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Association between excision margins
and local recurrence in 1407 patients

with primary in situ melanomas
Licata Gaetano, MD,a Birra Domenico, MD,b Serigne N. Lo, PhD,c,d Tasnia Hamed, MS,c

Alison J. Potter, MD,c,d,e John F. Thompson, MD,c,d,f Richard A. Scolyer, MD,c,d,e,g and

Pascale Guitera, MD, PhDc,d,h
Background: Reliable evidence to guide the management of melanoma in situ (MIS) and minimize the risk
of recurrence is lacking.
Objective: To identify clinicopathological predictors of local recurrence (LR) in patients with MIS and
evaluate long-term outcomes according to pathological excision margins.
Methods: A case-control study of patients with MIS treated at a large Australian melanoma treatment center
from January 2008 to December 2012 was undertaken. Clinicopathological characteristics of patients who
developed LR and those who did not were compared.
Results: LR developed in 34 of 1407 patients with MIS (2.5%). Median time to LR was 20 months. The
primary lesion was removed with pathological margins\4 mm (P\ .001) in 67.6 % of patients with LR.
Four patients died of metastatic melanoma following LR. Comparing patients with pathological margins
\4 mm and $4 mm, the former were older ([60y, P\.001), more frequently had MIS on the head or neck
(P\ .001), had a greater LR rate (P\ .001), and had a higher mortality from all causes (P\ .001).
Limitations: Retrospective, single-institution study.
Conclusions: Pathological margins of $4 mm should be considered for patients with MIS who are treated
with standard surgical excision and assessed by examining serial slices taken from the formalin-fixed,
paraffin-embedded specimen. ( JAAD Int 2022;8:102-8.)
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INTRODUCTION
Inmelanoma in situ (MIS), malignant melanocytes

are present but confined to the epidermis. The
reported incidence of MIS is steadily increasing
worldwide. In Australia, a country with one of the
highest age-standardized incidence rates, new cases
of MIS increased by 115%, from 32 per 100,000
CAPSULE SUMMARY

d To provide more reliable evidence to
guide the management of melanoma in
situ, clinicopathological and follow-up
data for 1407 patients were analyzed

d The risk of recurrence, which occurred in
2.5% of the patients overall, was
substantially lower if pathological
excision margins of $4 mm were
achieved
persons in 2004 to 68 per
100,000 persons in 2015,
and the rate was estimated
to have reached 81 per
100,000 persons in 2019.1

Lentigo maligna (LM) is a
subtype of MIS that arises
on chronically sun-damaged
skin and is most commonly
diagnosed in older people.2

LMmay represent 50% of MIS
in Australia andNewZealand
because of high UV expo-
sure.3 In this article, we will
use the term MIS to encom-

pass all subtypes of MIS and the term LM only when
the subtype of the MIS was known and categorized
as LM in the pathology report.

Postulated reasons for the increasing incidence of
MIS include increased patient awareness, better
detection methods, overcalling benign lesions as
MIS, and an increase in average life span.
Increasing longevity means that it has become com-
mon for patients with MIS to have many and/or
significant comorbidities, particularly those with LM
because they are generally older.3

Surgical excision is the gold standard for the
treatment of MIS because it allows pathological
evaluation of the entire lesion, giving some confi-
dence that the MIS does not have an invasive
component and indicating that the margins are likely
to be sufficient.4-6 Mohs surgery and complete
circumferential peripheral and deep margin assess-
ment (CCPDMA) are techniques that can be used to
better evaluate margins. All national guidelines
recommend treatment by wide local excision
including the skin around the MIS with a clinical
safety margin of at least 5 mm.7,8 There is often
confusion between clinical (surgical) margins and
pathological margins. Most guidelines recommend
clinical excision margins, with the aim of achieving
complete histological clearance. Correlation be-
tween clinical and pathological margins is generally
poor: Crouch et al,8 for example, reported that
[3 mm pathological margins corresponded to
[6.5 mm margins clinically (and resulted in a local
recurrence rate of 2.6 % compared to a 27.2%
recurrence rate for pathological margins\3 mm) in
a series of Australian patients with LM. However, the
evidence supporting excision margin recommenda-
tions for MIS is not strong and most guidelines
recommended surgical excision margins $5 mm
from the clinically apparent border of the lesion, in
particular for LM, because of the frequency of sub-
clinical peripheral extension
of atypical melanocytes,
which are associated with
an increased risk of local
recurrence.9 However, wider
margins, especially on the
face, may result in unsatisfac-
tory esthetic and functional
outcomes for the patient.
Other treatments such as
topical imiquimod cream
and radiotherapy have been
proposed to treat LM
involving large areas of
skin, and it has been sug-
gested that these modalities may achieve lower
long-term recurrence rates than surgery and avoid
surgical disfigurement.10-12 Moreover, these treat-
ments are options for patients who are not eligible
for surgery or not willing to undergo it.13 Another
option for management of LM occurring late in life is
to simply ‘‘watch-and wait’’, as the reported rate of
transformation to invasive melanoma is low: 3.5%
per year (95% confidence interval [CI]: 2.5% to
5.0%).14

The purpose of this study was to identify clinico-
pathological predictors of local recurrence in a large
cohort of patients with MIS and assess the effect of
excision margins on long-term outcomes for patients
with MIS.
METHODS
Patients who hadMIS diagnosed between January

2008 and December 2012 and who had complete
clinical, pathologic, and follow-up data available
were identified from the Melanoma Institute
Australia (MIA) research database. Because our
objective was to assess LR, we did not exclude
patients with previous or subsequent in situ or
invasive melanomas from the study cohort. We
then identified the subgroup of MIS patients with
histologic margins \4 mm and therefore deviating
from the clinically determined surgical excision
margin of $5 mm recommended in the Australian
Melanoma Management Guidelines and several
other national guidelines.1-5



Abbreviations used:

CCPDMA: complete circumferential peripheral
and deep margin assessment

LM: lentigo maligna
LR: local recurrence
MIA: Melanoma Institute Australia
MIS: melanoma in situ
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The peripheral histologic margin of 4 mm was
selected because we have previously shown a 14%
shrinkage rate of histologic margins compared with
precisely measured clinical excision margins in wide
excision specimens. This shrinkage was consistent
among melanomas across all patients and excision
sites.10 Our hypothesis was that a 4-mm histological
margin approximates the minimum 5-mm surgical/
clinically determined excision margin recommended
in most melanoma management guidelines and that
it was the appropriate threshold to assess differences
in local recurrence outcomes.

We then selected 2 cohorts for comparison: (1) all
patients with LR (defined as recurrence either as in
situ or as invasive melanoma, arising\5 cm from the
edge of the primary tumor wide excision margins),
and (2) all patients with no LR irrespective of the
pathologic margins (Table I). To reduce the imbal-
ance in terms of selected patient characteristics and
lesions’ features between the 2 cohorts, we used
propensity score matching to adjust for confounding
between MIS patients with and without LR. Each LR
case was directly matchedwith 1 non-LR control case
using individual propensity scores based on a
multivariable binary logistic regression analysis that
included sex, age, anatomic site, and duration of
follow-up. Patient characteristics and clinical out-
comes for the 2 excision margin groups (\4 vs
$4 mm) were compared using the cohorts before
and after matching. Patient outcomes were exam-
ined using information recorded in the database and
their medical records, and the types of treatment that
the patients received (ie, surgery, radiotherapy,
application of imiquimod, or observation) were
evaluated. For patients who underwent surgery, we
assessed whether or not they had a wide excision
after the first biopsy or excision. We also recorded
whether the surgical margins were reported on
pathology to be clear or involved, the type of
reconstruction that was used (direct closure, flap,
graft), and whether patients had adjuvant local
treatment (imiquimod or radiotherapy) after their
wide excision. Finally, the data related to follow-up
were evaluated, and for those patients who had LR,
the number of recurrences, the time interval between
treatment and recurrence, and how they were
treated were recorded.

Statistical Analysis
Continuous variables were described usingmeans

and standard deviations or by medians and inter-
quartile ranges according to data distribution, while
categorical variables were reported as numbers and
percentages. Analysis of categorical variables was
performed using either the Mann-Whitney U test or
x2 test, as appropriate.

All analyses were performed using SPSS version
15.0 (IBM) and R version 3.6.1. A two-sided P-value
of\.05 was considered statistically significant.

RESULTS
From 2008 to 2012, details of 1407 patients with

MIS were recorded in the MIA database.
From this unmatched cohort, we identified 34

patients (2.5%) with LR, while 1373 (97.5%) did not
develop LR and formed the control group. There
were no significant differences in age or gender
between the patients who developed LR and those
who did not. Comparing the location of the tumors,
patients with LR were more likely to have had MIS in
the head and neck region (61.8%), (P\.001). There
was also a statistically significant difference for
excision margins; pathological margins \4 mm
were recorded for 67.6% of patients with LR,
compared with 27.7% of the controls (P \ .001).
The 34 patients with LR comprised 16 patients who
had an initial diagnosis of MIS (not otherwise
specified) and 18 with LM. Eight of the 34 patients
who developed LR had a history of a previous
melanoma (5 invasive [4 superficial spreading
melanomas and 1 lentigo maligna melanoma]
and 3 in situ) and one had been treated with
immunosuppressive agents. Initially, 16 of the 34
patients did not have a formal wider excision of their
MIS because of anatomic limitations (14 patients) or
patient refusal (2 patients); of these, 3 received
imiquimod, 4 had radiotherapy, and 9 declined
further treatment. Of the 34 primary tumors 18
were treated with a wider excision after an initial
biopsy; the median time to wider excision was
36 days (range = 32-109 days). For these patients
who developed LR, the median time to LR was
20 months. Median follow-up was for the whole
cohort 5.7 years (95% CI = 5.2-6.2 years), and that for
the matched cases and control cases was 4.4 years
(95% CI = 0.4-9.7) and 6.2 years (95% CI = 2.0-10.3),
respectively (Table I). The median time to the wider
excision was not significantly different for patients
with LR and controls. The LRwas treated surgically in



Table I. Characteristics of patients with and without local recurrence before and after matching

Characteristics

Before matching After matching

Cases with

LR (N = 34)

Control

(N = 1373) P value

Cases with

LR (N = 34)

Matched control

(N = 34) P value

Sex*
Female 16/34 (47.1%) 623/1373 (45.4%) .8456 16/34 (47.1%) 15/34 (44.1%) .8076
Male 18/34 (52.9%) 750/1373 (54.6%) 18/34 (52.9%) 19/34 (55.9%)

Age (categorized)*
#60 14/34 (41.2%) 695/1373 (50.6%) .2767 14/34 (41.2%) 13/34 (38.2%) .8043
[60 20/34 (58.8%) 678/1373 (49.4%) 20/34 (58.8%) 21/34 (61.8%)

Margin group
\4 mm (group 1) 23/34 (67.6%) 381/1373 (27.7%) \.0001 23/34 (67.6%) 15/34 (44.1%) .0507
$4 mm (group2) 11/34 (32.4%) 992/1373 (72.3%) 11/34 (32.4%) 19/34 (55.9%)

Primary site*
Head & neck 21/34 (61.8%) 295/1373 (21.5%) \.0001 21/34 (61.8%) 20/34 (58.8%) .5499
Lower limb 5/34 (14.7%) 257/1373 (18.7%) 5/34 (14.7%) 2/34 (5.9%)
Trunk 3/34 (8.8%) 456/1373 (33.2%) 4/34 (11.8%) 6/34 (17.6%)
Upper limb 5/34 (14.7%) 365/1373 (26.6%) 4/34 (11.8%) 6/34 (17.6%)

Follow-up time*
N 34 1117 .0233 34 34 .0002

Median (range) 4.4 (0.4, 9.7) 2.2 (0.6, 10.3) 4.4 (0.4, 9.7) 6.2 (2.0, 10.3)
Presence of associated nevusy

No 26/32 (81.3%) 37/37 (100%) .631
Yes 6/32 (18.8%) 0/37 (0.0%)

Histogenesis
In situ with dysplastic nevus 0/34 (0.0%) 23/1373 (1.7%)

Regression
Absent 0/34 (0.0%) 4/1373 (0.3%) .0657 3/34 (8.8%) 1/34 (2.9%) .3559
Early (mild or focal) 2/34 (5.9%) 13/1373 (0.9%) 1/34 (2.9%) 0/34 (0.0%)
Intermediate (med fibrosis) 0/34 (0.0%) 2/1373 (0.1%) 30/34 (88.2%) 33/34 (97.1%)
Late (ext fibrosis) 1/34 (2.9%) 15/1373 (1.1%)
Not reported 31/34 (91.2%) 1339/1373 (97.5%)

*Indicates variable is included in the matching process.
yPresence of associated nevus had more than 95% missing data.
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30 cases, and in 4 cases with radiotherapy. Once the
LR was treated, the patients underwent close follow-
up: 10 patients had a second recurrence, of which 5
were treated surgically (3 by topical application of
imiquimod and 2 using radiotherapy). LR was
associatedwith further spread (metastasis) in 4 cases,
and all 4 patients ultimately died of metastatic
melanoma following locoregional recurrence, with
no other primary melanoma to explain the distant
metastasis. Pathology was available for review in 3 of
these cases. Evidence of early dermal regression was
seen in 2 cases, while the third case developed
invasive disease at the MIS scar site within 6 months
of excision.

Matching cases by age, sex, and site of the lesion
(the body site was matched as closely as possible) to
assess the impact of resection margins, we selected
38 cases with margins \4 mm and 30 cases with
margins $4 mm. In the matched cohort, there were
apparent differences in the overall mortality and LR
rates associated with\4 mm and $4 mm margins:
with pathological margins\4 mm more frequently
recorded for subjects with LR (67.6%) compared to
the matched controls without LR (44.1%), but these
differences did not reach statistical significance (P
values .093 and .051, respectivelyeTable I).

Based on the differences between the margins, to
assess the impact on recurrence, we divided the
entire cohort of 1407 patients into 2 groups: 404
patients (group 1) with excision margins\4 mm and
1003 patients (group 2) with margins $4 mm.

There was a significant difference with respect to
age: in patients[60 years of age, the excision
margins were \4 mm more frequently (61.1% vs
45%, P \ .001). Significant differences were also
observed for the site of MIS, with margins \4 mm
more frequent for the head and neck in group 1
(41.8% vs 14.7%, P \ .001). No differences were
observed in the duration of follow-up. In patients
with margins\4 mm, there was a higher mortality



Table II. Baseline patient characteristics and clinical outcome for\4 and $4 mm margin groups before and
after matching

Characteristics

Before matching After matching

\4 mm (N = 404) $4 mm (N = 1003) P value \4 mm (N = 38) $4 mm (N = 30) P value

Patient characteristics
Gender
Female 174/404 (43.1%) 465/1003 (46.4%) .2619 19/38 (50.0%) 12/30 (40.0%) .4110
Male 230/404 (56.9%) 538/1003 (53.6%) 19/38 (50.0%) 18/30 (60.0%)

Age (categorized)
#60 157/404 (38.9%) 552/1003 (55.0%) \.0001 13/38 (34.2%) 14/30 (46.7%) .2972
[60 247/404 (61.1%) 451/1003 (45.0%) 25/38 (65.8%) 16/30 (53.3%)

Primary site
Head & neck 169/404 (41.8%) 147/1003 (14.7%) \.0001 28/38 (73.7%) 13/30 (43.3%) .0319
Lower limb 43/404 (10.6%) 219/1003 (21.8%) 4/38 (10.5%) 3/30 (10.0%)
Trunk 101/404 (25.0%) 358/1003 (35.7%) 2/38 (5.3%) 8/30 (26.7%)
Upper limb 91/404 (22.5%) 279/1003 (27.8%) 4/38 (10.5%) 6/30 (20.0%)

Follow-up time
N 357 794 .1019 38 30 .0393
Median (range) 2.0 (-3.0, 10.3) 2.4 (-3.6, 10.3) 5.1 (0.4, 10.3) 5.9 (1.0, 10.3)

Clinical outcome
Number of deaths
Alive 323/357 (90.5%) 756/793 (95.3%) .0015 32/38 (84.2%) 29/30 (96.7%) .0933
Death 34/357 (9.5%) 37/793 (4.7%) 6/38 (15.8%) 1/30 (3.3%)

Locoregional recurrence
No 381/404 (94.3%) 992/1003 (98.9%) \.0001 15/38 (39.5%) 19/30 (63.3%) .0507
Yes 23/404 (5.7%) 11/1003 (1.1%) 23/38 (60.5%) 11/30 (36.7%)
Head & neck 15/169 (9%) 6/147 (4%) 15/28 (54%) 6/13 (46%)
Lower limb 4/43 (9%) 1/219 (0.5%) 4/4 (100%) 1/3 (33%)
Trunk 2/101 (2%) 2/358 (0.6%) 2/2 (100%) 2/8 (25%)
Upper limb 2/91 (2%) 2/279 (0.7%) 2/4 (50%) 2/6 (33%)

JAAD INT

SEPTEMBER 2022
106 Gaetano et al
from all causes (9.5% vs 4.7%, P\ .001) and LR was
more frequent (5.7% vs 1.1 %, P\ .001eTable II).

Thirty-four patients developed LR, of whom 23
(67.6%) were in group 1 (margins\4 mm) and 11 in
group 2 (margins $4 mm) (32.4%) (P\ .001). The
difference in LR rates between groups 1 and 2 when
matching was performed for age, sex, and localiza-
tion (LR rates 60.5% and 36.7%, respectively) was of
borderline significance (P = .051) (Table II). There
were differences in the proportions of deaths from
any cause for MIS treated with margins \4 mm or
$4 mm, with 9.5% dying in group 1 and 4.7% in
group 2 (P = .0015). After matching the 2 groups with
respect to age, sex, and localization, the difference in
terms of deaths was apparently even greater (15.8%
vs 3.3%), but with reduced absolute numbers, the
difference was no longer statistically significant
(P = .093).

DISCUSSION
The management of MIS is often complicated by

difficulty in identifying the clinical extent of the
lesion or by its location in sites that make obtaining
adequate clearance margins challenging, and some-
times by the age or comorbidities of the patient that
make further surgery inappropriate.3,15

The best way to evaluate the adequacy of man-
agement of MIS is to document long-term local
recurrence rates, but many studies report only
short-term data. Some argue that the wide variation
of outcomes reported in the literature is due to
different surgical techniques and methods of patho-
logical assessment of margins (standard excision vs
Mohs surgery or CCPDMA) or the failure to differ-
entiate between clinical and pathological margins. It
could also be due to a ‘‘field defect,’’ with develop-
ment of another melanoma not directly related to the
initial lesion.

Many studies have confirmed that complete
excision of MIS, with clinically determined excision
margins of $5 mm and if possible$10 mm, reduces
the risk of LR, in particular for the LM subtype on the
head and neck.6,16,17 Others have argued that it is not
a question of subtype being LM but rather a question
of location on the head or neck. Kunishige et al6

published a large series of LM and MIS showing that
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subtype was not an independent risk factor but that
margins mattered and depended on location: 12 mm
margins for the head and neck versus 9 mm for the
trunk and extremities resulted in negligible LR rates
after long-term follow-up.18

Most guidelines indicate that an involvedmargin19

is not acceptable, and the results of our study support
this, further showing that \4 mm pathological
margins carried a higher risk of recurrence than
$4 mm margins (5.7% vs 1.1%, P\.01) after 2 years
of follow-up. Our finding that 4 patients died of
metastatic melanoma following recurrence in the
field of the operated MIS, with no other primary
melanoma to explain distant metastasis, suggests that
they died of invasive melanoma that had arisen from
MIS. That the site of MIS was the source of the
ultimately progressive disease is supported by the
pathology review process, which identified local
recurrence of invasive melanoma adjacent to the
site of previous MIS excision in 1 case. A further 2
cases demonstrated early regressive changes within
the dermis, likely reflecting a prior invasive compo-
nent in otherwise residual MIS. It is important to note
that most guidelines recommend surgical margins
but do not specify desirable pathological margins for
the management of MIS. While obtaining large
margins on the head and neck is often difficult,20

surgical excision margins[8 mm are now generally
advised for LM.13,14 While it is often possible for
experienced practitioners to identify single junc-
tional melanocytes on frozen sections with standard
H&E staining or with rapid immunostains during
Mohs surgery or CCPDMA, it can be challenging to
determine the nature and significance of single
melanocytes without interpreting them in the
context of the main part of the lesion or the sun
damaged background and its associated solar mela-
nocytosis.7,21-23 Some have argued that the type of
surgery is not important but that complete patholog-
ical clearance is what must be achieved.24 Surgical
margins are not reliably predictive of pathological
margins,10 but it seems likely that $7.5 mm surgical
margins are necessary to obtain$4 mm pathological
margins since it has previously been reported that
$6.5 mm clinically determined surgical excision
margins were necessary to obtain $3 mm patholog-
ical margins.8

Limitations
The limitations of our study are those inherent in

any retrospective study, with some patients lost to
follow-up, as well as the incompleteness of pathol-
ogy reports differentiating LM from other forms of
MIS. The survival differences between the groups
with\4 mm and $4 mm pathological margins were
not statistically significant in the matched cohort,
possibly because the numbers were too small, so
further studies are needed to examine this matter.

CONCLUSIONS
Analysis of 1407 patients with MIS/LM, of whom

404 had pathological clearance margins \4 mm,
showed that location was an important prognostic
factor and that\4 mmmargins were associated with
a substantially higher rate of LR (60.5% vs 36.7%) in
matched patients. Our results suggest that clinicians
should discuss with their patients the risks and
benefits of more extensive surgery and should
consider achieving pathological clearance margins
of $4 mm whenever possible.
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