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AIM: Lentigo maligna (LM) is the commonest melanoma in situ variant and frequently arises on chronically sun-exposed facial skin,
where subclinical radial spread and background actinic melanocytic atypia complicate both surgical clearance and histological interpreta-
tion. The aim of this study is to appraise contemporary surgical options for LM and their oncological outcomes, focusing on conventional
wide local excision (WLE), Mohs micrographic surgery (MMS), Paraffin embedded margin-controlled (“slow Mohs”) techniques and
staged excision (SE).
METHODS: A comprehensive search of PubMed and Web of Science (January 2015–January 2025) retrieved retrospective cohorts,
systematic reviews and meta-analyses that detailed technique, margin policy and outcomes for LM or lentigo maligna melanoma (LMM).
Forty-six studies met prespecified criteria and were synthesised qualitatively.
RESULTS:WLE remains the most widely performed procedure but showed the greatest heterogeneity in practice. Initial clinical margins
of 5 mm often required histological extensions to 7–12 mm to secure clearance; under WLE, residual disease rates reached 16.7% and
recurrences ranged from 5.7% to 27.3%. In contrast, MMS, especially when using immunohistochemistry, achieved recurrence rates
between 0–3% with ≥5 years of follow-up. Slow Mohs and staged excision provided intermediate recurrence control (0–5.7%) while
preserving tissue but were limited by procedural variability and delayed reconstruction. Although one retrospective study reported
improved disease-specific survival with MMS, most studies showed no significant differences in melanoma-specific or overall survival
across surgical techniques. Limited long-term follow-up and inconsistent statistical reporting (e.g., confidence intervals) were common.
CONCLUSIONS: Margin-controlled approaches (MMS, slow Mohs, SE) afford superior local control to WLE and are preferable for
lesions on cosmetically or functionally critical sites. Because survival appears equivalent, the choice of technique should be guided by
anatomical location, lesion size, available expertise, patient characteristics and preferences as well as cost-effectiveness and available
resources. Well-designed prospective trials with standardised protocols are essential to refine margin recommendations and compare
long-term outcomes.
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Introduction
Lentigo maligna (LM) is a melanoma in situ subtype,
strongly associated with cumulative sun exposure [1,
2]. The terminology surrounding LM is controversial
and varies widely in the literature. It has historically
been referred to as Hutchinson’s freckle, senile freckle
and Dubreuilh’s melanosis circumscripta praecancerosa
[2]. More recently, alternative terms such as lentigi-
nous melanoma in situ, and lentigo maligna melanoma in
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situ have been proposed to better define this entity [3].
Once LM progresses to an invasive phenotype the more
commonly used designation is lentigo maligna melanoma
(LMM). For consistency in this review, the term lentigo
maligna (LM) will be used exclusively to refer to the in-
situ stage of the disease and LMM to refer to the invasive
counterpart [1].
LM is the second most common type of melanoma after su-
perficial spreading melanoma and the most frequent form
of melanoma in situ [4]. LM predominantly affects old
individuals, likely due to cumulate lifetime UV exposure
[4,5]. Clinically, LM presents as a slowly growing, irreg-
ular pigmented macule or patch, that arises in chronically
sun-damaged skin [1]. From a histopathological perspec-
tive, LM is characterized by intraepidermal proliferation of
atypical melanocytes, arranged irregularly in a lentiginous
pattern with solar elastosis [1].
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Identification of new studies via databases and registers

Records identified from:
Databases (n = 2):
Pubmed (n = 116)

WebOfScience (n = 217)

Records removed before screening:
Duplicate records (n = 110)

Records screened
(n = 223)

Records excluded
(n = 134)

Reports sought for retrieval
(n = 89)

Reports not retrieved
(n = 3)

Reports assessed for eligibility
(n = 86)

Reports excluded:
Wrong language (n = 3)

Wrong intervention (n = 20)
Wrong population (n = 15)

Wrong publication type (n = 10)

New studies included in review
(n = 46)

Identification of new studies via other methods

Records identified from:
Citation searching (n = 10)

Reports sought for retrieval
(n = 10)

Reports not retrieved
(n = 2)

Reports assessed for eligibility
(n = 8)

Reports excluded:
(n = 0)

Fig. 1. PRISMA flow diagram illustrating the selection process for studies included in the review. PRISMA, Preferred Reporting
Items for Systematic Reviews and Meta-Analyses.

Surgical excision remains the first-line treatment for LM,
with options including conventional wide local excision
(WLE),Mohs micrographic surgery (MMS), and staged ex-
cision (SE). These techniques aim to completely remove the
lesion and prevent progression to invasive melanoma [6].
However, LM poses specific surgical challenges due to its
frequent facial location and potential for subclinical exten-
sion [2,4,7]. Additionally, background melanocytic atypia
in chronically sun-damaged skin makes histopathological
margin assessment more difficult [8].
To date, no single surgical option has been universally rec-
ognized as superior, stressing the need for further inves-
tigation [4,7]. To address this issue, we conducted a nar-
rative review evaluating the available surgical options for
LM management. The present review summarizes findings
from key studies on surgical approaches, technical varia-
tions, surgical outcomes and adherence to guidelines.

Methods
A comprehensive search was conducted in PubMed (MED-
LINE) and Web of Science, covering all available publica-
tions from January 2015 to January 2025. Specific search
strategies were applied to each database, integrating both
MeSH terms and free-text keywords. The corresponding
database search strategy is provided in the Supplementary
Material.
Inclusion criteria encompassed: (1) Articles addressing sur-
gical treatments for LM and LMM, describing different
surgical techniques and their outcomes. (2) Retrospec-
tive observational studies, systematic reviews and meta-
analysis. No restrictions were applied regarding previous
or concomitant treatments. Exclusion criteria included:
(1) Single case reports, (2) articles focusing only on non-

excisional/destructive modalities (e.g., topical imiquimod,
radiotherapy, laser or light-based therapies, cryotherapy,
curettage/electrodesiccation), (3) manuscripts published in
languages other than English or Spanish.
A three-stage selection process was conducted by CCS and
LML. Articles were initially selected based on their titles,
followed by abstract screening. Lastly, a full-text review of
the selected articles was carried out, those that met the in-
clusion criteria were finally included. Additionally, a man-
ual secondary search of reference lists from selected articles
was also performed to identify further relevant studies. The
key findings from the selected studies were qualitatively
summarized. A Preferred Reporting Items for Systematic
Reviews andMeta-Analyses (PRISMA)-style flow diagram
(Fig. 1) illustrates the study selection process.

Results
Wide Local Excision (WLE)
WLE Technique Overview in Clinical Practice
In the included studies, WLE was primarily performed for
LM/LMM in the head and neck region, though lesions on
the trunk and extremities were also included [9–17]. Lesion
sizes ranged widely, most of the cases reported a diame-
ter around 1.5 cm and the smallest mean diameter reported
was 0.7 cm [18]. Initial clinical margins of 0.5 cm were
the most common across studies, although some authors re-
ported margins up to 1.0 cm [8,11,12,15]. Three studies
explicitly mentioned adherence to national or international
guidelines when selecting surgical margin [8,11,16]. Addi-
tionally, the use of Wood’s lamp for lesion delineation was
noted in two studies [13,15]. Two studies reported the use of
preoperative reflectance confocal microscopy [15,17] (Ta-
ble 1, Ref. [8–19]).
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Table 1. Studies reporting WLE included in the review.
Year Author Study type N (lesions) Lesion site Lesion size Initial clinical

margins
Technique speci-
fications

Clearance rate
with initial mar-
gins

Histological
margins for total
clearance

Surgical outcomes Other

2024 Modin et
al. [10]

Retrospective. 395 LM. Head and neck
82%, trunk 8.4%
and extremities
9.6%.

Median lesion di-
ameter 11mm (2–
70 mm)

Mean clinical
margin 0.48 cm
(0.1–1 cm).

Bread-loafing
technique. IHQ
used in 40%,
Melan-A (n = 95,
24.1%), SOX10
(n = 81, 20.5%),
S100 (n = 46,
11.6%), HMB-45
(n = 14, 3.5%),
and others (n = 6,
1.5%).

83.3%. Mean margins
in complete ex-
cision 4.8 mm
(95% CI 4.7–4.9)
(p = 0.042).

Residual disease rate for
specifically LM: 16.7%.

Preoperative biopsies were
performed in 64.6% of all
cases (n = 255).
Risk factors for incomplete
excision: Head and neck lo-
cation (p = 0.0014), clinical
margins <5 mm (p = 0.040),
and use of preoperative
partial biopsies (p = 0.023).
Clinical recommendation:
LMs should be excised with
≥5 mm margins, particularly
in the head and neck region.

2021 Crouch et
al. [9]

Retrospective. 382 LM. Head and neck. Mean maximum
diameter 10.52 ±
6.54.

0.5 cm. Bread-loafing
technique. IHQ:
SOX10, MiTF.

91.6%. Mean 4.0 ± 2.5
mm.

Local recurrence rate 9.9%
for LM. Invasive compo-
nent found in 2.3% of these.
Median follow-up was 32
(range 12–223) months.
Recurrence-free survival:
87.9% at 5 years (95% CI:
83.0–93.0%), 67.4% at 10
years (95% CI: 56.8–
79.9%).

Margin requirements:
A histological margin
of 3.0 mm was needed,
requiring a surgical
margin of 6.5 mm,
which exceeds the 5
mm recommended by
some national guide-
lines.

2022 Jackett et
al. [19]

Retrospective. 26 LM and
12 LMM
out of 640
melanomas.

Head and neck,
trunk and extrem-
ities.

Median diameter
non residual
melanoma: 9
mm (2–60 mm)
and for residual
melanoma 14
(4–25 mm). LM
not individuated.

Initial 0.2 mm for
CEB. WLE with
0.5–1.0 cm.

Bread loafing
technique.

NA. NA. Residual disease rate (for
all melanomas) 3.1%.
5/38 LM had residual
disease.

LM is an independent
risk factor for residual
disease, regardless of
clinical margins or prior
complete excision OR
10.33 (2.84–37.54) p =
0.0004.

2016 Bolshinsky
et al. [18]

Retrospective. 75 LM-
LMM out
of 807
melanomas.

Head, neck, trunk
and extremities.

Mean diameter
0.7 cm.

0.5 cm for MIS. Bread-loafing
technique.

89.3% of all LM-
LMM and 8.3%
of all melanomas.

NA. Residual disease rate:
4.2% (95% confidence
interval [CI] 2.9–5.8).
When individuated, LM
represented 23.5%.

LM was not differentiated
from LMM.
Lesion site was not individ-
uated for MIS subtypes.
LM is an independent risk
factor for residual disease.
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Table 1. Continued.
Year Author Study type N (lesions) Lesion site Lesion size Initial clinical

margins
Technique speci-
fications

Clearance rate
with initial mar-
gins

Histological
margins for total
clearance

Surgical outcomes Other

2020 Moura et
al. [11]

Retrospective. 134 LM out
of 167 MIS.

Head and neck
(83%) upper
limb (8%), lower
limbs and trunk
9%.

NA. 0.5–1.0 cm as
AAD guideline
recommended.

Bread-loafing tech-
nique.
IHQ Melan A
(MART-1).

97.8%. NA. Local recurrence rate
9% median follow-up 36
months.

No significant differ-
ence between LM (8%,
11/134) and non-LM
MIS (12%, 4/33); p =
0.49.
Recurrence by histo-
logical margin: 14%
(13/103) for ≤3.0
mm vs. 3% (2/64) for
>3.0 mm margins (p =
0.049).

2016 Dika et al.
[12]

Retrospective. 25 LM. Head and neck. 1.5 ± 0.4 cm2

area.
0.5–1.0 cm. Bread-loafing

technique.
NA. NA. Recurrence 27.3% mean

follow up 110.3 months.
Higher recurrence was
observed with WLE
compared to MMS
guided by videoscopy
and standard MMS.

2015 Hou et al.
[13]

Retrospective. 269 LM. Head and neck. Maximum lesion
dimension 1.81±
1.30 cm.

0.5 cm.
Woods lamp.

Bread-loafing tech-
nique.
IHQ.

NA. NA. Residual rate: 8.2%
(22/269).
Recurrence rate 6% no
mean follow-up.
Local recurrence-free sur-
vival (WLE): 96% at 5
years (95% CI: 94–98%; n
= 202), 94% at 10 years
(95% CI: 91–97%; n = 91),
and 94% at 15 years (95%
CI: 91–97%; n = 15).

No distinction between
LM and the rest of MIS
subtypes.
Treatment preference:
For well-defined LM
on the trunk and ex-
tremities with feasible
primary repair, WLE is
favored.

2017 Nosrati et
al. [14]

Retrospective. 385 MIS. Head and neck
83.5%.
Trunk and extremi-
ties 16.5%.

Diameter 1.8 ±
1.5 cm.

0.5 cm. Bread-loafing
technique.

NA. NA. Recurrence rate 5.7%.
Median follow-up 8.6
(range, 0.2–37) years.

Comparison between
MMS and WLE.

Recurrence rates (WLE):
4.1% at 5 years (95%
CI: 2.5–6.8%), 6.8% at
10 years (95% CI: 4.4–
10.2%), 7.3% at 15 years
(95% CI: 4.8–11.0%); p =
0.07.
Melanoma specific death
0.7% in WLE.
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Table 1. Continued.
Year Author Study type N (lesions) Lesion site Lesion size Initial clinical

margins
Technique speci-
fications

Clearance rate
with initial mar-
gins

Histological
margins for total
clearance

Surgical outcomes Other

2023 Elshot et
al. [8]

Retrospective. LM: 27.
LMM: 48 out
of 385.

Head and neck. NA. 0.5–1.0 cm as
ESMO guidelines
recommended.

Bread-loafing tech-
nique.
IHQ: Melan-A/MART-1, SOX10,
or S100.

76%. 1.5mm (IQR 1.0–
3.0) for LM and
4.1mm (IQR 1.0–
10.0) for LMM.

Local recurrence for LM:
18.5%. No distant/regional
recurrence.
Local recurrence for LMM:
16.7%
Regional recurrence for
LLM: 14.6%, regional
lymph node 6.3%, distant
recurrence 10.4%.
Median follow-up 64 mon-
ths (IQR 49–78).

All invasive component
was removed with a
meanmargin of 6.5 mm.

Guidelines adherence
did not modify survival
outcomes.
LMM was not shown to
be an independent prog-
nostic factor for RRFS,
DRFS, or MSS in the
multivariate analysis.
Local recurrence was
significantly associated
with LM/LMM (p <

0.001).

2023 Elshot et
al. [15]

Systematic
review and meta-
analysis.

1029 LM and
326 LMM.

Head and neck
92.7% trunk and
extremities.

Mean diameter
14.7 ± 5.0 mm.
Mean area: 1.4
cm2.

0.5 cm LM and
1.0 cm for LMM.
HH-RCM and
woods lamp.

Bread-loafing
technique.

83% for LM and
78% for LMM.

Weighted mean
7.7 ± 2.0 mm.

Local recurrence rate.
WLE (13%; 95% CI: 7.2%
–21.6%). Weighted mean
follow-up was at least 57
months.

Both LM and LMM
were analyzed. No
other MIS subtypes
were included.
No separate recurrence
analysis for LM and
LMM were performed
because of missing data.
Selection bias is possi-
ble sinceWLEwas used
more widely in LMM
than the rest of tech-
niques.
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Table 1. Continued.
Year Author Study type N (lesions) Lesion site Lesion size Initial clinical

margins
Technique speci-
fications

Clearance rate
with initial mar-
gins

Histological
margins for total
clearance

Surgical outcomes Other

2019 Demer et
al. [16]

Retrospective. 97, 8 LM
(8%) and
89 (92%)
LMM.

Head and neck. 0.5 cm following
NCCN guide-
lines.

Bread-loafing
technique.

97%. NA. Residual rate disease: 6%.
Local recurrence for LM
13%.
Local recurrence for LMM
(Breslow <0.8): 12%.
Local recurrence for LMM
(Breslow >0.8): 6%.
No WLE patients develop-
ed metastatic disease or died
secondary to melanoma.
Mean follow-up: 25 mon-
ths.

In situ melanomas
were separately ana-
lyzed from invasive
melanomas but LM was
not individualized.
WLE subgroup was
largely composed of
higher stage and risk
tumors.

2023 Martinez-
Molina et
al. [17]

Retrospective. 53 LM. Head and neck. Mean lesion size
1.2 cm.

HH-RCM used in
some cases prior
to excision.

Bread-loafing
technique.

96%. NA. Local recurrence rate:
mean follow up 44
months.

LMM were excluded.
Comparative study between
SE and WLE.

0.5 cm. Local recurrence-free sur-
vival: 98% at 30 months,
95% at 60 months.
Disease progression: No
cases of progression to
LMM, distant metastases,
or melanoma-related
death.

CEB, complete excision-biopsies; WLE, wide local excision; LM, lentigo maligna; LMM, lentigo maligna melanoma; RRFS, Regional Recurrence-Free Survival; DRFS, Distant Recurrence-Free Survival; MSS, Melanoma-
Specific Survival; HH-RCM, handheld reflectance confocal microscopy; AAD, American Association of Dermatology; NCCN, National Comprehensive Cancer Network; ESMO, European Society for Medical Oncology;
NA, not available; SE, staged excision; OR, odds ratio; IHQ, immunohistochemistry; MMS, Mohs micrographic surgery; MIS, melanoma in situ; MiTF, melanocyte inducing transcription factor; SOX10, SRY-related
HMG-box transcription factor 10; HMB-45, Human Melanoma Black 45; Melan-A/MART-1, Melanoma Antigen Recognized by T cells 1.
Note: All studies identified as retrospective are observational in nature, unless otherwise stated. “N” refers to patients with LM unless otherwise specified.
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Table 2. MMS studies included in the review.
Year Author Study N (le-

sions)
Site Size Initial

margins
from de
lesion

Additional
instru-
ment

Surgical
technique
specifica-
tions

IHQ Debulk Margins
clearance

% clear-
ance at
stage 1

Number
of stages

Recurrence rate Other data

2019 Foxton
et al.
[20]

Prospective. 62. 89% head
and neck,
11% trunk
and extremi-
ties

Mean diame-
ter 2.01 cm.

0.6 cm. Naked
eye.

Traditional
45° tech-
nique.

MART-1 on
frozen.

On excision.
Paraffin
embedded
bread-
loafing
technique.

6.7 mm me-
dian.

66%. Maximum
3.

0% (0–30
months follow
up).

No deaths.
LM invasive compo-
nent in 13% (Breslow
0.5 mm).

2016 Stigall et
al. [26]

Retrospective. 882
MIS.

Trunk and
proximal
extremities

Mean diame-
ter 1.78 cm.

0.6 cm. NA. Traditional
45° tech-
nique.

MART-1 on
frozen.

On excision.
Paraffin
embedded
bread-
loafing
technique.

12 mm 100%
clearance.

83% NA. 0.1% mean
follow-up 60.2
months; median
45 months
(range 1–340
months).

Surgical margins of 0.9
should be considered.
Only 23% (n = 203)
were classified as LM.

2024 Tate et
al. [24]

Retrospective. 846
MIS.

Head and
neck

Mean area
2.2 cm2

(0.04–36
cm2).

0.5 cm. Woods
lamp.

NA. MART-1 on
frozen.

On excision.
Paraffin
embedded
bread-
loafing
technique.

Mean 6.94 mm
± 3.27.
15 mm 97%
clearance.

62.37%. Average
1.37 ±
0.70.

NA. Lesions on the
cheek and eyelid, as
well as those with
larger preoperative
sizes, required mar-
gins greater than 5
mm for clearance of
all MIS only 3% n =
22 LM.

2017 Nosrati
et al.
[14]

Retrospective. 277
MIS.

Head and neck
83.5%
Trunk and
extremities
16.5%.

Mean diame-
ter 1.8 ± 1.5
cm.

0.5 cm. Woods
lamp.

NA. Not used. On excision.
Paraffin
embedded
bread-
loafing
technique.

NA. NA. NA. 1.8% nomedian
follow-up.

No significant
differences were
found in the re-
currence rate,
overall survival, or
melanoma-specific
survival of patients
with MIS treated
with MMS com-
pared with WLE.
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Table 2. Continued.
Year Author Study N (le-

sions)
Site Size Initial

margins
from de
lesion

Additional
instru-
ment

Surgical tech-
nique specifica-
tions

IHQ Debulk Margins
clearance

% clear-
ance at
stage 1

Number
of stages

Recurrence rate Other data

2021 Sharma
et al.
[27]

Systematic
review.

3033
LM
in 27
studies.

NA. NA. NA. Woods
lamp
on half
of large
series
studies.

NA. HMB-45 (3
studies, 18%
of all stud-
ies), S100 (3,
18%), Mel-5
(2, 12%),
MART-1 (2,
12%).

On excision.
Paraffin
embedded
bread-
loafing
technique.

NA. NA. NA. 1.35% mean fol-
low up ranging
from 3months to
5 years.

No RCTs included.

2019 Kunishige
et al.
[21]

Prospective. 1506
LM.

Head and neck
(73.1%).
Trunk and
extremity
(26.9%).

NA. 0.6 cm. NA. NA. HMB-45
and MART-1
frozen.

On excision.
Paraffin
embedded
bread-
loafing
technique.

12-mm
margin on
the head
and neck
for 100%
clearance
and a 9-mm
margin on
the trunk and
extremities.

79%. NA. 5-year recurrence
rate 0.27%
10-year recurren-
ce rate 0.33%.

The use of MART-1
made it more likely
to perform a second
stage of Mohs,
but not additional
stages.

2015 Hou et
al. [13]

Retrospective.154
MIS.

Head and
neck 71%,
trunk and
extremities
29%.

2.51 cm2

(mean area).
0.1–0.2
cm.

Woods
lamp.

NA. 37% of the
lesions with
IHQ MART-
1.

On excision.
Paraffin
embedded
bread-
loafing
technique.

NA. NA. 1.7 ±
0.9.

1.9%, 5 years
mean follow up

No distinction be-
tween LM and MIS.
This study group
prefers MMS for
larger ill-defined
LM at a complex
anatomic site.

2019 Demer
et al.
[16]

Retrospective.221 MIS
treated
with
MMS.

Head and
neck 100%.

NA. 0.2–0.3
cm.

Woods
lamp.

NA. MEL-5
frozen.

On excision.
Paraffin
embedded
bread-
loafing
technique.

NA. NA. Mean
1.4
(maxi-
mum 3).

0.9%, median
time to recur-
rence 44.31
months.

MMS was preferred in
MIS.
No distinction between
LM and MIS was made.
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Table 2. Continued.
Year Author Study N (le-

sions)
Site Size Initial

margins
from de
lesion

Additional
instru-
ment

Surgical tech-
nique specifica-
tions

IHQ Debulk Margins
clearance

% clear-
ance at
stage 1

Number
of stages

Recurrence rate Other data

2016 Felton et
al. [25]

Retrospective.343
MIS.

Head and
neck 100%.

1.73 cm2. 0.5 cm. Woods
lamp.

NA. MART-1
frozen.

On excision.
Paraffin
embedded
bread-
loafing
technique.

Mean 6.9 ±
3.2 cm.

65%. Mean
1.3 ±
0.6 cm.

NA. No distinction of
LM from MIS.
1.5% showed invasive
component.

2016 Valentín-
Nogueras
et al.
[23]

Retrospective.863. Head and
neck, trunk
and extremi-
ties.

Mean diame-
ter 1.66 cm
± 0.96.

0.6 cm. NA. NA. MART-1
frozen.

On excision.
Paraffin
embedded
bread-
loafing
technique.

7.2 mm (±
3.3 mm).

76%. NA. Mean follow-up
3.73 years, local
recurrence 0.56
± 0.40, disease-
specific survival
100%.

No distinction of
LM from the rest of
MIS.

2020 Heath et
al. [22]

Retrospective.529 Head and
neck 93.6%,
trunk and
extremities
6.7%.

1.61 (±
1.09) cm
(diameter).

0.3–0.5
cm.

Naked
eye/woods
lamp.

Modified Mohs:
If frozen section
margins were
considered clear
by the Mohs
surgeon, then an
mMMS margin
of 1–2 mm was
taken and sent for
En face formalin-
fixed, Paraffin
embedded analy-
sis.

MART-1
frozen.

On excision.
Paraffin
embedded
bread-
loafing
technique.

0.77 ± 0.44
cm.

NA. Mean
1.6,
maxi-
mum 7.

Mean follow-up
5.18 years, lo-
cal recurrence
1.98%.

MIS pooled from IM
but LM was not distin-
guished from the rest
of MIS subtypes.
The correlation betw-
een negative frozen
section margin inter-
pretation and mMMS
permanent margin was
83.3% (547/657).
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Table 2. Continued.
Year Author Study N (le-

sions)
Site Size Initial

margins
from de
lesion

Additional
instru-
ment

Surgical tech-
nique specifica-
tions

IHQ Debulk Margins
clearance

% clear-
ance at
stage 1

Number
of stages

Recurrence rate Other data

2016 Dika et
al. [12]

Retrospective.29 LM Head and
neck.

1.2 ± 0.5 cm2

for LM treated
with MMS.
1.5 ± 0.2 LM
treated with
VDS-MMS.

0.3–0.4
mm.

VDS on 7
LM.

Traditional 45° tech-
nique.
VDS-MMS: After
the first MMS step,
videodermoscopy
(×40 magnification)
was used to assess
the specimen peri-
meter (360° control).

No IHQ
used.

On excision.
Paraffin
embedded
bread-
loafing
technique.

NA. NA. NA. Local recurrence
for classical
MMS: 4.5% re
(1/22), mean
follow-up 82.6
months; VDS-
MMS local
recurrence: 0%,
mean follow-up
62.5 months.

Significant differ-
ence in stages and
procedure duration
between MMS and
VDS-MMS.

2023 Elshot et
al. [15]

Systematic
review
and meta-
analysis.

2300. Head and
neck 81.8%,
trunk and
extremities
15.1%, un-
known 3.1%.

MMS classic
17.0 mm mean
diameter.
MMS, IHQ
25.0 mean
diameter.

NA. Woods
lamp,
naked
eye and
HH-RCM.

Classic MMS n =
380.

Frozen IHQ
n = 1920.

On excision.
Paraffin
embedded
bread-
loafing
technique.

NA. NA. NA. Local recur-
rence for classic
MMS.7%
(10/373) mean
follow up 27
months.

High heterogeneity.
Results selection bias.
HH-RCM could be use-
ful.

Local recur-
rence for MMS
with IHQ 0.6
(11/1916).
Mean follow up
63.3 months.
Death rate 0.5%.

VDS, videodermoscopy; mMMS, modified MMS; RCT, randomized controlled trial.
Note: All studies identified as retrospective are observational in nature, unless otherwise stated. “N” refers to patients with LM unless otherwise specified.
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Histological assessment was performed using the bread-
loafing technique in all cases. Immunohistochemistry was
variably employed [9–11,13,15], with Melanoma Antigen
Recognized by T cells 1 (Melan-A/MART-1) and SRY-
related HMG-box transcription factor 10 (SOX10) being
the most used markers. Histological margins needed for
clearance varied. Modin et al. [10] reported a mean histo-
logical clearance margin of 4.8 mm. Crouch et al. [9] in-
dicated that a 3.0 mm histological margin corresponded to
a 6.5 mm surgical excision, Elshot et al. [8] observed that
margins necessary were 5 mm (IQR 1.0–3.0) for LM, and
the meta-analysis by the same authors reported a weighted
mean of 7.7 mm [15].
Additional findings included a significant association be-
tween head and neck location, clinical margins<5 mm, and
incomplete excision [10]. WLE was more frequently used
in higher-stage tumours and in well-defined LM/LMM on
the trunk and extremities [13,16].

Surgical and Clinical Outcomes of WLE

Residual disease rates varied among cohorts. Modin et al.
[10] reported the highest with 16.7% for LM. Jackett et al.
[19] observed residual disease in 5 of 38 LM cases. Bol-
shinsky et al. [18] described a 4.2% overall residual disease
rate, with LM/LMM accounting for 23.5%. LM/LMM was
identified as an independent risk factor for residual disease
in some studies [18,19].
Recurrence rates, including recurrence-free survival data,
showed marked variability. A study reported recurrence
rates above 5%, with the lowest reported being 5.7% [14].
Dika et al. [12] reported the highest recurrence at 27.3%.
A systematic review reported a recurrence rate of 13% for
LM with a weighted follow up of 57 months, noting WLE
was used more frequently for LMM. Most of the studies re-
ported a recurrence-free survival rate over 85% at 5 years
[9,14,17].
Fewer studies reported survival outcomes. Nosrati et al.
[14] indicated a melanoma-specific mortality rate of 0.7%.
Demer et al. [16] and Martinez-Molina et al. [17] reported
no melanoma-related deaths or distant metastases. Elshot
et al. [15] observed no distant or regional recurrences for
LM and noted that survival outcomes were not influenced
by adherence to guideline-recommended margins.

Mohs Micrographic Surgery (MMS)
MMS in Clinical Practice and Technical Overview

In the current work, across the studies reviewed, lesions
excised with MMS predominantly involved the head and
neck region, as reported by Foxton et al. [20] (89%), Ku-
nishige et al. [21] (73.1%), and Heath et al. [22] (93.6%).
A smaller proportion of lesions were located on the trunk
and extremities ranging from 6.7% to 26.9% [8,13,21–23].
Lesion sizes varied widely (Table 2, Ref. [12–16,20–27]).
The use of woods lamp for lesion delineation was reported

in several studies [13–16,24,25]. Elshot et al. [15] uniquely
mentioned the use of handheld reflectance confocal mi-
croscopy (HH-RCM) in MMS. Dika et al. [12] used video-
dermoscopy after the first Mohs stage and observed signif-
icant reduction of the number of stages required as well as
overall procedure duration.
Initial surgical margins generally ranged between 0.2 cm
and 0.6 cm regardless of whether they used Wood’s lamp
or not.
Debulkingwas performed during the initial excision inmost
studies, with all specimens evaluated using a Paraffin em-
bedded bread-loafing technique.
The traditional 45° angled Mohs was explicitly described
in some studies [12,20,26], whereas other studies did not
specify incision angles. The 90° modified Mohs approach
was not reported in any of the included studies. Variation
in MMS technique was, however, observed, e.g., Heath et
al. [22] performed a modified MMS (mMMS). If frozen
section margins were clear, they excised an additional 1–
2 mm strip and sent it for paraffin fixation and H-E study.
The correlation between negative frozen section margin in-
terpretation and mMMS permanent margin was 83.3%.
The application of immunohistochemistry (IHC) during
Mohs surgery also varied among studies. The most
employed markers included MART-1, Human Melanoma
Black 45 (HMB-45), S100, and MEL-5, with MART-1
frozen sections being the most frequently cited. Sharma et
al. [27] reported immunostaining across studies as: HMB-
45 and S100 (each in 18% of studies), MEL-5 (12%), and
MART-1 (12%).

Outcomes Following Mohs Micrographic Surgery
The number of Mohs stages required for complete excision
mean range varied from a minimum of 1.3 to 1.7, with the
maximum stages reported up to 7 [22]. The percentage of
lesions cleared in a single stage was inconsistently reported,
when assessed it ranged from 62.37% [24] to 83% [26].
Surgical margins for histological clearance margins typi-
cally ranged from approximately 6 to 12 mm, with larger
margins needed for head and neck locations or larger le-
sions. For example, Kunishige et al. [21] observed that
margins of 12 mm on the head and neck and 9 mm on the
trunk and extremities ensured 100% clearance. Larger mar-
gins were needed for lesions on the cheek and eyelid or
larger preoperative sizes [24]. Recurrence rates were con-
sistently low across all studies. Foxton et al. [20] and Kun-
ishige et al. [21] reported 0% and 0.27–0.33% recurrence,
respectively, over 5–10 years of follow-up. Two systematic
reviews reported local recurrence rates of 1.35% and 2.7%
respectively [15,27]. Heath et al. [22] observed a recur-
rence rate of 1.98% for mMMS over a mean follow-up of
5.18 years. Elshot et al. [15] found lower recurrence rates
when using HH-RCM.
Survival outcomes were largely favourable. Valentín-
Nogueras et al. [23] reported 100% disease-specific survi-
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Table 3. Studies reporting outcomes and technical specifications of slow Mohs micrographic surgery for lentigo maligna.
Year Author Study type N (le-

sions)
Area Lesion size Paraffin

embedded
technique

Initial mar-
gins and
assessment

Technique
specifica-
tions

Margins pro-
cessing.

Median mar-
gins

Clear mar-
gins at 1
Mohs layer

N° of Mohs
layers for
clearance

Recurrence
rate

Other data

2023 Elshot et
al. [15]

Systematic
review.

229. Head and
neck (96.5%)
trunk and
extremities
(3.5%).

Mean 17 mm
diameter.

Slow
MMS.

NA. NA. NA. NA. NA. NA. 7.9% mean
follow up
33.7 months.

No melanoma spe-
cific deaths.

2021 Gao et
al. [28]

Retrospective.47 LM. Head and
neck.

NA. Slow
MMS.

RCM in 21
studies.

NA. NA. NA. 62% for not
mapped LM
and 81% for
mapped LM.

Mean 1.54 ±
0.81 for not
mapped LM vs
1.29 ± 0.64
for mapped
LM.

NA. Mean days to
repair were 27 ±
30 for not mapped
LM (n = 26) and
14.6 ± 9.6 for
mapped LM (n =
21).
Not difference
in the number
of Mohs layers
required using
RCM mapping.

2021 Sharma
et al.
[27]

Systematic
review.

566
LM and
LMM.

Head and
neck, trunk
and extremi-
ties.

NA. Slow
MMS.

Woods lamp
in some stud-
ies

IHC used
in 2 studies
(HMB-45
and S100).

NA. NA. NA. NA. Recurrence
2.4% follow
up 22.0
months.

NA.

RCM, reflectance confocal microscopy; IHC, immunohistochemistry.
Note: All studies identified as retrospective are observational in nature, unless otherwise stated. “N” refers to patients with LM unless otherwise specified.
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Table 4. Studies for staged excision technique and its multiple variants.
Year Author Study type N (le-

sions)
Area Lesion size Paraffin em-

bedded tech-
nique

Initial mar-
gins and as-
sessment

Technique speci-
fications

Margins and
debulk piece
processing

Margins for clear-
ance

Clear mar-
gins at 1
Mohs layer

Mohs layer for
clearance

Recurrence
rate

Other data

2021 Liu et al.
[29]

Retrospective.102 Head
and
neck.

Mean 71
mm.

SE.
Spaghetti
width 2 mm.

0.5 cm.
Woods
lamp.

Moat defect
sutured directly.
Debulking once
clear margins
are obtained.
Delayed recon-
struction, flap
preferred.

Margins: En
face. De-
bulk piece:
Bread-
loafing.

0.5 cm (range 0.3–
3.0 cm).

1 SE: 78.4%. Range 1 to 6. 3.9% recur-
rence median
follow-up time
1410.5 (IQR
260–1756)
days.

Infection rate
0.06%. One
patient upstaged
to invasive
melanoma. SE
repeated every
5–6 days.

2022 de Wet et
al. [37]

Retrospective.62 Head
and
neck.

Mean 22.5
mm.

SE.
Spaghetti
width 3 mm.

0.3 cm. Debulking on ini-
tial excision, tem-
porary suture.

Margins: En
face.

6 mm 60% patients
obtained clearance,
21 mm 100% pa-
tients.

1 SE:
60.94%.

Range 1 to 5. 0% mean
follow up 23.5
months.

Initial biopsy con-
sistedmainly in in-
cisional ones.

Delayed recon-
struction, flap
preferred.

Debulk
piece:
Bread-
loafing.

Recurrent tumors
had wider surgical
margins.

6.5% initial LM
were upstaged as
LMM.

2016 de Vries
et al.
[38]

Retrospective.100
LM. 17
LMM.

Head
and
neck.

Mean di-
ameter 20.1
mm for LM.
23.75 mm
mean diame-
ter for LMM.

SE.
Spaghetti
width 3 mm.

0.3 cm. Debulking on
initial excision,
temporary cov-
erage. Delayed
reconstruction.

Margins: En
face. De-
bulk piece:
Bread-
loafing.

3 mm obtained
clearance in 49%.
18 mm obtained
clearance in 100%.

1 SE 49%. LM: range 1–
4. LMM: 1.9
mean (range
1–5).

4% mean follow
up 5 years for
LM and 0%
mean follow up
4.8 years for
LMM.

Infection rate:
0.09%. Pa-
tients’ satisfaction
7.8/10. 5% initial
LM were upstaged
as LMM.

2024 Samaniego
González
et al.
[30]

Retrospective.33. Head
and
neck.

Mean area
3.2 cm2

(0.5–25).

SE.
Spaghetti
width 3 mm.

0.3–0.5
cm. Woods
lamp.

Moat defect
sutured directly.
Debulking once
clear margins
are obtained.
Delayed recon-
struction using
grafts or flaps.

Margins:
Whole ring
assessment
in micro-
carrier.
Horizontal
sectioning.
Debulk:
Conven-
tional bread-
loafing.

NA. 68.6%. Range 1–2. 2.9% mean
follow up 41
months.

LMM found in
2/33 cases.
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Table 4. Continued.
Year Author Study type N (le-

sions)
Area Lesion size Paraffin embed-

ded technique
Initial mar-
gins and as-
sessment

Technique specifi-
cations

Margins and
debulk piece
processing

Margins for
clearance

Clear mar-
gins at 1
Mohs layer

Mohs layer
for clearance

Recurrence
rate

Other data

2025 Le May
et al.
[33]

Retrospective.70. Head and
neck.

NA. SE. Spaghetti
width 2 mm.

0.27 cm
(0–0.5).
HH-RCM.

Moat defect su-
tured directly.
Debulking once
clear margins are
obtained. Delayed
reconstruction.

En face. 0.27 cm. NA. NA. 5.7% mean
follow up 6.6
years.

Non-specific
death disease.
Acknowledges
the importance of
long-term follow
up, 3 out of 4 re-
currences occurred
more than 5 years
after the procedure.

2016 Wilson
et al.
[40]

Retrospective.61
LM. 10
LMM.

Head and
neck 72%,
trunk and
extremities
28%.

Mean area
1.5 ± 0.2
cm2.

SE. Spaghetti
width 2–3 mm.

0.5–1 cm. No available data
for debulking.
Delayed recon-
struction

Margins:
>3 mm
wide: Bread-
loafing. <3
mm wide:
En face.
No data for
debulk piece.

7.0 ± 0.5 mm 50%. Mean: 1.8 ±
0.2 Range 1–
6.

5.6%, mean
follow up
133.2 ± 63.0
months.

LM of the cheek re-
quired higher mar-
gins and number of
stages p < 0.04.

2018 Beveridge
et al.
[31]

Retrospective.24. Head and
neck.

Mean area
12.1 cm2.

SE. Spaghetti
width 2 mm.

0.6 mm.
Woods
lamp.

Moat defect su-
tured directly.
Debulking once
clear margins are
obtained. Delayed
reconstruction, lo-
cal flap preferred.

En face. Minimum 6
mm. Mean 9
mm.

NA. 2.1 mean
(range 1–4).

0% mean
follow up 18
months.

Infection rate 8.3%.

2017 Glazer et
al. [32]

Retrospective.127
MIS.
LM
92/127.

Head and
neck.

NA. SE. Spaghetti
width 2–3 mm.

0.5 cm.
Woods
lamp.

Moat defect su-
tured directly.
Debulking once
clear margins are
obtained. Delayed
reconstruction,
skin grafts pre-
ferred.

Margins: En
face .

NA. 1 SE: 77.2%. Range 1–4. 2.4% mean
follow up 5.4
months.

4.7 patients did not
achieve clear mar-
gins. Increased re-
currence was corre-
lated to the number
of procedures (Cox
proportional hazard
ratio 3 = 0, p =
0.039).
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Table 4. Continued.
Year Author Study type N (le-

sions)
Area Lesion size Paraffin embed-

ded technique
Initial mar-
gins and as-
sessment

Technique specifi-
cations

Margins and
debulk piece
processing

Margins for
clearance

Clear mar-
gins at 1
Mohs layer

Mohs layer
for clearance

Recurrence
rate

Other data

2017 Garcia et
al. [36]

Retrospective.29 MIS.
LM 8/29
lesions.

Head
and neck
93.1%
trunk and
extremities
6.8%.

Mean size
13.6 mm.

Simple disk-
shaped excision.
No width speci-
fied.

0.5 cm. Debulking on
initial excision.
Temporary cov-
erage. Delayed
reconstruction.

Margins:
Rush perma-
nent section,
bread-
loafing along
the vertical
axis.

NA. 1 SE: 53%. Range 1–3. 0% mean
follow up 31.5
months.

Larger surgi-
cal margin with
increasing pre-
operative lesion
size.

2023 Martinez-
Molina
et al.
[17]

Retrospective.26. Head and
neck.

Mean lesion
size 2.2 cm.

SE. Spaghetti
width 2 mm.

0.2–0.3
mm RCM
used in
some
cases, not
specified.

Moat defect su-
tured directly.
Debulking once
clear margins are
obtained. Delayed
reconstruction.

Margins: En
face. De-
bulk: Bread-
loafing.

NA. 1 SE: 0% Range 1–3. 0% mean
follow-up 44
months.

Direct and signif-
icant correlation
between the num-
ber of stages
needed and the
recurrence rate.

2018 Couty et
al. [34]

Retrospective.59
LM. 11
LMM.

Head and
neck.

30 mm ± 17
mean diame-
ter.

SE. Spaghetti
width 2 mm. Use
of double bladded
scalpel.

Surgical
margins
varied, all
identified
with RCM.

Moat defect su-
tured. Debulking
once clear mar-
gins are obtained.
Delayed recon-
struction.

Margins: En
face. No data
for debulk
piece.

NA. NA Mean 1.13
Range 1–3.

0% mean
follow-up 44
months.

Lower average
of SE because of
RCM.

2023 Himeless
et al.
[39]

Retrospective.126
MIS.

Head
and neck
78.5%,
trunk and
extremities
21.5%.

15× 11 mm. SE. 0.5 cm. On initial exci-
sion, temporary
coverage. Delayed
reconstruction with
complex repairs.

Bread-
loafing for
debulk and
re-excision
pieces.

0.8 cm. NA. Mean 1.23.
Range: 1–4.

0% mean fol-
low up 19.5.

Preoperative size
was associated with
larger surgical mar-
gin, greater number
of excisions, pos-
itive margins and
upstaging.
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Table 4. Continued.
Year Author Study type N (le-

sions)
Area Lesion size Paraffin embed-

ded technique
Initial mar-
gins and as-
sessment

Technique specifi-
cations

Margins and
debulk piece
processing

Margins for
clearance

Clear mar-
gins at 1
Mohs layer

Mohs layer
for clearance

Recurrence
rate

Other data

2020 Reynolds
et al.
[35]

Retrospective.342
MIS.

Head
and neck
50.1%
trunk and
extremities
49.1%.

NA. SE, square proce-
dure. Strip 5 mm.

0.5 cm. Moat defect su-
tured. Squared.
Debulking once
clear margins are
obtained. Delayed
reconstruction.

Margins: En
face. De-
bulk piece:
Bread-
loafing.

NA. 1 SE: 81.1%. Mean 1.26. 0.9% no mean
follow-up
specified.

Head and neck
cases had lower
clear margin rates
with 5 mm (p <

0.001); patients
>70 yrs needed
more SEs (mean
1.37).
3 cases were found
to be LMM.

2023 Elshot et
al. [8]

Systematic
review.

2442
LM.

Head and
neck, trunk
and ex-
tremities.

SE partial
margin mean
diameter:
12.6 ± 3.2.

SE partial mar-
gin 1115. SE to-
tal margin 1327.
Spaghetti.

0.5 cm.
RCM.

NA. SE partial
margin:
Radial-bread
loafing tech-
nique.

NA. 1 SE partial
margin 71%.
1 SE total
margin 55%.

Mean 1.7 ±
0.1.

Local recur-
rence: 2.3%
minimum
follow up 57
months.

No melanoma
specific deaths.
HH-RCM reduced
number of stages.

SE total mar-
gin mean di-
ameter: 23.2
± 5.0.

SE total mar-
gin: En face.

Note: All studies identified as retrospective are observational in nature, unless otherwise stated. “N” refers to patients with LM unless otherwise specified.
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Table 5. Comparative studies between surgical techniques included in the review.
Year Author Study type MMS WLE Paraffin embed-

ded SE
Area Item Outcome Other

2017 Nosrati et al. [14] Retrospective. 277 385. NA. Head and neck 83.5%.
Trunk and extremities
16.5%.

Recurrence rate,
overall survival and
melanoma-specific
survival.

No significant differences were found in
the recurrence rate, overall survival, or
melanoma-specific survival of patients
with MIS treated with MMS compared
with WLE.

LM was not analyzed separately from
other melanoma in situ subtypes.

2015 Hou et al. [13] Retrospective. 154. 269. NA. Head and neck 71%.
Trunk and extremities
29%.

Recurrence rate. No direct comparisons between both
techniques can be made. Lower recur-
rence rates were observed in the MMS
group with no statistical significance.
MMS may be suitable for MMIS-LM
with high-risk characteristics.

LM was not analyzed separately from
other melanoma in situ subtypes.

2019 Phan and Loya. [46] Retrospective. 2580. 5353. NA. Head and neck. Overall survival and
melanoma-specific
survival.

No significant difference in cancer-
specific survival (HR: 0.902, 95% CI:
0.539–1.511, p = 0.695) and overall-
survival (HR: 0.943, 0.813–1.093, p =
0.435) between MMS and WLE.

LM was not analyzed separately from
other melanoma in situ subtypes.
SEER database.

2018 Trofymenko et al. [47] Retrospective. 6237. 12,102. NA. Face. 5 years overall sur-
vival and melanoma-
specific survival.

No statistically significant difference in
melanoma-specific mortality was found
between different surgical methods on
multivariate analysis.

Outcomes for LM were not analyzed
separately from MIS and invasive
melanoma. MMS was used mainly for
LM (74.64%). Results were adjusted
for patient demographics, residence
socioeconomic factors, and tumor
characteristics.
SEER database.

2024 Puyana et al. [45] Retrospective. 9263. 13,589. NA. Head and neck, trunk
and extremities.

Survival outcomes. There were no significant differences
in disease-specific survival comparing
WLE to MMS.

Only lentigo LM and LMM data was an-
alyzed.
SEER database.

In situ cases treated with MMS were
6.8% less likely to die from any cause
compared to WLE (p = 0.0413).
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Table 5. Continued.
Year Author Study type MMS WLE Paraffin embed-

ded SE
Area Item Outcome Other

2021 Theunissen
et al. [42]

Systematic re-
view.

4374. 1154. 2100. Head and neck. Recurrence rate
risk.

MMS demonstrated the lowest pooled
local recurrence rate for early-stage
melanomas at 0.8% (95%CI: 0.4–1.1),
compared to 2.5% for staged excision
(95% CI: 1.5–3.4) and 8.7% for wide
local excision (95%CI: 5.1–12.2) (p<
0.001).

LM was not analyzed separately from
other melanoma in situ subtypes. The
authors acknowledged considerable
heterogeneity in surgical techniques,
reporting standards, and methodolo-
gies across the included studies.

2023 Elshot et al.
[15]

Systematic
review and meta-
analysis.

2200. 1355. 2442 (SE total
and partial).
229 slow Mohs.

Head and neck,
trunk and extrem-
ities.

Local recurrence
rate and survival
outcomes.

The local recurrence rate was lowest
for patients treated byMMS-IHC (1%;
95% CI: 0.3%–1.9%), and highest for
WLE (13%; 95% CI: 7.2%–21.6%).

Both LM and LMM were analyzed.
No other MIS subtypes were included.
No separate recurrence analysis for
LM and LMM were performed beca-
use of missing data.
Use of HH-RCM was associated with
fewer incomplete excisions and local
recurrences, even with WLE.

Survival impact could not be assessed
due to selection bias, heterogeneity,
and limited advanced-stage data.

2021 Bittar et al.
[43]

Systematic
review and meta-
analysis.

4826 (34.5%). 7138 (51.0%). 2034 (14.5%). Head and neck. Local recurrence
rate.

Local recurrence rates were lowest for
MMS (0.61%; 95% CI: 0.1%–1.4%),
followed by staged excision (1.8%;
95% CI: 1.0%–2.9%) and WLE (7.8%;
95% CI: 6.4%–9.3%).
IHQ MMS had the lowest recurrence
rate.

The definitions of local recurrence
were inconsistent across studies. The
surgical approaches differed, involv-
ing various proportions of invasive
melanoma cases. There was notable
heterogeneity among the studies.

2019 Demer et al.
[16]

Retrospective. 291. 97. NA. Head and neck. Local recurrence
rate and median
time to recur-
rence.

Subgroup analysis indicated that pa-
tients with melanoma in situ or thin in-
vasive tumors (<0.8 mm) treated with
MMS experienced lower local recur-
rences (p = 0.0049), MMS was linked
to a significantly longer interval before
local recurrence in in situ cases (HR =
31.8; p = 0.0148).

MISwere separately analyzed from in-
vasive melanomas but LM was not in-
dividualized.
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Table 5. Continued.
Year Author Study type MMS WLE Paraffin embed-

ded SE
Area Item Outcome Other

2019 Cheraglhou
et al. [49]

Retrospective. 3234 (13.5%
LMM after
propensity score
matching).

67,085 (13.6%
LMM after
propensity score
matching).

NA. Head and neck,
trunk and extrem-
ities.

Overall survival. MMS linked to modest OS improve-
ment vs WLE (HR 0.86; 95% CI:
0.76–0.97). Propensity-matched anal-
ysis confirmed benefit (HR 0.82; 95%
CI: 0.68–0.98). MMS more used in
academic vs. non-academic centers
(OR 2.03; 95% CI: 1.88–2.18).

MIS were excluded.
LMM was not evaluated separately
from the rest of melanomas subtypes
for OS analysis. Multivariable anal-
ysis showed no significant association
with OS (HR 1.00; 95% CI: 0.91–1.10;
p > 0.99).
Nacional cancer database.

2025 Taylor et al.
[48]

Retrospective. 2262. 3636. NA. Head and neck,
trunk and extrem-
ities.

Overall survival. WLE was associated with higher
disease-specific mortality vs MMS
(HR 1.82; 95% CI: 1.18–2.81; p =
0.007). MMS showed better 5- and 10-
year disease-specific survival, regard-
less of Breslow depth or margin size.

Included only invasive LMM; ex-
cluded LMM and distant disease cases.
Results were adjusted for age, sex,
race/ethnicity, stage, Breslow depth,
and tumor site.
SEER database.

2022 Pride et al.
[44]

Systematic
review and meta-
analysis.

7967. 5711. 2897. Head and neck,
trunk and extrem-
ities.

Local recurrence
rates.

Increased recurrence after WLE com-
pared with MMS or staged excision
(OR, 2.5; 95% CI: 1.4–4.6) and com-
pared with MMS alone (OR, 3.3; 95%
CI: 1.8–5.9)

Statistical heterogeneity was high.

2023 Martinez-
Molina et al.
[17]

Retrospective. NA. 53. 26. Head and neck. Local recurrence. No significant difference in the fre-
quency of local recurrence between
WLE and SE.

RCM guidance contributed to the low
number of stages.

SEER, Surveillance, Epidemiology, and End Results; HR, hazard ratio; OS, overall survival.
Note: All studies identified as retrospective are observational in nature, unless otherwise stated. “N” refers to patients with LM unless otherwise specified.
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val, and Foxton et al. [20] noted no deaths. Elshot et al.
[15] reported a death rate of 0.5% in LM treated withMMS.

Paraffin Embedded Margin Controlled Surgery
Slow Mohs, MMS With “Rush Sections”
Slow Mohs in Clinical Practice and Technique Overview.
In the current review, only three studies reported using of
slow Mohs micrographic surgery (slow MMS). Two were
systematic reviews [15,27], which included seven and four
earlier studies conducted prior to the current review period.
A third study reported 47 LM cases; all located on the head
and neck. RCM was used in 21 cases for pre-surgical map-
ping of the lesion [28]. Technique specifics, such as data
on margins or number of Mohs stages, were not detailed in
any of these studies (Table 3, Ref. [15,27,28]).

Outcomes Following Slow Mohs Micrographic Surgery.
Sharma et al. [27] reported a recurrence rate of 2.4%.
Elshot et al. [15] documented a mean recurrence rate of
7.9% over 33.7 months of follow-up, with no melanoma-
specific deaths. Gao et al. [28] found higher rates of clear
margins after one stage in RCM-mapped cases (81%) com-
pared to non-mapped LM/LMM cases (62%).

Staged Excision
Staged Excision in Clinical Practice and Surgical
Overview. In this review, most lesions treated with
SE were located on the head and neck, as consistently
reported across studies. Initial margins typically ranged
from 0.2 to 1 cm, with most common values being 0.3–0.5
cm (Table 4, Ref. [8,17,29–40]).
Woods lamp was used as a clinical tool to delineate lesion
borders in several studies [29–32]. RCM or its handheld
variant was specified in the protocols by some authors [17,
33,34,41].
The “spaghetti” technique was the predominant method
used for SE, employed in nearly all studies. The width of
the excised strips generally ranged from 2 to 3 mm. How-
ever, square-SE and simple disk-shaped excision were also
described [35,36]. Most studies reported En face analysis
for margin evaluation. Samaniego González et al. [30] de-
scribed a specific practice involving horizontal sectioning
on a macrocarrier. Most authors performed debulking only
after obtaining clear margins. In 4 studies debulking was
performed during the initial excision [36–39]. All studies
that reported the histologic processing of the debulked cen-
tral specimen used the bread-loafing technique. Delayed re-
construction was universal across all studies. Where spec-
ified, reconstructions were described as complex and often
employed flaps or grafts.

Outcomes Following Staged Excision. Margins required
to achieve histological clearance varied across studies. Re-
ported clearance margins ranged from 0.27 cm [33] up to
3.0 cm [29] Some authors provided stratified clearance rates

according to margin size [40]; de Vries et al. [38] reported
a 100% clearance rate at 18 mm and de Wet et al. [37]
achieved 100% clearance at 21 mm.
Clear margins were obtained after the first SE in a wide
range of cases: the lowest reported rate was 0% [36] while
the highest was 81.1% [35]. The number of SE stages nec-
essary to obtain clearance ranged from 1 to 6, with mean
values commonly around 1.2 to 2.
Several studies reported 0% recurrence rates [31,34,36–39],
although follow up periods were limited. The highest re-
ported recurrence was 5.7% in the study by Le May et al.
[33]. No melanoma specific deaths were reported. Some
studies reported the upstaging of LM to LMM [29,38].
Moreover, infection rates were reported in a few studies:
0.06% [29] 0.09% [38], and 8.3% [31].

Studies Comparing Surgical Outcomes Between
Techniques
Comparative Studies on Local Recurrence

Local recurrence was addressed in several comparative
studies. Four systematic reviews and meta-analyses [15,
42–44] reported lower recurrence rates with MMS, fol-
lowed by SE, and higher rates with WLE. Recurrence defi-
nitions and included populations varied. Demer et al. [16]
described lower local recurrence and longer intervals to re-
currence in in situ cases treated withMMS. Other retrospec-
tive studies reported no significant differences in local re-
currence between surgical approaches [13,14,17] (Table 5,
Ref. [13–17,42–49]).

Survival Outcomes in Comparative Studies of Surgical
Techniques
Survival outcomes were described in retrospective stud-
ies, including four based on the Surveillance, Epidemiol-
ogy, and End Results (SEER) database [45–48]. Two of
them [46,47] found no significant differences in overall
or melanoma-specific survival between MMS and WLE.
Puyana et al. [45] reported no differences in disease-
specific survival but noted a lower all-cause mortality in
patients treated with MMS. Taylor et al. [48] reported im-
proved disease-specific survival with MMS compared to
WLE. Cheraghlou et al. [49] used the National Cancer
Database and found a modest survival benefit with MMS
in some analyses. Other studies, such as Nosrati et al. [14],
Puyana et al. [45], Phan and Loya [46] and Trofymenko et
al. [47], did not observe survival differences. Elshot et al.
[15] included survival outcomes in a systematic review but
did not assess them due to heterogeneity and limited data.

Discussion
Surgical excision has been the gold standard for LM treat-
ment, as referred to by major international guidelines,
including the National Comprehensive Cancer Network
(NCCN), American Association of Dermatology (AAD),
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European Society for Medical Oncology (ESMO), and
EADO [6,50–52]. These works recommend clinical mar-
gins of 5 to 10 mm; however, such margins are based on
low-level evidence and expert opinion rather than high-
quality prospective data [53]. Our review, composed
mainly of retrospective studies and systematic reviews,
highlights the limitations of current evidence and the need
for more rigorous comparative research.
WLE remains the most performed surgical technique for
LM/LMM, consistent with international guidelines recom-
mending 5–10 mm clinical margins. However, evidence
from our review underscores important limitations in its
accuracy. Several studies directly addressed the issue of
residual disease, reinforcing concerns about the adequacy
of standard clinical margins and the limited sensitivity of
the bread-loafing technique for detecting peripheral mar-
gin involvement [10,13,19]. Furthermore, histologic mar-
gin analysis revealed that achieving clear margins often re-
quired surgical excisions wider than the standard 5 mm rec-
ommended by current guidelines [8–10].
Local recurrence rates varied substantially across studies,
ranging from 5.7% [14] to as high as 27.3% [12]. Some
studies identified correlations between narrower margins
and higher recurrence rates, or between recurrence and in-
complete excision [10,11] although others found no signif-
icant differences [19]. More importantly, the LM subtype
itself was significantly associated with residual disease and
local recurrence, particularly when located on the head and
neck. This is not unexpected, as LM typically develops
in chronically sun-exposed areas and is characterized by
subclinical extension beyond the clinically apparent mar-
gins [2,54]. Another relevant finding from this review is
that many authors reported selecting WLE specifically for
cases of LMM, suggesting a potential selection bias that
complicates direct comparison between surgical techniques
[8,15,16].
On the other hand, MMS has emerged as a valuable alterna-
tive for the treatment of LM, offering the notable advantage
of complete peripheral margin control. In MMS, following
central tumour debulking, a circumferential, bowl-shaped
layer is excised, allowing for intraoperative margin assess-
ment of both peripheral and deep margins through horizon-
tal frozen sections. This process is repeated until histolog-
ical margins are obtained [2,55,56]. The traditional tech-
nique employs a 45-degree beveled incision, which facili-
tates optimal tissue orientation during processing. Never-
theless, this bevel may distort the true depth of invasion
when present, prompting some authors to describe a 90-
degree modified approach that facilitates more accurate as-
sessment of lateral margin, the primary focus in LM man-
agement using MMS [2,27,55]. In our review, not all stud-
ies consistently reported the angle of bevelling, and none
utilized the 90-degree modified Mohs technique. Perma-
nent section analysis of the central debulking specimen is
recommended to detect and appropriately stage invasive

melanoma [27]. In all the studies reviewed that specified
the technique, permanent sections were used for this pur-
pose.
In our analysis, MMS appeared to be the most methodolog-
ically consistent among the complete margin assessment
techniques, showing minimal variability in execution and
reporting across the included studies, in contrast to what
was reported by Krausz et al. [57]. A notable exception
was the protocol by Heath et al. [22], who performed an
additional final stage for Paraffin embedded histology after
obtaining clear margins. This approach has been controver-
sial [56,57], as it may undermine the defining principle of
MMS, real-time margin assessment.
In fact, one of the main strengths of MMS lies in the ability
to achieve histologically verified tumour-free margins dur-
ing surgery, enabling same-day reconstruction; given LM
subclinical extension this is particularly relevant. MMS
also allows for maximal tissue preservation and functional
conservation, thus enhancing aesthetic outcomes. For ex-
ample, Heath et al. [22] reported a patient satisfaction score
of 8.2 out of 10, illustrating the procedure’s favourable ac-
ceptance.
Additionally, MMS provides excellent local recurrence
control. In the literature reviewed, recurrence rates after
MMS ranged from 0% to 4.5%, with most studies report-
ing rates below 2%, consistent with earlier findings [58,59].
Two included systematic reviews found a recurrence rate
of 1.35% and 2.7% respectively for MMS and LM/LMM
[15,27]. These outcomes are lower than reported for WLE.
Despite these advantages, MMS presents important chal-
lenges. It is time and resource-consuming, requires spe-
cialized training. Furthermore, it depends on accurate
histopathological interpretation of melanocytic lesions in
frozen sections, a controversial issue. Differentiating be-
tween background melanocytic hyperplasia and malignant
melanocytes is difficult in frozen specimens, due to the loss
of cellular morphology and freezing artefacts [2,60,61]. To
improve diagnostic accuracy “fast” IHC has been increasily
used on frozen sections [61].
Several studies in our review [16,20–26] incorporated IHC
in MMS protocols and consistently documented lower re-
currence rates. For example, Bittar et al. [43], in a sys-
tematic review, found that local recurrence decreased from
3.37% in MMS without IHC to 0.49% when IHC was in-
corporated, highlighting its clinical utility. Concordance
between IHC in frozen and Paraffin embedded histologic
assessment was reported at 83.3% by one of the included
studies [22], a finding supported by other works in litera-
ture [61–63]. This high correlation may further support the
potential utility of IHC in improving margin assessment.
MART-1/Melan-A was the most frequently used marker
across the included studies, as has been reported in other
works [57,62], although nuclear stains such as melanocyte
inducing transcription factor (MiTF) and SOX10, shown
in other series to offer superior specificity and sensitivity
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[2,27,63,64] were also employed. Despite the potential for
increased operative time and cost, incorporating IHC into
MMS for lentigo maligna appears to enhance diagnostic ac-
curacy and may improve local control. However, because
most studies did not stratify outcomes by the specific IHC
protocol used, the individual impact of each marker on re-
currence remains uncertain and warrants further investiga-
tion.
Another area of ongoing debate is the initial margin used in
MMS for LM. Whilst current guidelines recommend 5–10
mm margins, they also emphasize the need for individual-
ization based on anatomical location [6,45,50,52]. MMS
is most applied in areas where tissue conservation is crit-
ical, making subcentimeter initial margins more common.
Most studies in our review reported using 5 mm margins,
or even smaller ones in sensitive areas such as the perioc-
ular region. Despite this, none of the studies that reported
margin clearance achieved 100% tumour clearance on the
first stage. Final clear margins typically ranged between
7 mm and 15 mm [20–26], like the WLE included studies
conclude.
A further point of concern is whether MMS provides ade-
quate treatment in cases of incidental LMM.MMS typically
employs subcentimeter margins, raising concerns about ad-
herence to the 1–2 cm excision guidelines for invasive
melanoma. Some theoretical models suggest that narrower
margins may lead to increased in-transit or nodal metastasis
and poorer survival outcomes. However, these concerns are
not substantiated by current data [56,65,66]. Furthermore,
the role of wider margins in invasive melanoma, regard-
less of surgical method, for reducing in-transit metastasis
remains under active investigation [56]. Still, some authors
advocate for additional excision in cases of upstaged LMM,
though guidelines remain unclear [55]. Among the MMS
cohorts studied in our review, only Felton et al. [25] re-
ported cases of upstaging (1.5%), all of which had a Bres-
low thickness below 0.5 mm. This is consistent with other
reports inwhich upstaging did not lead to changes in clinical
management [67]. Importantly, the rate of LM progressing
to LMM is relatively low [7] and frequently reaches con-
siderable size before becoming invasive [2] which further
supports the rationale for using MMS.
To address the limitations of MMS, alternative techniques
have been developed that allow for Paraffin embedded his-
tological analysis, which is considered the gold standard ac-
cording to current guidelines.
Slow Mohs seeks to combine the histological reliability of
permanent sections with the margin control of MMS. This
technique is performed similarly to MMS; however, un-
like Mohs, reconstruction is performed in a delayed fash-
ion, once the pathologist confirms clear margins, typically
within 48 hours. This approach is often referred to as ‘rush
paraffin sections’. Most studies on slow Mohs precede
the time frame of our current review. Recurrence rates
were low across these reports; however, we were unable

to retrieve consistent data regarding technical variability or
other procedural details [15,27,28].
Staged excision technique also provides margin-controlled
excision using permanent sections, representing an interme-
diate approach between WLE and MMS. In SE, the tumor
is first outlined, and peripheral tissue is removed in a staged
and mapped fashion, usually preserving the central portion
until histologic clearance of the margins is confirmed. One
of themain advantages of SE is its use of Paraffin embedded
sections, which are considered the gold standard by both
the NCCN and AAD. This method also allows for selec-
tive re-excision only around involved margins, helping to
spare healthy tissue. Moreover, because histologic analysis
is performed on permanent sections, there is no need to dis-
mantle reconstructions if invasive melanoma or a positive
margin is later found, unlike with other techniques [55,68].
Several studies included in our review reported the presence
of invasive melanoma in SE specimens [17,29,30,35,37].
In most cases, the Breslow thickness was low, and there-
fore the same considerations discussed for LMM andMMS
also apply to SE.
A major limitation of SE is that the procedure is carried
out over multiple sessions, often spaced several days apart.
This can be particularly inconvenient for patients with per-
sistently positive margins, as it delays definitive treatment
and reconstruction. Despite these limitations, most studies
reported a mean number of fewer than two SE stages per pa-
tient, even when first-stage clearance ranged between 49%
and 78.4%. Some authors have also raised concerns regard-
ing the use of temporary sutures between stages, as these
may interfere with subsequent histopathologic assessment
[2]. In our study, whereas the majority of studies reported
using temporary closure, others [36–38] chose to leave the
wound open between stages to avoid histologic artifacts.
Notably, de Wet et al. [37] and de Vries et al. [38] reported
recurrence rates of 0% in LM and LMM. Among the three
studies that reported infection rates [29,31,38], only one in-
volved open wound management [38] suggesting that with
proper wound care and dressings, infection risk does not
necessarily increase.
UnlikeMMS,we observedmarked heterogeneity in SE pro-
tocols across the studies included in this review. Varia-
tions were noted in several aspects, including initial mar-
gin width, the method of histologic evaluation (radial vs.
En face), the use of adjunctive tools such as Wood’s lamp
or RCM, and, most notably, in how surgical defects were
managed between stages. This lack of standardization, also
highlighted by other authors such as Abrantes et al. [55], re-
flects a broader variability in technique and individual sur-
geon preference, which may influence outcomes and limit
comparability between studies [35,55].
In fact, several SE variations have been described in lit-
erature being the most known as the “Square technique”
and the “Spaghetti technique”, which differ in the shape of
the margin contour. In our review, most authors favored
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the spaghetti technique, while only one [35] employed the
square approach. Although square-shaped margins may fa-
cilitate histologic evaluation, they can result in defects that
are more difficult to close and may lead to less natural cos-
metic outcomes, but this potential drawback was not ad-
dressed in this case.

Reported recurrence rates following SE ranged from 0% to
5.7%, generally lower than those seen withWLE but higher
than those reported for MMS. It is important to note, how-
ever, that many of these studies had relatively short follow-
up periods. Since LM is known to recur late, often between
57- and 71-months post-treatment [2] current recurrence
rates are likely underestimated. For example, Collgros et al.
[3] reported that nearly half of LM and LMM recurrences
occurred more than four years after surgery. Similarly, in
our review, Le May et al. [33] noted that three out of four
recurrences took place after the fourth year of follow-up.

Moreover, several studies identified clinical factors asso-
ciated with increased risk of local recurrence, such as the
number of SE stages required to achieve clear margins
[32,35] lesion location, particularly on the cheek [35,40]
and preoperative tumor size [36,37,39] mirroring patterns
also observed in MMS-treated cohorts.

Taken together, these findings suggest that SE is a viable
and accessible option in daily clinical practice, particu-
larly in centers where MMS is not readily available. How-
ever, its variable application and relatively limited long-
term follow-up data underscore the need for greater stan-
dardization and more robust prospective studies. In addi-
tion, the lack of confidence intervals and inconsistent re-
porting of follow-up durations in many studies further lim-
its the comparability and interpretability of recurrence out-
comes.

Given the challenges in accurately delineating subclinical
extension in LM, RCM has emerged as a valuable tool in
both SE and MMS. As demonstrated in several studies in-
cluded in our review, its preoperative application may re-
duce the number of surgical stages while preserving healthy
tissue. Within SE, three studies in our review [17,33,34]
reported using RCM for preoperative margin delineation.
These studies observed a reduction in the number of surgi-
cal stages required and no recurrences on long-term follow-
up. Elshot et al. [15] further supported these findings,
demonstrating that HH-RCM significantly reduced both the
number of stages and the rate of incomplete excisions. Al-
though less frequently employed in MMS, RCM has also
been used for preoperative mapping in this context [24,41].
The accuracy of RCM in predicting histologic margins in
cases of LM and melanoma in situ (MIS) has been widely
reported in literature [41,69–71]. Nevertheless, the maxi-
mum imaging depth of RCM is limited to the upper retic-
ular dermis, making it unsuitable for assessing invasive
melanoma. Despite its promising utility, RCM is not yet
routinely integrated into surgical protocols, with its broader

adoption constrained by high costs, limited availability, and
the need for specialized training.
As part of our review, we specifically examined compar-
ative studies that assessed not only local recurrence but
also long-term oncologic outcomes such as overall and
melanoma-specific survival (Table 5).
The majority of both comparative and individual studies on
local recurrence show lower recurrence rates with MMS,
followed by SE, and higher rates with WLE. However,
several comparative studies, including systematic reviews
[42–44], failed to demonstrate statistically significant dif-
ferences between techniques and highlighted considerable
heterogeneity across study designs, thereby, the current ev-
idence should be interpreted with caution.
Notably, the collective findings from the literature do not in-
dicate significant differences in either overall or melanoma-
specific survival between MMS, WLE, and SE [15,42–47].
These results likely reflect the typically indolent biological
behavior of LM and support the idea that treatment deci-
sions should prioritize recurrence risk, anatomical location,
and tissue preservation rather than any presumed impact on
survival.
Furthermore, LM predominantly affects individuals over
the age of 65 [1,2], who may present with comorbidi-
ties and reduced functional status. In elderly individuals,
treatment decisions must carefully balance oncologic con-
trol with overall health status, surgical risk, and patient
preferences, particularly when considering multi-stage or
resource-intensive procedures.
Finally, non-surgical alternatives, such as topical im-
iquimod and radiotherapy, are increasingly considered in
selected patients, particularly those who are poor surgi-
cal candidates or in whom surgery is not feasible due to
anatomical or functional constraints. While not the pri-
mary focus of this review, existing literature supports the
use of imiquimod as a neoadjuvant treatment to reduce sur-
gical defect size or as a standalone therapy in inoperable
cases [72–74]. Radiotherapy has also demonstrated effec-
tiveness in achieving local control and may be preferred in
elderly patients or those with contraindications to surgery
[7,74,75]. Both modalities remain off-label and should be
considered on a case-by-case basis, with careful monitoring
due to limited long-term data on recurrence and progression
[74,76,77].
This narrative review has several limitations. First, there
is considerable variability among the included studies in
how LM, recurrence, and surgical procedures, particularly
staged excision, are defined and carried out. Second, the
studies come from a range of clinical settings and involve
heterogeneous patient populations, often without method-
ology or reporting standards. Data from pre-operative size,
invasive status, primary lesions are often inconsistently re-
ported, furthermore many studies did not individuate LM
from the rest of MIS subtypes, or even between LM and
LMM. When LM-specific data were available, they were
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extracted and analysed separately; however, in many cases,
results were reported for MIS as a group, and LM propor-
tions were only identifiable through the sample descrip-
tion. This heterogeneity in diagnostic classification across
studies further limits the possibility of conducting a fully
stratified outcome analysis between LM and LMM, de-
spite their distinct biological behavior and prognostic im-
plications. Third, the absence of randomized controlled
trials makes it difficult to directly compare surgical ap-
proaches. Fourth, access to surgical options such as MMS
may also depend on socioeconomic factors, which can in-
fluence treatment decisions and outcomes. Fifth, most stud-
ies did not report patient-reported outcomes such as qual-
ity of life or cosmetic satisfaction, limiting assessment of
the patient-centered impact of each technique. Sixth the
literature search was restricted to two databases (PubMed
and Web of Science) and a 10-year time frame. While this
strategy enhances focus on contemporary surgical practice,
it may have excluded relevant older studies or records in-
dexed in other databases.
These elements together limit how broadly the findings can
be applied.

Conclusions
LM surgical management continues to be a challenge. Al-
though WLE remains the most used approach, it is limited
by higher recurrence rates and less precise margin control.
MMS with IHC offers the most favourable recurrence out-
comes and logistical advantages; SE and slow Mohs, espe-
cially when combined with RCM and permanent histology,
represent strong alternatives in appropriate settings. While
no approach has shown superiority in survival endpoints,
the choice of surgical technique should be guided by lesion
characteristics, anatomical considerations, patient charac-
teristics (e.g., age and comorbilities) and resource availabil-
ity. Access to surgical technologies such as MMS, RCM, or
IHC remains uneven across institutions, and this variability
should be considered when applying evidence to real-world
clinical settings. Future research should focus on standard-
izing surgical protocols and conducting prospective com-
parative trials to refine treatment strategies for LM.

Availability of Data and Materials
Not applicable.

Author Contributions
CCS conceived the review, designed the search strategy,
extracted and analysed the data, and drafted the manuscript.
LML analysed the data and critically reviewed successive
drafts, providing methodological guidance and editorial
feedback. MDSyR conceived and designed the study and
reviewed. AB conceived and designed the study and as-
sisted with data management and verification of extracted
variables. ÁF conceived and designed the study, and pro-

vided supervision throughout the project. All authors have
been involved in revising it critically for important intellec-
tual content. All authors gave final approval of the version
to be published. All authors have participated sufficiently
in the work to take public responsibility for appropriate por-
tions of the content and agreed to be accountable for all as-
pects of the work in ensuring that questions related to its
accuracy or integrity.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
We would like to express our most sincere gratitude to
Maria Carmen Rodríguez Otero for her collaboration in de-
veloping and executing the search strategy for this study
and Josefina Sainz Sánchez for her assistance throughout
the process.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article can be
found, in the online version, at https://doi.org/10.62713/ai
c.4228.

References
[1] Gupta S, Shaughnessy M, Rashid S, Stagner AM, Fewkes J,

Marghoob AA, et al. Lentigo Maligna Part I: Epidemiology, Risk
Factors, andDiagnosis. Journal of theAmericanAcademy ofDerma-
tology. 2025; 93: 1383–1396. https://doi.org/10.1016/j.jaad.2024.
09.065.

[2] Requena C, Manrique E, Nagore E. El lentigo maligno: actual-
ización y claves en el diagnóstico y el tratamiento. Actas Dermo-
Sifiliográficas. 2023; 114: 413–424. https://doi.org/10.1016/j.ad
.2023.02.019.

[3] Collgros H, Rodriguez-Lomba E, Regio Pereira A, Lo SN, Scolyer
RA, Guitera P. Lentiginous melanoma (lentigo maligna and lentigo
maligna melanoma) in Australia: clinicopathological characteris-
tics, management and recurrence rates after 10-year follow-up at a
tertiary centre. Journal of the European Academy of Dermatology
and Venereology. 2021; 35: 1315–1322. https://doi.org/10.1111/jd
v.17135.

[4] Karponis D, Joshy J, Stratigos IA, Craig PJ, Mistry K, van Bode-
graven B, et al. Cutaneous melanoma in situ: a review. Clinical and
Experimental Dermatology. 2025; 50: 529-536. https://doi.org/10.
1093/ced/llae465.

[5] Greveling K,WakkeeM, Nijsten T, van den Bos RR, Hollestein LM.
Epidemiology of Lentigo Maligna and Lentigo Maligna Melanoma
in the Netherlands, 1989-2013. The Journal of Investigative Derma-
tology. 2016; 136: 1955–1960. https://doi.org/10.1016/j.jid.2016.
06.014.

[6] Garbe C, Amaral T, Peris K, Hauschild A, Arenberger P, Basset-
Seguin N, et al. European consensus-based interdisciplinary guide-

https://doi.org/10.62713/aic.4228
https://doi.org/10.62713/aic.4228
https://doi.org/10.1016/j.jaad.2024.09.065
https://doi.org/10.1016/j.jaad.2024.09.065
https://doi.org/10.1016/j.ad.2023.02.019
https://doi.org/10.1016/j.ad.2023.02.019
https://doi.org/10.1111/jdv.17135
https://doi.org/10.1111/jdv.17135
https://doi.org/10.1093/ced/llae465
https://doi.org/10.1093/ced/llae465
https://doi.org/10.1016/j.jid.2016.06.014
https://doi.org/10.1016/j.jid.2016.06.014


60 Ann. Ital. Chir., 97, 1, 2026

Lorena Martínez Leboráns, et al.

line for melanoma. Part 2: Treatment - Update 2024. European
Journal of Cancer. 2025; 215: 115153. https://doi.org/10.1016/j.ej
ca.2024.115153.

[7] Gupta S, Shaughnessy M, Rashid S, Stagner AM, Fewkes J,
Marghoob AA, et al. Lentigo Maligna Part II: Management. Journal
of the American Academy of Dermatology. 2025; 93: 1399–1410.
https://doi.org/10.1016/j.jaad.2024.07.1534.

[8] Elshot YS, Zupan-Kajcovski B, Ouwerkerk W, Klop WMC, Lohuis
PJFM, Bol M, et al. A cohort analysis of surgically treated primary
head and neck lentigo maligna (melanoma): Prognostic value of
melanoma subtype and new insights in the clinical value of guide-
line adherence. European Journal of Surgical Oncology. 2023; 49:
818–824. https://doi.org/10.1016/j.ejso.2022.08.012.

[9] CrouchG, Sinha S, Lo S, SawRPM, Lee KK, Stretch J, et al. Clinical
outcomes following surgical treatment of lentigo maligna of the head
and neck. European Journal of Surgical Oncology. 2021; 47: 1145–
1151. https://doi.org/10.1016/j.ejso.2020.09.028.

[10] Modin M, Svensson H, Bergsten Wanders Y, Neittanmäki N, Siarov
J, Paoli J. Incomplete Excision Rate for Lentigo Maligna and As-
sociated Risk Factors. Acta Dermato-Venereologica. 2024; 104:
adv40535. https://doi.org/10.2340/actadv.v104.40535.

[11] Moura FS, Homer LE, McKirdy SW. Histological Peripheral Mar-
gins and Recurrence of Melanoma In situ Treated with Wide Lo-
cal Excision. Journal of Skin Cancer. 2020; 2020: 8813050. https:
//doi.org/10.1155/2020/8813050.

[12] Dika E, Fanti PA, Christman H, Piraccini BM, Misciali C, Vaccari
S, et al. Videodermatoscopy-assisted Mohs micrographic surgery
vs. other treatments for lentigo maligna in 54 patients with a long-
term follow-up. Journal of the European Academy of Dermatology
and Venereology. 2016; 30: 1440–1441. https://doi.org/10.1111/jd
v.13280.

[13] Hou JL, Reed KB, Knudson RM, Mirzoyev SA, Lohse CM, Frohm
ML, et al. Five-year outcomes of wide excision and Mohs micro-
graphic surgery for primary lentigo maligna in an academic practice
cohort. Dermatologic Surgery. 2015; 41: 211–218. https://doi.org/
10.1097/DSS.0000000000000248.

[14] Nosrati A, Berliner JG, Goel S, McGuire J, Morhenn V, de Souza
JR, et al. Outcomes of Melanoma In situ Treated With Mohs Micro-
graphic Surgery Compared With Wide Local Excision. JAMA Der-
matology. 2017; 153: 436–441. https://doi.org/10.1001/jamadermat
ol.2016.6138.

[15] Elshot YS, Tio DCKS, van Haersma-de With ASE, Ouwerkerk W,
Zupan-Kajcovski B, Crijns MB, et al. Lentigo maligna (melanoma):
A systematic review and meta-analysis on surgical techniques and
presurgical mapping by reflectance confocal microscopy. Journal of
the European Academy of Dermatology and Venereology. 2023; 37:
871–883. https://doi.org/10.1111/jdv.18880.

[16] Demer AM, Vance KK, Cheraghi N, Reich HC, Lee PK. Bene-
fit of Mohs Micrographic Surgery Over Wide Local Excision for
Melanoma of the Head and Neck: A Rational Approach to Treat-
ment. Dermatologic Surgery. 2019; 45: 381–389. https://doi.org/10.
1097/DSS.0000000000001715.

[17] Martinez-Molina M, Richarz N, Jaka A, Bassas-Vila J, Mora-
Fernández V, Pi-Sunyer AQ, et al. Spaghetti Technique Versus Wide
Local Excision for Lentigo Maligna Affecting the Head and Neck
Regions: Surgical Outcome and Descriptive Analysis of 79 Cases
from a Single Practice Cohort. Dermatology Practical & Conceptual.
2023; 13: e2023193. https://doi.org/10.5826/dpc.1303a193.

[18] Bolshinsky V, Lin MJ, Serpell J, Leung M, Wolfe R, McLean C,
et al. Frequency of residual melanoma in wide local excision (WLE)
specimens after complete excisional biopsy. Journal of the American
Academy of Dermatology. 2016; 74: 102–107. https://doi.org/10.
1016/j.jaad.2015.08.065.

[19] Jackett LA, Satgunaseelan L, Roper E, Lo SN, Thompson JF,
Scolyer RA. Residual melanoma in wide local excision specimens
after ‘complete’ excision of primary cutaneous in situ and invasive

melanomas. Pathology. 2022; 54: 71–78. https://doi.org/10.1016/j.
pathol.2021.05.094.

[20] Foxton GC, Elliott TG, Litterick KA. Treating melanoma in situ and
lentigo maligna with Mohs micrographic surgery in Australia. The
Australasian Journal of Dermatology. 2019; 60: 33–37. https://doi.
org/10.1111/ajd.12845.

[21] Kunishige JH, Doan L, Brodland DG, Zitelli JA. Comparison of sur-
gical margins for lentigo maligna versus melanoma in situ. Jour-
nal of the American Academy of Dermatology. 2019; 81: 204–212.
https://doi.org/10.1016/j.jaad.2019.01.051.

[22] Heath M, Woody M, Leitenberger J, Latour E, Bar A. Invasive
Melanoma and Melanoma in situ Treated With Modified Mohs Mi-
crographic Surgery With En Face Permanent Sectioning: A 10-
Year Retrospective Review. Dermatologic Surgery. 2020; 46: 1004–
1013. https://doi.org/10.1097/DSS.0000000000002246.

[23] Valentín-Nogueras SM, Brodland DG, Zitelli JA, González-
Sepúlveda L, Nazario CM. Mohs Micrographic Surgery Using
MART-1 Immunostain in the Treatment of Invasive Melanoma and
Melanoma In situ. Dermatologic Surgery. 2016; 42: 733–744. https:
//doi.org/10.1097/DSS.0000000000000725.

[24] Tate JA, Matsumoto A, Greif C, Lim J, Nijhawan RI, Srivastava
D. Excision margins for melanoma in situ on the head and neck-A
single-center 10-year retrospective review of treatment with Mohs
micrographic surgery. Journal of the American Academy of Derma-
tology. 2024; 90: 1226–1231. https://doi.org/10.1016/j.jaad.2023.
12.063.

[25] Felton S, Taylor RS, Srivastava D. Excision Margins for Melanoma
In situ on the Head and Neck. Dermatologic Surgery. 2016; 42: 327–
334. https://doi.org/10.1097/DSS.0000000000000648.

[26] Stigall LE, Brodland DG, Zitelli JA. The use of Mohs micrographic
surgery (MMS) for melanoma in situ (MIS) of the trunk and proxi-
mal extremities. Journal of the American Academy of Dermatology.
2016; 75: 1015–1021. https://doi.org/10.1016/j.jaad.2016.06.033.

[27] Sharma AN, Foulad DP, Doan L, Lee PK, Atanaskova Mesinkovska
N. Mohs surgery for the treatment of lentigo maligna and lentigo
maligna melanoma - a systematic review. The Journal of Derma-
tological Treatment. 2021; 32: 157–163. https://doi.org/10.1080/
09546634.2019.1690624.

[28] Gao JM, Garioch JJ, Fadhil M, Tan E, Shah N, Moncrieff M. Plan-
ning slow Mohs excision margins for lentigo maligna: a retrospec-
tive nonrandomized cohort study comparing reflectance confocal
microscopy margin mapping vs. visual inspection with dermoscopy.
The British Journal of Dermatology. 2021; 184: 1182–1183. https:
//doi.org/10.1111/bjd.19764.

[29] Liu A, Botkin A, Murray C, Solish N, Kitchen J, Chan AW. Out-
comes of Staged Excision With Circumferential en Face Margin
Control for Lentigo Maligna of the Head and Neck. Journal of Cu-
taneous Medicine and Surgery. 2021; 25: 18–24. https://doi.org/10.
1177/1203475420952425.

[30] Samaniego González E, González Morán MA, Onecha Vallejo V, de
la Hera Magallanes AI, Navedo de Las Heras M, Rodríguez Prieto
MÁ. [Translated article] Thirty-Five-Case Retrospective Observa-
tional Study of Lentigo Maligna and Acral Lentiginous Melanoma
Surgically Treated With a Modified Spaghetti Technique>. Actas
Dermo-Sifiliograficas. 2024; 115: T632–T635. https://doi.org/10.
1016/j.ad.2024.04.011.

[31] Beveridge J, Taher M, Zhu J, Mahmood MN, Salopek TG. Staged
margin-controlled excision (SMEX) for lentigo maligna melanoma
in situ. Journal of Surgical Oncology. 2018; 118: 144–149. https:
//doi.org/10.1002/jso.25109.

[32] Glazer ES, Porubsky CF, Francis JD, Ibanez J, Castner N, Messina
JL, et al. Treatment of Head and NeckMelanoma In situWith Staged
Contoured Marginal Excisions. Annals of Plastic Surgery. 2017; 78:
663–667. https://doi.org/10.1097/SAP.0000000000000949.

[33] Le May O, Cinotti E, Perrot JL, Tognetti L, Chauvel Picard J.
Six-Year Outcome of Lentigo Maligna Treated With “Spaghetti”

https://doi.org/10.1016/j.ejca.2024.115153
https://doi.org/10.1016/j.ejca.2024.115153
https://doi.org/10.1016/j.jaad.2024.07.1534
https://doi.org/10.1016/j.ejso.2022.08.012
https://doi.org/10.1016/j.ejso.2020.09.028
https://doi.org/10.2340/actadv.v104.40535
https://doi.org/10.1155/2020/8813050
https://doi.org/10.1155/2020/8813050
https://doi.org/10.1111/jdv.13280
https://doi.org/10.1111/jdv.13280
https://doi.org/10.1097/DSS.0000000000000248
https://doi.org/10.1097/DSS.0000000000000248
https://doi.org/10.1001/jamadermatol.2016.6138
https://doi.org/10.1001/jamadermatol.2016.6138
https://doi.org/10.1111/jdv.18880
https://doi.org/10.1097/DSS.0000000000001715
https://doi.org/10.1097/DSS.0000000000001715
https://doi.org/10.5826/dpc.1303a193
https://doi.org/10.1016/j.jaad.2015.08.065
https://doi.org/10.1016/j.jaad.2015.08.065
https://doi.org/10.1016/j.pathol.2021.05.094
https://doi.org/10.1016/j.pathol.2021.05.094
https://doi.org/10.1111/ajd.12845
https://doi.org/10.1111/ajd.12845
https://doi.org/10.1016/j.jaad.2019.01.051
https://doi.org/10.1097/DSS.0000000000002246
https://doi.org/10.1097/DSS.0000000000000725
https://doi.org/10.1097/DSS.0000000000000725
https://doi.org/10.1016/j.jaad.2023.12.063
https://doi.org/10.1016/j.jaad.2023.12.063
https://doi.org/10.1097/DSS.0000000000000648
https://doi.org/10.1016/j.jaad.2016.06.033
https://doi.org/10.1080/09546634.2019.1690624
https://doi.org/10.1080/09546634.2019.1690624
https://doi.org/10.1111/bjd.19764
https://doi.org/10.1111/bjd.19764
https://doi.org/10.1177/1203475420952425
https://doi.org/10.1177/1203475420952425
https://doi.org/10.1016/j.ad.2024.04.011
https://doi.org/10.1016/j.ad.2024.04.011
https://doi.org/10.1002/jso.25109
https://doi.org/10.1002/jso.25109
https://doi.org/10.1097/SAP.0000000000000949


61 Ann. Ital. Chir., 97, 1, 2026

Lorena Martínez Leboráns, et al.

Technique and Margin Identification by Reflectance Confocal Mi-
croscopy. Dermatologic Surgery. 2025; 51: 360–364. https://doi.or
g/10.1097/DSS.0000000000004508.

[34] Couty E, Tognetti L, Labeille B, Douchet C, Habougit C, Couzan C,
et al. In vivo reflectance confocal microscopy combined with the
‘spaghetti technique’ for the identification of surgical margins of
lentigo maligna: experience in 70 patients. Journal of the European
Academy of Dermatology and Venereology. 2018; 32: e366–e368.
https://doi.org/10.1111/jdv.14947.

[35] Reynolds HH, Stancut E, Pavlidakey PG, Huang CC, Phillips CB.
Efficacy of staged excision with permanent section margin control
for melanoma in situ. Journal of the American Academy of Derma-
tology. 2020; 83: 1163–1164. https://doi.org/10.1016/j.jaad.2020.
05.103.

[36] Garcia D, Eilers RE, Jiang SB. Recurrence Rate of Melanoma
in situ when Treated with Serial Disk Staged Excision: A
Case Series. Journal of Clinical and Investigative Dermatology.
2017; 5: 10.13188/2373-1044.1000037. https://doi.org/10.13188/
2373-1044.1000037.

[37] de Wet J, du Plessis PJ, Schneider JW. Lentigo Maligna of the head
and neck: A retrospective study assessing surgical excision margins
in a South African population. JAAD International. 2022; 7: 169–
176. https://doi.org/10.1016/j.jdin.2022.01.008.

[38] de Vries K, Greveling K, Prens LM, Munte K, Koljenović S, van
Doorn MBA, et al. Recurrence rate of lentigo maligna after micro-
graphically controlled staged surgical excision. The British Journal
of Dermatology. 2016; 174: 588–593. https://doi.org/10.1111/bjd.
14325.

[39] Himeles JR, Criscito MC, Lee N, Stevenson ML, Carucci JA.
Staged melanoma excision requires larger margins for tumor clear-
ance and results in low rates of recurrence. Archives of Derma-
tological Research. 2023; 315: 933–942. https://doi.org/10.1007/
s00403-022-02426-z.

[40] Wilson JB, Walling HW, Scupham RK, Bean AK, Ceilley RI, Goetz
KE. Staged Excision for Lentigo Maligna and Lentigo Maligna
Melanoma: Analysis of Surgical Margins and Long-term Recur-
rence in 68 Cases from a Single Practice. The Journal of Clinical
and Aesthetic Dermatology. 2016; 9: 25–30.

[41] Elshot YS, Zupan-Kajcovski B, Klop WMC, Bekkenk MW, Crijns
MB, de Rie MA, et al. Handheld reflectance confocal microscopy:
Personalized and accurate presurgical delineation of lentigo maligna
(melanoma). Head & Neck. 2021; 43: 895–902. https://doi.org/10.
1002/hed.26545.

[42] Theunissen CCW, Lee MH, Murad FG, Waldman AH. Systematic
Review of the Role of Mohs Micrographic Surgery in the Manage-
ment of Early-Stage Melanoma of the Head and Neck. Dermato-
logic Surgery. 2021; 47: 1185–1189. https://doi.org/10.1097/DSS.
0000000000003126.

[43] Bittar PG, Bittar JM, Etzkorn JR, Brewer JD, Aizman L, Shin TM, et
al. Systematic review and meta-analysis of local recurrence rates of
head and neck cutaneous melanomas after wide local excision, Mohs
micrographic surgery, or staged excision. Journal of the American
Academy of Dermatology. 2021; 85: 681–692. https://doi.org/10.
1016/j.jaad.2021.04.090.

[44] Pride RLD, Miller CJ, Murad MH, Erwin PJ, Brewer JD. Local Re-
currence of Melanoma Is Higher After Wide Local Excision Versus
Mohs Micrographic Surgery or Staged Excision: A Systematic Re-
view and Meta-analysis. Dermatologic Surgery. 2022; 48: 164–170.
https://doi.org/10.1097/DSS.0000000000003309.

[45] Puyana C, Ilyas M, Weiss E, Saleeby E. Mohs Micrographic
Surgery for the Treatment of Lentigo Maligna and Lentigo Maligna
Melanoma: An Outcomes Study. Journal of Drugs in Dermatology.
2024; 23: 1094–1099. https://doi.org/10.36849/jdd.7898.

[46] Phan K, Loya A. Mohs micrographic surgery versus wide local ex-
cision for melanoma in situ: analysis of a nationwide database.
International Journal of Dermatology. 2019; 58: 697–702. https:

//doi.org/10.1111/ijd.14374.
[47] Trofymenko O, Bordeaux JS, Zeitouni NC. Melanoma of the Face

and Mohs Micrographic Surgery: Nationwide Mortality Data Anal-
ysis. Dermatologic Surgery. 2018; 44: 481–492. https://doi.org/10.
1097/DSS.0000000000001429.

[48] Taylor MA, Thomas SI, Sharma D, Voss VB, Wysong A. Im-
proved disease-specific survival in lentigo maligna treated with
Mohs surgery over wide local excision: a retrospective cohort anal-
ysis. The British Journal of Dermatology. 2025; 192: 350–352.
https://doi.org/10.1093/bjd/ljae364.

[49] Cheraghlou S, Christensen SR, Agogo GO, Girardi M. Compari-
son of Survival After Mohs Micrographic Surgery vs Wide Margin
Excision for Early-Stage Invasive Melanoma. JAMA Dermatology.
2019; 155: 1252–1259. https://doi.org/10.1001/jamadermatol.2019.
2890.

[50] Swetter SM, Thompson JA, Albertini MR, Barker CA, Baumgart-
ner J, Boland G, et al. NCCN Guidelines® Insights: Melanoma:
Cutaneous, Version 2.2021. Journal of the National Comprehensive
Cancer Network. 2021; 19: 364–376. https://doi.org/10.6004/jnccn.
2021.0018.

[51] Robinson M, Primiero C, Guitera P, Hong A, Scolyer RA, Stretch
JR, et al. Evidence-Based Clinical Practice Guidelines for the Man-
agement of Patients with Lentigo Maligna. Dermatology. 2020; 236:
111–116. https://doi.org/10.1159/000502470.

[52] Amaral T, Ottaviano M, Arance A, Blank C, Chiarion-Sileni V, Do-
nia M, et al. Cutaneous melanoma: ESMO Clinical Practice Guide-
line for diagnosis, treatment and follow-up. Annals of Oncology.
2025; 36: 10–30. https://doi.org/10.1016/j.annonc.2024.11.006.

[53] Charalambides M, Yannoulias B, Malik N, Mann JK, Celebi P,
Veitch D, et al. A review of Mohs micrographic surgery for skin
cancer. Part 1: Melanoma and rare skin cancers. Clinical and Exper-
imental Dermatology. 2022; 47: 833–849. https://doi.org/10.1111/
ced.15081.

[54] Karponis D, Stratigos IA, Joshy J, Craig PJ, Mistry K, van Bode-
graven B, et al. Lentigo maligna: a review. Clinical and Experimen-
tal Dermatology. 2024; 49: 218–225. https://doi.org/10.1093/ced/ll
ad394.

[55] Abrantes T, Robbins A, Kahn B, Yumeen S, Bukoski RS,Wisco O, et
al. Understanding melanoma in situ: Lentigo maligna surgical treat-
ment terminology and guideline adherence, a targeted review. Jour-
nal of the American Academy of Dermatology. 2023; 89: 734–744.
https://doi.org/10.1016/j.jaad.2023.04.072.

[56] Brodland DG. Mohs Micrographic Surgery for Melanoma: Evi-
dence, Controversy, and a Critical Review of Excisional Margin
Guidelines. Dermatologic Clinics. 2023; 41: 79–88. https://doi.or
g/10.1016/j.det.2022.07.008.

[57] Krausz AE, Higgins HW, 2nd, Etzkorn J, Sobanko J, Shin T, Gior-
dano C, et al. Systematic Review of Technical Variations for Mohs
Micrographic Surgery for Melanoma. Dermatologic Surgery. 2021;
47: 1539–1544. https://doi.org/10.1097/DSS.0000000000003268.

[58] Temple CLF, Arlette JP. Mohs micrographic surgery in the treat-
ment of lentigo maligna and melanoma. Journal of Surgical Oncol-
ogy. 2006; 94: 287–292. https://doi.org/10.1002/jso.20305.

[59] Bienert TN, Trotter MJ, Arlette JP. Treatment of cutaneous
melanoma of the face by Mohs micrographic surgery. Journal of Cu-
taneous Medicine and Surgery. 2003; 7: 25–30. https://doi.org/10.
1007/s10227-002-1161-7.

[60] Contestable JJ, Lim GFS, Willenbrink T, Zitelli JA, Brodland DG.
Mohs for Melanoma: A Review of MART-1 Frozen Section In-
terpretation. Dermatologic Surgery. 2024; 50: 1102–1108. https:
//doi.org/10.1097/DSS.0000000000004312.

[61] Punchihewa N, Odhavji S, Upjohn E, Bekhor P. Immunostained
Frozen Sections Vs Traditional Permanent Paraffin Sections for
Lentigo Maligna Treated With Mohs Micrographic Surgery. Der-
matologic Surgery. 2022; 48: 43–46. https://doi.org/10.1097/DSS.
0000000000003280.

https://doi.org/10.1097/DSS.0000000000004508
https://doi.org/10.1097/DSS.0000000000004508
https://doi.org/10.1111/jdv.14947
https://doi.org/10.1016/j.jaad.2020.05.103
https://doi.org/10.1016/j.jaad.2020.05.103
https://doi.org/10.13188/2373-1044.1000037
https://doi.org/10.13188/2373-1044.1000037
https://doi.org/10.1016/j.jdin.2022.01.008
https://doi.org/10.1111/bjd.14325
https://doi.org/10.1111/bjd.14325
https://doi.org/10.1007/s00403-022-02426-z
https://doi.org/10.1007/s00403-022-02426-z
https://doi.org/10.1002/hed.26545
https://doi.org/10.1002/hed.26545
https://doi.org/10.1097/DSS.0000000000003126
https://doi.org/10.1097/DSS.0000000000003126
https://doi.org/10.1016/j.jaad.2021.04.090
https://doi.org/10.1016/j.jaad.2021.04.090
https://doi.org/10.1097/DSS.0000000000003309
https://doi.org/10.36849/jdd.7898
https://doi.org/10.1111/ijd.14374
https://doi.org/10.1111/ijd.14374
https://doi.org/10.1097/DSS.0000000000001429
https://doi.org/10.1097/DSS.0000000000001429
https://doi.org/10.1093/bjd/ljae364
https://doi.org/10.1001/jamadermatol.2019.2890
https://doi.org/10.1001/jamadermatol.2019.2890
https://doi.org/10.6004/jnccn.2021.0018
https://doi.org/10.6004/jnccn.2021.0018
https://doi.org/10.1159/000502470
https://doi.org/10.1016/j.annonc.2024.11.006
https://doi.org/10.1111/ced.15081
https://doi.org/10.1111/ced.15081
https://doi.org/10.1093/ced/llad394
https://doi.org/10.1093/ced/llad394
https://doi.org/10.1016/j.jaad.2023.04.072
https://doi.org/10.1016/j.det.2022.07.008
https://doi.org/10.1016/j.det.2022.07.008
https://doi.org/10.1097/DSS.0000000000003268
https://doi.org/10.1002/jso.20305
https://doi.org/10.1007/s10227-002-1161-7
https://doi.org/10.1007/s10227-002-1161-7
https://doi.org/10.1097/DSS.0000000000004312
https://doi.org/10.1097/DSS.0000000000004312
https://doi.org/10.1097/DSS.0000000000003280
https://doi.org/10.1097/DSS.0000000000003280


62 Ann. Ital. Chir., 97, 1, 2026

Lorena Martínez Leboráns, et al.

[62] Xia J, Patel H, Guo L, Hsu C, Revankar R, Torbeck R. The use
of immunohistochemical staining in Mohs micrographic surgery
for melanoma: a systematic review. Archives of Dermatolog-
ical Research. 2023; 315: 2769–2772. https://doi.org/10.1007/
s00403-023-02711-5.

[63] Mu EW, Quatrano NA, Yagerman SE, Ratner D, Meehan SA. Eval-
uation of MITF, SOX10, MART-1, and R21 Immunostaining for
the Diagnosis of Residual Melanoma In situ on Chronically Sun-
Damaged Skin. Dermatologic Surgery. 2018; 44: 933–938. https:
//doi.org/10.1097/DSS.0000000000001493.

[64] Albero-González R, Marti-Marti I, Alós L, Castillo P, Castrejón N,
Alegre M, et al. Margin control of lentigo maligna with SOX10-
frozen section immunostaining: A case series. The Australasian
Journal of Dermatology. 2023; 64: 544–546. https://doi.org/10.
1111/ajd.14132.

[65] O’Hern K, Crum OM, Demer AM, Brewer JD. Intraoperative Im-
munohistochemistry DuringMohsMicrographic Surgery and Staged
Excision Decreases Local Recurrence Rates for Invasive Cutaneous
Melanoma: A Systematic Review and Meta-Analysis. Dermato-
logic Surgery. 2024; 50: 601–610. https://doi.org/10.1097/DSS.
0000000000004164.

[66] Crum OM, Campbell EH, Chelf CJ, Demer AM, Brewer JD.
Disease-specific survival of malignant melanoma after Mohs micro-
graphic surgery is not impacted by initial margins: A systematic re-
view and meta-analysis. JAAD International. 2023; 13: 140–149.
https://doi.org/10.1016/j.jdin.2023.06.009.

[67] Levoska MA, Schmults CD, Waldman AH. Upstaging of melanoma
in situ and lentigo maligna treated with Mohs micrographic surgery
rarely results in additional surgical management. Archives of Der-
matological Research. 2020; 312: 753–756. https://doi.org/10.1007/
s00403-020-02034-9.

[68] Mansilla-Polo M, Morgado-Carrasco D, Toll A. Review on the
Role of Paraffin-embedded Margin-controlled Mohs Micrographic
Surgery to Treat Skin Tumors. Actas Dermo-Sifiliograficas. 2024;
115: 555–571. https://doi.org/10.1016/j.ad.2024.02.017.

[69] Durkin JR, Tchanque-Fossuo CN, Rose AN, Elwood HR, Stepe-
naskie S, Barbosa NS. Surgical Margin Mapping of Melanoma In
situ Using In Vivo Reflectance Confocal Microscopy Mosaics. Der-
matologic Surgery. 2021; 47: 605–608. https://doi.org/10.1097/DS
S.0000000000002926.

[70] Navarrete-Dechent C, CordovaM, Aleissa S, Liopyris K, Dusza SW,

Kose K, et al. Lentigo maligna melanomamapping using reflectance
confocal microscopy correlates with staged excision: A prospective
study. Journal of the American Academy of Dermatology. 2023; 88:
371–379. https://doi.org/10.1016/j.jaad.2019.11.058.

[71] Pellacani G, De Carvalho N, Ciardo S, Ferrari B, Cesinaro AM, Far-
netani F, et al. The smart approach: feasibility of lentigo maligna
superficial margin assessment with hand-held reflectance confocal
microscopy technology. Journal of the European Academy of Der-
matology and Venereology. 2018; 32: 1687–1694. https://doi.org/
10.1111/jdv.15033.

[72] Read T, Noonan C, David M, Wagels M, Foote M, Schaider H, et al.
A systematic review of non-surgical treatments for lentigo maligna.
Journal of the European Academy of Dermatology and Venereology.
2016; 30: 748–753. https://doi.org/10.1111/jdv.13252.

[73] Martínez-Fernández S, González-Sixto B, Espasandín-Arias M,
Soto-García D, Flórez Á. Topical and Intralesional Immunother-
apy for Melanoma In situ: A Review. Cancers. 2023; 15: 4468.
https://doi.org/10.3390/cancers15184468.

[74] Tzellos T, Kyrgidis A, Mocellin S, Chan AW, Pilati P, Apalla Z.
Interventions for melanoma in situ, including lentigo maligna. The
Cochrane Database of Systematic Reviews. 2014; 2014: CD010308.
https://doi.org/10.1002/14651858.CD010308.pub2.

[75] Fogarty GB, Hong A, Economides A, Guitera P. Experience with
Treating Lentigo Maligna with Definitive Radiotherapy. Dermatol-
ogy Research and Practice. 2018; 2018: 7439807. https://doi.org/10.
1155/2018/7439807.

[76] Kwak R, Joyce C, Werchniak AE, Lin JY, Tsibris HC. Clinical
and histologic features associated with lentigo maligna clearance
after imiquimod treatment. The Journal of Dermatological Treat-
ment. 2022; 33: 1995–1999. https://doi.org/10.1080/09546634.
2021.1962001.

[77] Kai AC, Richards T, Coleman A, Mallipeddi R, Barlow R,
Craythorne EE. Five-year recurrence rate of lentigo maligna af-
ter treatment with imiquimod. The British Journal of Dermatology.
2016; 174: 165–168. https://doi.org/10.1111/bjd.14311.

© 2026 The Author(s).

https://doi.org/10.1007/s00403-023-02711-5
https://doi.org/10.1007/s00403-023-02711-5
https://doi.org/10.1097/DSS.0000000000001493
https://doi.org/10.1097/DSS.0000000000001493
https://doi.org/10.1111/ajd.14132
https://doi.org/10.1111/ajd.14132
https://doi.org/10.1097/DSS.0000000000004164
https://doi.org/10.1097/DSS.0000000000004164
https://doi.org/10.1016/j.jdin.2023.06.009
https://doi.org/10.1007/s00403-020-02034-9
https://doi.org/10.1007/s00403-020-02034-9
https://doi.org/10.1016/j.ad.2024.02.017
https://doi.org/10.1097/DSS.0000000000002926
https://doi.org/10.1097/DSS.0000000000002926
https://doi.org/10.1016/j.jaad.2019.11.058
https://doi.org/10.1111/jdv.15033
https://doi.org/10.1111/jdv.15033
https://doi.org/10.1111/jdv.13252
https://doi.org/10.3390/cancers15184468
https://doi.org/10.1002/14651858.CD010308.pub2
https://doi.org/10.1155/2018/7439807
https://doi.org/10.1155/2018/7439807
https://doi.org/10.1080/09546634.2021.1962001
https://doi.org/10.1080/09546634.2021.1962001
https://doi.org/10.1111/bjd.14311
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Results
	Wide Local Excision (WLE)
	WLE Technique Overview in Clinical Practice
	Surgical and Clinical Outcomes of WLE

	Mohs Micrographic Surgery (MMS)
	MMS in Clinical Practice and Technical Overview
	Outcomes Following Mohs Micrographic Surgery

	Paraffin Embedded Margin Controlled Surgery
	Slow Mohs, MMS With ``Rush Sections''
	Staged Excision

	Studies Comparing Surgical Outcomes Between Techniques
	Comparative Studies on Local Recurrence
	Survival Outcomes in Comparative Studies of Surgical Techniques


	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

