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In Norway, nodular melanoma is the most fatal me-
lanoma subtype and superficial spreading melanoma
the most common, indicating diagnostic challenges.
The aim of this study was to assess the clinical suspi-
cion sensitivity of nodular melanoma and superficial
spreading melanoma, by diagnosing physician, using
randomly selected 100 nodular melanomas and 100
superficial spreading melanomas from the Norwegian
Melanoma Registry, diagnosed in 2014 to 2015. In-
formation about suggested diagnoses and diagnosing
physician was collected from pathology request forms.
Suspicion sensitivity was defined as the proportion
(%) of cases with "melanoma” as a suggested diag-
nosis, estimated with 95% confidence interval (95%
CI). Most melanomas (74.5%) were diagnosed by non-
dermatologists, with a suspicion sensitivity of 23%
(95% CI 15-34) for nodular melanoma and 24% (95%
CI 16-35) for superficial spreading melanoma. Cor-
responding estimates for dermatologists were 50%
(95% CI 32-68) and 96% (95% CI 80-99), respec-
tively (P icraction=0:007). The low suspicion sensitivity
for both subtypes among non-dermatologists calls for
educational efforts.
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Norwegian mortality rates of cutaneous melanoma
are the highest in Europe and are expected to in-
crease (1). Recently, we found that Norwegian patients
were diagnosed at more advanced stages than patients
in other population-based registries (2), indicating a
diagnostic delay. Furthermore, the proportion of nodular
melanoma (NM) was high compared with superficial
spreading melanoma (SSM), both in the incident and
fatal Norwegian cases.

The ABCD mnemonic (Asymmetry, Border irregula-
rity, Colour variation, Diameter > 6 mm) was introduced
to educate physicians to recognize melanoma in its early
clinical presentation (3). Evolution of lesions was recog-
nized as a key sign, in particular for NMs, and the “E”
for evolving was added later (4). The ABCDE criteria
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SIGNIFICANCE

In a population-based material of 100 superficial spreading
melanoma and 100 nodular melanoma, similarly low clini-
cal suspicion sensitivity was found for nodular melanoma
(30%) and superficial spreading melanoma (42%). When
separating by diagnosing physician, the suspicion sensiti-
vity among non-dermatologists was found to be less than
25% for both melanoma subtypes, which calls for educa-
tional efforts. Among dermatologists, sensitivity for super-
ficial spreading melanoma was high (96%) and lower for
nodular melanoma (50%), emphasizing the challenge of
recognizing nodular melanoma.

effectively educate about key signs of early melanoma
(5) and cover the signs of SSM, the most common me-
lanoma subtype, while NM, the second most common
subtype, may fail to fulfil these diagnostic criteria (6). To
our knowledge, only one study has assessed the sensiti-
vity for diagnosis of melanoma according to melanoma
subtype. The study concluded that NM is among the
subtypes that are particularly difficult to diagnose (7).
Furthermore, dermatologists have been found to better
clinically recognize melanomas, in general, than non-
dermatologists (8).

Due to the structure of the healthcare system in
Norway, most melanomas are diagnosed by general
practitioners (GPs). The high Norwegian rate of mela-
noma mortality and high proportion of NMs may reflect
diagnostic challenges. Thus, the aims of this study were
to examine the clinical suspicion sensitivity for NM and
SSM, in general, and by diagnosing physician, and to ex-
amine the suggested diagnoses given for these subtypes.

MATERIALS AND METHODS

The Cancer Registry of Norway (CRN) has recorded all cancer
diagnoses in Norway since 1953, and holds complete and high-
quality data (9, 10). In 2008, the Melanoma Registry (MR) was
established under the CRN, with additional clinical and histopatho-
logical information for each case of melanoma.

A total of 100 NMs and 100 SSMs, diagnosed in 2014 to 2015,
were selected randomly from the MR. After year 2000, 99% of
melanoma cases diagnosed in Norway have been morphologically
verified (9, 10), and the corresponding number for the current
sample is 100%. The following data were collected: age at diag-
nosis (categorized as <65 and >65 years); anatomical site of the
primary tumour according to the International Classification of
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Diseases for Oncology, Third Edition (11) (categorized as head/
neck (190.0), trunk (190.1/190.7), upper extremity (190.2), lower
extremity (190.3/190.4) and unspecified (190.9)); Breslow thick-
ness (categorized as T1: <1.0, T2: >1.0-2.0, T3: >2.0-4.0 and
T4: >4.0 mm (12)); and ulceration (categorized as present and
not present). Because Norwegian pathologists have tended to
report on ulceration only when it is present and not when absent
(2), unspecified cases (n=15) were categorized as not present.

From the pathology request forms, information about lesion
colour was extracted and categorized with regard to amelanosis:
yes (described as non-pigmented), no (described as pigmented)
or unspecified (no information about colour). Furthermore, data
about all suggested diagnoses were extracted. Diagnoses suggested
<5 times in total were categorized as “other”. Pathology request
forms are non-standardized in Norway (13), information usually
being automatically imported from anamneses/history. However,
all include fields for date and location of lesion, and an open field
for clinical description. The physician who performed the diag-
nostic tissue excision (the diagnosing physician), was categorized
as non-dermatologist (GP, surgeon, other) or dermatologist.

Use and reporting of de-identified data from the MR and the
pathology request forms is covered by the CRN’s regulations of
collection and treatment of health information, and no further
ethics approval was needed.

Statistical analyses

Clinical suspicion sensitivity was defined as the proportion of
cases in which “melanoma” was a suggested diagnosis, regardless
of'its order. Power calculation was based on the Australian study,
which is, to our knowledge, the only available study (p,=0.77 and
p,=0.41 for NM and SSM, respectively) (7). With significance
level 5% and power 90%, at least 38 patients per melanoma
subtype are necessary to detect the same difference. Australian
physicians diagnose more skin cancer than Norwegian physicians,
hence the 2 proportions are probably lower in Norway, but we

TableI. Characteristics of the nodular melanoma (NM) and superficial
spreading melanoma (SSM) study samples

NM (n=100) SSM (n=100)

Sex

Male 50 51

Female 50 49
Age at diagnosis

<65 years 32 56

>65 years 68 44
Anatomical site

Head/neck 18 9

Trunk 40 40

Upper limb 22 25

Lower limb 20 23

Unspecified 0 3
Breslow thickness, median (IQR) 3.0 (1.9-5.0) 0.8 (0.6-1.3)
T category

T1(<1.0 mm) 9 67

T2 (>1.0-2.0 mm) 19 19

T3 (>2.0-4.0 mm) 43 8

T4 (>4.0 mm) 28 6

Unspecified 1 0
Ulceration

Yes 40 10

No 60 90
Amelanosis

Yes 8 1

No 31 49

Unspecified 61 50
Diagnostic physician

Non-dermatologist 74 75

Dermatologist 26 25

IQR: interquartile range, 25M—75™ percentile.
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have no knowledge of whether to expect a larger or smaller dif-
ference between the 2 subtypes (e.g. p,=0.67 and p,=0.31 give
a similar group size). To facilitate logistic regression analysis,
it was decided to include 100 patients in each group. A logistic
regression model can contain up to m/10 parameters, where m
is the frequency of the least frequent outcome (14). With a total
of 200 patients and 77+41=118 events (p,=0.77 and p,=0.41),
up to 8 parameters (min(118, 82)/10=8.2) can be included in the
multivariable model.

Suspicion sensitivity was calculated separately for NM and
SSM and by diagnosing physician category, with 95% Wilson
confidence intervals (95% Cls) (15). Logistic regression was used
to study differences in suspicion sensitivity between NM and SSM
in general, and by the diagnosing physicians. The study tested
for interaction between sensitivity and diagnosing physician and
between sensitivity and each of the clinopathological variables
(sex, age at diagnosis, anatomical site, T category, ulceration and
amelanosis). All p-values are 2-sided and a 5% level of significance
was used. Stata, version 15 was used in all analyses.

RESULTS

The proportions of males and females were similar in
the NM and SSM samples, while higher proportions
of subjects age >65 years, head/neck site and ulcera-
tion were observed in NMs (Table I). Median Breslow
thickness was 3.0 in NMs and 0.8 in SSMs. Amelanosis
was described in 8 NMs and 1 SSM, although colour was
unspecified in 61% of NMs and 50% of SSMs. Both NMs
(74%) and SSMs (75%) were most often diagnosed by
non-dermatologists (54% and 53% by GPs (who usually
not use dermatoscope), respectively.

For 155 cases, only one diagnosis was suggested,
while for 45 cases 2 (n=38) or several (n="7) diagnoses
were suggested. Melanoma was the single suggested
diagnosis in 15 of the NMs and 31 of the SSMs, and
was suggested along with another diagnosis in 15 and 11
patients, respectively (Table IT). Naevus was the domi-
nant non-melanoma diagnosis suggested (29/108 for NM

Table II. Melanoma diagnosis and non-melanoma diagnoses from
the pathology request forms in the nodular melanoma (NM) and
superficial spreading melanoma (SSM) study samples

Suggested diagnoses NM (n=100) SSM (n=100)
Melanoma diagnosis, total 30 42
Only suggested diagnosis 15 31
Suggested with other diagnoses 15 11
NM (n=285) SSM (n=69)?
Non-melanoma diagnoses, total® 108 73
Naevus 29 58
Tumour 14 3
Basal cell carcinoma 13 3
Malignant tumour 12 2
Pyogenic granuloma 8 2
Seborrheic keratosis 6 2
Squamous cell carcinoma 6 1
Haemangioma 6 0
Other® 14 2

@Non-melanoma diagnoses were suggested for 85 NMs and 69 SSMs.bAIIsuggested
diagnoses are included (i.e. more than 1 for some patients). “Other (diagnoses
suggested <5 times): wart (4 NMs); keratoacanthoma (3 NMs); atheroma
(3 NMs); ulcer (2 NMs); sarcoma (1 NM); fibroma (1 NM); keratosis (1 SSM);
lentigo (1 SSM).
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Fig. 1. Clinical suspicion sensitivity (%) with 95% confidence interval
(95% CI) for nodular melanoma (NM) and superficial spreading
melanoma (SSM) in general and by the diagnosing physician.

and 58/73 for SSM). All other non-melanoma diagnoses
were more frequently suggested for NM than for SSM.

Clinical suspicion sensitivity was lower for NM (30%,
95% CI 22-40) than for SSM (42%, 95% CI 33-52),
although not significantly lower (p=0.08) (Fig. 1).
However, the sensitivity for NM and SSM varied by
physician category (p, ... =0.007). Non-dermatologists
had low sensitivity for both NM 23% (95%, CI 15-34)
and SSM (24%, 95% CI 16-35) (p=0.88) (Fig. 1). In
dermatologists, the sensitivity for NM (50%, 95% CI
32-68) was significantly lower than for SSM (96%,
95% CI 80-99) (p=0.004). No significant interactions
were found between suspicion sensitivity and sex, age
at diagnosis, anatomical site, T category, ulceration or
amelanosis (0.24<p <0.91).

interaction

DISCUSSION

This first population-based study, examining clinical
suspicion sensitivity of the melanomas histopatholo-
gically verified as NM and SSM, found low sensitivity
for both subtypes, and, in particular, when diagnosed by
non-dermatologists. Dermatologists had high sensitivity
for SSM, but misdiagnosed half of the NMs.

A hospital-based Australian study, found higher
diagnostic sensitivity than the current study, both for
NM (41%, n=121) and SSM (77%, n=111) (7). They
included in situ lesions (6%) and excluded pathology
request forms with blank field of diagnosis (24%), which
increased their diagnostic sensitivity, and dermatologists
diagnosed a higher proportion of the melanomas. More-
over, the tumours were thicker than in the current study,
indicating a selected patient group, as population-based
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Australian data show thinner melanomas at diagnosis
(16) compared with Norwegian patients (2).

Low sensitivity for NM was expected in the current
study, but there was a surprisingly low sensitivity for
SSM among non-dermatologists. In contrast to the
current results, the Australian study found a high diag-
nostic sensitivity for SSM among both dermatologists
and non-dermatologists (82% and 78%, respectively)
(7). Australian non-dermatologists and dermatologists
diagnose and treat a large volume of all types of skin
cancer, and this may explain the high sensitivity in both
groups of physicians (17). The clinical suspicion sensi-
tivity for NM among Norwegian dermatologists (50%)
was in line with the result from the Australian study
(57%), emphasizing the challenges in diagnosing NM.
The Australian study also found amelanosis to be more
frequent in NM than in SSM and it was significantly
associated with misdiagnosis (amelanosis was asses-
sed by patient interviews) (7). In the current study, the
tumour was categorized as amelanotic only if specified
as “non-pigmented” in the pathology request form, but
the majority did not specify this. The high proportion of
notifications without specification about colour in the
current study data may indicate low attention to this fac-
tor (18). Diagnoses usually being non-pigmented (i.e.
basal cell carcinoma, pyogenic granuloma, squamous
cell carcinoma and haemangioma) were more often sug-
gested in NMs, indicating more varying appearance and
more amelanosis in NM. Correspondingly, naevus was
suggested for a higher proportion of SSM than of NM.

An important strength of the current study is the ran-
dom selection of NMs and SSMs from a high-quality
population-based register. It is a weakness that the study
design allowed only for estimation of diagnostic sensiti-
vity, not accuracy including false-positives. Furthermore,
we had no information about number of doctor visits
prior to the resection or the physicians’ experience in
diagnosing melanoma, and thus the data was not suited
for examining detection delay. The current study sample
size is comparable to that of Lin et al. (7), and should be
sufficient for the logistic regression analyses, in which up
to 3 independent variables were included in each model.
Tests for interaction usually have low power, thus the
absence of strong evidence that interaction was present
does not imply that interaction was absent (19).

There has been a disproportionate focus on the ABCD
guideline in early melanoma diagnosis. Since NM is a
major contributor to melanoma death (2, 20), focus on
melanoma signs should include the characteristics of NM
(EFG: elevated, firm, growing) (18). The low suspicion
sensitivity found for both melanoma subtypes among
non-dermatologists, the main melanoma-diagnosticians
in Norway, calls for educational efforts, whereof tele-
dermatology may be a guiding support.
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