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International Dermoscopy Society consensus recommendations for 
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Abstract
Lentigo maligna (LM) is a subtype of cutaneous melanoma in situ that develops on 
chronically sun-damaged skin in elderly individuals. Its diagnosis and management 
remain challenging due to its slow progression, frequent occurrence on cosmetically 
sensitive areas in frail individuals, and tendency for subclinical peripheral extension. 
Despite its potential for invasive transformation, the natural history of LM remains 
incompletely understood and evidence-based management strategies for this spe-
cific entity remain limited. This work aims to bridge the gap between scarce high-
quality evidence and the clinicians' need for practical guidance on LM management 
by formulating evidence-based and expert consensus-driven recommendations for 
diagnosis, treatment and follow-up. Under the coordination of the International 
Dermoscopy Society, a global, multidisciplinary consortium of 53 experts—includ-
ing dermatologists, dermato-oncologists, dermatologic surgeons, radiologists, radio-
therapists, pathologists and epidemiologists—formulated recommendations through 
structured consensus, informed by a comprehensive review of current scientific 
evidence and clinical practice standards. Optimal management of LM requires ac-
curate diagnosis and individualized treatment planning. Non-invasive skin imaging 
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I N TRODUC TION

Lentigo maligna (LM) is a subtype of cutaneous melanoma 
in situ, developing on chronically sun-exposed skin, particu-
larly in the elderly.1 Differential diagnosis and management of 
LM are challenging: it arises on cosmetically sensitive areas, 
often extends widely and subclinically into surrounding sun-
damaged skin and typically affects elderly, fragile patients. 
LM usually follows an indolent course, remaining for years 
or decades within the epidermis. It can progress to invasive 
melanoma, but the rate and the timing of dermal invasion re-
main unknown, which likely explains why LM is overlooked in 
most melanoma guidelines that focus on invasive tumours.2–5 
Correspondingly, randomized trials and large studies specific 
to LM are scarce, and most recommendations derive from lim-
ited case series or extrapolation from other melanoma types.

Scope

The current work aims to narrow the gap between limited high-
quality evidence and clinicians' need for orientation and practical 
guidance on LM management. We do not attempt a comprehen-
sive literature overview (already available elsewhere6,7) but to 
provide practical recommendations for the diagnosis, treatment 
and follow-up of LM, based on the best available scientific evi-
dence and the consensus from a worldwide expert consortium.

Target population

Dermatologists, general practitioners, other medical special-
ists and nursing staff involved in LM management.

Object

The work addresses LM, defined as a distinct form of mela-
noma in  situ with characteristic histopathology, occurring 

techniques, especially dermoscopy and reflectance confocal microscopy, aid in diag-
nosis, biopsy orientation, lesion delineation and post-treatment monitoring. Multiple 
partial biopsies help confirm diagnosis and rule out invasion. Complete surgical exci-
sion remains the first treatment option. No definitive safety margins can be recom-
mended for standard surgery; margin-controlled techniques are preferable for large 
or ill-defined lesions. Topical imiquimod and radiotherapy are effective alternatives 
where surgery is unsuitable. Topical imiquimod is useful as primary, adjuvant or 
neoadjuvant therapy. Blind destructive methods should be avoided. Close clinical 
and imaging follow-up is needed. Patient-centred care, shared decision-making, and 
a multidisciplinary approach are critical for optimal outcomes. These international 
consensus recommendations summarize current best practices for LM management, 
offering practical, evidence-informed guidance to clinicians while acknowledging 
the potential of future research in refining these conclusions.

K E Y W O R D S
consensus, guidelines, lentigo maligna, management, melanoma, skin imaging

Why was the study undertaken? Summarize the 
main research question addressed by your study

•	 The diagnosis and management of lentigo maligna 
(LM) are challenging for clinicians, while incidence 
rates are increasing worldwide. There is scarce 
evidence-based information for the optimal manage-
ment of LM, as very few randomized controlled trials 
address specifically this entity. Most data are extrapo-
lated from studies in other forms of melanoma in situ 
or from invasive melanoma guidelines. Practical 
guidance for optimal LM management is needed.

What does this study add? Summarize the 
primary, original findings of the study, 
highlighting its novelty and significance

•	 This work supplements the best available evidence 
with the collective expertise of a global, multidis-
ciplinary consortium of key opinion leaders in the 
field. It delivers pragmatic guidance for the diagno-
sis and management of LM. Proven dermoscopic 
and reflectance confocal microscopy criteria un-
derpin diagnosis, delineation and follow-up assess-
ment. Surgery is the first treatment option, with 
margin-controlled techniques preferred for com-
plex lesions. Topical imiquimod and radiotherapy 
represent effective, patient-centred alternatives to 
surgery. Topical imiquimod may be used as pri-
mary, neoadjuvant or adjuvant treatment.

What are the implications of this study for disease 
understanding and/or clinical care? Summarize 
the novel perspective offered by the study

•	 This work bridges the gap between scarce high-
quality evidence and the clinicians' need for 
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on chronically sun-exposed skin, typically on the head and 
neck, after the 4th decade of life.1 The management of in-
vasive melanoma arising from LM (Lentigo maligna mela-
noma, LMM) is not covered here, as it is detailed by existing 
guidelines for invasive melanoma.2–4

Validity

These recommendations reflect the best published data and 
authors' expert opinion at the time of preparation. Future 
studies may modify their conclusions. These recommen-
dations do not replace or supersede national guidelines or 
substitute physicians' judgement and should be tailored to 
individual patient characteristics.

M ETHODS

Consortium

We convened a broad consortium of 53 experts from 20 coun-
tries and all continents, coordinated by the International 
Dermoscopy Society (IDS). Participants were delegates of 
national/international medical societies, with prior contri-
butions to melanoma and LM guidelines. Interdisciplinarity 
was ensured by including specialists in dermatology, 
dermato-oncology, radiology, radiotherapy, dermatologic 
surgery, pathology and epidemiology.

Literature search

A de novo search of Pubmed/Medline for English-language 
publications using the term ‘lentigo maligna’ was con-
ducted, initially on January 2024, updated in September 
2024 and July 2025. References from selected papers were 
also screened for additional relevant publications. Selection 
criteria included date of publication since year 2000, human 
subjects and English language. In vivo or in vitro studies and 
individual case reports were excluded. References were ana-
lysed for the strength of evidence using the Oxford Levels of 
Evidence (OCEBM).8

Recommendations formulation

The recommendations summarized in Table 1 are based on the 
highest quality available evidence (classified by Oxford levels 
of evidence), supplemented by expert opinion and consensus, 
and graded using the GRADE system.9 Strength of recom-
mendations was classified as shown in Table 2. The evidence 
supporting each recommendation, the levels of evidence and 
the level of consensus are summarized in Table S1.

Consensus-building process

Contributing experts produced an initial draft. A hybrid 
consensus meeting was held subsequently in Sitges, Spain on 
11 May 2024, where 43 participants revised the draft and the 
recommendations.

A second online meeting was held on 29 January 2025, 
where 29 participants, lead authors of each section, further 
revised the manuscript and produced the final version of the 
recommendations, requiring a minimum agreement rate of 
90%. Recommendations failing this threshold were elimi-
nated or reformulated. Final consensus on the recommenda-
tions and the management algorithm (Figure 1) was achieved 
in February 2025 via anonymized online voting by 44 experts 
using Google Forms. Agreement rates are shown in Table S1.

The manuscript, including literature updates, was final-
ized subsequently by all co-authors via email.

DEFI N ITION

Lentigo maligna represents a particular form of MIS, devel-
oping on chronically sun-damaged skin, usually on the head 
and neck, in the elderly. It manifests as a slowly enlarging, 
irregularly pigmented macule or patch. Histopathologically, 
it displays atypical melanocytic proliferation with mild 
cytologic atypia along the basal epidermal layer, often ex-
tending down adnexal structures (follicular epithelium), 
on a background of solar elastosis.1 If untreated, LM can 
progress to LMM. Historically, terms such as Dubreuilh's 
melanosis circumscripta praecancerosa and Hutchinson's 
melanotic freckle have been used to denote this intraepi-
dermal precursor to invasive melanoma.7,10

EPIDE M IOLOGY

LM has a distinct epidemiologic pattern among melanoma 
subtypes. Incidence peaks at 65–80 years, with a female 
predominance (1.7:1), and lesions typically arise on sun-
damaged head and neck skin, predominantly in whites.11 
SEER data (2000–2019) show a sharp rise in melanoma in-
cidence, with the largest increase reported for LM.11 In some 
areas, LM now surpasses superficial spreading melanoma as 
the commonest melanoma in situ, accounting for up to 75% 
of cases, whereas LMM remains relatively rare—4%–15% 

practical guidance on LM management. It does 
this through a wealth of practical information 
derived from the expertise of a worldwide multi-
disciplinary expert consortium. This set of recom-
mendations is potentially practice changing, as it 
shifts the focus of management from the surgical 
standard to a wider array of non-invasive, conserv-
ative alternatives that place the patient, personal-
ized medicine and shared decision-making in the 
centre of care.
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of invasive melanomas.12,13 The rising LM incidence is at-
tributed to an aging population, increased UV exposure, 
improved diagnostic accuracy, and greater awareness. The 

greater increase of LM incidence compared to LMM sug-
gests a major role for early detection.14,15 Risk factors for LM 
include cumulative UV exposure, fair skin, actinic damage 

T A B L E  1   Summary of recommendations for the management of LM.

Recommendation1. Diagnosis Strength

Clinical examination and dermoscopy shall be used for the differential diagnosis between facial pigmented lesions. Grade A

Recommendation 2. Diagnosis Strength

The established LM dermoscopic criteria, including the “inverse approach,” shall be used for diagnosis. Grade A

Recommendation 3. Diagnosis Strength

RCM examination, when available, should be performed to diagnose LM, for clinically and dermoscopically equivocal lesions Grade B

Recommendation 4. Diagnosis Strength

Dermoscopy and, when available, RCM may help in identifying areas of invasion in LM Grade C

 Recommendation 5. Non-invasive margins delineation Strength

Wood’s light may be used for the pre-surgical evaluation of margins in LM GradeC

 Recommendation 6. Non-invasive margins delineation Strength

Dermoscopy may be used for pre-surgical evaluation of margins in LM Grade C

 Recommendation 7. Non-invasive margins delineation Strength

Reflectance confocal microscopy should be used for pre-surgical evaluation of margins in LM, when available Grade B

 Recommendation 8. Histopathological diagnosis Strength

 The definitive diagnosis of LM shall be determined through histopathological evaluation Grade A

Recommendation 9. Histopathological diagnosis Strength

Detailed clinical information, preferably with photographs of the lesion, should be provided to the pathologist Grade B

Recommendation 10. Biopsies techniques Strength

Excision OR partial biopsies shall be used for the pathological diagnosis of suspected LM Grade A

Recommendation 11. Biopsy techniques Strength

Dermoscopy, and when available, RCM should guide the site selection for partial biopsies Grade B

 Recommendation 12. Treatment Strength

Complete surgical excision of LM shall be performed to achieve negative histopathological margins. Grade A

 Recommendation 13. Treatment Strength

Cryotherapy is not recommended for the treatment of LM Grade B

 Recommendation 14. Treatment

Laser therapy is not recommended for the treatment of LM Grade B

 Recommendation 15. Primary treatment Strength

When surgical excision of LM is not feasible or desirable, radiotherapy should be considered as an alternative treatment Grade B

Recommendation 16. Primary treatment Strength

When surgical excision of LM is not feasible or desirable, topical imiquimod should be considered as an alternative treatment Grade B

Recommendation 17. Adjuvant treatment Strength

Topical Imiquimod should be considered as an adjuvant treatment after excision of LM with negative narrow margins (<2mm histopathologically) Grade B

 Recommendation 18. Adjuvant treatment Strength

LM excised with positive margins should be treated with re-excision OR imiquimod OR radiotherapy. Grade B

 Recommendation 19. Neoadjuvant treatment Strength

Topical imiquimod may be used for the neoadjuvant treatment of LM Grade C

Recommendation 20. Active surveillance Strength

For LM excised with positive margins, active surveillance may be used in selected cases Grade C

Recommendation 21. Follow-up Strength

Periodical clinical and dermoscopical follow-up shall be performed to identify local recurrences, disease progression and new primary tumors Grade A
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and prior nonmelanoma skin cancer; prevalence is higher in 
regions of intense UV radiation (e.g. Australia, New Zealand, 
parts of the USA).16,17

MOL ECU L A R CL ASSIFICATION

WHO classifies LM in the ‘pathogenic pathway 2’, asso-
ciated with cumulative sun-damage (CSD), high tumour 
mutation burden (TMB) and the UVR signature of C>T 
and CC>TT transitions.1 LM may harbour driver muta-
tions similar to other cutaneous melanomas, that is, NRAS, 
BRAF and NF1, or be triple-wild type. Multiple genetic ab-
errations, including TERT promoter mutations, CDKN2A 

loss and Cyclin D1 amplifications, are frequently found. 
Amplifications or mutations in KIT occur in a subset of 
cases.18,19

NRAS Q61 mutations are frequent in high CSD mel-
anomas. BRAF mutations, overall present in up to 66% of 
melanomas, are less frequent in LM and often differ from 
the classic V600E substitution, although they still activate 
MAPK signalling.20,21 NF1 mutations occur in approxi-
mately 15% of cutaneous melanomas, are associated with a 
strong UV signature and a high TMB and often co-occur 
with RAS alterations.22

Despite proposed molecular progression models in mela-
noma,21 no specific molecular evidence for progression from 
LM to LMM has been found.

T A B L E  2   Recommendations grading.

Recommendation 
grade

Significance Syntax

A Strong recommendation ‘shall’
B Moderate recommendation ‘should’
C Weak recommendation ‘may/can’
0 Recommendation pending. Currently not available or not sufficient evidence to make a recommendation in favor or 

against.

Note: Strength of recommendations was graded based on the GRADE system.9

F I G U R E  1   Algorithm of LM management. +++ Grade A recommendation; ++ Grade B recommendation; + Grade C recommendation; *See text for 
additional conditions/criteria of selection; CR, clinical remission; LM, lentigo maligna; HP, histopathology; consensus rate: 95.3%.
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PROGNOSIS

LM progression to invasive LMM

Untreated LM can progress to LMM, but the rate and tim-
ing remain uncertain due to limited prospective monitoring 
studies. Reported progression rates range from 2% to 50% 
over 0–50 years.7,23 A SEER analysis estimated a lifetime 
risk of 2.2%–4.7% (annual risk 0.03%–0.14%).24 A recent 
Australian prospective study found an annual progression 
rate of 3.5% and mean time to progression 28.3 years (95% 
CI: 20.0–40.5).23 Progression appears non-linear and is in-
fluenced by age and lesion biology, making individual out-
comes unpredictable.

LM mortality

Like other melanoma in  situ (MIS), LM is rarely life-
threatening. A SEER study of 137,872 MIS patients (mostly 
LM) reported 15-year melanoma-specific survival of 98.4% 
(95% CI, 98.3–98.5) and relative survival of 112.4% (95% 
CI, 112.0–112.8).25 The melanoma-specific SMR was 1.89, 
whereas all-cause SMR was lower than the general popula-
tion (0.68), likely reflecting increased medical surveillance. 
Mortality increased with age (7.4% in ≥80 vs. 1.4% in 60–69; 
adjusted HR 8.2, 95% CI 6.7–10.0).25

A Swedish study found similar results26: 10-year overall 
survival 77% in MIS patients vs. 72% in controls, lower mor-
tality in women (HR 0.88) and slightly lower in men (HR 
0.94). Patients had higher socio-economic status and fewer 
comorbidities, yet melanoma-related mortality remained 
10-fold higher than in the general population.

LM patients have increased risk of subsequent mela-
nomas and skin cancers. In SEER analysis, 4.3% of MIS 
patients developed a second primary invasive melanoma 
and 7.4% a second primary MIS.25 A second invasive mel-
anoma increased melanoma-specific mortality (HR 4.1, 
95% CI 3.6–4.6), whereas a second MIS reduced it (HR 0.7, 
95% CI 0.6–0.9).25 Overall, MIS confers low melanoma-
specific mortality, but higher than the general population. 
Age and progression to invasive melanoma are the main 
prognostic factors.

DI AGNOSIS

Clinical presentation

LM usually presents as a slow-growing solitary macule or 
patch with irregular borders and variable pigmentation, 
light brown to black, though amelanotic/hypomelanotic 
variants occur, especially in fair-skinned individuals.7 
Over three-quarters arise on the head and neck, with 
subsite distribution varying by sex.27 In a retrospective 
European series of 200 cases28 cheek was the most com-
mon site (53.7%) and associated with female sex, whereas 

scalp and nasal lesions (especially ala and tip) were twice 
as frequent in men. Solitary smaller macules on oth-
erwise normal skin were linked to younger age (mean 
67.7 ± 12.7 years), while lesions with surrounding freckles 
occurred later (mean 71.3 ± 11.6 years).

LM has to be clinically differentiated from solar lentigo 
(SL), lentigo simplex, ink spot lentigo, macular seborrheic ker-
atosis (SK), pigmented actinic keratosis (PAK), lichen planus-
like keratosis (LPLK) and pigmented superficial basal cell 
carcinoma. Furthermore, LM needs to be differentiated from 
invasive LMM and desmoplastic melanoma, which also arises 
on CSD skin and may associate with overlying LM.7 Clinical 
and dermoscopic photographic documentation is strongly rec-
ommended to facilitate clinical-histopathological correlation, 
treatment monitoring and follow-up.

Non-invasive imaging techniques for LM 
diagnosis

Dermoscopy

Dermoscopy significantly improves LM clinical diagno-
sis.29,30 Pigmented facial lesions typically show the so-called 
‘pseudonetwork’,31 defined as structureless pigmentation 
interrupted by the non-pigmented follicular openings. The 
pseudonetwork corresponds to a hyperpigmented basal 
layer and is an unspecific feature.30–33 A progressive der-
moscopic model has been proposed for LM,30 based on the 
presumption that the LM arises from melanocytic stem 
cells of the hair follicles.34 Thus, early LM displays asym-
metric follicular openings, ‘circle within a circle’ around 
the follicle openings, or perifollicular linear projections 
(PLP) emanating radially from the follicle.30,35,36 With pro-
gression, grey dots, globules and streaks around the follicle 
aggregate in an annular-granular pattern.37 Subsequently, 
streaks become longer and intersected, forming rhomboi-
dal structures (i.e. angulated lines between hair follicles). 
When dermal invasion occurs (LMM), rhomboidal struc-
tures become broader and follicular openings are progres-
sively obliterated by black or blue blotches. White scar-like 
and milky-red areas may also appear in amelanotic/hy-
pomelanotic LM/LMM.38 The dermoscopic features of LM 
are summarized in Table 3.

Early dermoscopic LM features are often subtle, focal and 
challenging to recognize.39 In addition, there is a significant 
overlap with features observed in PAK, SL, SK, and LPLK.40 
To address this problem, several quantitative models have 
been proposed.41,42

A more intuitive alternative is the inverse approach, 
which relies on the identification of six non-melanoma cri-
teria43 (Table 4). The predominant presence of at least one 
of these features strongly suggests the diagnosis of SL/SK or 
PAK. Lesions lacking these features should be considered 
suspicious for LM.31,43 This approach was shown to improve 
sensitivity for LM from 51.5% to 83.6%, with specificity sta-
ble at approximately 85%.44
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Reflectance confocal microscopy

Used as a second-line tool after dermoscopy, RCM markedly 
improves sensitivity and specificity for LM/LMM. RCM 
helps distinguish LM from other facial pigmented lesions 
with atypical or equivocal dermoscopic features, evaluating 
amelanotic or hypomelanotic lesions, delineating the mar-
gins of LM preoperatively and guides biopsy of suspicious 
areas within larger lesions.45–48

RCM features suggestive of LM include widespread atyp-
ical pagetoid cells (large round or dendritic hyperreflective 
cells in the upper epidermis), junctional atypical cells and 
nests, disruption of the dermal-epidermal junction with me-
lanocytic proliferation, and atypical follicular melanocytic 
infiltration.47,49–51 A proposed RCM diagnostic score distin-
guishes LM from benign macules with a sensitivity of 85% 
and specificity of 76%52 (Table 5).

A meta-analysis on 498 patients reported RCM sensi-
tivity 0.93 (95% CI: 0.85–0.97) and specificity 0.89 (95% 
CI: 0.81–0.94) for LM.53 A later meta-analysis on 479 sub-
jects found a higher specificity of RCM versus dermoscopy 
for LM (mean difference, MD, 19.10; 95% CI, 0.93–37.28, 
p = 0.04) and a trend to higher sensitivity (MD: 14.56; 95% 
CI: 0.29–28.83; p = 0.05).54 RCM should be used after der-
moscopy to maximize diagnostic yield. Its clinical use is 
limited by equipment cost, a steep learning curve and re-
quired expertise.

Wood's lamp

Wood's lamp examination offers a simple, inexpensive, 
non-invasive adjunctive tool for the evaluation of facial pig-
mented lesions. It may enhance the visualization of LM, the 
assessment of poorly defined margins, selection of biopsy 
site and surgical plan.55–57 It is less useful for amelanotic/
hypomelanotic lesions, in heavily sun-damaged skin, where 
it can overestimate margins, and in deeper lesions.

Non-invasive differentiation between LM and 
invasive LMM

Three studies have investigated dermoscopic features to dis-
criminate LM from LMM.58,59

The presence of <3 colours, light brown colour, angu-
lated lines and a patchy network were associated with LM. 
By contrast, the presence of >2 colours, pink colour, rhom-
boidal structures, obliteration of hair follicles, shiny white 
structures, blue-white veil, black colour, irregular blotches 
and atypical vessels were linked to LMM.

Three RCM features were suggested to differentiate LM 
from LMM: epidermal and junctional disarray, large size of 
melanocytes and nests of melanocytes.60 In another study, 
medusa head-like structures, dermal nests and nucleated 
cells within the dermal papillae were significantly associated 
with LMM.47

Non-invasive margins estimation for lentigo 
maligna

LM often presents with ill-defined borders on the back-
ground of sun-damaged skin. The frequent subclinical 
extension drives a higher risk of incomplete surgical exci-
sion and higher post-surgery recurrence rates compared to 
other melanoma subtypes. One study reported a 21% rate of 

T A B L E  3   Dermoscopic criteria for the diagnosis of lentigo 
maligna.39

Asymmetric pigmented follicular openings
Slate gray dots
Slate gray globules
Rhomboidal structures
Annular- granular pattern
Gray brown streaks
Dark/blue homogenous area
White scar-like areas
Milky red areas
Increased density of the vascular network
Red rhomboidal structures
Target-like patterns
Darkening at dermoscopic examination
Circle within a circle
Zigzag pattern
Perifollicular linear projections

T A B L E  4   The dermoscopic “inverse approach” for the diagnosis of 
lentigo maligna.43

Non-melanoma dermoscopic feature Suggested diagnosis
Scales (pigmented or non-pigmented) Actinic keratosis
White and wide follicular opening Actinic keratosis
Erythema Actinic keratosis
Reticular or parallel brown lines Solar lentigo/seborrheic 

keratosis
Sharply demarcated border Solar lentigo/seborrheic 

keratosis
Milia-like cysts/comedo-like openings Solar lentigo/seborrheic 

keratosis

Note: The presence of one (or more) of these structures visible on dermoscopy as a 
predominant feature in the lesion is highly suggestive of actinic keratosis or solar 
lentigo/seborrheic keratosis. If none of these criteria can be seen as a predominant 
feature, then the lesion is assessed as suspicious for LM.

T A B L E  5   RCM score for LM diagnosis.52

RCM features
Major criteria 
(+2 points each)

Non-edged papillae

Round large pagetoid cells > 20 µm
Minor criteria 
(+1 point each)

≥3 atypical cells at DEJ in five 
0.5 × 0.5 mm fields
Follicular localization of atypical cells
Nucleated cells in dermal papillae

Negative criterion
 (-1 point)

Broadened honeycomb pattern

Note: Score ≥2 indicates likely LM with sensitivity 85%, specificity 76%.
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histologically positive margins despite 6 mm clinical exci-
sion margins.61

Wood's lamp examination may help detect subclinical 
extension by enhancing pigment contrast, but it may over-
estimate margins in heavily sun-damaged skin or underesti-
mate them in amelanotic/hypomelanotic lesions.56,57,62

Dermoscopy of the peripheral marginal area of LM 
displays a thin-pigmented mesh or homogeneous brown 
areas, rather than the classic LM criteria, which predom-
inate centrally. In a study of 26 LM/LMM cases, der-
moscopy identified broader margins than Wood's lamp, 
which in turn highlighted broader margins than clinical 
evaluation.56,62

RCM is the most accurate non-invasive tool for assessing 
LM subclinical spread. Features indicating margin involve-
ment include atypical dendritic cells emerging from the le-
sion's trailing edge, the presence of ≥1 round cell >20 μm in 
size or ≥3 dendritic or round cells regardless of cellular size 
connected to the main tumour.52,63

A systematic review with 329 patients reported a 90% 
negative predictive value for RCM evaluation of margins 
involvement.64 A meta-analysis including six studies with 
RCM showed that handheld-RCM decreased significantly 
both the rate of positive histopathological margins and the 
required number of stages in staged excisions.65 The applica-
tion of hand-held-RCM in pre-operative margin estimation 
is facilitated by using localization aids such as paper rings, 
surgical pens or superficial skin incisions.63,66–68

Histopathologic diagnosis

Histopathology remains the diagnostic gold standard for 
LM. LM exhibits a lentiginous proliferation of atypical mel-
anocytes along the basal epidermis, with hyperchromatic, 
irregular, usually spindle-shaped nuclei.7,69 The epidermis 
is typically flattened. Most cases exhibit minimal nesting, 
although some variants show rete ridge bridging. Follicular 
epithelium involvement is common and corresponds to 
dermoscopic grey circles.70,71 Surrounding skin shows UV-
induced changes (solar elastosis, solar lentigines, papillary 
dermal melanophages corresponding to dermoscopic grey 
dots).69,72

In partial biopsies, pagetoid tumour cell spread or 
moderate-to-strong dermal inflammation is significantly 
associated with the final diagnosis of invasive LMM73,74 
Pagetoid configuration is uncommon in LM and may prompt 
additional biopsies or immunostaining to avoid missing an 
invasive component.

Immunohistochemistry

If LM is suspected, immunohistochemical staining is rec-
ommended for diagnostic confirmation and margin con-
trol. Stains such as Melan-A (MART1), MITF, PRAME and 

SOX10 help evaluate melanocyte number, arrangement, 
spread and morphology.75–79 Interpretation should be cor-
related with clinical findings and haematoxylin–eosin 
staining, as Melan-A, MITF and SOX10 may also highlight 
melanocytic pseudo-nests in lichenoid inflammation (e.g. 
LPLK), mimicking LM. Differentiating LM from SL- or 
UV-induced melanocytic hyperplasia (MH) is challenging, 
underscoring the necessity of thorough margin evaluation 
and clinical context to avoid misdiagnosis; MH often shows 
epithelioid melanocytes with vesicular nuclei and pigmented 
basal layer, unlike the reduced pigment from defective mel-
anogenesis typically seen in LM.77 PRAME can help assess 
excision margins.78–80

Pathological assessment on frozen sections in 
Mohs surgery

Histopathologic evaluation of LM using frozen sections dur-
ing Mohs micrographic surgery (MMS) is challenging and 
generally less accurate than for epithelial cancers,81 partly 
because freezing artefacts can obscure tissue architecture 
and cellular detail. Immunohistochemical staining im-
proves MMS by increasing diagnostic accuracy and margin 
control.82 Ex  vivo RCM, combined with immunofluores-
cence for melanocytic markers, is a promising new tool for 
postoperative margin assessment.83

Biopsy techniques

Pre-biopsy clinical photography including anatomical land-
marks is recommended to avoid site misidentification on 
follow-up.84

Excisional biopsy (full-thickness, large punch or deep 
saucerization) is preferred for suspected melanoma, ide-
ally with 1–3 mm margins of clinically/dermoscopically 
normal skin and >1 mm depth to enable accurate Breslow 
index measurement and T classification. The clinical and 
dermoscopic examination should guide the choice of biopsy 
technique.85,86

In anatomically or cosmetically sensitive areas (e.g. eye-
lids, ears), large lesions or when non-surgical treatments 
(e.g., imiquimod) are planned, partial biopsies may be appro-
priate.87 Shave biopsy allows examining larger areas, which 
is crucial for diagnosis of solitary or collision lesions but 
should be deep enough to assess dermal invasion. Generally, 
partial biopsies risk sampling bias due to limited area.88 Ng 
et  al.89 reported false negative rates of 2.7% for excisional, 
4.5% for shave and 23.3% for punch biopsies. Rates were 
lower for LM and head/neck melanomas (OR 1.3 and 1.0, 
respectively), supporting partial biopsies in those contexts. 
Multiple punch biopsies from suspicious areas, preferably 
guided by dermoscopy or RCM, can reduce false negative 
rates—three or four biopsies lower the probabilistic risk to 
1.2% and 0.4%, respectively.
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Clinician–pathologist collaboration

Accurate and reproducible diagnosis requires proper biopsy, 
comprehensive clinical information, pathologist expertise 
and strong clinicopathological correlation.72

Essential clinical data include the patient's age, lesion's 
anatomical site, size, differential diagnoses, type of biopsy, 
previous therapies and prior biopsy results. If only partial 
biopsies were taken, clinical and dermoscopic photographs 
of the entire lesion are mandatory.

The pathologist's report should state the presence or ab-
sence of margin involvement after excision and specify mac-
roscopic sectioning technique as this affects confidence in 
histologic margins assessment.90

TR E ATM E N T

Management of LM was historically surgical, but growing 
evidence now supports also the use of conservative thera-
pies. The expanding treatment options warrant a multidisci-
plinary approach and shared decision-making with patients 
and caregivers.91 Management should be patient-centred, 
weighing comorbidities, risks and preferences, since many 
patients are elderly, frail or unable to tolerate extensive sur-
gery or prolonged conservative treatment.

Primary treatment

Surgical treatment

No randomized trials compared surgical versus non-surgical 
treatments, nor do trials compare conventional excision, 
staged excision and MMS for LM. Nonetheless, guidelines 
from Europe, the United States and Australia consider con-
ventional surgical excision with 5–10 mm clinical margins 
first-line for LM.4,84,92

LM's subclinical spread and background atypia on chron-
ically sun-damaged skin impede accurate margin estima-
tion and often cause incomplete excision; a meta-analysis 
found 17% incomplete excisions with conventional 5-mm 
margins.65 Risk factors for incomplete excision are sparsely 
studied, but head/neck LM with ill-defined borders or diam-
eter ≥2 cm often requires larger margins, staged excision or 
MMS.61

Margin-controlled techniques (MCS) reduce incomplete 
excisions and likely recurrence. A meta-analysis of head/
neck melanoma in situ (not LM-specific) reported local re-
currence rates of 3.3% after conventional wide local excision, 
1.3% after staged excision (including slow Mohs), and 0.7% 
after MMS, with mean follow-up of 3–5 years.93

Intraoperative margin control uses fresh frozen tissue 
(MMS) or paraffin-embedded sections for ‘slow Mohs’ and 
other staged excision variants like mapped excisions, square 
method, perimeter technique, geometric staged excision, 
spaghetti technique and staged radial sections.94–99 Wider 

adoption of MCS is limited by longer operations, higher 
costs and required expertise.

Dermoscopy, Wood's lamp and RCM improve preoper-
ative margin delineation; postoperative immunostaining 
(notably nuclear markers MITF or SOX10) enhances histo-
pathologic margin assessment.57,66,77,82,100

Other ablative techniques

Various ablative modalities have been investigated for LM 
treatment. A major limitation is the lack of confirmed his-
tological clearance, which increases the risk of recurrence. 
Although initial clinical outcomes may suggest lesion 
resolution, recurrence after months or even years is not 
uncommon.

Cryotherapy

Melanocytes are more cold-sensitive than keratinocytes, 
making cryotherapy a theoretical option. In a series of 30 
patients (LM diameter 1.3–4.5 cm), aggressive open-spray 
cryotherapy with double freeze–thaw cycles at −40 to −50°C 
and ≥1 cm treatment margins (wider if ill-defined) produced 
a 6.6% recurrence rate at 3 years.101 The technique is simple 
and often cosmetically favorable but lacks histopathologic 
confirmation of clearance.102 Only ~10% of international 
experts view cryotherapy as a viable alternative to surgical 
excision.90

Laser therapy

Several laser-based techniques have been used for LM treat-
ment, including CO2, argon, Q-switched ruby, Nd:YAG, al-
exandrite and their combinations.103,104 Available evidence 
is limited to anecdotal reports and small case series. A sys-
tematic review including nine studies (61 patients) reported 
a recurrence rate of 34.4%.105 Combination of CO2 laser with 
imiquimod did not increase the efficacy of CO2 laser alone, 
with recurrence rates of approximately 50% at 6.8 years, de-
spite initially favourable clinical response.103

Laser therapy (notably CO2 and 2940-nm Er:YAG) has 
been used when standard treatments are contraindicated 
or declined, but evidence for efficacy is limited.92 Due to 
high recurrence and poor margin control—likely from in-
adequate deep dermal penetration—clinical guidelines and 
our expert consensus do not recommend cryotherapy or 
laser for LM.6,27,90

Radiation therapy

Radiation therapy (RT) is an option for large LM, when sur-
gery would cause unacceptable functional/cosmetic deficits, 
and as adjuvant treatment for positive margins when further 
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surgery is not feasible.106 Gross tumour volume can be esti-
mated by dermoscopy, Wood's lamp, or more precisely by 
RCM.

Evidence was largely retrospective until a recent phase 3 
randomized trial of RT vs. imiquimod in 126 patients with 
complex, non-surgical LM.107 RT achieved a 95% biopsy-based 
response at 6 months but a 24% failure rate at 24 months; treat-
ment was well tolerated. In a cohort of 593 patients treated with 
Grenz rays as primary therapy, partial surgery + RT, or radical 
excision + postoperative RT, clearance rates were 83%, 90% and 
97%, respectively, at ~5 years median follow-up.108

NCCN suggests regimens such as (i) 50–57.5 Gy in 20–23 
fractions (4–5 weeks); (ii) 35 Gy in 5 fractions over 1 week for 
fields <3 cm2; (iii) 32 Gy in 4 fractions per week.3 Longer frac-
tionation (≈2 Gy/fraction to 50–56 Gy) improves long-term 
cosmesis by reducing fibrosis. Radiotherapy-induced long-
term skin changes occur in up to ~20% of patients. Radiation 
energy and technique should be tailored to lesion size, contour, 
and location. Clinical target volume generally adds 5–10 mm to 
the gross tumour volume, and superficial radiation to ~5 mm 
depth is typically used to treat follicular structures.106

Topical treatment

Imiquimod
Imiquimod 5% cream is the most extensively studied topical 
treatment for LM. Imiquimod stimulates innate cutaneous 
immunity and the cytotoxic arm of the adaptive immune 
response.109 It has frequent local and rare systemic adverse 
effects including erythema, erosions, ulcerations, vesicles, 
crust, pruritus and pain, flu-like systemic syndrome or dis-
tant inflammatory mucosal reactions.109,110

Multiple studies report benefits of imiquimod for LM, but 
methodological heterogeneity and short follow-up have pre-
vented strong evidence and clear recommendations.

A recent RCT comparing radiotherapy to 5% imiquimod 
showed a 95% response rate at 9 months post-randomization 
for imiquimod, with a 10.5% recurrence rate at 27 months 
versus 24% for radiotherapy.108 The difference was not sta-
tistically significant due to under-recruitment during the 
SARS-CoV-2 pandemic, though the trend favoured imiqui-
mod; RCM-measured treatment failure was significantly lower 
with imiquimod. The regimen was five applications/week for 
12 weeks, with dosing adjusted for inflammation.108,110

Four systematic reviews have evaluated imiquimod for 
LM.105,111–113 Vaienti et  al.112 reviewed 87 studies (1803 le-
sions), finding 62.8% overall clearance (56.9% histologic, 
43.2% clinical); 107 lesions relapsed. Mora et al.111 analysed 
347 tumours from 45 studies, reporting 78.3% clinical and 
76.2% histologic complete clearance; clinical recurrence was 
2.3%, and longer regimens (>60 applications or >5/week) im-
proved histologic clearance.

In conclusion, most studies report high clinical and 
histologic clearance and low recurrence with imiquimod, 
whether as primary therapy or for incompletely excised LM. 
Although long-term comparative data are limited, existing 

evidence supports using imiquimod as an alternative pri-
mary treatment for selected patients when surgery is infeasi-
ble or undesirable. A regimen totaling at least 60 applications 
over ~12 weeks is recommended, with adjustments for side-
effect intensity and extent.110

Imiquimod is not licensed for periocular use due to po-
tential side effects (most commonly conjunctivitis and 
keratitis). Rare but serious complications include infective 
keratitis and preseptal cellulitis, with transient punctate ker-
atitis and temporary blurred vision also reported. Scientific 
evidence and authors' experience suggests that imiquimod 
may also be used also periocular, with close supervision 
by a multidisciplinary team, with ophthalmology review 
at treatment initiation and as required thereafter. Ocular 
stinging and conjunctivitis are usually temporary and re-
solve after discontinuation of imiquimod. Topical antibiot-
ics and corticosteroids are often used to support treatment 
continuation.110,114

Topical retinoids
In one RCT,115 90 patients with 91 LMs received either imiqui-
mod 5% cream (5 days/week) or imiquimod plus tazarotene 
0.1% gel (2 days/week) for 3 months, followed by staged exci-
sion to confirm margin clearance. In the monotherapy group 
(47 LMs), 42 completed the treatment, with a 64% complete 
response rate. In the combination group (44 LMs), 37 com-
pleted the treatment, with a 78% response rate; the difference 
was not statistically significant (p = 0.17). No recurrences were 
observed after a mean follow-up of 42 months.

Ingenol mebutate and 5% 5-fluoro-uracil
Coleman et  al.116 reported no benefit for topical 5% 
5-fluorouracil in the treatment of LM. Montaudiè et  al.117 
performed a prospective single-arm phase 2 trial of Ingenol 
mebutate to treat LM and found no benefit.

A DJ U VA N T TR E ATM E N T

Imiquimod 5% cream

Current evidence supports adjuvant imiquimod after sur-
gery for LM. A retrospective multicentre study of 149 pa-
tients reported a 5.6% recurrence rate at mean follow-up 
32.5 months for surgery followed by imiquimod (7×/week for 
6 weeks), with no difference between narrow (<5 mm) and 
wider (>5 mm) clinical margins.118 When imiquimod was 
used for LM with positive excision margins, recurrence was 
9.1% at mean follow-up 34 months after a mean treatment 
duration of 7.9 weeks.118

In a retrospective study including 63 patients with LM, 41 
received adjuvant imiquimod (3–5×/week for 12 weeks) after 
surgery with narrow clinical or histologically positive mar-
gins119 Clinical clearance was achieved in 94.4% after a mean 
follow-up of 43.1 months. Inflammation correlated signifi-
cantly with clearance in primary, but not adjuvant, settings 
(p = 0.01).
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Kwak et al.120 reported 93% clearance in 71 patients re-
ceiving adjuvant imiquimod; positive margins had lower 
clearance (83.3% vs. 100%, p = 0.01) and treatment-associated 
inflammation correlated with higher response (94.1% vs. 
66.7%, p = 0.02). Additional case series showed similar ben-
efits of adjuvant imiquimod after surgery.121,122 Thus, ad-
juvant imiquimod should be considered for patients with 
positive or narrow margins.

Radiotherapy

Hedblad et al.123 treated 593 patients with LM/early LMM 
with Grenz ray therapy across different clinical scenarios: 
primary treatment (n = 350), post-partial excision (n = 71) 
and post-radical excision as prophylaxis (n = 172). The 
complete clearance rates were 83%, 90% and 97%, respec-
tively. Follow-up was >2 years in 425 patients, and >5 years 
in 241.

N EOA DJ U VA N T TR E ATM E N T

Topical imiquimod has been explored as a neoadjuvant 
therapy to reduce LM size before surgery, in order to render 
inoperable lesions resectable, or minimize surgical conse-
quences. In a prospective study,124 334 LM patients received 
imiquimod 5 times weekly for 3–4 months (60 applications), 
followed by staged excision, starting with a 2 mm clinical 
margin. The average margin required for clearance was 
3.5 mm, but 81% of cases were tumour-free after the first 
stage. The recurrence rate was 3.9% at 5.5 years, suggest-
ing outcomes comparable to surgery alone, but with smaller 
defects.

A RCT109 randomized 283 patients to either 4 weeks of 
daily imiquimod or placebo, followed by 5-mm margin exci-
sion. While no difference in the rate of positive margins was 
observed, lesion size significantly decreased in the imiqui-
mod group, offering potential cosmetic benefits.

Neoadjuvant imiquimod carries risks of skip areas and 
requires prolonged (1–3 month) treatment with local side 
effects (pruritus, pain, inflammation); its impact on recur-
rence appears modest, but it may be useful to improve cos-
mesis in selected or anatomically challenging cases.

AC TI V E SU RV EIL L A NCE

Active surveillance can be considered for selected LM pa-
tients who are elderly, frail or have severe comorbidities that 
preclude surgery or long-term topical therapy or for small 
early lesions in noncritical sites (excluding eyelids, ear, etc.). 
Decision should incorporate patient status, preferences, 
and goals.91 These patients require close clinical and der-
moscopic monitoring and education of patients/caregivers 
for self-examination and prompt reporting of suspicious 
changes.3,4,125

The recommendations for LM treatment are summarized 
in Figure 1.

FOL LOW-U P OF L M

Post-treatment follow-up for LM is essential for assessing 
treatment's outcomes and side effects, early detection of re-
currence and secondary skin cancers and patients and fam-
ily education on prevention and early detection.

LM carries a higher local recurrence risk than other 
MIS types, with rates up to 40% depending on treatment 
modality and margin status. Risk is higher after excisions 
with narrow margins (<0.2 mm histopathologically) versus 
wider ones (>0.5 mm histopathologically).126 Chen et  al.11 
reported a 0.94% cumulative incidence of progression to 
LMM after 10 years. Mean time to recurrence often exceeds 
57 months. Median time to recurrence or re-treatment was 
3.3 years, shortened to 1.7 years for second and 0.5 year for 
third recurrences.

Combining clinical inspection, Wood's lamp, dermos-
copy and RCM aids detection of early recurrences or resid-
ual disease. Wood's lamp highlights residual or recurrent 
pigmentation.57 Dermoscopy is routinely used in follow-up. 
Early recurrence signs include new or subtle homogeneous 
brown pigmentation and perifollicular pigmentation, but 
up to 95% of recurrent LM may lack classic dermoscopic 
features. Bluish-grey pigmentation may reflect transient 
melanophagia after successful topical treatment, rather than 
recurrence.127

Baseline clinical and dermoscopic imaging of adjacent 
uninvolved skin and the contralateral face is advised. Any 
new palpable lesion warrants biopsy.

RCM helps detect residual or recurrent LM, especially 
after non-surgical treatments. A validated LM score in-
cludes features such as non-edged papillae, large, round, 
pagetoid cells, atypical junctional cells and follicular 
involvement.128–131

Melanoma patients are at increased risk to develop a sec-
ond primary melanoma or other skin cancer. This risk is 
further increased for LMM patients and generally for mela-
nomas located on the face and neck.132,133 This underscores 
the need for prolonged follow-up for LM.

Patient education should emphasize photoprotection, 
avoiding intentional sun exposure/tanning, regular self-
examination, prompt reporting of changes near the scar or 
treatment area (especially in the first 2 years), surveillance 
for secondary skin cancers and preventive measures for fam-
ily members.

No high-quality evidence defines optimal follow-up 
schedule/duration for LM5,6; follow-up should be individu-
alized based on tumour stage (in situ vs. invasive; primary 
vs. recurrent), treatment modality (surgery, topical, radio-
therapy), margin status and patient's risk factors (history 
of sunburn, CSD, personal/family history of skin cancer).90 
Follow-up duration must consider the high recurrence risk, 
which can occur up to 10 years post-treatment (median 
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latency ≈ 3.8 years).134 Monitoring should include clinical 
and dermoscopic examination of the primary tumour site 
and surrounding skin, RCM when available, whole body 
skin examination and dermoscopy for suspicious lesions, 
symptoms evaluation.

PR EV E N TION

Primary prevention aims to reduce LM incidence by mini-
mizing risk factors and promoting protective behaviours, es-
pecially in high-risk individuals. This benefits patients and 
may also mitigate the growing public health burden.16,135,136

Chronic ultraviolet radiation (UVR) exposure is the 
primary risk factor for LM, with older age, cumulative 
sun exposure, history of sunburn, fair, freckled skin and 
occupational exposure contributing to the risk.11,137–140 
Prevention should focus on UVR protection and avoiding 
excessive sun exposure. This includes avoiding intentional 
sunbathing/tanning, limiting outdoor activities during 
peak solar radiation hours and using combined photopro-
tection measures when sun exposure is necessary. These 
include natural or structural shade, wide-brimmed hats 
covering ears and neck, protective clothing for exposed 
skin areas and broad-spectrum sunscreens for uncovered 
sites.136,141

High-risk individuals should also pursue secondary pre-
vention through self-examination, dermatological screening 
and prompt search of care for suspicious changes. Physicians 
should educate patients and caregivers on early LM signs.142

CU R R E N T CH A L L E NGE S A N D 
FU T U R E TR E N DS

Epidemiology

Data on LM incidence and outcomes—particularly in 
patients not undergoing surgery and those with darker 
skin—are sparse. The reported rising incidence may reflect 
improved surveillance or lower biopsy threshold rather than 
an actual prevalence increase. Comprehensive national and 
regional registries are crucial for clarifying disease trajecto-
ries, enhancing early detection and informing public health 
interventions.

Clinical diagnosis

LM is diagnosed clinically through physical examination, 
dermoscopy and RCM. Non-invasive imaging enhances 
biopsy accuracy and preoperative margin assessment. 
However, RCM availability remains limited, and no current 
preoperative test reliably confirms or excludes dermal inva-
sion (LMM) in flat lesions. Future tools, such as AI-assisted 
diagnostics, may further refine accuracy. Addressing 
these challenges requires ongoing research, technological 

innovation and comprehensive training to optimize LM 
management and outcomes.

Pathology

Diagnostic accuracy for LM and related melanocytic pro-
liferations in sun-damaged skin is a challenge, requiring 
pathologists' expertise. Standardization in specimen pro-
cessing and margin evaluation is needed. Enhanced pathol-
ogy training and access to second opinions can mitigate 
diagnostic variability and improve care quality.

Prognosis

Predicting which LM may progress remains challenging and 
is based on clinical/pathologic features that indicate a pos-
sible invasive component missed on sampling (i.e., large le-
sions and lesions with rows of contiguous melanocytes in the 
presence of epidermal clefts or more than 25% of the epider-
mal component composed of nests).74,127 While combined 
clinical/molecular biomarkers are theoretically promising, 
no specific predictive markers emerged to date.

Treatment

Literature on LM treatment is constrained by limited pro-
spective studies and short follow-up durations, despite 
evidence that half of recurrences occur more than 4 years 
post-treatment. Surgical excision with 5–12 mm margins 
has been recommended, though not supported by sub-
stantial evidence, and margin guidelines remain non-
standardized, while facial anatomy often limits excision 
extent. MMS demonstrates low recurrence rates but is not 
widely available.

Evidence increasingly supports the use of topical imiqui-
mod for LM, with clinical clearance up to 90%.108 A small but 
not negligible 1.8% of patients developed LMM within 1 year 
after imiquimod treatment.113 It remains unclear whether 
this represents true progression of imiquimod-resistant ag-
gressive LM, or pre-existing, undiagnosed invasive LMM. 
The roles of imiquimod as adjuvant or neoadjuvant therapy 
are promising but require confirmation in further prospec-
tive studies.

CONCLUSION

We present herein recommendations for LM diagnosis and 
management agreed by worldwide opinion leaders and ex-
perts, reflecting current knowledge.

Optimal care, especially for complex cases, requires a mul-
tidisciplinary approach, integrating dermatology, surgery, 
radiation oncology and dermatopathology expertise, to-
gether with a patient-centred assessment of health, quality of 
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life and goals. Treatment options should be weighed through 
shared decision-making with patients and carers, and clear 
communication among all team members is essential to en-
sure optimal personalized care.
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