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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.

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 (pinteraction=0.007). The low suspicion sensitivity 
for both subtypes among non-dermatologists calls for 
educational efforts.

Key words: melanoma; nodular melanoma; superficial spreading 
melanoma; suspicion sensitivity; population-based data.
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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 
diag nostic 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 

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 
practition ers (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 (p1 = 0.77 and 
p2 = 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 

have no knowledge of whether to expect a larger or smaller dif-
ference between the 2 subtypes (e.g. p1= 0.67 and p2= 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 (p1 = 0.77 and p2 = 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% CIs) (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 II). Naevus was the domi-
nant non-melanoma diagnosis suggested (29/108 for NM 

Table I. 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, 25th−75th percentile.

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 = 85)a SSM (n = 69)a

Non-melanoma diagnoses, totalb 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

  Otherc 14 2
aNon-melanoma diagnoses were suggested for 85 NMs and 69 SSMs. bAll suggested 
diagnoses are included (i.e. more than 1 for some patients). cOther (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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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 (pinteraction = 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 ≤ pinteraction  ≤ 0.91).

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 

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.

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.



A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

T. E. Robsahm et al.4/4

www.medicaljournals.se/acta

The authors have no conflicts of interest to declare.

REFERENCES
1. Whiteman DC, Green AC, Olsen CM. The growing burden 

of invasive melanoma: projections of incidence rates and 
numbers of new cases in six susceptible populations through 
2031. J Invest Dermatol 2016; 136: 1161–1171. 

2. Robsahm TE, Helsing P, Nilssen Y, Vos L, Rizvi SMH, Akslen LA, 
et al. High mortality due to cutaneous melanoma in Norway: 
a study of prognostic factors in a nationwide cancer registry. 
Clin Epidemiol 2018; 10: 537–548.

3. Friedman RJ, Rigel DS, Kopf AW. Early detection of malignant 
melanoma: the role of physician examination and self-exa-
mination of the skin. CA Cancer J Clin 1985; 35: 130–151. 

4. Abbasi NR, Shaw HM, Rigel DS, Friedman RJ, McCarthy WH, 
Osman I, et al. Early diagnosis of cutaneous melanoma: 
revisiting the ABCD criteria. JAMA 2004; 292: 2771–2776. 

5. Robinson JK, Turrisi R. Skills training to learn discrimination 
of ABCDE criteria by those at risk of developing melanoma. 
Arch Dermatol 2006; 142: 447–452.

6. Nartey Y, Sneyd MJ. The presenting features of melanoma 
in New Zealand: implications for earlier detection. Aust N Z 
J Public Health 2018; 42: 567–571.

7. Lin MJ, Mar V, McLean C, Wolfe R, Kelly JW. Diagnostic ac-
curacy of malignant melanoma according to subtype. Aus-
tralas J Dermatol 2014; 55: 35–42. 

8. Martinka J, Crawford RI, Humphrey S. Clinical recognition of 
melanoma in dermatologists and nondermatologists. J Cutan 
Med Surg 2016; 20: 532–535.

9. Larsen IK, Smastuen M, Johannesen TB, Langmark F, Parkin 
DM, Bray F, et al. Data quality at the Cancer Registry of Nor-
way: an overview of comparability, completeness, validity 
and timeliness. Eur J Cancer 2009; 45: 1218–1231.

10. Cancer Registry of Norway. Cancer in Norway 2018 – cancer 
incidence, mortality, survival and prevalence in Norway. 

Oslo: Cancer Registry of Norway, 2019. [cited 2020 May 11]. 
Available from: https://www.kreftregisteret.no/globalassets/
cancer-in-norway/2018/cin2018.pdf.

11. World Health Organization (WHO). International Classifica-
tion of Diseases for Oncology, 3rd edn (1st rev). Geneva: 
WHO, 2013.

12. Gershenwald JE, Scolyer RA, Hess KR, Sondak VK, Long GV, 
Ross MI, et al. Melanoma staging: evidence-based changes 
in the American Joint Committee on Cancer Eighth Edition 
Cancer Staging Manual. CA Cancer J Clin 2017; 67: 472–492. 

13. Norwegian Directorate of Health. National Action program 
with guidelines for diagnosis, treatment and follow-up of 
malignant melanomas (In Norwegian). [cited 2020 May 11]. 
Available from: https://www.helsedirektoratet.no/retnings-
linjer/maligne-melanomer-handlingsprogram.

14. Hosmer DW, Lemeshow S. Applied logistic regression, 2nd 
edn. USA: John Wiley & Sons, Inc, 2000. 

15. Lydersen S, Fagerland MW, Laake P. Categorical data and 
contingency tables. In: Medical statistics in clinical and 
epidemiological research (Veierød MB, Lydersen S, Laake P, 
eds). Oslo: Gyldendal Akademisk, 2012: p. 48–89.

16. Baade P, Meng X, Youlden D, Aitken J, Youl P. Time trends 
and latitudinal differences in melanoma thickness distribution 
in Australia, 1990–2006. Int J Cancer 2012; 130: 170–178. 

17. Youl PH, Baade PD, Janda M, Del Mar CB, Whiteman DC, 
Aitken JF. Diagnosing skin cancer in primary care: how do 
mainstream general practitioners compare with primary care 
skin cancer clinical doctors? Med J Aust 2007; 187: 215–220.

18. Mar VJ, Chamberlain, Kelly JW, Murray WK, Thompson JF. 
Clinical practice guidelines for the diagnosis and management 
of melanoma: melanomas that lack classical clinical features. 
Med J Aust 2017; 207: 348–350.

19. Kirkwood BR, Sterne JAC. Medical Statistics, 2nd edn.  
Blackwell Science Ltd, Malden, Massachusetts, USA, 2003.

20. Mar VJ, Roberts H, Wolfe R, English DR, Kelly JW. Nodular 
melanoma: a distinct clinical entity and the largest contri-
butor to melanoma deaths in Victoria, Australia. J Am Acad 
Dermatol 2013; 68: 568–575. 


