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ABSTRACT

Most international clinical guidelines recom-
mend 5–10 mm clinical margins for excision of
melanoma in situ (MIS). While the evidence
supporting this is weak, these guidelines are
generally consistent. However, as a result of the
high incidence of subclinical extension of MIS,
especially of the lentigo maligna (LM) subtype,
wider margins will often be needed to achieve
complete histologic clearance. In this review,
we assessed all available contemporary evidence
on clearance margins for MIS. No randomized
trials were identified and the 31 non-random-
ized studies were largely retrospective reviews of
single-surgeon or single-institution experiences
using Mohs micrographic surgery (MMS) for LM

or staged excision (SE) for treatment of MIS on
the head/neck and/or LM specifically. The
available data challenge the adequacy of current
international guidelines as they consistently
demonstrate the need for clinical margins
[5 mm and often [ 10 mm. For LM, any MIS
on the head/neck, and/or C 3 cm in diameter,
all may require wider clinical margins because
of the higher likelihood of subclinical spread.
Histologic clearance should be confirmed prior
to undertaking complex reconstruction. How-
ever, it is not clear whether wider margins are
necessary for all MIS subtypes. Indeed, it seems
that this is unlikely to be the case. Until optimal
surgical margins can be better defined in a
randomized trial setting, ideally controlling for
MIS subtype and including correlation with
histologic excision margins, techniques such as
preliminary border mapping of large, ill-defined
lesions and, most importantly, sound clinical
judgement will be needed when planning sur-
gical clearance margins for the treatment of
MIS.
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Key Summary Points

There is a high risk of subclinical spread in
certain subsets of MIS (lentigo maligna,
head and neck location,
diameter C 3 cm), requiring a wider
clinical margin (10–15 mm) than for other
forms of MIS to achieve histologic
clearance

A ‘‘one size fits all’’ approach to surgical
margins for MIS is not appropriate

Clinical judgement is needed to tailor
surgical margins in the management of
MIS

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14555106.

INTRODUCTION

One hundred years ago a 5 cm radial margin
was recommended for all patients with mela-
noma in the hope of reducing the risk of local
recurrence and improving survival. However, in
the late twentieth century surgeons began
selectively using narrower margins. In the past
few years, the surgical management of primary
melanoma has shifted from a Halstedian ‘‘more
is better’’ philosophy to a ‘‘less is equal’’
approach, based on new evidence. In 2018, for
example, the Swedish and Danish melanoma
groups published updated results from their
landmark randomized multicenter interna-
tional trial of 2 cm versus 4 cm surgical excision
margins for patients with invasive primary
melanomas[2 mm in thickness [1]. In their
report of 936 patients with melanoma after a
median follow-up of 19.6 years, the authors

found no difference in overall and melanoma-
specific survival between the two groups. These
results definitively eliminate the need for radi-
cal surgical excision margins ([2 cm) for
melanomas C 2 mm in Breslow thickness, and
international guidelines will doubtless be
changed to reflect this paradigm shift.

However, while significant effort has been
made to study the optimal surgical excision
margins for invasive primary melanoma [1–5],
no randomized controlled trials (RCTs) to date
have examined optimal surgical excision mar-
gins for the pre-invasive form of melanoma,
known as melanoma in situ (MIS). In MIS, the
malignant melanocytes are confined to the
superficial layer of the skin, the epidermis,
without invasion into the underlying dermis.
MIS is classified into a variety of subtypes based
on pathological features of both the tumor and
related structures and the anatomic site of the
tumor (Fig. 1). Lentigo maligna (LM) is a sub-
type of MIS that is characterised histologically
by lentiginous and sometimes nested growth of
atypical melanocytes in sun-damaged skin with
associated epidermal atrophy and solar elastosis
(Fig. 2a). It typically occurs on the face, scalp,
and neck of elderly patients with severe chronic
sun damage. In contrast to the other common
subtypes of MIS (Fig. 2b), the peripheral edges of
LM are often poorly defined both clinically and
histologically, since the lesion often merges
with other cutaneous changes of chronic sun
damage [6]. This causes particular challenges for
those managing patients with LM.

Current international guidelines for the
management of MIS are based on low-level
evidence, and expert consensus that dates back
to the early 1990s. They generally recommend
5 mm surgical margins for MIS (Fig. 3) with the
goal of obtaining complete histologic clearance
and thereby minimizing the risk of local recur-
rence (Table 1). However, the most recent
guidelines from the USA [7, 8], Australia [9], and
Canada [10] recommend clinical margins of
5–10 mm for MIS. These guidelines recognize
the high incidence of subclinical extension of
MIS [11], especially LM, and suggest that these
lesions often require clinical clearance margins
greater than 5 mm to achieve histologically
clear margins.
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Contemporary data on clearance margins in
MIS are obtained largely from studies in which
Mohs micrographic surgery (MMS) or staged
excision (SE) have been used, mostly in patients
with LM on the face or head/neck region. While
the accuracy of MMS in the surgical treatment
of MIS is both lesion- and operator-dependent,
and its role remains somewhat controversial
(and beyond the scope of this review), the
findings from these studies are instructive, and
indicate that a 5 mm clinical margin will

frequently fail to achieve complete histologic
clearance of MIS. In this article we critically
review available reports on clearance margins
for MIS and consider whether their findings are
currently reflected in clinical practice guidelines
around the world.

Fig. 1 Clinical appearance of LM compared to non-LM
melanoma in situ. a LM with indistinct borders. LM
predominantly occurs on the head or neck in areas of

significant sun damage. b Non-LM MIS with sharp well-
defined borders; it usually occurs on non-chronically sun-
exposed skin

Fig. 2 Histologic appearance of LM compared to non-LM
melanoma in situ. a Demonstrates the lentiginous and
sometimes nested growth of atypical melanocytes on the
background of sun damaged skin with associated epidermal
atrophy and solar elastosis characteristic in of LM. The

peripheral edge of LM is poorly defined both clinically and
histologically, as shown in b, making complete histologic
excision difficult. This is in contrast to non-LM MIS,
which demonstrates sharply defined peripheral histologic
margins (c)
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METHODS

Searches of Embase and Medline to Decem-
ber 31, 2020 were performed to identify avail-
able clinical melanoma management guidelines
using Medical Subject Heading and text word
‘‘melanoma’’, limited to publication type
guideline or practice guideline in Medline, and
combined with the textwords guideline or
practice guideline in Embase. Once identified,
the section from each guideline pertaining to
melanoma in situ was read in full and references
cited were noted. To expand the search for
international melanoma guidelines, Google
Translate was used to identify words for ‘‘Me-
lanoma guideline’’ in non-English languages
and these words were used to perform Google
searches to identify non-English language mel-
anoma guidelines. Articles referenced by these
guidelines and not previously identified, if
found to relate to clearance margins or recur-
rence rates for MIS, were also included for
review.

A literature search was also performed in
PubMed, Medline, and Embase using a series of
search strings as follows: ‘‘melanoma in situ’’
AND ‘‘surgical excision’’; ‘‘lentigo maligna’’ AND
‘‘surgical excision; ‘‘melanoma in situ’’ AND

‘‘clearance margins’’; lentigo maligna’’ AND
‘‘clearance margins’’. The search related to sur-
gical margins was limited to English language,
full-length articles from January 1, 1995 to
December 31, 2020 concerning human subjects
exclusively. Abstracts and conference publica-
tions were excluded. Original studies consisting
of case series, prospective and retrospective
cohort studies, review studies, and RCTs were
eligible for inclusion. If a published study was
updated to include longer-term follow-up and/
or additional patients, only the most recent
results were included. However, if a similar
dataset was used in a separate study to address
different questions, both studies were included.
If a study only reported defect size or number of
stages of MMS or SE procedures required for
histologic clearance and did not report final
clearance margins, it was excluded. If a study
included both in situ and invasive melanoma
but did not separate them for analysis purposes,
it was excluded.

Titles and abstracts were screened to check
whether they met the inclusion criteria. The
remaining articles were read in full and exclu-
ded if they were found not to meet inclusion/
exclusion criteria. All references cited in each
article were also reviewed to identify any studies
not already captured by the above searches that
may have met inclusion criteria. This article is
based on previously conducted studies and does
not contain any new studies performed by any
of the authors involving human participants or
animals.

RESULTS

Clinical Guidelines

Thirty guidelines from 24 different countries
were identified and all but four made a recom-
mendation about clinical margins of excision
for in situ melanoma (Table 1). The goal of
surgical excision, when stated, was to achieve
histologic clearance [12], reduce the risk of local
recurrence [8], and reduce the risk of progres-
sion to invasive melanoma [13]. All guidelines
that reported the level of evidence upon which
their recommendation was made stated a low

Fig. 3 Clinical photograph of a LM on the arm showing
measurement of a surgical margin at the time of wide
excision, with the goal of obtaining histologic clearance.
The total extent of the lesion is outlined (dotted line) and
then a surgical margin is measured around the lesion (solid
line)
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Table 1 Surgical excision margin recommendations for melanoma in situ in international guidelines

Guideline group Country Year Recommendation related to
melanoma in situ

Level/grade of evidence

European Dermatology Forum

(EDF), the European

Association of Dermato-

Oncology (EADO), and the

European Organization for

Research and Treatment of

Cancer [49]

Europe 2020 Margin; 5 mm 100% consensus, adapted from

other guidelines

Japanese Dermatological

Association Guidelines [50]

Japan 2020 Margin; 3–5 mm Not stated

Norwegian Heath Directorate

guideline [51]

Norway 2020 Margin; 5 mm Level 4, grade D (case series,

poor quality cohort and

case–control studies, expert

opinion)

Cancer Council Australia

Melanoma Guidelines

Working Group [9]

Australia

and New

Zealand

2019 Margin; 5–10 mm

Melanoma in situ of non-

lentigo maligna type is likely to

be completely excised with

5 mm margins whereas lentigo

maligna may require wider

excision. Minimum clearances

from all margins should be

stated/assessed. Consideration

should be given to further

excision if necessary; positive

histological margins are

unacceptable

Level 4 (case series, poor quality

cohort and case–control

studies)

Cancer Care Ontario [10] Canada 2019 Margin; 5–10 mm Not stated

European Society for Medical

Oncology (ESMO) [52]

Europe 2019 Margin; 5 mm All margins; level II (RCT),

grade B (strong or moderate

evidence generally

recommended)

Deutsche Krebsgesellschaft,

Deutsche Krebshilfe, AWMF

[53]

Germany 2019 A complete excision with

histopathological control

should be performed

Consensus 88%

Italian Association of Medical

Oncologists [54]

Italy 2019 Margin; 5 mm Low

Regional Cancer Centre [55] Sweden 2019 Margin; about 5 mm Not stated
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Table 1 continued

Guideline group Country Year Recommendation related to
melanoma in situ

Level/grade of evidence

American Academy of

Dermatology [8]

USA 2019 Margin; 5–10 mm Lower level (not further

explained)

National Comprehensive

Cancer Network (NCCN)

[7]

USA 2019 Margin; 5–10 mm Level 2B (lower level evidence,

NCCN consensus)

European CanCer Organisation

(ECCO) [56]

Europe 2018 Margin; 5 mm Not stated

Finnish Melanoma Group [57] Finland 2018

2012

2018; NS

2012; margin; 5–10 mm

Grade D (expert opinion)

Croatian Society for Medical

Oncology [58]

Croatia 2017 NS Not stated

French Dermatology Society

and French National

Federation of Comprehensive

Cancer Centres, French

National Cancer Institute

[59]

France 2017 Margin; 5 mm All margins; grade B (systematic

review of cohort studies,

individual cohort study of low

quality RCT)

Scottish Intercollegiate

Guidelines Network [13]

Scotland 2017 Lentigo maligna, (a variant of

melanoma in situ), should

also be surgically removed,

given the risk of invasion.

Currently 5 mm surgical

margins are recommended

Consider a clinical margin of at

least 5 mm when excising

stage 0 melanoma. If excision

for stage 0 melanoma does not

achieve an adequate

histological margin, discuss

further management with the

multidisciplinary team

Level 3 (non-analytic studies,

e.g., case series)

Swiss guidelines [60] Switzerland 2016 Margin; 5 mm Not stated

Dutch Societies of Radiology,

Dermatology and

Venereology, Pathology,

Surgery, Internal Medicine

and Radiology [61]

Netherlands 2016 Margin; 5 mm Level 4, D (case series, poor

quality cohort and

case–control studies, expert

opinion)
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level of evidence. This included case reports or
case series, expert opinion, and expert
consensus.

Available Evidence on Histologic
Clearance Margins in MIS

Thirty-two articles were identified that met the
inclusion criteria for this review (Table 2). The
majority of the articles were reviews of single-

Table 1 continued

Guideline group Country Year Recommendation related to
melanoma in situ

Level/grade of evidence

Central Oncology Institute,

Warsaw [62]

Poland 2016 Margin; 5 mm Taken from other guidelines

(NCCN, ESMO, EORTC)

UK National Disciplinary

guidelines for head and neck

cancers [63]

UK 2016 Margin; 5 mm Not stated

Brazilian Dermatological

Society [64]

Brazil 2015 Margin; 5 mm Level A (individual RCT with

narrow confidence intervals)

National Collaborating Centre

for Cancer [65]

UK 2015 Margin; 5 mm (stage 0, not

specifically in situ)

No evidence, clinical experience

State expert Centre of Ministry

of Health of Ukraine,

National Cancer Institute of

the Ministry of Health of

Ukraine [12]

Ukraine 2014 Margins; 5 mm to ensure

complete histological

protrusion

Level 3 (systematic review of

case–control studies,

individual case–control study)

German Dermatologic Society

and Dermatologic

Cooperative Oncology Group

[66]

Germany 2013 Margin; 5 mm Grade D (expert consensus)

Melanoma cancer site team [67] Canada 2013 Margin; 5–10 mm Not stated

British Association of

Dermatologists [68]

UK 2010 Margin; 5 mm to achieve

complete histological excision

III [evidence obtained from

well-designed

nonexperimental descriptive

studies, such as comparative

studies, correlation studies

and case studies], grade B

[there is fair evidence to

support the use of the

procedure] (no RCT data, no

references)

Melanoma Advisory Board [69] South

Africa

2004 Margin; 5 mm Not stated
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surgeon or single-institution experiences using
MMS or SE for surgical treatment of MIS and/or
LM. No RCTs were identified. It should be noted
that a subset of studies of LM included patients
with lentigo maligna melanoma (LMM); we
focused our review on the subcohort of patients
with LM only. As previously mentioned, if the
analysis did not separate in situ from invasive
lesions, the study was excluded.

Mohs Micrographic Surgery
Mohs micrographic surgery (MMS) is a tech-
nique of surgical excision whereby a lesion is
narrowly excised, with immediate en face frozen
section margin assessment is undertaken. The
proponents of MMS state that it is not only a
tissue-conserving technique, especially impor-
tant in cosmetically sensitive areas such as the
face, but it allows for near-total margin assess-
ment. However, MMS is not universally accep-
ted as a necessary or reasonable alternative to
standard wide excision for treating all MIS or
invasive melanoma. This is largely due to
availability, cost, and limitations in its accuracy
and reliability that may result in some patients
being overtreated, the very problem its propo-
nents seek to avoid. The cells of LM are char-
acteristically discontinuous at the periphery of
the lesion [6] and hence en face sections will
inevitably fail to identify margin involvement
when the sections are taken from the unin-
volved epidermis separating LM cells. Further-
more, MMS does not provide an opportunity to
evaluate the significance of either the degree of
cytological atypia or density of melanocytes
which can assist in distinguishing the periph-
eral edge of LM from the melanocytic prolifer-
ation that normally occurs in chronically sun
damaged skin. Lastly, histological interpreta-
tion of these changes is also very subjective,
limiting the ability to make meaningful inter-
pretations across studies. Standard frozen sec-
tion evaluation of MIS with hematoxylin and
eosin (H&E) staining can be very difficult and is
quite subjective, especially in the context of
extreme skin photo-damage, where it can be
difficult to distinguish freezing artifact from
junctional melanocytic proliferations, and
therefore to interpret margin status [14]. In an
effort to overcome these drawbacks, staining

with melanoma-specific immunohistochemical
stains such as HMB-45 or Melan-A/MART-1 was
introduced, though these are not without their
own set of difficulties in interpretation and
likely cause ‘‘overcalling’’ of margins in some
cases. Staining with SOX1O or MiTF for nuclear
expression will possibly overcome some of these
pitfalls [14]. While there remains controversy in
relation to the use of MMS in the treatment of
both in situ and invasive melanoma and the
purpose of this article is not to enter into this
controversy, the body of literature on MMS
nevertheless provides highly valuable insights
into the clearance margins required for MIS.

One of the earliest studies seeking to address
the question of margin adequacy in LM using
MMS involved a cohort of just 16 patients with
LM of the head [15]. It was concluded that
5–10 mm margins would be sufficient for most
LMs. However, the findings suggested stratifi-
cation of surgical margins by lesion diameter,
utilizing 5 mm margins for lesions\2.0 cm in
diameter and reserving 10 mm margins for
lesions 2.0–3.0 cm in diameter. A surgical mar-
gin of 15 mm was suggested for lesions with a
diameter[ 3.0 cm.

In a much larger series seeking to measure
the subclinical extent of melanoma extension,
with the goal of informing clinical practice
guidelines, 553 primary melanomas were trea-
ted by a single surgeon using MMS, including
184 MIS [16]. The majority of the in situ lesions
(58%) were located on the head/neck. While
83% of all (in situ and invasive) lesions were
cleared histologically with use of 6 mm clinical
margins, clinical margins of 12 mm were
required for histological clearance of 97% of
melanomas. Size of clinical margin necessary to
achieve histologic clearance was significantly
related to both location of the lesion (p\ 0.001)
and diameter (p = 0.002). Melanomas on the
head/neck and hands/feet required larger mar-
gins (15 mm) for 97% and 96% clearance rates,
respectively. This likely reflects the growth
characteristics and propensity for subclinical
extension of the commonest types of MIS
occurring on the head/neck and hands/feet,
namely LM and acral (lentiginous) MIS,
respectively.
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Zalla et al. [17] reported their experience
using MMS to treat 46 patients with MIS.
Complete histologic clearance was achieved in
only 50% of patients (n = 23) treated
with B 6 mm clinical margins, and C 15 mm
clinical margins were needed to achieve histo-
logical clearance in 96% of patients. Bricca et al.
[18] undertook a prospective, single-institution
study of all patients referred for MMS to treat
MIS (n = 331) and invasive melanoma
(n = 294). While no distinction was made
between MIS and LM, only patients with head
and neck melanomas were included, suggesting
that LM would likely have been over-repre-
sented. On the basis of their finding that only
89.1% of MIS patients had a complete excision
with 6 mm margins, the authors recommended
surgical margins of 9 mm for MIS of the head/-
neck. Foxton et al. reported that a mean clinical
margin of 6.7 mm was necessary in their cohort
of 62 patients with MIS or LM, predominantly
located on the head/neck (n = 55, 89%) [19].
They found that only 68% of patients achieved
clearance with 6 mm margins, 92% with 9 mm
margins, and 100% with 12 mm margins. Larger
clinical margins required to achieve histologic
clearance were related to increasing tumor
diameter and recurrent tumors.

Two large retrospective single-institution
studies primarily sought to determine the effi-
cacy of MMS in the treatment of MIS and
invasive melanoma, but also reported clearance
margins [20, 21]. As in other reports, Valentin-
Nogueras et al. found that 12 mm clinical mar-
gins were needed to achieve clearance in 97% of
cases. Across the entire cohort, which included
invasive melanoma and 982 patients with MIS,
surgical margins were significantly related to
tumor location and size (p\000.1),
with B 9 mm clinical margins achieving 97%
and 95% histologic clearance rates for MIS on
the trunk/extremities and tumors\1 cm,
respectively [20]. Heath et al. reported their
experience using a modified MMS technique to
treat 529 patients with MIS, predominantly
located on the head and neck [21]. Mean clini-
cal clearance margins of 7 mm ± 3.8 mm were
reported in cases of MIS.

Seeking specifically to calculate the propor-
tion of patients requiring[5 mm clinical

margins for histological clearance, Felton et al.
[22] reviewed 343 cases of MIS located on the
head/neck. As per their institutional practice, all
in situ lesions were designated MIS, without
separate classification of LM. As in other studies
of MIS on the head/neck, 5 mm clinical margins
achieved complete histologic clearance in only
65% of cases. In fact, 15 mm clinical margins
were required to achieve 97% histologic clear-
ance rates. The authors did not identify any
clinical factors, including lesion area, predictive
of a requirement for a larger surgical margin to
achieve clear histologic margins [22].

In a retrospective review of a prospectively
maintained institutional database of all patients
referred for MMS for treatment of melanoma,
Kunishige et al. identified 1120 patients with
MIS [23]. The majority of tumors were located
on the head/neck and the mean tumor diameter
was 2.8 cm. The authors concluded that the
commonly recommended 5 mm clinical margin
is inadequate, as only 86% of lesions were his-
tologically cleared with 6 mm margins. How-
ever, the authors did not distinguish between
MIS and LM, making it difficult to address
whether 5 mm clinical margins may be suffi-
cient for a certain subset of in situ melanomas.
The same group specifically addressed the
question of whether the margin requirements
for LM differed from those for other types of
MIS [24]. This was the largest cohort studied to
date (1506 cases of LM and 829 cases of non-LM
MIS), and the aim was to determine the mini-
mum surgical margin needed for histologic
clearance in 97% of cases. Interestingly, the
authors found that the clearance rates for LM
and non-LM MIS were similar, with both
requiring 12 mm clinical margins for 97% his-
tologic clearance. Subgroup analysis for loca-
tion revealed a need for wider clearance clinical
margins for lesions on the head/neck (both LM
and non-LM MIS still required 12 mm clinical
margins for 97% clearance) than for lesions on
the trunk or extremity, where both LM and
non-LM MIS required 9 mm clinical margins for
97% histologic clearance. Increasing diameter
was found to be a predictor of subclinical
spread, as larger lesions needed wider clinical
margins to achieve 97% histologic clearance
(diameter\1 cm, 9 mm clinical margins;
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diameter 1–3 cm, 12 mm clinical margins;
diameter[ 3 cm, 15 mm clinical margins). In a
search for lesional characteristics that might
predict histologic clearance with a narrower
margin, the authors analyzed a subcohort of
their patients with in situ lesions\ 1.0 cm in
diameter located on the trunk or extremity [25].
They found that lesions\0.9 cm in diameter
approached histologic clearance rates of 95%
with 6 mm clinical margins, but 9 mm clinical
margins were required for 97% histologic
clearance rates across all lesions[1.0 cm. Per-
haps most notable was the finding that histo-
logic clearance rates for LM were not
significantly different from those of non-LM
MIS.

In the only multicenter prospective cohort
study of patients with melanoma treated with
MMS, including 377 non-invasive melanomas,
it was found that 12 mm clinical margins were
adequate for histologic clearance in 97.1% of
cases [26]. Head and neck lesions required sig-
nificantly wider clinical margins than lesions on
the trunk or extremity (12 mm vs 10 mm,
respectively, p\0.01). While there was no dis-
crimination between LM and non-LM MIS in
the primary analysis, the two groups did not
differ significantly in subgroup analysis in
required clinical margins to achieve histologic
clearance at any location. Larger preoperative
tumor size and recurrent lesions were both
positively associated with a larger clinical mar-
gin requirement [26].

Albertini et al. [14] recognized that those
patients referred for MMS for management of
melanomas primarily had lesions on the
head/neck, were in locations of cosmetic or
functional significance, or were recurrent
lesions. As such, they acknowledged that they
often excised lesions with asymmetric margins
and were interested in minimum and maxi-
mum clinical margins required for histologic
clearance of each lesion. In their review of a
series of 42 patients with MIS, all but one on the
head/neck, they found that the mean minimum
and maximum clinical clearance margins were
5.5 mm (range 3–11 mm) and 9.4 mm (range
3–18 mm), respectively. They concluded that
MIS demonstrates asymmetric lateral growth
and the maximum clinical clearance margin,

which exceeded 6 mm in 59% of cases, may
only be necessary focally around a lesion [14].

Stigall et al. [27] sought to determine if MIS
in relatively sun-protected areas, such as the
trunk and proximal extremity, display subclin-
ical extension similar to MIS in the more com-
monly reported sun-exposed areas such as the
head/neck. All cases of MIS on the trunk and
proximal extremity were retrospectively identi-
fied from a database of patients with melanoma
treated with MMS. Only 23% of the 882 cases
were classified as LM or non-LM subtype and no
differences in clearance margins were found on
subgroup analysis. Therefore, LM subtype was
not considered separately for analysis purposes.
Consistent with previously published data, the
authors found that only 83% of MIS were
cleared with 6 mm margins and 9 mm margins
were necessary to achieve a 97% clearance rate,
in both primary and recurrent MIS. There were
no significant differences in margins when
stratified by location, though lesions with a
larger diameter showed a trend towards an
increased margin requirement, leading to a
recommendation for larger margins, at least 12
mm, for lesions[2 cm in diameter.

Serial or Staged Excision
In an effort to eliminate the potential short-
comings of frozen section evaluation of mela-
noma specimens, even with the addition of
immunostains, some have advocated the use of
mapped serial or staged excision (SE). This
technique generally entails the following pro-
cess: the tumor borders are marked with the
assistance of a Wood’s lamp and a 5 mm clinical
margin added in a geometric [28] or contoured
[29] fashion to facilitate processing and orien-
tation. The specimen including the tumor plus
margin is excised to the mid to deep subcuta-
neous layer, dressed or closed temporarily, and
an expedited detailed histopathologic assess-
ment of the entire formalin-fixed margin by a
dermatopathologist is performed, taking care to
carefully orient and diagrammatically record
the margins of the specimen [28]. Additional
margins are then taken from the site of any
involved margins on the initial specimen. In a
variant of this technique, referred to as total
peripheral margin control or a ‘‘square

3522 Adv Ther (2021) 38:3506–3530



procedure’’, a thin strip of tissue (2–3 mm)
beyond the 5 mm clinical margin is initially
excised using a double-bladed knife and tem-
porarily closed while the entire peripheral
margin is examined histologically as permanent
histologic sections. Additional targeted margins
are excised until complete histologic clearance
is achieved. Finally, the central tumor is excised
and sent for formal pathologic review [30, 31].

Huilgol et al. [32] prospectively studied a
series of 125 patients who underwent SE of
LM[1 cm in diameter on the head or neck.
They found that 30% required[5 mm excision
margins for histologic clearance. Cases of
recurrent LM were less likely to be histologically
cleared with 5 mm clinical margins than pri-
mary LM (44% vs. 80%, respectively) [32].

In a review of 91 cases of LM and 26 cases of
LMM treated with SE by a single surgeon at the
Memorial Sloan Kettering Cancer Center, where
95% of tumors were located on the head or
neck, lesions[ 2 cm in diameter required a
significantly wider clinical clearance margin
than those\1 cm in diameter (13.1 vs.
8.6 mm, p\0.0001). Men and
patients[65 years old required a larger total
clinical margin, but this was not statistically
significant. A slightly smaller mean clinical
margin of 6.6 mm to achieve histologically clear
margins was reported in another retrospective
review of 225 cases of LM [33]. While the face
was the most common site of disease (67.6%),
11.9% of lesions were located on the upper
extremity. It is interesting to note that 11.6%
(n = 26) of LMs required less than a 5 mm clin-
ical margin for histologic clearance, 62.2%
(n = 140) required 5 mm clinical margins, and
26.2% (n = 59) required[ 5 mm clinical mar-
gins [34]. Lesional characteristics, such as
diameter and anatomic location, that could
predict the need for wider clinical margins were
not investigated.

In a study reported by Agarwal-Antal et al.,
93 patients with LM were treated with SE, 75%
of which were located on the head/neck, only
42% (n = 39) were histologically cleared with
5 mm clinical margins [35]. Similarly, in a case
series of 18 patients with MIS located on the
periocular skin, Shumaker et al. reported that
only 1/3 of lesions were histologically cleared

with 5 mm clinical margins [36]. In a large sin-
gle-institution study of SE reported by Moyer
et al., 564 cases of MIS on the head/neck were
treated, with a mean clinical margin of 9.3 mm
[standard deviation (SD), 5.1] [37]. Clinical
margins of B 5 mm achieved histologic clear-
ance only in 41.1% of cases, and clinical mar-
gins of B 10 mm achieved histologic clearance
in only 72.4% of cases. A larger lesion size was
identified as a predictor of clinical margin
required for histologic clearance [37]. A higher
histologic clearance rate (76%) was achieved
with 5 mm clinical margins in a smaller single-
institution retrospective review of 49 patients
treated with SE for MIS of the head/neck [29].
Lesions with positive histologic margins after a
single stage of excision had a larger median size
than those that were cleared with 5 mm clinical
margins (6.9 cm2 vs. 4.0 cm2, p = 0.03) [29].

Wilson et al. [38] published a study exam-
ining long-term recurrence after SE of LM in 58
patients (and 10 patients with LMM) with at
least 5 years follow-up. While the primary out-
come was local recurrence, reported to be 5.6%,
all occurring in patients with LM, the authors
also investigated the minimum surgical margin
for histologic clearance, with their findings
echoing those of earlier studies. Only 54% of
LMs were histologically cleared with 5 mm
clinical margins, with a histologic clearance rate
of 46% in LMs on the head/neck. Of those
tumors requiring more than 5 mm clinical
margins, the average clearance margin was
10.4 ± 1.0 mm (median 9 mm, range 6–27 mm)
[38]. In a study investigating the recurrence rate
of LM after SE, de Vries reported clearance
margins in a cohort of 100 patients with LM, 5
of which were diagnosed with LMM on final
excision [39]. All but three of the lesions were
located on the head/neck, with a mean lesion
diameter of 20.1 mm (range 4–50). The initial
clinical margin of 3 mm achieved histologic
clearance in less than half the patients (49%). A
surgical margin of 13 mm was required for his-
tologic clearance in 97% of lesions.

Jejurikar et al. [30] from the University of
Michigan reported their experience with 51
consecutive facial lesions, 42 of which were LM,
treated by total peripheral margin control. The
authors found that the initial 5 mm clinical
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margins were adequate for histologic clearance
in only 35% of cases and LM required an aver-
age clinical margin of 10 ± 5 mm to obtain
clear histologic margins [30]. Similarly, another
group from the University of Michigan found
that in 26 periocular LMs treated with total
peripheral margin control, histologically tumor-
free margins were obtained with a mean clinical
clearance margin of 13 mm (range 5–25 mm)
[31]. Larger lesion diameter was directly corre-
lated with the clinical margin width needed for
histologic clearance. In their own variant of this
technique, a group from Alberta, Canada
reported on their experience using staged mar-
gin-controlled excision (SMEX) for the treat-
ment of LM in 24 patients, predominantly
located on the face and anterior leg [40]. They
found that a mean of 9 mm clinical margins was
required for histologic clearance, in line with
prior data.

Reporting on another variant of staged
excision, a single-institution chart review of 29
cases of MIS (27.6% LM) predominantly located
on the head/neck (93.1%) found a final mean
surgical margin of 13.1 mm (SD 5.9) [41]. Forty-
five percent of lesions required[ 5 mm clinical
margins, and 12.3 mm clinical margins were
needed to achieve a 97% histologic clearance
rate. Larger lesions showed a trend toward
requiring larger surgical clearance margins to
achieve histologically clear margins.

Wide Local Excision
There have been no prospective studies with a
primary focus of determining clearance margins
for MIS where wide local excision (WLE) was the
form of surgical treatment. There have, how-
ever, been a number of retrospective studies.
Contrary to the previously presented data that
almost universally support a clinical margin
greater than 5 mm to achieve histologically
clear margins, three retrospective studies of
non-LM MIS support the current guidelines that
recommend 5 mm margins only [42–44]. In a
review of 155 cases of MIS on non-chronically
sun-exposed skin, conventional WLE with
5 mm margins achieved histologic clearance in
100% of cases. With a mean follow-up of
4 years, the authors reported no recurrences. It
should be noted, however, that in this series,

the mean clinical diameter of lesions was only
8.7 mm and 45% of cases had a negative margin
in the initial biopsy specimen [42].

Similarly, Duffy et al. [43], in a database
review of 36 confirmed cases of non-LM MIS,
found that the average histologic excision
margin was 3.8 mm (range 0.2–6.5). Median
lesion size was 0.7 cm (range 0.2–1.8) and the
majority of cases (56%) had negative initial
biopsy margins. When summing the clear
biopsy margin and excisional margin, the
average histologic clearance margin was
4.38 mm (range 1.3–7.75). Notably, they repor-
ted no recurrences after a median follow-up of
6.6 years [43].

A retrospective series from the UK included
192 cases of MIS treated by WLE, of which 38%
were LM [44]. Though the planned surgical
margin at primary excision was not specified,
the incomplete excision rate for LM was signif-
icantly higher than that of non-LM MIS (29.3%
vs. 5.9%, respectively; p\0.01). Of those with
negative histologic margins at initial excision
(n = 163), the average primary excision margin
was noted to be 1.51 mm. As a result of a change
in the UK melanoma management guidelines in
2006, with a new recommendation for excision
margins of 2–5 mm for MIS, 97 patients under-
went additional wide excision, with an average
final excision margin of 4 mm. In both the
narrow (\ 2 mm) and wider excision groups,
the recurrence rates were very low (1.4% and
1.1%, respectively) [44].

A recent retrospective review of the
prospectively maintained database of Mela-
noma Institute Australia identified 379 patients
with 382 LMs on the head/neck treated with
WLE [45]. The mean surgical excision margin
was 6.2 (± 3.1) mm with a mean histologic
margin of 3.8 (± 2.6) mm. There were 32
incomplete excisions (8.4%) and 46 WLE spec-
imens that had a close histologic margin
(\2.0 mm). A recurrence rate of 9.9% (n = 38)
was observed after a median follow-up of
32 months. However, many of the recurrences
occurred in cases where a negative histologic
margin was not achieved and no further treat-
ment was pursued (n = 11 of 18, 61.1%) or in
cases with close histological margins
(\2.0 mm) without subsequent treatment
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(n = 12 of 36, 33.3%). In fact, the recurrence
rate was 27.2% for lesions with a histologic
margin\3.0 mm compared to 2.6% with a
histologic margin C 3.0 mm, which correlated
to a mean surgical margin of 6.5 (± 2.8) mm.

CONCLUSIONS

Despite varying study designs and differing
surgical techniques, the available data consis-
tently demonstrate that LM, lesions on the
head/neck, and/or larger diameter lesions
([3 cm) all require wider clinical surgical mar-
gins than are recommended in most current
melanoma management guidelines to achieve
complete histological disease clearance because
of the higher likelihood of subclinical spread
[46]. However, the question of whether this is
necessary for all patients with MIS remains
unanswered [42–44]. Many of the published
studies described above did not separate non-
LM MIS from LM, or only studied LM, making it
difficult to dissect out true differences. An
additional difficulty is that defining LM and
determining its margins histologically requires
subjective interpretation by pathologists and
consequently there is likely to be inconsistent
reporting of LM between pathologists [22].
Finally, it is possible that because of the diffi-
culty in interpreting and differentiating atypical
melanocytes and MIS in severely sun-damaged
skin on frozen section examination, even with
special immunohistochemical stains, the tech-
nique of MMS may be overtreating some of
these lesions. On the basis of currently available
data, as described in this review, it appears that
a ‘‘one size fits all’’ approach to surgical margins
for all forms of MIS is not appropriate. Instead,
the clinical and pathological features of each
case must be considered when planning surgical
excision margins.

Overall, the results of the various studies
challenge the adequacy of current management
guidelines, with the available evidence strongly
suggesting that 5 mm surgical margins as rec-
ommended in many existing guidelines will
often be inadequate by failing to achieve com-
plete histologic clearance, particularly for LM,
MIS located in the head/neck region, and large

([3 cm) lesions. The evidence also reinforces
the concept that MIS on non-chronically sun-
exposed skin and LM represent different bio-
logic entities that require different clinical
management strategies. Lastly, it is difficult to
recommend a single surgical margin that will
suffice for all lesions as data has shown that a
surgical margin is a poor predictor of a histo-
logic margin, and it is histologic clearance that
is the goal of surgical excision, regardless of
technique [45, 47].

On the basis of this review of available liter-
ature, suggested clinical and pathological fea-
tures to be considered in margin selection for
MIS are shown in Table 3. Histologic clearance
of small (\1 cm) well-circumscribed non-LM
MIS on the trunk or proximal extremities will
usually be achieved with 5 mm surgical mar-
gins. In the case of ill-defined lesions between 1
and 3 cm in diameter on chronically sun-ex-
posed areas like the head/neck and distal
extremities, acral MIS, or lesions of the LM
subtype, 10 mm clinical margins should be
obtained. In lesions with a high risk of sub-
clinical extension, such as those[3 cm in
diameter, especially on chronically sun-exposed
skin and MIS on the head/neck, 12–15 mm
clinical margins should be considered to
achieve reliable histologic clearance. While a
comparison of the surgical options for MIS
including the differences in histologic margin
assessment is beyond the scope of this review,
reported local recurrence rates are extremely
low (Table 2), emphasizing the importance of
histologically negative margins. In cases where
larger clinical margins cannot be reasonably
obtained because of cosmetic or functional
restrictions or if there is clinical concern that
the risk of subclinical spread is high, histologic
clearance should be confirmed prior to complex
reconstruction or tissue rearrangement. In these
cases, preoperative ‘‘border mapping’’ can be
considered using a variety of techniques such as
mapping punch biopsies, total peripheral mar-
gin control/staged excision, or possibly reflec-
tance confocal microscopy [48]. MMS may also
be considered, although the difficulties assess-
ing ill-defined MIS margins by frozen section
examination must be acknowledged. In the
absence of evidence from a randomized clinical
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trial examining optimal clinical margins in the
treatment of all MIS, including LM, the treating
clinician must exercise clinical judgement on a
case-by-case basis.
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