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Objective: To determine whether certain patient de-
mographics are associated with poorer specificity for the
diagnosis of melanoma in nevi undergoing short-term se-
quential digital dermoscopic imaging.

Design: Retrospective cohort study performed from April
1, 1998, through May 31, 2007.

Setting: Sydney Melanoma Diagnostic Centre, a ter-
tiary referral institution.

Patients: A total of 2497 benign melanocytic lesions in
1765 patients undergoing short-term sequential digital
dermoscopic imaging during 2.5 to 4.5 months (42.3%
male; mean [SD] age, 40 [14] years; age range, 1-86 years).

Main Outcome Measures: Proportion of changed nevi
as a function of age, sex, lesion diameter, and anatomi-
cal site.

Results: The only variable significantly associated with
nevus change was age group (P= .002). When com-

pared with the middle-aged (aged 36-50 years) group,
the odds of change were significantly increased in the child
and adolescent (aged 0-18 years: odds ratio, 2.60; 95%
confidence interval, 1.30-5.22), young adult (aged 19-35
years: 1.50; 1.04-2.17), and elderly (�65 years old: 2.04;
1.04-3.99) age groups. Within the changed benign le-
sions, a significant association was observed between his-
tologic subtype and age group (P=.01). The proportion
of changed lesions of the banal nevi type decreased and
the proportion of the dysplastic nevi type increased with
age. In the elderly group, 75.9% of changed lesions were
of the dysplastic nevi type compared with 35.7% in the
youngest group.

Conclusion: A poorer specificity is observed for the di-
agnosis of melanoma for nevi undergoing short-term se-
quential digital dermoscopic imaging in children and ado-
lescents (75.7%) and elderly patients (77.9%) compared
with other patients (84.6%).
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S EQUENTIAL DIGITAL DERMO-
scopic imaging (SDDI) allows
the detection of morphologic
changeofmelanocytic lesions
over time that permits the de-

tection of early melanoma without specific
dermoscopicfeaturesofmalignantneoplasms
(so-calledfeaturelessmelanoma).1-6 Sequen-
tial digital dermoscopic imaging is used in
2 general settings. Long-term SDDI is per-
formedduringstandardsurveillanceperiods
(ie, 6-12 months) in patients with nevi that

arenot suspiciousofmelanoma.Long-term
SDDI is usually performed in patients with
multipleatypicalnevi. In thesepatients, the
observation of certain significant morpho-
logic changes determines the need for exci-
sion.2,3 Such changes occur in 4% to 5% of
monitored nevi.2,4,5 In contrast, short-term

SDDI performed during a 3-month interval
(range, 2.5-4.5 months) is used in patients
with nevi that are more suspicious of mela-
noma.1,6 Short-term SDDI is usually per-
formed inpatientswithmildlyatypicalnevi
whohaveahistoryof changeormoderately
atypical nevi without specific dermoscopic
featuresofmelanomaandwithoutahistory
ofchange.Unlike long-termSDDI,virtually

anymorphologicchangeseenwithshort-term
SDDI leads to the excision of these nevi.1,3,6

Of importance, 99.2% of lesions remaining
unchangedwithshort-termSDDIarebenign.
Nevertheless,16%ofbenignnevichangedur-
ingtheshort-terminterval.6 Inthisstudy,we
investigatedwhethercertainpatientcharac-
teristics predict change in benign nevi un-
dergoing short-term SDDI. Such analysis
helps to define whether certain patients are
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lesssuitable toundergothetechniquebecauseofarelatively
poorer specificity for the diagnosis of melanoma.

METHODS

All patients were examined in the tertiary referral center of the
Sydney Melanoma Diagnostic Centre from April 1, 1998, through
May 31, 2007, in a retrospective cohort, as previously de-
scribed.6 In this clinic, SDDI was performed on selected patients
using the SolarScan system (Polartechnics Ltd, Sydney, Austra-
lia), which allows precise color calibration between imaging ses-
sions.1 In general, patients with lesions with a minor suspicion
of melanoma, which are usually flat or slightly raised, who had
no overt dermoscopic evidence of melanoma underwent short-
term SDDI in 2 clinical scenarios.1,3,6 The first scenario was of pa-
tients with lesions with mild atypia defined as symmetrical or,
more frequently, near symmetrical in pigmentation pattern and
that had a history of change. The second scenario was of patients
with lesions with moderate atypia defined as more asymmetrical
with greater architectural disorder, sometimes with a single der-
moscopic feature of melanoma (as seen in some dysplastic nevi)
but without a history of change. In general, patients with lesions
with the dermoscopic features of Spitz nevi or those with a rim
of multiple peripheral brown globules did not undergo short-
term SDDI because of the known natural history of rapid mor-
phologic change in such lesions.

All consecutive patients undergoing short-term SDDI (ie,
�4.5 months) were initially recruited into the study.6 All pa-
tients gave written consent for their clinical data to be used,
and the study was approved by the ethics committee of the Syd-
ney South West Area Health Service. Approximately half the
patients underwent 6-week monitoring followed by 3-month
(range, 2.5-4.5 months) monitoring if morphologic changes were
not seen. The remainder of the patients underwent 3-month
monitoring without 6-week SDDI. Any visual change during
this time was considered significant to warrant excision, with
the exception of an increase or decrease of milialike cysts or a
uniform increase or decrease in pigmentation without archi-
tectural change consistent with surrounding skin tanning
changes.1 All lesions subsequently excised at any future pe-
riod and histologically confirmed as melanoma (invasive and
in situ) were excluded. All lesions that were imaged beyond
the field of view (ie, �24-mm diameter) or were less than 24
mm in diameter but had unclear lesion boundaries and, hence,
no accurate measure of lesion diameter also were excluded.

As described previously,6 47% of patients with unchanged
lesions undergoing SDDI had long-term data indicating the be-

nign nature of the lesions. Three categories of recorded fol-
low-up were considered evidence of a benign lesion: patients
undergoing 6-month to 8-month SDDI from baseline that re-
vealed no morphologic change; patients undergoing longer-
than-8-month SDDI from baseline that revealed none of the sig-
nificant morphologic changes of size, shape, color, evidence of
regression, or appearance of known dermoscopic features of
melanoma, according to the criteria of Kittler et al2; and pa-
tients who had a routine skin examination later than 12 months
after baseline imaging without detecting melanoma.

For the included lesions, the maximum lesion diameter at
the baseline image (using a calibrated measurement tool in So-
larScan), patient age, patient sex, and lesion anatomical site were
recorded. The statistical software S-PLUS, version 8 (TIBCO
Software Inc, Palo Alto, California), was used to analyze the
data. Generalized linear mixed models with patient identifier
as a random effect were used to assess the degree of associa-
tion between possible risk factors and the presence of change.
These models take into account the correlation between nevi
from the same patient and use odds ratios and their 95% con-
fidence intervals to quantify associations.

RESULTS

The 1765 study patients (42.3% male; mean [SD] age,
40 [14] years; range, 1-86 years) with benign melano-
cytic lesions undergoing short-term SDDI during 2.5 to
4.5 months had 2497 lesions. Of these lesions, 2093
(83.8%) had no morphologic change but 404 (16.2%)
showed change and were excised and confirmed by his-
topathologic examination to be benign.

A significant association (P= .002) was found be-
tween age group and the presence of change in benign
melanocytic lesions in patients undergoing short-term
SDDI (Table 1). The younger (0-18 and 19-35 years)
and elderly (�65 years) age groups showed greater change
than the middle-aged (36-50 and 51-65 years) groups
(Figure). Poorer specificity was observed for the diag-
nosis of melanoma for nevi undergoing short-term SDDI
in children and adolescents (75.7%) and elderly pa-
tients (77.9%) compared with other adults (84.6%) (Table
1).The odds of change were significantly higher in the
younger age groups and in the elderly group when com-

Table 1. Proportion of Changed Benign Melanocytic Lesions
by Age Group in Patients Undergoing Short-term SDDIa

Age Group
(Mean Age), y

SDDI Status, No. (%)
Total,

No.No Change Change

0-12 (8) 25 (78.1) 7 (21.9) 32
13-18 (16) 62 (74.7) 21 (25.3) 83
19-35 (29) 707 (81.9) 156 (18.1) 863
36-50 (42) 786 (86.1) 127 (13.9) 913
51-65 (56) 411 (86.5) 64 (13.5) 475
�65 (73) 102 (77.9) 29 (22.1) 131
Total 2093 (83.8) 404 (16.2) 2497

Abbreviation: SDDI, sequential digital dermoscopic imaging.
aThe presence of change is significantly associated with age group

(P=.002). When histologically confirmed Spitz nevi were removed from the
analysis (as detailed in Table 3), significance was maintained (P=.005).
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Figure. Proportion of changed benign melanocytic lesions by age group in
patients undergoing short-term sequential digital dermoscopic imaging.
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pared with the middle-age group aged 36 to 50 years
(Table 2). Within the changed benign lesions, a sig-
nificant association was observed between histologic sub-
type and age group (P=.01) (Table 3). The proportion
of changed benign lesions of the banal nevi type de-
creased and the proportion of the dysplastic nevi type in-
creased with age. In this regard, 35.7% of changed le-
sions were dysplastic nevi in the child and adolescent
group, but this proportion more than doubled (75.9%)
in elderly patients.

No significant association was observed between the
presence of benign melanocytic lesions undergoing change
in males (16.7%) compared with females (15.8%) (P=.56).
A borderline but nonsignificant association was found be-
tween the presence of change in benign melanocytic le-
sions and anatomical site (P=.07) (Table 4). This asso-
ciation disappeared when head and neck lesions (excluding
the lip and scalp) were removed (P=.51). A borderline but
nonsignificant association (P=.055) was found between the
presence of change and maximum lesion diameter at base-
line. The mean (SD) diameter of changed lesions was 6.8
(2.7) mm compared with 7.1 (3.0) mm for unchanged le-
sions. No significant association (P=.28) was found be-
tween the presence of change and grouped maximum di-
ameter (�3.0, 3.1-6.0, 6.1-10.0, and 10.1-24.0 mm).

A generalized linear mixed model for the presence of
change with main effects of age (ie, 0-18 years, 19-65 years,
or �65 years) and site (ie, head and neck including the
scalp and lips, trunk, or limbs) together with their in-
teraction was fitted to the data. No statistically signifi-
cant interaction was found between the age and site ef-
fects (P=.89).

Finally, we examined the morphologic changes found
in the lesions of elderly patients. In the lesions that had

changed, 37.9% showed some evidence of involution (ie,
any loss of structure or pigmentation within the lesion),
27.6% showed an increase in size (of which 62.5% showed
an asymmetric size increase), 89.7% showed some ar-
chitectural change, 62.1% showed a focal increase in pig-
mentation, 41.4% showed a focal decrease in pigmenta-
tion, and 10.3% appeared to have changed color.

COMMENT

To our knowledge, ours is the first study to examine pa-
tient lesion characteristics that might predict change in
suspicious benign melanocytic lesions in patients un-
dergoing short-term SDDI. These lesions undergo moni-
toring when a minor clinical suspicion of melanoma (der-
moscopic or historical) is present without overt
dermoscopic evidence thereof. Our results show that the
only significant factor predicting change among age group,
sex, anatomical site, and lesion diameter was patient age.
Surprisingly, this association was U-shaped, with the el-
derly patients having a similar proportion of changed le-
sions to that of children and adolescents.

We can only speculate regarding the biological rea-
sons why benign melanocytic lesions in elderly patients
are more likely to change than in other adults. It may re-
late to the observation of a significantly increased pro-
portion of dysplastic nevi in the changed lesions of el-
derly patients compared with younger patients, with the
hypothesis that dysplastic nevi are more likely to change
than nondysplastic lesions. However, in childhood,
changed nevi clearly are more likely to be of the non-
dysplastic banal nevi type than is the case in adults. We
have excluded any effect of differences in anatomical site
as a cause of change in elderly patients.

This study is limited by the uncertainty of the criterion
standard histologic definition of early in situ melanoma.
Because melanoma is more prevalent in elderly patients, it
is possible that the number of histologically reported false-
negative melanomas is increased in that group. However,
a bias may exist in the form of an increase in histologically
reported false-positive results in elderly patients, when, as
in this study, the physician is not masked to age (ie, pa-
thologists are more likely to diagnose melanoma in el-
derly patients than in young patients).

Previous studies have examined age changes of nevi
in long-term SDDI. Kittler et al7 showed a high propor-

Table 2. Odds Ratios of Change by Age Group
in Patients With Benign Melanocytic Lesions
Undergoing Short-term SDDI

Age Group, y OR (95% CI) P Value

0-18 vs 36-50 2.60 (1.30-5.22) .006
19-35 vs 36-50 1.50 (1.04-2.17) .03
51-65 vs 36-50 0.83 (0.54-1.30) .41
�65 vs 36-50 2.04 (1.04-3.99) .03

Abbreviations: CI, confidence interval; OR, odds ratio; SDDI, sequential
digital dermoscopic imaging.

Table 3. Diagnosis Frequencies of Changed Benign Lesions by Age Group in Patients Undergoing Short-term SDDI

Diagnosis of Changed
Benign Lesionsa

No. (%) of Lesions by Age Group, y

Total0-18 19-35 36-50 51-65 �65

Banal nevi 13 (46.4) 51 (32.7) 41 (32.5) 13 (20.3) 6 (20.7) 124 (30.8)
Dysplastic nevi 10 (35.7) 90 (57.7) 80 (63.5) 43 (67.2) 22 (75.9) 245 (60.8)
Otherb 5 (17.9) 15 (9.6) 5 (4.0) 8 (12.5) 1 (3.4) 34 (8.4)
Total 28 (100) 156 (100) 126 (100) 64 (100) 29 (100) 403 (100)

Abbreviation: SDDI, sequential digital dermoscopic imaging.
aAll lesions undergoing change during short-term SDDI were excised. A significant association was observed between age group and the histologic subtype of

changed benign melanocytic lesions (P=.01).
b Included in this category were Spitz nevi, which occurred in 2 (7.1%) in the group aged 0-18 years, 4 (2.6%) in the group aged 19-35 years, but did not occur

in adults older than 35 years.
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tion of childhood nevi enlarging during a median of 11
months compared with that in older age groups. The pro-
portion that enlarged then decreased until reaching a mini-
mum in adults older than 40 years. The authors did not
stratify age beyond older than 50 years. Nevertheless,
change in their data set corresponded strongly to the pres-
ence of nevi with multiple peripheral brown globules ob-
served via dermoscopic examination. However, because
these lesions were known to increase in size, they are ex-
cluded from undergoing short-term SDDI in our co-
hort. Bauer et al8 also showed an inverse relationship with
growth of clinically atypical nevi and age during long-
term SDDI during a median of 25 months. However, the
oldest stratified group was older than 47 years. Hence,
as in the study by Kittler et al,7 the increased changes ob-
served in elderly patients in our study could not be evalu-
ated in the former studies.

Spitz nevi are known to undergo rapid morphologic
change.9 As a result, we do not routinely monitor these
lesions. Nevertheless, a small number of them were ex-
cised after changes in short-term SDDI in our study
(Table 3). However, when data from these patients were
removed from the age analysis, the significant associa-
tion between age and change remained. Also, it is known
that age-related differences exist in the dermoscopic global
patterns of nevi, with a globular pattern predominating
in childhood in contrast to the reticular and/or homo-
geneous pattern that occurs increasingly with older age.10

It is possible that such global pattern differences also may
be involved in differences in the proportion of changing
nevi undergoing short-term SDDI.

We found a borderline association that failed to reach
significance of decreased change in benign melanocytic
lesions undergoing short-term SDDI on the head and neck
(excluding the lips and scalp) compared with other ana-
tomical sites. Kittler et al7 found no significant relation-
ship with body site and changes in nevi in patients un-

dergoing long-term SDDI. In contrast, Bauer et al8 found
a significant increase in growth of nevi in patients un-
dergoing long-term SDDI on the trunk vs on the extremi-
ties. Head and neck lesions were not analyzed in their
study. As we also observed, no association was found be-
tween the proportion changed and sex.

Short-term SDDI is used to monitor melanocytic le-
sions. However, because a lentigo or ephelis occasion-
ally can be included within the differential diagnosis of
lentigo maligna, a small number of patients with lentigo
(n=10) and ephelis (n=1) underwent biopsy and were
included in the analysis. However, a wide age distribu-
tion and small sample size of patients with these lesions
(0-18 years, n=0; 19-35 years, n=5; 36-50 years, n=2;
51-65 years, n=3; �65 years, n=1) were observed, in-
dicating a negligible effect on the analysis.

This study has some limitations. It is a retrospective
study of patients undergoing short-term SDDI in the clinic.
Although the criteria for selecting lesions for monitor-
ing are well defined, clearly some selection bias could ex-
ist regarding lesions monitored within the different age
groups. Hence, the results would be different if ran-
domly selected nevi would have been chosen in a pro-
spective setting. Nevertheless, the aim of the study is to
determine the variables predicting change of benign nevi
within the well-defined clinical setting used for short-
term SDDI and not to describe changes of all nevi within
a population. Also, the lesions were histopathologically
reported within the standard clinical practice of includ-
ing patient demographic data, including age, rather than
masking the investigators to the clinical criteria. It re-
mains possible that a bias of histopathologic diagnosis
could occur within this setting.

One of us has previously shown that a patient history
of change of the nevus at initial presentation did not cor-
relate with subsequent changes detected via short-term
SDDI.1 Hence, the outcome of short-term SDDI of be-
nign melanocytic lesions is independent of patient sex,
baseline history of change in lesion, lesion diameter, and
anatomical site. Only age influences the outcome, with
greater change (ie, poorer specificity for the diagnosis of
melanoma) occurring in childhood and adolescence (0-18
years, specificity of 75.7%) and old age (�65 years, speci-
ficity of 77.9%).
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Table 4. Proportion of Benign Melanocytic Lesions
by Anatomical Site Identified as Changed
Via Short-term SDDIa

Site

SDDI Status, No. (%)
Total,
No.No Change Change

Scalp 30 (83.3) 6 (16.7) 36
Lips 10 (83.3) 2 (16.7) 12
Head and neck,

excluding lips
156 (92.3) 13 (7.7) 169

Back 873 (81.9) 193 (18.1) 1066
Chest 253 (86.6) 39 (13.3) 292
Abdomen 172 (83.1) 35 (16.9) 207
Upper limbs 189 (83.2) 38 (16.7) 227
Lower limbs 345 (83.1) 70 (16.9) 415
Palms 9 (100) 0 (0) 9
Soles 55 (87.3) 8 (12.7) 63
Total 2092 (83.8) 404 (16.2) 2496

Abbreviation: SDDI, sequential digital dermoscopic imaging.
aPercentages may not total 100 because of rounding. A borderline but

nonsignificant association was observed between the presence of change
and anatomical site (P=.07). This association disappeared when head and
neck (excluding the lips) and scalp lesions were removed from the analysis
(P=.51).
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8. Bauer J, Blum A, Strohhäcker U, Garbe C. Surveillance of patients at high risk
for cutaneous malignant melanoma using digital dermoscopy. Br J Dermatol.
2005;152(1):87-92.

9. Zalaudek I, Docimo G, Argenziano G. Using dermoscopic criteria and patient-
related factors for the management of pigmented melanocytic nevi. Arch Dermatol.
2009;145(7):816-826.

10. Zalaudek I, Grinschgl S, Argenziano G, et al. Age-related prevalence of dermos-
copy patterns in acquired melanocytic naevi. Br J Dermatol. 2006;154(2):299-
304.

PRACTICE GAPS

To Biopsy or Not to Biopsy Changing Moles
in Children and Adolescents

Are We Removing Too Many Pigmented Nevi in This Age Group?

M ost dermatologists evaluate children and ado-
lescents who have changing moles. More-
over, most of those patients are evaluated by

general rather than pediatric dermatologists. Yet, Menzies
et al1 show that the percentage of innocent moles that
change, as seen via short-term sequential dermoscopic
imaging, is dramatically greater in children and adoles-
cents compared with middle-aged adults, and these
changes are more likely to be innocent in the former group
than in the latter. As a consequence, using change as a
criterion for excising pigmented nevi results in many un-
necessary procedures in children and adolescents.

Childhood and adolescence, in general, are periods of
rapid growth and development, and this is true for moles
specifically, so identification of characteristic morpho-
logic patterns and changes is important for manage-
ment of pediatric patients. Acquired melanocytic nevi usu-
ally begin to appear in white newborns and infants and
to increase during childhood and adolescence. In her dis-
cussion of pigmented lesions in children, Schaffer2 points
out that melanoma is still rare in prepubescent children
and that melanomas rarely arise in banal or atypical pig-
mented nevi in this age group. However, she empha-
sizes that “moley” children and children with multiple
atypical moles are at increased risk of developing mela-
noma as adults. In our article regarding scalp nevi in chil-
dren,3 my coauthors and I also discuss the importance
of identifying signature nevi (eg, eclipse and cockade nevi)
in the scalp. Such nevi are also markers for “moley” chil-
dren but they are unlikely to become malignant and do
not warrant excision. The same is true for signature moles
on the trunk and extremities.

Closing the practice gap requires heightened awareness
of thenormalevolutionofacquirednevi inchildrenandado-
lescents, recognition of signature nevi as a reassuring fac-

tor, and acceptance of regular monitoring of “moley” chil-
dren and adolescents and those with multiple atypical nevi
rather than routine biopsy of those lesions as the standard
ofcare.Molechangesarenormal inchildren; theABCDcri-
teria(asymmetry,border,color,anddiameter) formolesand
melanomas may not be helpful in identifying melanomas
inpatientsyounger than18years.The roleofpediatricder-
matologists and those involved instudyingpigmentednevi
in children and adolescents is to develop useful criteria for
recognizinghigh-risk lesionsandtoeducate thegeneralder-
matologist regarding his or her role in monitoring patients
whohavethemandincounselingtheir familiesaccordingly.
Manystudies in thepediatricdermatologycommunityhave
surveyedpediatricdermatologicapproachestothesepatients
andtheirmoles,andtheselessonsmustbepublicized(through
dermatology grand rounds, continuing medical education
courses, andreviews inhigh-impactdermatologicpublica-
tions) to change prevailing attitudes.

A major barrier to change is the knee-jerk reaction that
prompts many dermatologists to send children to the op-
erating room to remove changing moles. It is important
to recognize the conclusions of Menzies et al,1 who are
the first to report that a change (ie, in color, size, or mor-
phology) in moles is a poor predictor of melanoma in chil-
dren and adolescents and should not be used as the sole
criterion for recommending excision. Only then can we
avoid unnecessary procedures and angst for those pa-
tients and their families.
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