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ABSTRACT

Introduction: The number of newly diagnosed skin cancers per year is greater than the
sum of the four most common cancers: breast, prostate, lung, and colon. The imple-
mentation of primary and secondary prevention measures, over the last 2 to 3 decades,
has made a major contribution to successful treatment. Aim: Evaluate the accuracy and
reliability of teledermoscopic versus clinical diagnosis for skin cancers when diagnostic
algorithms are used, and when GPs and surgical specialties are involved in the clinical
procedure. Methods: Digital dermoscope (TS-DD, by Teleskin company) was used for the
acquisition of teledermoscopic photographs and specialized teledermoscopic software
was used for clinical examination and teledermoscopic consultation. The teledermoscopic
procedure itself was performed in two steps. The first step was a clinical examination
using the ABCDE rule with digital dermoscopic photography of the suspected lesion. The
second step was a 2-step dermoscopic evaluation using the second step ABCD algorithm
for the second step. Accuracy and diagnostic reliability were calculated for: teledermo-
scopic diagnosis versus histopathological diagnosis; clinical diagnosis versus histopatho-
logical diagnosis and teledermoscopic diagnosis versus clinical diagnosis. Results: The
study included 120 patients with 121 Pigmented Skin Lesions, of which 75 (62%) were
benign and 46 (38%) were malignant lesions (6 melanomas and 40 NonMelanoma Skin
Cancers). Diagnostic accuracy between teledermoscopic and histopathologic diagnosis
was 90.91% and reliability k=0.81; between clinical and histopathological diagnosis the
diagnostic accuracy was 82.64% and the reliability k=0.64 and between the clinical and
teledermoscopic diagnosis the diagnostic accuracy was 81.82% and the reliability k=0.62.
Conclusion: The achieved diagnostic accuracy between clinical and teledermoscopic
diagnosis, when using diagnostic algorithms, establishes a feasible screening path for
skin cancers and indicates that general practitioners and specialized surgeons may equally
be involved in prevention.
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1. INTRODUCTION

Skin cancers (melanoma and
non-melanoma skin cancers), as
the most common form of human
cancer, are a global problem. The
number of newly diagnosed skin
cancers per year is higher than the
sum of the other four most common
cancers: breast, prostate, lung, and
colon (1).

Melanoma and non-melanoma
skin cancers (basocellular and
squamocellular skin cancers) are
the most common forms of skin
cancer. Melanoma is characterized
by two important characteristics:
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a continuous increase in the inci-
dence of the disease and a high rate
of metastasis. On the other hand,
basocellular skin cancer (as the
most common form of non-mela-
noma skin cancers) is characterized
by a high degree of recurrence and
new-onset. Based on the facts: that
the therapeutic potential for meta-
static melanoma is poor, as well as
highly functional and social mor-
bidity in basal cell carcinoma, there
is a clear need for adequate early
detection methods that will have a
positive effect on prognosis.
Dermoscopy has been estab-

37



Teledermoscopy for Skin Cancer Prevention: a Comparative Study of Clinical and Teledermoscopic Diagnosis

lished over the last three decades as a reliable diag-
nostic method for the early detection of melanoma and
other skin cancers (2). On the other hand, the develop-
ment of new technologies, and above all telemedicine,
has made the dermoscopy more widely available to the
patient. Compared to clinical diagnostics, dermoscopy
significantly improves diagnostic accuracy for all skin
cancers, and especially for melanoma (3,4).

The term ,Teledermoscopy® was established just
over two decades ago when, first when, Piccolo 1999
(5) and then Brown 2000 (6) published their first ex-
periences. They then used the term teledermatoscopy.
Teledermoscopy itself is just one of the branches of
telemedicine whose roots are far deeper.

Specifically, Thomas Bird coined the term telemed-
icine (7) in the 1970s, which means ,healing at a dis-
tance“ (from Greek ,tele“ and Latin ,,medicus") (8,
9). However, the facts still indicate that as early as the
early 20th century, Villem Einthoven, a Dutch physiol-
ogist, developed the first electrocardiograph, using a
wire galvanometer and telephone wires, to record elec-
trical cardiac signals from patients at a distance of 1.5
km (7, 10).

Telemedicine, and therefore teledermoscopy, is often
associated with the term ,,Store-and-forward", which
means collecting and forwarding information for eval-
uation, usually electronically. The information itself is,
for now, transmitted by ,,electronic mail, uploaded to a
secure website, or using a private network“.

Depending on the author, the accuracy of clinical
diagnosis for skin cancers (face to face or naked eye)
ranges from 40% (11), 54% (12) to 71.0% (13) for sen-
sitivity, or 71.8% (12), 81.0 (13) to 84.6% (11) for speci-
ficity. When using the ABCDE rule in clinical examina-
tion, the accuracy of clinical diagnosis depends on the
number of criteria involved in the decision and ranges
from 43-97% for sensitivity and 36-100% for spec-
ificity, i.e. 65% for sensitivity and 89% for specificity
when 2 of 5 ABCDE criteria are used nonselectively (14).

The accuracy of dermoscopic diagnosis for skin can-
cers, depending on the algorithm used, ranges from
55%—79.2% (11,12) for sensitivity and 71.8% -89%
(12,11) for specificity.

The reliability of teledermoscopic diagnosis was ver-
ified in studies that compared the results with a der-
moscopic or clinical (face to face) diagnosis. In studies
where teledermoscopic diagnoses are compared with
dermoscopic diagnoses, diagnostic reliability ranges
from 51% -92% for sensitivity and 62% specificity (15-
18). At the same time as teledermoscopic diagnosis is
compared with a clinical (face to face) diagnosis, the
diagnostic reliability is 67% (15).

Rare are the studies where the reliability between
clinical (face to face) and teledermoscopic diagnosis is
analyzed in cases where clinical diagnosis is made by a
GP and teledermoscopic diagnosis by a teledermosco-
pist, who in the vast majority of studies is a dermatol-
ogist. In one such study, Job P van der Heijden recorded
reliability of k=0.41- 0.63 between teledermoscopic
and histopathological diagnosis, k=0.55—-0.73 between
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clinical (face to face) and teledermoscopic diagnosis,
and k=0.90 between clinical and histopathological di-
agnosis (19).

2. AIM

Evaluate the accuracy and reliability of teledermo-
scopic diagnosis relative to clinical diagnosis for skin
cancers when using diagnostic algorithms. Evaluate
the accuracy and reliability of a clinical examination
performed by non-dermatologists, such as general
practitioners or surgical specialty physicians.

3. METHODS

Teledermoscopic process

Digital dermoscope (TS-DD, Teleskin) with a resolu-
tion of 2048 x 1920 pixels was used for the acquisition of
teledermoscopic photographs and specialized teleder-
moscopic software was designed for clinical examina-
tion based on the International Dermoscopy Society
(IDS) recommendations. The Teleskin Teledermoscopy
Private Network (TTDPN), which was formed in 2009,
was used to communicate with the teledermoscopist.
The study included 6 physicians. Clinical examina-
tion was performed by 5 physicians: 3 general practi-
tioners, 1 general surgeon, and 1 plastic surgeon. Only
one teledermoscopist, a plastic surgeon with 10 years’
experience in teledermoscopy and over 20 years in der-
moscopy, worked on the teledermoscopic response.

Before the start of the study, a training course of 6
hours was organized for physicians conducting the
clinical examination with the acquisition of digital
dermoscopic photography.

The course is designed to train physicians, on the one
hand, for clinical diagnosis of skin cancer using the
ABCDE clinical algorithm, and on the other, for the use
of a teledermoscopic network and a teledermoscopic
system (digital dermoscope and specialized teleder-
moscopic data acquisition software, digital dermo-
scopic photographs, formation of a teledermoscopic
referral and receipt of a teledermoscopic report).

To enter and work in the TTDPN software, all physi-
cians have a specially designed code.

After entering the TTDPN, clinicians who performed
the clinical examination entered the following infor-
mation: basic patient identification data, skin cancer
risk factors, Fitzpatrick skin phototype determina-
tion data, an anatomical region of the skin lesion, and
ABCDE clinical lesion data. After their acquisition, a
digital dermoscopy of the skin lesion was performed. In
most cases, it was a digital photograph. However, two
or more digital dermoscopic photographs were taken:
in the case of poor quality of the first photo or in cases
where the size of the skin lesion exceeded 15 mm in di-
ameter. A clinical decision on the skin cancer suspi-
cious lesion was made based on the ABCDE clinical al-
gorithm.

A skin lesion was declared suspicious if there were
positive at least 2 of the following 3 criteria (A-asym-
metry; C-color variation and E-evolution). After en-
tering all the data and digital dermoscopy of the skin
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lesion itself, a teledermoscopic instruction is automat-
ically formed, containing: basic patient information
(age, gender, skin phototype and risk factors for skin
cancers); ABCDE skin lesion clinical data and anatom-
ical region; and digital photography of the skin lesion
(at least one). There is no personal information on the
referral that identifies the patient, such as name, sur-
name, address and contact information (telephone,
email, etc.). The instruction itself with all the data and
digital dermoscopic photography is forwarded to the
teledermoscopic consultation by TTDPN.

The teledermoscopist, after joining the telemedicine
network, accessed specialized software for receiving
teledermoscopic instructions. After opening the re-
ferral, he/she has access to all clinical examination
data. A two-step dermoscopic evaluation of pigmented
skin lesions is based on IDS recommendations using the
first-step dermoscopic algorithm and one of four rec-
ommended second-step algorithms (20). In this study,
the results of a two-step dermoscopic evaluation (a
two-step dermoscopy procedure) were analyzed using
the second step ABCD dermoscopic algorithm. After
the dermoscopic evaluation is completed, an automatic
teledermoscopic report is formed, containing all the
data as well as the instructions, except the patient’s
identification data (names and surnames). In the note,
which is free text entry, the teledermoscopist must
make a recommendation as to what to do next, and ac-
cording to IDS recommendations. Possible tips in the
recommendation are excision; diagnostic biopsy; pre-
ventive removal; follow-up at short intervals: at 3, 6, or
12 months; regular annual checkup and self-checkup.

Only patients with histopathological analysis were
included for analysis in this study. The teledermoscopic
response time is limited to 1 to 2 business days and the
delivery time of the final finding to the patient, up to a
maximum of 7 days, from the receipt of the teledermo-
scopic result.

Inclusion criteria

For all the physicians who participated in the study,
the minimum criterion was a training course with
training on the ABCDE rule, the use of a telemedicine
network and a teledermoscopic system (hardware and
software) and that they are not dermatologists. For skin
lesions, the criteria were that they belonged to pig-
mented skin lesions (PSL) with a confirmed histopatho-
logical diagnosis after excision. For the algorithms, the
criteria were: the ABCDE clinical rule for clinical exam-
ination and a two-step dermoscopic procedure using
the ABCD rule in the second step. There were two con-
ditions for patients: that they were over 20 years of age,
and that they gave their consent to the teledermoscopic
consultation and its use for research purposes. For dig-
ital dermoscopic photographs, the condition was of
good quality so that clear teledermoscopic differentia-
tion could be established.

Statistical analysis

For descriptive statistics and statistical methods, the
analytical and statistical tool SPSS (Statistical Product
and Service Solutions) version 20 was used, and for the
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graphical representation of Microsoft Excel 2010. Accu-
racy and reliability were calculated for all skin cancers
together (Melanoma and NonMelanomaSkin Cancers).
The gold standard for calculation was histopathological
diagnosis except for the comparison of results between
the clinical (ABCDE rule) and teledermoscopic diag-
nosis, where the latter was used for the gold standard.

Sensitivity and specificity tests were used to calcu-
late accuracy. On the other hand, Kappa statistics (21)
were used to calculate the reliability values. Accuracy
and diagnostic reliability were calculated for: teleder-
moscopic diagnosis versus histopathological diag-
nosis; clinical diagnosis (using ABCDE rule) versus his-
topathological diagnosis of teledermoscopic diagnosis
and teledermoscopic diagnosis versus clinical diag-
nosis (using ABCDE rule). Results of Kappa values were
interpreted as 0-0.20 as slight, 0.21-0.40 as fair, 0.41-
0.60 as moderate, 0.61-0.80 as substantial and 0.81-1.0
as almost perfect agreement (22).

Ethical permission was not acquired for this study
because all patients were examined (face to face) by a
doctor who recommended further treatment.

4. RESULTS

Patient information

The study was conducted at the Teledermoscopy
Center, ORS Plastic Surgery in Belgrade, Serbia.

Between January 2019 and January 2020, teledermo-
scopic consultation was performed for 680 PSL in 648
patients. The study excluded: 45 patients with 45 PSL
who were referred for teledermoscopic consultation by
2 dermatologists; 471 patients with 502 PSL who had
no data on excision and histopathological diagnosis; 6
patients under the age of 20 with 6 PSL and doing poor
quality digital photography of 6 patients with 6 PSL.

After elimination of 528 patients with 559 PSL, 120
patients with 121 PSL were enrolled in the study: 115
(95.8%) patients had 1 PSL and 5 (4.2%) with 2 PSL
each; 64 (53.3%) female and 56 (46.7%) male; patient
age ranged from 25 to 76 years (average 52 years); 99
(82.5%) patients were Fitzpatrick skin type 3 (FST), 16
(13.3%) were FST 2, 4 (3.3%) were patients with FTZ 1; 1
patient (0.8%) with FST 4; and 2 (1.7%) patients had pre-
vious nonmelanocytic skin cancer (NMSC) and 7 (5.8%)
with atypical mole syndrome. Of the 121 PSLs in total,
75 (62%) were benign lesions and 46 (38%) were malig-
nant (6 melanomas and 40 NMSCs), Table 1.

Pigmented skin lesions
Histopathology diagnosis

Number %

Melanocytic Common Naevi a4 36,4
Benign naevi Dysplastic Naevus 5 4,1

n=75 Seborrhoeic keratosis 21 17,4
(62 %) Vascular lesion 3 2,5
Dermatofibroma 2 1,7
Melanoma 6 5,0

Malignant Basal cell carcinoma 35 28,9
n=46 Aktinic keratosis 2 1,7
(38 %) Bowen disease 1 0,8
Squamous cell carcinoma 2 1,7

Sum 121 100,0

Table 1. Number of benign or malignant lesions included in the study
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Diagnostic . . TR
diferentiation Diagnostic level Sensitivity

(95% CI)

Teledermoscopy (2SDP) 89.13%

Vs Histopathology
Clinic (ABCDE)
Vs Histopathology
Vs Clinic (ABCDE) Vs
Teledermoscopy (2SDP)

Malignant 80.43%
Vs Benign

78.72%

(76.43% to 96.38%)

(66.09% to 90.64%)

(64.34% to 89.30%)

Statistics
Specificity Accuracy Kappa
(95% CI) (95% CI (95% CI)
92% 90.91% 0.81
(83.40% t0 97.01%) (84.32% t0 95.37%) (0.700 to 0.916)
84% 82.64% 0.64
(73.72% t0 91.45%) (74.70% to 88.92%) (0.496 to 0.777)
83.78% 81.82% 0.62

(73.39% t0 91.33%)  (73.78% to 88.24%)  0.477 to 0.763

Abbrevation: 2SDP, a two-step dermoscopy procedure; ABCDE, ABCDE rule for skin cancers detection

Table 2. Diagnostic Accuracy and Realibility of the Clinical (ABCDE) and Teledermoscopical (ABCD) diagnosis

Figure 1. Digital dermoscopy (TS-DD, by Teleskin d.o.0. company, Serbia)
for the acquisition of teledermoscopic photographs and specialized
teledermoscopic software for clinical examination and teledermoscopic
consultation.

Accuracy and reliability

In the differentiation of malignant from
benign PSL, the diagnostic accuracy be-
tween teledermoscopic and histopathologic
diagnosis was 90.91% and reliability k=0.81;
between clinical and histopathological di-
agnosis the diagnostic accuracy was 82.64%
and the reliability was k=0.64; and between
clinical and teledermoscopic diagnosis the
diagnostic accuracy was 81.82% and the re-
liability k=0.62, Table 2.

A

5. DISCUSSION

Studies analyzing clinical and teledermoscopic accu-
racy in the prevention of skin cancer, involving GPs, are
rare. However, in the available literature to the author,
for the time being, there is no study where, in addition
to GPs, surgical specialty physicians also participate,
as well as using clinical and dermoscopic algorithms in
the analysis.

In this study, a slightly higher score of sensitive clin-
ical diagnosis (80.43%) was observed compared to 40%
to 71% (11,12,13) in studies performed by general prac-
titioners with or without the use of ABCD (E) rules. At
the same time, the specificity score (84%) ranged from
71.8% t0 84.6% (11,12).

Large variations in accuracy scores, and in particular
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sensitivity, are directly related to the methodologically
inaccurate use of the ABCDE rule. Specifically, Thomas
(14), in the most comprehensive and clearly method-
ologically defined study of 1998, pointed to the striking
behavior of the results of the ABCDE rule concerning
the number of criteria involved in decision-making.
The most consistent results were obtained when using
2 or 3 criteria, and then the sensitivity values ranged
from 89% to 66% and 65% to 80%, respectively. The
comparative analysis of the results presented above (11-
14) indicates that in this study a balanced score of sen-
sitivity and specificity (80.43% Vs 84%) was achieved
due to the precise (not random) (14) choice of attributes
involved in decision making (A, C and E).

High scores on the sensitivity and specificity of der-
moscopic diagnosis were achieved in this study (89.13%
and 92%), compared to the results in studies published
by Menzies (11) and Argenziano (12) (55%—79.2% for
sensitivity and 71.8% -89 % (12,11) for specificity), can
be explained by the expected progress made by the ex-
perience, expressed by a time distance of at least 10
years.

Figure 2. Dermoscopic images: A, Dysplastic Naevus; B, Melanoma in Situ and C, Basal
Cell Carcinoma ( low grade-nodular type)

A comparison of the results of the accuracy of the
teledermoscopic diagnosis with the histopathological
diagnosis indicates that a sensitivity value of 89.13%
was reached in the range of published results ranging
from 51% -92% (15-18). However, the achieved speci-
ficity value of 92% is significantly higher than the pub-
lished value of 67% (15).

The reliability of teledermoscopic and clinical di-
agnosis concerning histopathological diagnosis, in
studies involving general practitioners, ranges from:
y,Moderate to Substantial agreement®, (k=0.41-0.63)
for teledermoscopic reliability and (k=0.55-0.73) for
clinical reliability (19); and , Almost perfect agree-
ment* in comparison of clinical with teledermoscopic
diagnosis (k=0.90) (19). In contrast to these results, in
our study, the reliability of teledermoscopic diagnosis
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compared to histopathological diagnosis was raised to
the level of ,,Almost perfect agreement* (k=0.81), and
the reliability of clinical diagnosis: concerning his-
topathological diagnosis (k=0.64) and in relation on
teledermoscopic diagnosis (k=0.62) remained at the
,Substantial agreement* value. In analyzing these re-
sults, one should always keep in mind the differences
brought about by the size of the sample analyzed, 7 skin
cancers in the P van der Heijden study (19), compared to
the 46 skin cancers in this study.

All the results achieved in this study are either in
the range published or raised to a higher level of con-
fidence, with more uniform values of sensitivity and
specificity.

6. CONCLUSION

Achieved diagnostic accuracy and reliability indi-
cates that skin cancers can also be successfully iden-
tified by GPs and surgeons,in addition to dermatolo-
gists. Adding to the already emphasized importance
of training and quality of photography, this study also
highlights the importance of a clearly defined meth-
odology and use of teledermoscopic software that in-
cludes clinical and dermoscopic algorithms.
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