invasion appears to require an imbalance in the
regulation of cell motility.18 It is plausible that
the observed dyscohesion between melanoma cells
corresponds to such a shift in the motility properties
of the invasive tumour. Such transformation might
favour dissociation of the malignant melanocytes
from their cluster and acquisition of single-cell
movement.

Interestingly, the majority of the melanomas
examined in this study often showed intratumoural
variation in cell cohesion among different subpopu-
lations of malignant cells. This might be related to
the well-known heterogeneity of malignant tumours
with respect to several phenotypic characteristics,
including metastatic ability. It has been shown that
tumours initially containing predominantly poorly
metastatic cells may eventually develop dominant
clones of cells with metastatic potential.19 As
reduction of homotypic interactions is one of the
features of metastatic potential, it can be hypothe-

sized that in melanomas with high dyscohesion
scores, clones of malignant melanocytes with in-
creased metastatic potential have become dominant.
This could explain how the percentage of dyscohe-
sive cells achieves prognostic significance.

It is possible that the observed variation in
melanoma cell cohesion may reflect corresponding
differences in the expression of adhesion molecules,
especially cadherins, the principal agents for homo-
typic cell–cell adhesion. A model of shift in
cadherin expression during melanoma tumour pro-
gression from radial growth phase to metastatic
disease has been proposed by Herlyn and Gruss.19

According to this model, in radial growth phase,
melanoma cells have downregulated E-cadherin
expression and therefore acquired the potential
to detach from the epidermal keratinocytes. In
metastatic melanomas, they simultaneously
start expressing N-cadherin, which provides them
with the ability for homotypic interactions with
dermal mesenchymal cells and endothelial cells
also expressing this cadherin subtype. These inter-
actions have been postulated as critical for render-
ing melanoma cells capable of invasion and
metastasis.19

In vivo studies have shown that in normal
epidermis, the scattered melanocytes interact
with adjacent keratinocytes by E-cadherin-
mediated homotypic interaction10 and normal mel-
anocytes express E-cadherin in vitro.10,20 Conversely,

Figure 5 (a) Kaplan–Meier disease-free survival curves of T1 melanomas comparing lesions with dyscohesion score 1 (D1) with
lesions with dyscohesion scores 2–4 (D2–D4) pooled together. The difference was significant (Po0.05, log-rank test). (b) Kaplan–Meier
disease-free survival curves of T2 melanomas comparing lesions with dyscohesion score 1 (D1) with lesions with dyscohesion scores
2–4 (D2–D4) pooled together. The difference was significant (Po0.05, log-rank test). (c) Kaplan–Meier disease-free survival curves
of T3 melanomas comparing lesions with dyscohesion score 1 (D1) with lesions with dyscohesion scores 2–4 (D2–D4) pooled together.
The difference was not significant. (d) Kaplan–Meier disease-free survival curves of T4 melanomas comparing lesions with dyscohesion
score 1 (D1) with lesions with dyscohesion scores 2–4 (D2–D4) pooled together. The difference was not significant.
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heterogeneous and variable E-cadherin expression
has been reported in melanomas not only between
samples but within the same tumour as well.21–24 We
postulate that such a variability of expression might
reflect the proportion of dyscohesive cells in their
dermal component. We are currently pursuing this
hypothesis by studying the spatial expression of
E-cadherin (areas of dyscohesion compared to areas
of preservation of cohesion) in melanomas with
different dyscohesion scores. Interestingly, in breast
carcinomas cells expressing E-cadherin were mixed
with cells not expressing it,25–27 with the latter
located mainly in areas composed of poorly cohe-
sive cells.27

As it is difficult to estimate the degree of
intercellular connection from the expression of a
single adhesion molecule, purely morphological
evaluation of cohesion might possess the advantage
of assessing the outcome of the orchestrated con-
tribution of several adhesion molecules. For exam-
ple, b1 integrins have been also shown to have a

function in melanoma cell cohesion and patterns of
migration in vitro.17 This might be an explanation
for the fact that the correlation between morpholo-
gically assessed cohesion and prognosis in melano-
mas is stronger than previous attempts to correlate
immunohistochemically detected adhesion mole-
cule expression on melanoma cells with prog-
nosis.21,23 It could, therefore, be argued that
morphological evaluation of tumour cell cohesion
may be a simple, cost-effective technique to predict
the biologic behaviour of melanomas.

Our data show that melanoma thickness is not
related to dyscohesion and T1 melanomas have
similar distribution of dyscohesion scores as thicker
ones. Interestingly, the hazard ratios of thinner
melanomas were lower with none of the five T1
melanomas with dyscohesion score 1 showing
metastasis. In contrast, three out of six cases of T1
melanomas with dyscohesion scores 2–4 presented
with metastasis. It has been previously reported that
2–18% of very thin melanomas (r0.75mm) relapse
over 0–11 years.15 However, reliable histological
parameters predicting such behaviour remain elu-
sive.6,15 We are currently pursuing the assessment of
cell cohesion in a larger series of thin melanomas,
including cases with Breslow thickness r0.75mm,
with the aim of identifying subgroups of patients
with potentially aggressive thin melanomas. Con-
versely, a possible explanation of the increasing
hazard ratios going from T1 to T4 melanomas might
be that in thicker melanomas even a minor propor-
tion of dyscohesive dermal component translates, in
absolute terms, as a substantial mass of dyscohesive
tumour. Alternatively, as already suggested for the
prognostic significance of breast carcinoma cell
dyscohesion,28 melanomas above a particular thick-
ness threshold may have a high rate of local
metastasis regardless of the degree of tumour cell
cohesion.

Interestingly, cell cohesion was not only unrelated
to Breslow thickness but in our cohort of patients,
appears to be a more potent prognostic parameter
than the latter. This highlights the fact that acquisi-
tion of metastatic potential is not necessarily related
to tumour size or proliferation rate.

In our cohort, Breslow thickness was not signifi-
cantly correlated with disease-free survival, clearly
possibly due to small number of cases. However,
there was a progressive decline in the Kaplan–Meier
curves from T1 to T4 tumours. Ulceration, a known
independent prognostic factor,8 was significantly
correlated with a lower disease-free survival. In
contrast, regression, the presence of which has been
shown to increase the risk of metastasis,3 did not
show any significant correlation with disease-free
survival.

In conclusion, we have found that the degree of
melanoma cell dyscohesion is a reliable histological
prognostic factor unrelated to tumour thickness,
regression or ulceration. This may be applicable
in clinical practice as there appears to be low

Figure 6 (a) Kaplan–Meier survival curves of all 75 melanomas
comparing lesions with dyscohesion scores 1–4 (D1–D4).
(b) Kaplan–Meier survival curves of all 75 melanomas comparing
lesions with dyscohesion score 1 (D1) with lesions with
dyscohesion scores 2–4 (D2–D4) pooled together. The difference
was not significant. (c) Kaplan–Meier survival curves of T1–T3
melanomas only comparing lesions with dyscohesion score 1 (D1)
with lesions with dyscohesion scores 2–4 (D2–D4) pooled
together. The difference was significant (Po0.025, log-rank test).
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inter-observer variation. However, before recom-
mendation for assessment of cellular cohesion in
clinical practice, studies with larger samples are
required.

It has been emphasized that tumour cell invasion
and metastasis is the orchestrated end-result of
interactions between gene products that promote it
versus others suppressing it. Such processes are of a
dynamic nature and take place in discrete micro-
environments within a tumour.9 We believe that
techniques facilitating the in situ study of molecular
events within distinct microenvironments in tissue
can be used for the clarification of such cellular
processes.
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