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Abstract

In the recently revised melanoma staging system proposed by the American Joint Committee on Cancer (AJCC), ulceration
assessment by the pathologist is a pivotal parameter. Patients upstaged because of ulceration might be included in adjuvant trials

conducted in AJCC stage II melanoma patients. Therefore, accuracy based on interobserver reproducibility for melanoma ulcera-
tion assessment is crucial for proper clinical management. In some cases, it is extremely difficult, even for an experienced patholo-
gist, to distinguish between trauma-induced ulceration, artifact and tumoral ulceration. Whether this difficulty may be resolved by
the use of a more precise definition of ulceration has not been evaluated. Therefore, we have proposed a refined definition of mel-

anoma ulceration and we tested whether this definition might improve the interobserver interpretative reproducibility of ulceration
in primary cutaneous melanomas. The results of this study support the need for a more precise definition of melanoma ulceration
that rules out biopsy trauma or processing artifact and could be incorporated into a standardised pathology worksheet for report-

ing primary melanomas.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Ulceration of a cutaneous melanoma was first identi-
fied as an adverse prognostic feature in 1953 by Allen
and Spitz in their classic description of melanoma his-
topathology [1]. They suggested that spontaneous acan-
tholysis of the epidermis might reflect intrinsic
properties of the melanoma invading the dermis. This
prognostic significance of melanoma ulceration was
corroborated by Tompkins that same year [2] and by
many others since that time [3–8]. In the recent mela-
noma staging system proposed by the American Joint
Committee on Cancer (AJCC), ulceration assessment by
the pathologist is a pivotal parameter and is included in all
categories of tumour evaluation [9]. The introduction by
the AJCC of ulceration as a key factor for microstaging
in melanomas is based on its reported independent
prognostic value [10]. Melanoma ulceration upstages the
patient by one subcategory (IA to IB, IIA to IIB) or even
may upstage the patient from stage I to stage II for loca-
lised melanomas measuring 1.01–2.00 mm in thickness
(T2) [9]. Approximately 25% of these patients may be
upstaged because of ulceration [10] and might then be
included in adjuvant trials conducted in AJCC stage II
melanoma patients. Therefore, accurate diagnosis based
on a precise definition and excellent interobserver repro-
ducibility for melanoma ulceration assessment is crucial
for the proper clinical management of melanoma patients.
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The interpretation of melanoma ulceration is reported
to be one of the most reproducible of all the major his-
topathological features [11,12]. However, interobserver
agreements for the presence of ulceration reported in
literature vary with kappa values ranging from 0.56 to
0.87 [11–13]. For instance, in one study, with a reported
‘good’ kappa score, the interobserver proportion of
disagreement was 18% meaning that a substantial cate-
gory of patients would have been mis-staged in the new
AJCC staging system [12]. These contrasting results in
interobserver reproducibility for melanoma ulceration
assessment may be due to the lack of an evidence-based
definition of melanoma ulceration. In the AJCC staging
system, melanoma ulceration is defined as ‘‘an absence
of an intact epidermis overlying a major portion of the
primary melanoma based on microscopic examination
of the epidermis’’ [9]. In some cases, however, this defi-
nition does not permit even an experienced pathologist
to distinguish between trauma-induced ‘‘absence of an
intact epidermis’’ and tumoral ulceration [14,15]. Whe-
ther this difficulty may be better addressed by the use of
a more restrictive evidence-based definition of ulcera-
tion needs to be evaluated. Therefore, in this study we
have proposed a precise definition of melanoma ulcera-
tion and we have tested whether this definition might
improve the interobserver reproducibility of ulceration
assessment in primary cutaneous melanomas among six
pathologists experienced in diagnosing melanocytic
lesions.
2. Patients and methods

2.1. Materials

The study group materials were derived from 200
consecutive excisional biopsies or resections of primary
cutaneous melanomas, excluding melanomas in situ,
from the Institut Gustave-Roussy. Only paraffin sec-
tions from tissue fixed in neutral-buffered formalin were
evaluated. Patient confidentiality was maintained
throughout the study by using only codes. For each
case, all haematoxylin- and eosin-stained slides were
reviewed by a pathologist who did not participate in the
study to select the slide with the thickest part of the
tumour measured according to Breslow.
A first study set of 100 slides from 100 cases was ran-

domly selected from the study group materials. The
Breslow indices of the lesions on the slides ranged from
0.3 to 6.0 mm (median: 1.2 mm). These slides were
assembled and distributed to six pathologists highly
experienced in looking at melanocytic lesions. In this
first round, each observer assessed the presence or
absence of ulceration according to their own experience
and interpretation of the published literature. The
pathologists were invited to add comments on each
specimen if desired. The observers examined the first set
consecutively and independently, without knowledge of
the other pathologists’ assessment of ulceration.
A second study set constituted the remaining 100

slides that had not been previously evaluated by the
observers. Breslow indices ranged from 0.4 to 5.2 mm
(median: 1.3 mm). The 200 slides from both study sets
were mixed randomly and labelled consecutively. These
slides were evaluated by the same observers 3 months
after the first evaluation. In this second round, each
observer had to assess the presence or absence of
ulceration according to the following definition: ‘mela-
noma ulceration is defined as the combination of the
following features: full-thickness epidermal defect
(including absence of stratum corneum and basement
membrane), evidence of host response (i.e. fibrin
deposition, neutrophils), and thinning, effacement or
reactive hyperplasia of the surrounding epidermis’. The
observers examined the second set consecutively and
independently, without either knowledge of the other
pathologists’ assessment of ulceration or the results of
the evaluation of the first set.

2.2. Statistical analysis

For the statistical analysis, the Statistical Package for
the Social Sciences (SPSS) for Windows (version 11.0.1
(2001), SPSS, Inc., Chicago, IL, USA) was used. Kappa
statistics were used for assessment of interobserver
agreement [16]. This method includes a correction for
chance agreement. Interobserver reproducibility has
been inferred in the published literature to be ‘very
good’ to ‘excellent’ when the kappa statistics exceed
0.80 [17–19].
3. Results

The scoring of ulceration as a percentage of all slides
reviewed by each pathologist varied from 13 to 29%
(average: 20%) in round 1, and from 16 to 24% (aver-
age: 18%) in round 2. There was congruence of all
pathologists on the presence or absence of ulceration for
72% of the cases in round 1 and 89% of the cases in
round 2. Conversely, at least two pathologists disagreed
with the others on 18% of the cases in round 1 and 7%
of the cases in round 2. For 6 cases, spontaneous com-
ments from the observers emphasised the difficulty of
differentiating between tumoral ulceration and artifacts
or scratching (Fig. 1).
Chance-adjusted agreement (kappa statistics) for the

ulceration assessment during the first round and the
crude percentages of melanomas considered as ulcerated
per observer are summarised in Table 1. Kappa statis-
tics for the ulceration assessment during the second
round and the number of melanomas considered as
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ulcerated per observer are provided in Table 2. In round
1, kappa scores varied from 0.47 to 0.79. The average
kappa among observers was 0.63 in the first round and
0.80 in the second round. When the cases included in
both rounds were considered, the average kappa among
observers was 0.74. When the ‘new’ cases only (not
included in round 1) were analysed, the average kappa
was 0.86.
4. Discussion

Reproducibility of parameter assessment is but one
aspect of tumour staging. Because melanoma ulceration
has been shown in many studies to be a major and
independent prognostic parameter, it has became a
pivotal variable for the clinical management of patients
with melanoma and inclusion criteria in clinical trials
for adjuvant therapy [10,20–28]. Therefore, it is crucial
to assure the best interobserver interpretation of this
variable to avoid inappropriate treatments based on
traumatic ulceration or inclusion bias in clinical trials.
This is especially true for localised melanomas measuring
1.01–2.0 mm in thickness when ulceration may upstage
the patient from stage I to stage II [9].
Very little peer-reviewed literature has been published

addressing interobserver reproducibility for ulceration
assessment in primary cutaneous melanoma and no
evidence-based definition for melanoma ulceration is
available. This contrasts with the importance of mela-
noma ulceration as a significant parameter for mela-
noma staging and inclusion of the patients in
therapeutic protocols. Corona and colleagues reported
results for 84 cases evaluated by four observers [11]. An
overall agreement of 0.88 and a chance-corrected inter-
observer agreement (kappa) of 0.91 were reported for
ulceration. In contrast, Lock-Andersen and colleagues
reported an interobserver agreement of 0.82 and a
kappa score of 0.65 for ulceration, compared with a
chance-corrected agreement of 0.81 for thickness [12].
However, neither of these studies provided a specific
definition for melanoma ulceration.
In the first round of the present study, the rate of

agreement among observers was 72%, with an average
kappa score of 0.63, ranging from 0.47 to 0.79. This
Fig. 1. (a) Study case illustrating the difficulty of assessing correctly

tumoral ulceration in some cases. During the first round, all the

observers spontaneously emphasised the difficulty of differentiating

between tumoral ulceration and traumatic ulceration in this case that

was therefore associated with a poor interobserver reproducibility for

ulceration assessment. However, the lack of modifications of the sur-

rounding epidermis argues in favour of the latter. In the second round,

this case was unanimously considered as non-ulcerated. (b) By con-

trast, obvious ulceration is present here defined as the combination of

a full-thickness epidermal defect, evidence of a host response, and

modifications of the surrounding epidermis.
Table 2

Interobserver interpretative reproducibility kappa statistics correcting

for second round (presence of ulceration); each observer is compared

with the others
Observer

number
2
 3
 4
 5
 6
 Number of

ulcerated cases

(all cases/cases

included in round

1 only)
1
 0.80
 0.78
 0.87
 0.71
 0.83
 42/23
2
 0.87
 0.73
 0.83
 0.92
 32/14
3
 0.72
 0.87
 0.87
 33/15
4
 0.69
 0.77
 49/26
5
 0.84
 26/13
6
 34/17
Average among observers: 0.80.
Table 1

Interobserver interpretative reproducibility kappa statistics correcting

for first round (presence of ulceration); each observer is compared

with the others
Observer

number
2
 3
 4
 5
 6
 Number of

ulcerated cases
1
 0.70
 0.47
 0.74
 0.52
 0.79
 29
2
 0.60
 0.73
 0.66
 0.73
 20
3
 0.53
 0.63
 0.53
 13
4
 0.52
 0.77
 23
5
 0.58
 16
6
 23
Average among observers: 0.63.
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broad range of kappa scores was not due to a single-
observer effect as at least two observers disagreed for 18%
of the cases. In this first round, melanoma ulceration
was defined according to the literature which was pro-
posed in the final AJCC staging system for melanoma.
as ‘‘the absence of an intact epidermis overlying a major
portion of the primary melanoma based on microscopic
examination of the histological sections’’. This defini-
tion does not discriminate between ulceration due to
intrinsic biological properties of the tumour and extrin-
sic or artifactual causes for ulceration such as biopsy
trauma, scratching, or technical artifacts during the
gross dissection or the preparation of the slides. As a
second step, we used a more refined definition (see
Patients and methods). Using this definition, the rate of
the cases in agreement rose to 89% and the median
kappa score from 0.63 to 0.80. At the same time, the
proportion of the cases interpreted differently by at least
two observers decreased from 18 to 7%. The average
number of ulcerated cases in each round was not sig-
nificantly changed by the definition used in each round.
Therefore, the definition used for the second round
improved the interobserver agreement for melanoma
ulceration assessment without changing the average
number of ulcerated cases in the population. Such a
definition might be incorporated into a standardised
pathology worksheet for reporting primary melanoma.
In a retrospective analysis of 135 histopathologic

reports of primary cutaneous melanomas, only 28% of
them contained a statement about the presence or
absence of ulceration [29]. In 50% of the cases in which
ulceration was found after review, the corresponding
initial pathology report had failed to mention it. The
latter study suggests the need to better educate pathol-
ogists about reporting on melanomas. The definition
proposed here represents an attempt to refine the diag-
nosis of ulceration by ruling out examples of epithelial
discontinuity that are artifacts of the biopsy specimen
preparation process. Finally, it must be acknowledged
that traumatic ‘ulceration’ and ulceration related to the
intrinsic properties of the tumour undoubtedly have
some interrelationship, at least in some proportion of
cases. The possible relationship between trauma and
ulceration cannot be dismissed until the biological basis
of tumour ulceration is better understood.
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