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Introduction: Having many melanocytic nevi on the skin is a risk factor for melanoma. However, 
the reproducibility of nevus counts in previous studies is limited due to high inter- and intraobserver 
variation. Despite the introduction of a protocol for counting and reporting of nevi in 1990 by the 
International Agency for Research on Cancer (IARC), significant variations in nevus counting methods 
persist across studies.

Objectives: We sought to review the variations in nevus counting and reporting methods, adherence 
and deviations from the IARC protocol, and the reproducibility of nevus counting studies.

Methods: A systematic search of Embase, PubMed, and Web of Science was conducted. The review 
was limited to nevus (>2 mm) counting studies of general population adults conducted between 2000 
and 2022 and studies using skilled examiners.

ABSTRACT
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Introduction

Melanoma incidence is predicted to increase by 57% world-

wide by 2040, with an estimated 68% rise in mortality [1]. 

Having many melanocytic nevi is the strongest phenotypic 

risk factor for melanoma. Nevus numbers are thought to in-

crease into middle age and decrease thereafter, but this is 

mostly based on cross-sectional studies. A recent longitudi-

nal study reported dynamic changes of nevus numbers even 

into late adulthood [2].

A major constraint in reporting and comparing ne-

vus prevalence across studies of different age groups, risk 

groups, and geographic locations is the lack of a standard 

procedure for counting and recording them. Addressing this 

issue, English et al. (1990) [3] formulated a set of guide-

lines for differentiating a nevus from other skin lesions and 

reporting nevus counts. This has been recognized as the 

standard international protocol for counting nevi by the In-

ternational Agency for Research on Cancer (IARC). Despite 

this IARC protocol, comparability of studies may be low if 

it is not implemented consistently. Differences in the size of 

nevi included in the analyses, inadequate information about 

nevus counting methods, and reporting of nevus counts 

versus nevus density are commonly seen inconsistencies in 

previous studies. In fact, a previous meta-analysis reported 

strong overall heterogeneity in nevus counting methods [4]. 

A recent scoping review of the body site distribution of nevi 

[5] also highlighted the difficulty in comparing prevalence of 

nevi by anatomic site due to differences in aggregating body 

sites in previous studies.

Reproducibility of nevus counts in research studies is also 

hampered by high inter- and intraobserver variation [3, 6-8], 

which may account for up to 10% of variation in total nevus 

count [9]. Numerous observers with varying experience were 

involved in counting nevi in previous studies, including der-

matologists, physicians, nurses, and trained interviewers or 

self-report. Intraobserver reliability increases with training 

and experience of the person counting nevi [6].

Given these previous reports, this systematic review eval-

uated variations in nevus counting and reporting methods, 

adherence to or deviations from the IARC protocol, and 

reproducibility of previous nevus counting studies. Criteria 

used for identification and counting of nevi >2 mm in di-

ameter, body sites, reported outcomes (nevus count, nevus 

density, or categorized nevus count), personnel performing 

the nevus counting and related training, and assessment of 

inter- and intraobserver variation were also investigated.

Methods

This systematic review followed PRISMA guidelines [10]. 

A protocol for the review was registered with the Interna-

tional Prospective Register for Ongoing Systematic Reviews 

(PROSPERO)[11] (registration ID: CRD42021278664). 

Studies reporting total body melanocytic nevus counts of >2 

mm in diameter in adults (most of the reported sample being 

>18 years) from the general population using skilled examin-

ers for nevus counting were eligible. Studies recruiting from 

dermatology clinics, those using self-reported nevus counts 

as well as studies of atypical nevus syndrome, those specifi-

cally counting a subtype of nevi (e.g., Unna nevi, Spitz nevi), 

or studies focusing on children were excluded.

A systematic search of Embase, PubMed, and Web of Sci-

ence was conducted and updated in December 2022 using a 

combination of key words related to nevus counting studies 

in general population adults and Medical Subject Heading 

(MeSH) terms (Appendix 1). The search was limited to stud-

ies published after 2000 to assess the quality of recent nevus 

counting studies.

Covidence [12] was used for screening. Retrieved studies 

were independently assessed by two reviewers (DJ and DPA), 

and a decision by a third reviewer (MJ) was sought when 

needed. Pre-tested tables were used for data extraction by two 

authors (DJ and NN). Descriptions of nevus counting and 

reporting methods and any deviations from the IARC proto-

col for identifying and recording nevi were recorded in detail.

Results: Out of the eight studies which were eligible for inclusion, none followed the IARC proto-
col. Three studies used a predefined criterion to count nevi. Five studies provided training for their 
observers. Three studies assessed the inter- or intraobserver variation using the correlation coefficient 
(>0.75), and three studies attempted to verify the validity and the reproducibility of the counts. There 
was little to no agreement in nevus counting and reporting procedures in the reviewed studies, and 
most studies did not report their procedures adequately.

Conclusion: This review highlights the need for an easily accessible and feasible protocol for the 
identification, counting, and reporting of nevi, which also considers nevus counting from total-body 
imaging and automated nevus counts since these technologies are expected to become widely available 
for future studies.
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Quality assessment of the selected studies was carried 

out by two independent reviewers (DJ and NN) using the 

appropriate Joanna Briggs Institute (JBI) Critical Appraisal 

Checklist [13-15], based on the type of study. Since the re-

view was mainly focused on the study methods and not their 

outcomes, we developed ranking criteria to assess the quality 

of the nevus counting methodologies and their reproducibil-

ity based on recommendations of the IARC protocol. The 

criteria considered whether the study reported: (i) a clear 

definition for melanocytic nevi; (ii) steps taken to make sure 

nevi were not confused with other pigmented lesions; (iii) a 

standard (tool) to measure nevus size; (iv) the setting where 

nevus counting was carried out (e.g., lighting conditions, fur-

niture used, magnification instruments); (v) followed a set 

sequence of measurements, e.g., melanocytic nevi, assessing 

freckling, assessing solar lentigines, and described detailed 

macroscopic features of a specified sample of melanocytic 

nevi; (vi) training of observers according to a set of guide-

lines; (vii) reported reproducibility and inter- and intraob-

server variability; and (viii) adherence to the IARC protocol 

or any other protocol considered.

Results

The PRISMA flow diagram (shown in Figure 1) summarizes 

the search and screening results. A total of 4,638 articles 

were identified. After removal of duplicates (n=1,386) and 

screening of titles and abstracts, 303 articles remained for 

full text review. Eight articles met all the eligibility criteria 

and were subjected to complete review.

Figure 1. PRISMA flow diagram of the screening process.
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Body sites: Three studies [16, 20, 22] reported nevus 

counts according to predefined body sites and one with as-

sistance of a photographic atlas [19]. One study [18] did not 

specify body sites excluded for examination, while all other 

studies did not count nevi on genitalia. Two studies [19, 22] 

also excluded nevi on the scalp, and two studies [16, 21] 

excluded nevi on the breasts in females.

Nevus Count-Related Outcomes

Three studies [20-22] reported the mean and/ or median 

total number of nevi of all participants, while one study 

[16] reported the median number of nevi for participants 

categorized by sun exposure characteristics and genotypes 

(Table 3). The median number of nevi ≥2 mm varied from  

11 to 45, while their ranges varied from 0 to355.

Four studies [17-19, 23] did not provide a single mea-

sure to summarize average nevus count but reported fre-

quency and percentage of participants belonging to nevus 

count category subgroups (e.g., 0–20, 20–50, and >50 nevi)  

(Table 3). Categories varied by study and are summarized 

in Table 3, with results for the most common subgroup also 

varying greatly: >40 (56.2%) [23], 35–51 (22.4%) [17], <20 

(89%) [18], and 0–5 (48.7%) [19]. One study [20] reported 

nevus density per body site based on body surface area cal-

culations proposed by Lund and Browder [26].

Inter- and Intraobserver Variation

Expertise of the observers: Four studies [17-20] reported 

that counting was done only by dermatologists, one study 

[23] by both dermatologists and physicians, and three stud-

ies [16, 21, 22] by nurses (Table 4).

Training of observers: All studies where dermatologists 

counted nevi did not mention any training for the observers 

[17-20], and one study [19] did not provide the number of ex-

aminers. In the skin cancer screening study in Germany [23], 

a total of 116 dermatologists and 1,673 non-dermatologist 

physicians were involved in nevus counting, where each was 

given an 8-hour training course with a detailed description 

of the screening procedure and standard whole-body exam-

ination with practical examples. When nurses were used to 

count nevi [16, 21, 22], they were trained by dermatologists, 

but no training criteria were specifically reported.

Validity and reproducibility of nevus counts: While only 

one dermatologist examined all participants in the study 

by Karlsson et al. (2000) [20], counting was validated us-

ing independent examination of 48 participants by an-

other observer who had participated in nevus counting in 

a previous study [27], and their agreement was substantial 

Characteristics of Sources of Evidence

All selected studies were from Europe (Table 1). Study 

designs included four case-control studies [16-19] and four 

cross-sectional studies [20-23]. The eight studies reported 

data from 375,464 participants, whose age ranged from  

14-77 years. The four case-control studies matched con-

trols for sex and age of the cases. One study [23] was a 

population-based mass skin cancer screening study in 

Germany, while five others [16,18,20-22] used a sample from 

the general population. Two case-control studies [17,19] 

used patients in a hospital setting other than dermatology 

clinics (for this review, persons attending a non-dermatology 

clinic were considered representative of the general popula-

tion) and spouses or friends of the cases as the control.

Methodologies for Nevus 
Identification and Reporting

Standardized protocol: Of the eight studies considered, none 

specifically reported that the investigators followed the IARC 

protocol (Table 2). One study [22] used a counting protocol 

validated in two previous melanoma studies from the same 

group [24, 25], while one study reported that the number of 

nevi was counted according to standardized criteria which 

the authors did not describe or reference [19], and one study 

had a well-defined description of the screening procedure to 

train the observers [23].

Defining and identifying nevi: None of the studies re-

ported a well-defined criterion for identifying a lesion as a 

nevus. Three studies explicitly mentioned that they consid-

ered “melanocytic nevi” [18, 23] or “pigmented macules or 

papules” [17], while the remaining five studies did not spec-

ify what lesions were considered as nevi. To ensure that nevi 

were not confused with other pigmented lesions, Breitbart 

et al. (2012) tested the ability of examiners to differentiate 

between various skin lesions after the completion of a train-

ing program. Three studies also provided clear definitions 

of other lesions such as freckles and solar lentigines [17-19] 

which may also have prevented confusion with nevi.

Size of nevi: While six studies did not categorize the size 

of nevi for analysis (other than ≥2 mm), Newton-Bishop  

et al. [16] analyzed >5 mm nevi separately, and Bataille et al. 

[22] considered three categories of size: 2<x<5 mm, 5<x<10 

mm, and >10 mm. With regards to tools, only Naldi et al. 

(2000) [19] reported that they used a simple instrument 

called a “nevometer” to measure the sizes of nevi.

Atypical nevi: All studies except one [18] separately re-

corded atypical nevi or considered those >5 mm as a proxy 

for atypical nevi [22].
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Table 1. Characteristics of the Included Studies (n=8).

First 
Author 
(Year) & 
Country

Type of 
Study Main Objective of the Study

Sample Size 
(Female 

Percentage)
Age (Average Age 

and Range) Period of Study

Bataille 
(2000), UK

Cross-
sectional

To investigate the relative 
contribution of genetic and 
environmental effects on the 
expression of nevi and freckles, 
and to determine if age and 
sun exposure influence the 
heritability of nevi.

900 (100%) Adults (for the 
monozygotic twin 
pairs average 48 
and range 19-73, 
for the dizygotic 
pairs average 44 and 
range 18-69)

Jan 1997-Dec 
1997

Karlsson 
(2000), 
Sweden

Cross-
sectional

To assess the variation in 
naevus profile in regions with 
different levels and patterns 
of sun exposure and different 
melanoma incidence, and to 
investigate the prevalence of 
common naevi and dysplastic 
naevi in a Swedish population 
with a low incidence of 
melanoma

201 (53%) Adults (39.8, 30-50) ND

Naldi 
(2000), Italy

Case-
control

To identify the risk factors  
of melanoma

542 cases 
(58%) and 538 
controls (ND)

Adults (Median 54, 
ND)

1992-1994

Landi 
(2001), Italy

Case-
control

To identify risk factors for  
non-familial melanoma

183 cases 
(53%) and 179 
controls (50%)

Children and adults 
(Cases average 48.5, 
controls average 
45.8, 17-77)

Not defined 
specifically - 
recruited newly 
diagnosed 
melanoma cases 
between Dec 1994 
and Jan 1999

Silva (2009), 
UK

Cross-
sectional

Investigating the effect of 
foreign sun exposure on 
nevus counts and skin aging 
among young white women 
living in temperate climates 
like the UK

754 (100%) Adults (36.2, 18-46) ND

Nagore 
(2010), 
Spain

Case-
control

To elucidate what factors are 
associated with melanoma 
patients older than 60 years

160 cases 
(46%) and 318 
controls (48%)

Adults (68.6, >=60) ND

Newton-
Bishop 
(2010), UK

Case-
control

The risk associated with nevus 
phenotype was investigated 
in relation to patterns of sun 
exposure and the inheritance 
of 3 single nucleotide 
polymorphisms (SNPs) on 
chromosomes 6, 9 and 22

960 cases 
(ND), 513 
controls (ND)

Adults (ND, 18-76) Cases: Sep 2000- 
Dec 2005

Breitbart 
(2012), 
Germany

Cross-
sectional

Description of the 
implementation of a skin 
cancer screening project and 
its feasibility in the existing 
setting of primary care in 
Germany

360,288 (75%) Adults (49.7, >20) July 2003-June 
2004

ND: not disclosed.
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Table 3. Nevus-related Outcomes Reported.

First Author 
(Year) & 
Country

Outcome Reported Nevus Prevalence

Nevus 
Count 

Reported
Categorized 
Nevus Count

Nevus 
Count per 
Unit Body 

Surface 
Area

Nevus 
Count 

per 
Body 
Site

Anatomical 
Site Area 

Calculations Average Dispersion

Bataille 
(2000), UK

Yes Yes ND ND ND Mean=35, 
Median=22

Range=0-324

Karlsson 
(2000), 
Sweden

Yes Yes Yes, for 
each site 
surface area 
separately

Yes Yes, size of each 
area expressed 
as a percentage 
of the total 
body surface, 
calculated 
according to 
Lund & Browder 
1944

Median=15 Range=0-332

Naldi 
(2000), Italy

No Yes ND ND ND 0-5 (48.7%), 
6-15 (27.9%), 
16-30 (14.3%), 
31-45 (5.8%), 
>= 46 (3.3%)

ND

Landi 
(2001), Italy

No Yes ND ND ND 0-12 (21.2%), 
13-20 (18.8%), 
21-34 (17.7%), 
35-51 (22.4%), 
52-190 (20%)

ND

Silva (2009), 
UK

Yes Yes ND ND ND Median=45, 
Mean=57.6

Range=0-355

Nagore 
(2010), 
Spain

No Yes ND ND ND < 20 (89%), 
20-50 (8.8%), 
>50 (2.2%)

ND

Newton-
Bishop 
(2010), UK

Yes No ND ND ND Median* Interquartile 
range*

Breitbart 
(2012), 
Germany

No No ND ND ND >=40 
nevi=56.2%

ND

*Reported separately for 11 sun exposure characteristics and 3 nevus genotypes. ND: not disclosed.

(Kappa: 0.79, 95% CI: 0.59-0.99). Landi et al. (2001) [17] 

used only one dermatologist to count nevi and an oncolo-

gist to validate diagnosis of nevi using photographs. Further, 

due to the difficulty in diagnosing nevi in older participants, 

the authors performed a sensitivity analysis removing partic-

ipants older than 60 years and observed no change in their 

results. The Landi et al. study (2001) [17] was also the only 

one to digitally record nevi using photographs, hence in-

creasing the reproducibility of nevus counts.

Assessment and/or quantifying inter- and intraobserver vari-

ability: The inter- and intraobserver variation of nevus counts 

was assessed only in three studies [19, 21, 22]. In the study by 

Silva et al. (2009) [21], each nurse independently examined five 

participants at 6-month intervals and reviewed their counts 

against the dermatologist’s but did not report an inter- or in-

traobserver variation measure. Naldi et al. (2000) [19] assessed 

interobserver variation using a correlation coefficient reported 

as >0.75, but did not provide details of assessment criteria. 

Bataille et al. (2000) also used the correlation coefficient to as-

sess interobserver variation using only two of the five research 

nurses (reported as 0.95 between the two nurses); they counted 

nevi of 20 participants at two different visits.
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Table 4. Intra- and Interobserver Variation.

First 
Author 
(Year) & 
Country

Personnel 
Involved 
in Nevus 
Counting

Were Observers 
Trained against 

a Standard 
Criterion to 

Identify Nevi?

Validity of Counts and 
Reproducibility of the 

Study

Measuring Inter- and Intraobserver 
Variation

Assessment 
Criteria for 
Inter- and 

Intraobserver 
Variation

Measure 
Used Value

Bataille 
(2000), 
UK

5 research 
nurses

Trained by a 
dermatologist, 
but no criteria 
mentioned

ND Interobserver bias 
was assessed for 
only 2 observers, 
by counting nevi 
of 20 participants 
in 2 different 
visits.

Correlation 
coefficient

0.95

Karlsson 
(2000), 
Sweden

1 dermatologist ND One observer examined all 
participants and another 
observer (who was in the 
(Augustsson, Stierner et al. 
1991 study) independently 
examined a subset of 48 
subjects for validation. 
The agreement was: Kappa 
0.79 (95% CI 0.59-0.99)

ND ND ND

Naldi 
(2000), 
Italy

Dermatologists, 
number 
undefined

Trained, but 
no protocol 
mentioned

ND Assessed, but no 
details provided

Correlation 
coefficient

>0.75

Landi 
(2001), 
Italy

1 dermatologist ND Having only 1 
dermatologist perform 
skin checks and 1 
oncologist assess DN 
and nevi diagnoses using 
photographs.Sensitivity 
analysis excluding 
participants >60 years old

ND ND ND

Silva 
(2009), 
UK

3 nurses Trained by a 
dermatologist, 
but no criteria 
mentioned

ND Monitored at 
6-month intervals. 
Each nurse 
independently 
counted nevi 
in the same 
5 patients at 
6-month intervals 
and reviewed 
their counts 
together with the 
dermatologist

Models 
adjusted 
for each 
observer

ND

Nagore 
(2010), 
Spain

2 
dermatologists

ND ND ND ND ND

Newton-
Bishop 
(2010), 
UK

3 nurses Trained by a 
dermatologist, 
but no criteria 
mentioned

ND ND ND ND

ND: not disclosed.
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Critical Appraisal and Quality of the 
Studies

Based on the JBI Critical Appraisal Checklists for case-control 

and cross-sectional studies, all considered studies had good 

quality with respect to general research methodology, except 

for obtaining reliable and valid exposure measurements and 

outcome measures (Table S1). Exposure measurements re-

ported in the considered studies included phenotypic char-

acteristics, sun exposure habits, and personal and family 

history of melanoma (Table S2). Only two studies [16, 21] 

considered possible temporal changes in hair color and re-

corded the color at age 21. Recollection of the level of sun 

exposure during leisure time [16-18, 20, 21] or vacation [16, 

18, 21] and the number of sunburns [17-19] throughout life 

may also not be reliable.

In the ranking criterion we developed to assess quality of 

nevus counting methodologies of studies and their reproduc-

ibility based on the recommendations of the IARC protocol 

(Table S3), the study by Landi et al. [17] received the highest 

score (64%), followed by Naldi et al. [19] (59%), Bataille et 

al. [22] (58%), and Nagore et al. [18] (50%). All other stud-

ies scored less than 50% in quality of nevus counting and 

reporting methodology and in reproducibility.

Discussion

This systematic review evaluated variations in nevus count-

ing and reporting methods in studies published over the past 

22 years and assessed the reproducibility and comparability 

of results. Given the previously observed significant hetero-

geneity in nevus counting methods [4], we limited our review 

to studies using skilled examiners for nevi counting, includ-

ing nevi at least 2 mm in diameter on the total body in adults 

sampled from the general population. Only eight studies 

were eligible for evaluation, and even among them there was 

a considerable variation in counting methods. Overall, the 

included studies did not often follow a standard counting 

protocol and differed in their handling of inter- and intraob-

server variation.

During the full text screening we found four skin cancer 

screening studies–in Italy [28], Germany [23, 29], and the 

whole of Europe [30]– of which we included only one [23] as 

the other studies did not mention the size of nevi counted. It 

has been reported that nevus count estimates obtained from 

hospital-based controls are more reliable because of more 

precise assessment of nevi in these studies [4]. However, for 

evaluated nevus counting and reporting criteria, we did not 

find a distinctly higher quality and reproducibility of meth-

odology in the the hospital-based studies [17-19].

Future studies assessing the risk of melanoma or the 

prevalence/incidence of nevi should clearly specify the steps 

followed to count nevi. Most importantly, the reviewed stud-

ies were inconsistent in how they defined nevi considered for 

counting, which could significantly affect validity of nevus 

counts. 

The IARC protocol defines a melanocytic nevus contrib-

uting to total body nevus counts as: (i) brown to black pig-

mented, (ii) macule or papule, (iii) reasonably well-defined, 

(iv) darker in color than the surrounding skin, and (iv) does 

not have the features of freckles, solar lentigines, seborrheic 

keratosis, café-au-lait spots, or non-melanocytic nevi. Only 

one study [17] reported or defined nevi according to criteria 

(i), (ii), and (iv). Two studies reported well-defined criteria 

for identifying freckles or solar lentigines; hence it could be 

assumed that they followed criterion (iv). The IARC proto-

col lists skin- or red-colored nevi, halo nevi, nevus spilus, 

congenital nevus-like nevi, blue nevi, café-au-lait spots, and 

atypical nevi as other melanocytic nevi not to be considered 

as countable nevi. None of the studies mentioned exclusion 

of these from the total nevus counts. While studies reported 

atypical nevi separately for analysis, they did not mention 

whether atypical nevi were excluded from the total number 

of nevi. A recent Delphi study, reporting recommendations 

from the International Dermoscopic Society for digital mon-

itoring of patients with multiple nevi, defined a ‘common 

nevus’ as “being a macular or papular symmetrical lesion,  

2-6 mm in diameter, uniform in colour, with well-defined 

borders and regular overall architecture in dermoscopy.” 

While both common and atypical nevus counts are consid-

ered to be independent risk factors for melanoma [4], there is 

still no clear consensus on whether common nevi and atypi-

cal (≥5 mm) nevi should be pooled.

Some studies noted that restricting nevi to only a subset 

based on size may reduce validity and, with arbitrary cut-

offs, reproducibility [31]. Counting nevi of all sizes might be 

acceptable for children, where confusion with other lesions 

is limited. However, considering very small <2 mm lesions in 

adults, specifically people with sun damage, could increase 

misclassifications [3].

While inter- and intraobserver variation and validity of 

nevus counts was reported or assessed in most studies, only 

one study [20] correctly used the kappa statistic to quantify 

level of agreement in nevus counts. Others used the correla-

tion coefficient, which is not a good measure for quantifying 

level of agreement between two raters/counters as correla-

tion refers to the existence of an association between two 

different variables [32]. Cohen Kappa for nominal variables 

and Bland-Altman plots and intra-class correlation coeffi-

cient for continuous variables should be used in future stud-

ies of nevus counts.

Further, in most cases when counting was done by an 

expert and/or a dermatologist, the method of identification 

of nevi was not specified. Yet, for results to be comparable, 
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/0003-4819-151-4-200908180-00135.

11.	 Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for 

systematic review and meta-analysis protocols (PRISMA-P) 2015 

statement. Syst Rev. 2015;4(1):1. DOI: 10.1186/2046-4053-4-1.

12.	 Veritas Health Innovation M, Australia. Covidence systematic 

review software. 2021.

13.	 Joanna Briggs Institute. Checklist for Analytical Cross Sectional 

Studies. 2020. https://jbi.global/critical-appraisal-tools

14.	 Joanna Briggs Institute. Checklist for Case Control Studies. 2020.  

https://jbi.global/critical-appraisal-tools

15.	 Joanna Briggs Institute. Checklist for Cohort Studies. 2020. 

https://jbi.global/critical-appraisal-tools

16.	 Newton-Bishop JA, Chang YM, Iles MM, et al. Melanocytic nevi, 

nevus genes, and melanoma risk in a large case-control study 

in the United Kingdom. Cancer Epidemiol Biomarkers Prev. 

2010;19(8):2043-54. DOI: 10.1158/1055-9965.EPI-10-0233.

17.	 Landi MT, Baccarelli A, Calista D, et al. Combined risk factors 

for melanoma in a Mediterranean population. British Journal of 

Cancer. 2001;85(9):1304-10. DOI: 10.1054/bjoc.2001.2029.

18.	 Nagore E, Hueso L, Botella-Estrada R, et al. Smoking, sun ex-

posure, number of nevi and previous neoplasias are risk factors 

for melanoma in older patients (60 years and over). Journal 

of the European Academy of Dermatology and Venereology. 

2010;24(1):50-7. DOI: 10.1111/j.1468-3083.2009.03353.x.

19.	 Naldi L, Imberti GL, Parazzini F, et al. Pigmentary traits, modalities 

of sun reaction, history of sunburns, and melanocytic nevi as risk 

factors for cutaneous malignant melanoma in the Italian population 

- Results of a collaborative case-control study. Cancer. 2000;88(12): 

2703-10. DOI: 10.1002/1097-0142(20000615)88:12<2703::aid 

-cncr8>3.0.co;2-q.

20.	 Karlsson P, Stenberg B, Rosdahl I. Prevalence of pigmented 

naevi in a Swedish population living close to the arctic circle. 
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/000155500459259.

nevus identification, counting, and reporting must be carried 

out according to a standard protocol or, at the very least, 

described in detail. For these reasons the IARC protocol was 

introduced in 1990. However, none of the studies evaluated 

in this review specifically reported that they had followed 

the IARC protocol, while one later publication [33] in 2006, 

based on one of the studies we included in this review [19] 

(published in 2000), reported that the IARC protocol had 

been considered for counting and reporting nevi. Only three 

studies had used some sort of standardized protocol for 

nevus counting. While the importance of following a stan-

dardized protocol for nevus counting is obvious, the lack of 

popularity of the 1990 IARC protocol for nevus counting is 

also evident. The reasons are unclear, but the protocol may 

not have been widely known, might have been too detailed 

to be deemed feasible, or might have been outdated with the 

increasing availability of imaging and digital technologies.

In the considered studies, published over the past 22 

years, none used modern digital imaging systems to identify 

or record nevi. However, one study [17] used photographs 

taken of the back to validate counts of the examiner. Recent 

advances in digital imaging (e.g., 3D total body imaging, 

total body skin mapping) and artificial intelligencebased, 

computer-assisted, diagnosis software have afforded new 

opportunities for obtaining objective nevus counts that are 

not limited by the inter- and intraobserver variation inevi-

table with human observers. While there is the potential for 

nevus counting to be automated in future studies [34], once 

again the accuracy of these automated counts depends on the 

training data sets these algorithms are based on, and there-

fore the protocol used for the image labelling.

Conclusion

This review highlights the necessity of an updated protocol 

for identifying, counting, and reporting nevi in future stud-

ies. Incorporating emerging medical technologies harnessing 

artificial intelligence should be considered in an updated 

protocol for reproducible and objective nevus counting.
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