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Abstract
To improve early melanoma detection, educational programs have been developed for general practitioners (GPs). This study
aimed to determine whether the adjunct of teaching basic knowledge of pigmented skin lesions (PSL) to the training inmelanoma
diagnosis improves the GPs’ diagnostic accuracy of melanoma. An interventional prospective study was conducted over a 3-
month period where GPs attended a 2-h training course. The 1st session taught clinical melanoma recognition and the 2nd session
instructed basic knowledge of PSL. Prior to training, after the 1st, and after the 2nd session, GPs were asked to select the malignant
or benign nature of 15 clinical images associated to their clinical history. In total, 56 GPs participated in this study. The number of
GPs identifying correctly ≥ 50% of the melanomas increased the most after the 1st session from 15 (26.8%; CI = (15.2; 38.4)) to
44 (78.6%; CI = (67.8; 89.3)) GPs (P < 0.001). The number of GPs correctly identifying ≥ 50% of the benign PSL only increased
after completing the entire training, going from 10 (17.9%; CI = [(7.8; 27.9)) GPs to 50 (89.3%; CI = (81.2; 97.4)) GPs (P <
0.001). In this study, GPs identified benign PSLmost accurately after the 2nd session. This suggested that teaching GPs the basics
of PSL would especially improve their diagnostic accuracy for benign PSL, which could reduce unnecessary referrals to
dermatologists. Teaching basic knowledge of PSL in addition to melanoma recognition seemed to enable GPs to triage skin
lesions more effectively than when they were only trained to recognize melanoma.
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Introduction

The last two decades, general practitioners (GPs) have been
recognized to play a key role in early melanoma detection [1,
2]. In order to help GPs dealing with suspicious skin lesions of
melanoma, training programs in melanoma diagnosis espe-
cially designed for GPs have been developed [3, 4].

All these training programs included training in melanoma
recognition using clinical (naked eye) diagnostic tools, such as
the ABCD rule [5], pattern recognition [6], and the “ugly
duckling” sign [7], sometimes supplemented by training in
dermoscopy [4]. Dermoscopy uses a handheld device, which
allows observation of skin structures invisible to the naked
eye. So far, it has been the most widely non-invasive in vivo
technique used in clinical practice to assess skin tumors [8].
Less frequently, some training programs complemented the
GPs’ training in melanoma diagnosis by teaching them basic
knowledge of the most common types of pigmented skin le-
sions (PSL) [9–11]. Basic knowledge refers to the theoretical
notions to be known about melanoma, i.e., risks factors of
melanoma, preferred locations of this cancer according to gen-
der, normal/abnormal evolution of PSL, and characteristics of
the most common benign PSL.

In these previous studies, the diagnostic accuracy of the
participating GPs was assessed on images of PSL in a training
setting, which does not always reflect the GPs’ performances
in a clinical setting. Still, a major French study conducted in
real life has demonstrated a positive long-term impact of their
training course in clinical melanoma diagnosis [12]. This
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training was supplemented by teaching of basic knowledge on
the epidemiology of melanoma (risk factors of melanoma and
recognition of at-risk melanoma patients) and of its differen-
tial diagnoses (typical nevus, seborrheic keratosis, and actinic
lentigo). Unlike most other trainings, it has been followed by a
screening campaign. The latter showed a decrease of the inci-
dence of very thick melanomas (Breslow thickness ≥ 3 mm)
over a 3-year period. However, the respective contributions of
basic knowledge and differential diagnoses, on the one hand,
and of training in clinical melanoma recognition, on the other
hand, in the success of this study has not been reported.

While the efficacy of training GPs in melanoma diagnosis
using clinical diagnostic tools and/or dermoscopy is widely
acknowledged [3, 13, 14], the added value of teaching basic
knowledge of PSL to GPs in order to improve their diagnostic
accuracy of melanoma has not yet, to the best of our knowl-
edge, been studied.

In that respect, this prospective study aimed to determine
whether the adjunct of teaching basic knowledge of PSL to
training in melanoma diagnosis improved the GPs’ diagnostic
accuracy of melanoma.

Methods

Study Design

This interventional prospective study was conducted over a 3-
month period from January 2020 to March 2020 among
French-speaking GPs in Belgium. The study was approved
by the Ethical Committee of the Catholic University of
Louvain in Brussels, Belgium. The leaders of five groups of
Continuing Medical Education in General Practice in the dis-
tricts of Brussels, Hainaut, Namur, and Brabant-Wallon of
Belgium were contacted by email to participate in a training
program in melanoma diagnosis. Four groups accepted the
invitation.

Training Program

GPs attended a 2-h-live training course, which was divided in
two sessions. The 1st session lasted 30min and trained the GPs
in naked-eye diagnosis of melanoma using three main clinical
melanoma diagnostic tools: the ABCD rule [5], pattern recog-
nition [6], and the “ugly duckling” sign [7]. To illustrate the
diagnostic tools, a large number of clinical images of melano-
mas were shown. The 2nd session lasted 45 min and taught
melanoma basics, i.e., risk factors of melanoma, preferred
locations of melanoma according to gender, normal/
abnormal evolution of PSL according to age categories, and
the characteristics of the most common benign PSL: seborrhe-
ic keratosis, typical nevi, blue nevi, congenital nevi, halo nevi,
actinic lentigo, and subungual/subcorneal hematomas.

Clinical images of the benign PSL were shown to help the
GPs memorize their clinical aspects.

Data Collection

All study data was collected using REDCap® (Research
Electronic Data Capture, Vanderbilt University, USA) tools
hosted at the Cliniques Universitaires Saint-Luc [15, 16].

Prior to training, GPs completed a survey collecting
their socio-demographic and medical practice data. They
were asked about their age, gender, workplace (urban, sub-
urban, or rural area), work practice (solo or medical
group), qualification, and previous attendance to a training
program in melanoma diagnosis. Then, they assessed 15
clinical images of PSL associated to their clinical history.
They were asked to decide on the malignant or benign
nature of each lesion. The GPs re-assessed the same clini-
cal images after the 1st session and, once more, after com-
pleting the entire training.

The 15 clinical cases had been peer-reviewed by two
dermatologists, who validated the PSL to be easily recog-
nizable on the basis of the clinical image and clinical his-
tory. The images consisted of five melanomas (three super-
ficial spreading melanomas, one nodular melanoma, and
one lentigo maligna) and 10 benign PSL (two typical nevi,
one seborrheic keratosis, one irritated typical nevus, one
halo nevus, one congenital nevus, one actinic lentigo, one
blue nevus, one subungual and one subcorneal hematomas)
(Figs. 1 and 2). The clinical history of the lesions included
in each case the patient’s age and gender, localization and
evolution (new onset or old lesion, change in shape or size)
of the lesion.

Statistical Analysis

The statistical analysis was performed using SAS software
(SAS© 9.4, SAS Institute Inc., USA). Descriptive statistics
were used to summarize the results considering absolute num-
bers, percentages and 95% confidence intervals. McNemar
test for two correlated proportions was used to test for varia-
tions between the three questionnaires with regard to the num-
ber of GPs that correctly identified the melanomas and the
benign PSL. All tests were considered to be significant for p
value < 0.05 and the conservative Bonferroni correction meth-
od was used to adjust p values for multiple comparisons.

Results

Characteristics of the Study Population

Fifty-six GPs participated in the training program. All
completed the three questionnaires and none were
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excluded. Table 1 summarizes the characteristics of these
56 GPs. Of them, 29 were qualified GPs and 27 were GP
trainees. Women (61%) and young GPs (54%) were pre-
dominantly represented.

Assessment of the Clinical Cases of PSL

Table 2 shows the evolution of the GPs’ correct responses for
each clinical case and Table 3 resumes the global evolution of
the GPs’ responses throughout the training sessions.

Fig. 1 Test set of 15 clinical cases of pigmented skin lesions. (1A-E)
Malignant lesions. (2A-J) Benign lesions. (1A) Woman, aged 76 years.
New lesion of the lower limb noticed by her daughter this summer.
Melanoma. (1B) Woman, aged 46 years. New lesion of the buttock,
growing in size. Melanoma. (1C) Man, aged 55 years. Newly appeared
lesion of the back. Melanoma. (1D) Man, aged 66 years. Growing lesion
on the back, where there used to be a brown spot in the last 2 years.
Melanoma. (1E) Woman, aged 75 years. A 10-year-old lesion of the
external canthus of the eye, which is slowly spreading. Lentigo maligna.
(2A) Woman, aged 26 years. Slowly growing lesion of the trunk that
appeared 2 years ago. Benign nevus. (2B) Man, aged 38 years. Lesion
on the foot sole stable since puberty. Benign nevus. (2C) Woman, aged
35 years. Lesion on shoulder for 10 years but bleeding and erythema

appeared following scratching. Irritated benign nevus. 2D. Women, aged
23 years. Lesionwith a recent white halo noticed on her back. Halo nevus.
(2E) Woman, aged 25 years. Lesion of the right hand stable since child-
hood but recurrent rubbing. Congenital nevus. (2F) Man, aged 38 years.
Lesion of the wrist, stable since puberty. Blue nevus. (2G) Woman, aged
68 years. Lesion stable in size, that appeared 2 years ago but darkened this
summer of the left cheek. Actinic lentigo. (2H) Man, aged 65 years.
Lesion of the back that appeared 2 years ago, itching sometimes.
Seborrheic keratosis. (2I) Man, aged 40 years, athletic. Lesion of the left
heel that appeared two weeks ago. Subcorneal hematoma. (2J) Man, aged
50 years. Fingernail lesion that appeared a month ago on the right hallux.
Subungual hematoma
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Prior to training, only 15 (26.8%; CI = (15.2; 38.4)) GPs
gave ≥ 50% correct responses for the five melanoma cases
and 10 (17.9%; CI = (7.8; 27.9)) GPs gave ≥ 50% correct
answers for the 10 benign PSL. Comparing before and
after the 1st session of the training, the number of GPs that
correctly identified the malignant lesion had at least dou-
bled after the training in clinical melanoma diagnostic tools
for each case of melanoma (all P < 0.001, see Table 2). In
contrast, no statistically significant improvement of the
GPs’ answers to the clinical cases of the benign lesions
were found (pNS). Comparing the answers after the 1st

and the 2nd session, benign PSL were significantly better
identified by the GPs after the session on the characteristics
of PSL (P < 0.001). To note that the number of GPs giving
the correct answer for the melanoma cases continued to
increase slightly.

Overall, the number of GPs identifying correctly ≥ 50% of
the melanoma cases increased from 15 (26.8%; CI = (15.2;
38.4)) to 44 (78.6%; CI = (67.8; 89.3)) GPs after the 1st session
of the training (P < 0.001) and to 52 (92.9%; CI = (86.1; 99.6))
GPs after the 2nd session (P = 0.02). The number of GPs cor-
rectly identifying ≥ 50% of the 10 benign PSL only increased
after completing the entire training, going from 8 (14.3%; CI =
(5.1; 23.5)) GPs after the 1st session to 50 (89.3%; CI = (81.2;
97.4)) GPs after the 2nd session (P < 0.001).

Discussion

This prospective study aimed to determine whether the ad-
junct of teaching basic knowledge of PSL to training in mel-
anoma diagnosis improved the GPs’ diagnostic accuracy of
melanoma.

In this study, GPs correctly identified, as expected, more
malignant and benign lesions after the training. The results
showed that the number of GPs correctly identifying the mel-
anomas had at least doubled for each clinical case after the 1st

session (Table 1). This confirms, as shown in a recent

Fig. 2 Three major pigmented skin lesions of the test set and their basic
characteristics important to know. a Slowly growing 10-year-old lesion of
the external canthus of the right eye in a 75-year-old woman. Diagnosis:
Lentigo maligna. Lentigo maligna is little known to general practitioners
(GPs). They are often unaware that these lesions appear on previously
photo-exposed body areas in the elderly and tend to extent slowly (over
several years). bWoman, aged 23, noticed a recent white halo on one of
her moles on her back. Diagnosis: Halo nevus. Halo nevi have a very
characteristic clinical aspect consisting of a white, regular, and round halo
that circumscribes a benign nevus. This inflammatory phenomenon is
relatively common in teenagers and young adults. GPs, knowing this
particular reaction, can easily reassure their young patients. c Fingernail
lesion that appeared a month ago on the right hallux of a 50-year-old man.
Diagnosis: Subungual hematoma. The notion of recent microtraumas is
important to look for in the clinical history of the lesion. Indeed, this
hematoma located under the nail occurs after repeated microtraumas of
the nail while walking or running with new unsuitable footwear or during
very longwalks. Unlike pigmented melanocytic lesions of the nail matrix,
which form brownish-black longitudinal bands of the nails, the subungual
hematoma forms a reddish-brown spot under the nail with convoluted
borders. Knowing these basic characteristics allows GPs to reassure their
patient and reduces unnecessary referrals to the dermatologist

Table 1 Characteristics of the study population

Characteristics of the general practitioners n %

Total 56 100

Gender

Female 34 61

Male 22 39

Age

< 30 years 30 54

30–50 years 17 30

50–65 years 9 16

> 65 years 0 0

Workplace

Urban area 43 77

Suburban area 11 20

Rural area 2 3

Work practice

Solo 21 37

Medical group 35 63

Qualification

Qualified GP 29 52

1st year GP trainee 15 27

2nd year GP trainee 10 18

3rd year GP trainee 2 3

Previous attendance to a melanoma diagnostic training program

Yes 2 4

No 54 96

GP, general practitioner
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Cochrane review, that training GPs in clinical melanoma di-
agnosis improves their diagnostic accuracy for melanoma
[17]. However, it also indicates that clinical examination alone
was insufficient for some of the GPs to identify malignant
lesions. As the sensitivity of the GPs continued to increase
after the 2nd session, learning the basics of melanoma seemed
to have been an aid for sharper decision-making.

Comparison with Existing Literature

The positive impact of basic knowledge to improve early
melanoma detection has already been recognized in 2004,
when the notion of “evolving,” characterizing a lesion that

had changed over time, was added to the ABCD rule as a
supplementary key criteria for malignancy [18]. Then, a
triage approach for GPs based on clinical examination in
consideration of the patient’s age taken together with the
report of evolution of a lesion was proposed in 2012 [19].
In the Netherlands, a recent study revealed that even know
skin lesions suspicious of melanoma were mostly triaged
on the basis of clinical examination and patient’s medical
history. However, the authors showed that the patient’s
medical history often lacked important criteria, such as
family history of melanoma and evolution of the lesion,
for appropriate management of suspicious skin lesions
[20]. As a cause, they cited a GPs’ lack of basic knowledge.

Table 2 Evolution of the general practitioners’ correct responses throughout the training sessions

GPs correctly identifying the lesion

Diagnosis Baseline After 1st session After 2nd session P value

n (%) 95% CI n (%) 95% CI n (%) 95% CI Baseline–1st session 1st–2nd sessions

Melanomas

SSM of the lower limb 16 (28.6) [16.7; 40.4] 40 (71.4) [59.6; 83.3] 44 (78.6) [67.8; 89.3] < 0.001 0.166

SSM of the back 22 (39.3) [26.5; 52.1] 47 (83.9) [74.3; 93.5] 51 (91.1) [83.6; 98.5] < 0.001 0.096

SSM of the buttock 20 (35.7) [23.2; 48.3] 42 (75.0) [63.7; 86.3] 47 (83.9) [74.3; 93.5] < 0.001 0.035

SSM with nodular component 28 (50) [36.9; 63.1] 44 (78.6) [67.8; 89.3] 49 (87.5) [78.8; 96.2] < 0.001 0.083

Lentigo maligna 6 (10.7) [2.6; 18.8] 27 (48.2) [35.1; 61.3] 30 (53.6) [40.5; 66.6] < 0.001 0.317

Benign PSL

Plantar nevus 28 (50) [36.9; 63.1] 25 (44.6) [31.6; 57.7] 51 (91.1) [83.6; 98.5] 0.549 < 0.001

Typical nevus 23 (41.1) [28.2; 54.0] 23 (41.1) [28.2; 54.0] 45 (80.4) [70.0; 90.8] 0.999 < 0.001

Irritated nevus 17 (30.4) [18.3; 42.4] 12 (21.4) [10.7; 32.2] 48 (85.7) [76.5; 94.9] 0.225 < 0.001

Congenital nevus 6 (10.7) [2.6; 18.8] 6 (10.7) [2.6; 18.8] 40 (71.4) [59.6; 83.3] 0.999 < 0.001

Blue nevus 25 (44.6) [31.6; 57.7] 17 (30.4) [18.3; 42.4] 47 (83.9) [74.3; 93.5] 0.033 < 0.001

Halo nevus 13 (23.2) [12.2; 34.3] 13 (23.2) [12.2; 34.3] 44 (78.6) [67.8; 89.3] 0.999 < 0.001

Seborrheic keratosis 39 (69.6) [57.6; 81.7] 38 (67.9) [55.6; 80.1] 47 (83.9) [74.3; 93.5] 0.763 0.008

Actinic lentigo 10 (17.9) [7.8; 27.9] 4 (7.1) [0.4; 13.9] 29 (51.8) [38.7; 64.9] 0.058 < 0.001

Subungual hematoma 15 (26.8) [15.2; 38.4] 16 (28.6) [16.7; 40.4] 39 (69.6) [57.6; 81.7] 0.655 < 0.001

Subcorneal hematoma 24 (42.9) [29.9; 55.8] 21 (37.5) [24.8; 50.2] 38 (67.9) [55.6; 80.1] 0.467 < 0.001

GPs, general practitioners; SSM, superficial spreading melanoma; PSL, pigmented skin lesions

Statistically significant P values

Table 3 The global evolution of the general practitioners’ responses for the pigmented skin lesions

Nature of the pigmented skin lesions ≥ 50% correct responses (n = 56) P value

Baseline After 1st session After 2nd session Baseline–1st session 1st–2nd sessions

n (%) 95% CI n (%) 95% CI n (%) 95% CI

Benign PSL 10 (17.9) [7.8; 27.9] 8 (14.3) [5.1; 23.5] 50 (89.3) [81.2; 97.4] 0.564 < 0.001

Malignant PSL 15 (26.8) [15.2; 38.4] 44 (78.6) [67.8; 89.3] 52 (92.9) [86.1; 99.6] < 0.001 0.021

PSL, pigmented skin lesions

Statistically significant P values
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In the present study, benign lesions were rather better iden-
tified by the GPs after completing the 2nd session. This sug-
gests that teaching GPs the basics of PSL especially improves
their diagnostic accuracy for benign PSL. Another efficient
tool to improve the diagnosis of benign skin lesions is
dermoscopy [21]. When used by properly trained GPs, it al-
ready demonstrated to improve the triage of suspicious skin
lesions in primary care without increasing the number of un-
necessary referrals to dermatologists because not only malig-
nant but also benign lesions were better diagnosed [13].
Furthermore, another recent Cochrane review found
dermoscopy to be more accurate when interpreted in a clinical
setting, with the patient present in person, rather than in a
training setting using dermoscopic images of the skin lesions
[22]. This implies that collecting information of the clinical
history of the lesion (and patient) further improves the diag-
nostic accuracy of the physicians. Regarding these findings
and the results of our study, teaching the basics of PSL to
GPs could be complementary to further reduce the number
of unnecessary referrals to dermatologists.

Strengths and Limitations

This is the first study to evaluate the added value of teaching
basic knowledge of PSL in addition to clinical melanoma
recognition to GPs in order to improve their diagnostic accu-
racy of melanoma in a training setting. There are some limi-
tations to our study. Firstly, only 56 GPs completed the ques-
tionnaire. Secondly, the 15 clinical images of PSL shown to
the GPs were subjectively chosen. The proportion of melano-
mas (one melanoma/two benign PSL) was higher than the
actual cases encountered in daily general practice. However,
this was necessary in order to determine whether the several
clinical types of melanomas were properly diagnosed by the
GPs. Thirdly, the diagnostic accuracy of the GPs was assessed
in a training setting using clinical images of PSL associated to
a brief clinical history. The advantage of these clinical cases
was to place the GPs in a realistic situation, but it might not
always reflect the GPs’ performances in their daily clinical
practice.

Implications for Research and Practice

In this training setting, GPs acquired important theoretical
knowledge about melanoma and learned to recognize com-
mon typical benign PSL, such as subungueal hematoma and
halo nevus, by their clinical and theoretical characteristics.
They learned how to use this knowledge when dealing with
a patient seeking medical advice for a suspicious skin lesion.
Teaching this basic knowledge allowed GPs to better triage
the lesions into melanomas and benign lesions. This seems
promising for reducing unnecessary dermatologist referrals
in clinical practice. In the future, further clinical trials are

needed to confirm the complementarity and long-term effec-
tiveness of teaching these basics along with training in mela-
noma detection using clinical diagnosis or dermoscopy.
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