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Abstract

There has been a rising incidence of both melanoma and non-melanoma skin cancers, re-
quiring knowledge of effective management techniques. This review aims to provide a
structured approach to biopsy selection, surgical excision, and margin assessment for
common cutaneous neoplasms.
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1. Introduction

The increasing burden of cutaneous neoplasms necessitates knowledge of effective
management strategies. There is an increasing incidence rate of both melanoma and non-
melanoma skin cancers (NMSCs) in the UK and Europe. Europe has the highest number
of melanoma cases worldwide and the second highest number of NMSCs [1]. Melanoma
is the fifth most common cancer in the UK, with approximately 18,321 melanoma cases
diagnosed annually and an increasing incidence by 154% since the early 1990s [2]. Simi-
larly, NMSCs have risen 169%, with about 156,000 new cases per year [3].

Management of skin cancers is a stepwise process from clinical suspicion to definitive
treatment. Clear, effective management hinges on appropriate initial biopsy, understand-
ing margin guidelines, and adapting techniques for specific tumour types.

This review is intended for both clinicians and pathologists. We discuss the pros and
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2. Biopsy Techniques
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The “Biopsy First, Plan Surgery Second” goal is to obtain a representative tissue sam-
ple for accurate histopathologic diagnosis and subsequent treatment planning. The cho-
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Figure 1. Common skin biopsy techniques: (A) punch biopsy: circular punch tool removes a cylin-

drical core of tissue extending through the epidermis and dermis. (B) Incisional biopsy: sampling a

representative portion of the lesion for histopathological assessment. (C) Excisional biopsy: the en-

tire lesion is removed with a surrounding margin of clinically normal tissue. (D) Curettage: super-

ficial removal of raised lesional tissue using a curette. (Created with FIGURELABS.AI).
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Figure 2. Biopsy selection algorithm for cutaneous neoplasms (created with FIGURELABS.AI).

2.1. Procedures with Diagnostic Intent

2.1.1. Shave Biopsy

Shave biopsy is a superficial sampling technique primarily used for lesions with a

predominantly epidermal component (e.g., superficial basal cell carcinoma, actinic kera-
tosis, or seborrheic keratosis). The procedure is quick, technically simple, and generally

associated with good cosmetic outcomes and minimal morbidity [4,5].
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The main disadvantage of shave biopsies is the risk for limited histological assess-
ment. This is particularly problematic in malignant melanoma, where crucial parameters
such as Breslow thickness, ulceration, mitotic rate, and perineural invasion may not be
fully evaluated. For this reason, superficial shave biopsies should generally be avoided
when melanocytic lesions or other deeply invasive tumours are clinically suspected.

2.1.2. Punch Biopsy

Punch biopsies are the most commonly used and easiest technique to perform, with
the least morbidity. While ideally it is desirable for a tumour or a melanocytic lesion to be
sampled in its entirety, for larger lesions, this may not be feasible and a punch biopsy may
be obtained from the thickest/most nodular part. Nonetheless, lesions smaller than the
punch diameter may be excised completely. For large pigmented lesions, mapping biop-
sies may also be considered, bearing in mind that the specimen may not be entirely rep-
resentative, with a risk of missing the area of deepest invasion or of focal malignancy.

2.1.3. Incisional Biopsy

This involves obtaining tissue from the centre or edge of the tumour, and can be used
to sample a significant part of large lesions. Similar to punch biopsies, incisional biopsies
should include the most raised or clinically atypical area of a large lesion.

2.2. Procedures with Therapeutic Intent
2.2.1. Curettage

Curettage is primarily a therapeutic technique used for low-risk keratinocytic neo-
plasms, particularly superficial or nodular basal cell carcinoma (BCC) and squamous cell
carcinoma in situ. The technique relies on the friability of tumour tissue relative to sur-
rounding dermis and is most suitable for well-defined tumours.

The quality of the specimen can be operator-dependent. The often suboptimal orien-
tation tends to hamper the assessment of important histopathological parameters such as
invasion, tumour thickness and margins. It is generally advisable to avoid curettage for
high-risk histological subtypes and infiltrative lesions due to the risk of recurrence. Cu-
rettage should also be avoided for melanocytic lesions; however, this may occur uninten-
tionally when a non-suspected flesh-coloured lesion is curetted (Figure 3).

Figure 3. (A,B) An unintended curettage of a malignant melanoma, where the clinical impression
had been felt to be Bowen’'s disease. The fragmented specimen limits assessment of architecture and
Breslow thickness. This figure is simple original microscopic photos taken directly from regular

cases. Not previously published or illustrates new conclusion.
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2.2.2. Excisional Biopsy (Excision in Toto)

Technique in which the biopsy is intended as curative treatment, with full-thickness
tumour removal with narrow (2-3 mm) margins of clinically normal skin. Excisional bi-
opsies should be considered as a first option when malignancy is strongly suspected and
is the technique of choice in suspected melanoma, especially for smaller lesions.

Excisional biopsies have the advantage of providing the entire lesion from the outset
for full microscopic assessment, including the architecture, microstaging (depth, ulcera-
tion) and diagnosis.

3. Definitive Surgical Treatment and Margin Assessment

The goal of definitive excision is the complete removal of the tumour with histologi-
cally negative margins to minimise recurrence. If the lesion has been previously sampled,
preoperative planning based on the biopsy report is imperative.

Standard excisions are processed with bread-loaf histological sectioning, which only
examines a fraction of the true margin, so “negative margins” are probabilistic rather than
absolute. In contrast, Mohs Micrographic Surgery (MMS) allows complete examination of
100% of the surgical margin, through peripheral and deep en-face margin assessment (Fig-
ure 4). MMS is the gold standard for high-risk or cosmetically sensitive tumours [6-8].
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Figure 4. Comparison of skin excision grossing methods: (A) bread-loaf sectioning vs. (B) Mohs

surgery with en-face margin assessment (created with FIGURELABS.AI).

4. Margin Guidelines for Melanocytic Lesions

A narrow diagnostic excisional biopsy from the outset for melanocytic lesions is the
method of choice when feasible. For larger lesions, either an incisional biopsy or a punch
biopsy can be done to include the most clinically concerning area. Mapping punch biop-
sies can be performed to delineate the extent of poorly defined lesions. The specimen
should extend into subcutaneous fat to ensure accurate depth measurement. Superficial
shave biopsies should be avoided. Surgical margins guidelines are summarised in Figure
5.

Therapeutic excision margins for melanoma are dependent upon stage but may vary
according to national guidance (NCCN/EADO/BAD/NICE). In the UK, the National Insti-
tute for Health and Excellence (NICE) guidelines recommend a clinical margin of at least
5 mm at initial excision for in situ melanoma. If the lesion extends to the margins, further
management should be discussed in a multidisciplinary setting.

https://doi.org/10.3390/dermatopathology13030034
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Histopathologically proven invasive melanoma should be further excised with a 1-2
cm margin. This margin should be around the biopsy scar, taking into account the original
margins [9-11]. In NICE guidelines, sentinel lymph node procedure should be considered
in pT1b stage if there are high-risk features (ulceration, two or more mitoses, or lympho-

vascular invasion) and stage pT2a or above.
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Figure 5. Management algorithm for melanocytic lesions. This figure is simple original microscopic

photos taken directly from regular cases. Not previously published or illustrates new conclusion.

4.1. Lentigo Maligna and Lentigo Maligna Melanoma

Managing lentigo maligna (LM) and lentigo maligna melanoma (LMM) can be quite
challenging due to frequent subclinical extension. Pre-surgical mapping punch biopsies
may help outline the extent of the disease. Reflectance confocal microscopy (RCM), an
imaging technique that allows assessment of cellular detail of the skin in vivo, is also use-
ful in pre-surgical estimation of LM surgical margins [12]. RCM is currently approved for
use by both the FDA and EMA for the USA and Europe, respectively [13,14].

Treatment choice for LM would depend on available resources as well as the patient
preference. Surgical options include staged excision, MMS, or “slow Mohs.” The latter,
unlike standard, same-day MMS, uses paraffin-embedded sections rather than frozen sec-
tions, allowing for the use of immunohistochemical markers if needed.

Although not as established as MMS, some alternative techniques have been de-
scribed and can potentially be considered for lentiginous proliferations, particularly when
MMS is not readily available. One such example is the so-called “spaghetti technique”.
This involves removing a thin strip of skin that outlines the lesion. The defect is sutured
and the removed tissue is examined on histopathology. If the pathology is positive, the
strip removal is repeated only for the involved segments.

Once the histological margins are confirmed clear, the primary tumour is resected
with a minimal margin, and reconstruction is performed [15].

As LM is a poorly demarcated lesion, PRAME has emerged as a useful tool when
assessing excision margins. However, scattered PRAME-positive cells can be seen in
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chronically sun-damaged skin, and when not associated with cytologic atypia, careful
clinicopathologic correlation would be paramount [16].

4.2. Intermediate Melanocytic Lesions

The current WHO classification defines melanocytomas as genetically intermediate
melanocytic lesions, such as WNT-activated melanocytoma, BAP1-inactivated melanocy-
toma and pigmented epithelioid melanocytoma (PEM), while restricting the term naevus
for lesions solely harbouring the initiating molecular aberration [17].

The current MPATH-Dx version 2.0 schema essentially classifies all melanocytomas
as class II lesions, with low risk of progression to invasive melanoma, with recommenda-
tion to re-excision with margins <1 cm? when margins are positive in adequately sampled
lesions [18].

To improve the understanding on management approach to the melanocytoma cate-
gory for clinicians, the ESP, EORTC, and EURACAN consensus recommends a 2 mm mar-
gin for low-grade melanocytomas and a 5-10 mm margin for high-grade melanocytomas,
based on atypical cytological and architectural features. PEMs, in this classification, are
considered high-grade lesions by definition, with a recommended 5-10 mm margin [19].

5. Margin Guidelines for Non-Melanoma Skin Cancers
5.1. Basal Cell Carcinoma

The decision on BCC excision margins requires assessing if the risk of lesion recur-
rence is low vs. high risk. This includes both clinical and histopathological criteria. Clini-
cally, high-risk BCCs may be ill-defined or a recurrent lesion, of a size > 20 mm on the
trunk and extremities, or of any size on other sites, if they occur at a previous site of radi-
otherapy, or have a patient history of immunosuppression [20-22]. Histologically high-
risk BCCs are either of aggressive growth patterns, have perineural invasion or in-
volve/are close to <1 mm of the peripheral margin.

Table 1 summarises management according to low-risk and high-risk BCC. For low-
risk BCC, surgical treatment options include C&C and excision with a 24 mm clinical
margin depending on institutional and national guidelines. High-risk BCC are treated
with wider margin excisions (5-10 mm) or treated in sensitive anatomical sites (such as
head and neck) with MMS [20].

Optical coherence tomography (OCT) and dermoscopy-guided high-frequency ultra-
sound are recently described imaging modalities for margin assessment for BCC. How-
ever, their implementation is currently limited as they are not widely available [23,24].

Table 1. Management of BCC according to risk stratification

Parameters Low Risk High Risk
Clinical
Trunk/extremities > 20 mm, head
Location/size Trunk/extremities <20 mm and neck, hands, feet, pretibial
and anogenital areas (any size)
Borders Well defined Poorly defined
Primary vs. recurrent Primary Recurrent
Immunosuppression No Yes
Site of prior radiotherapy No Yes
Pathological

Aggressive pattern (infiltrative,

Subtype Superficial or nodular morpheaform, micronodular, ba-
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sosquamous, carcinomsarcoma-

tous)
Perineural involvement No Yes
5-10 mm
. ideli 4
Margin guidelines mm MMS

Lowvs. high-risk basal cell carcinoma (adapted from 20 to 22).

5.2. Squamous Cell Carcinoma (SCC)

Guidelines include an additional very-high-risk category in SCC, with higher risk for
local recurrence or metastasis. Clinical criteria are mostly similar to those of BCC, with the
addition of the presence or absence of neurological symptoms or rapid tumour growth
and >40 mm size. Histological criteria are based on differentiation and subtype, depth and
level of invasion, and lymphovascular or perineural invasion (Table 2).

Table 2. Management of SCC according to risk stratification

Parameters Low Risk High Risk Very High Risk
Clinical
Trunk/extremities > 20 mm,
Location/size Trunk/extremities < 20 mm hez?d' and neck, han.ds, feet, 40 mm (any site)
pretibial and anogenital areas
(any size)
Borders Well defined Poorly defined
Primary vs. recurrent Primary Recurrent
Immunosuppression No Yes
Site of prior radiotherapy No Yes
Rapid tumour growth No Yes
Neurological symptoms No Yes

Pathological
Differentiation

Subtype

Depth, thickness
or level of invasion

Perineural involvement

Lymphovascular involvement

Histological margins

Margin guidelines

Well or moderate Poor

Adenosquamous or Adenosquamous or

- sarcomaotoid in any part of sarcomaotoid in any part of

the tumour the tumour
<2 mm thickness and no in- 2-6 mm depth and no inva- >6 mm or invasion beyond
vasion beyond subcutis sion beyond subcutis subcutis

Yes (deep to the dermis or

No Yes >0.1 mm in size)
No No Yes
>1 mm 0 or close <1 mm 0 or close <1 mm
MDT discussion MDT discussion
4-6 mm 5-10 mm 5-10 mm
MMS MMS

Squamous cell carcinoma stratification (adapted from 25).

Similar to BCC, treatment options for low-risk SCC include C&C, shave, or excision
with a 4-6 mm clinical margin. High-risk SCC requires discussion at multidisciplinary
meetings. Surgical options include a wider excision (5-10 mm clinical margin) or consid-
eration of MMS [25].
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6. Conclusions

In summary, a nuanced, pathology-informed approach optimises skin tumours treat-
ment and cosmetic outcomes. The initial biopsy choice can be based on lesion size, loca-
tion, and clinical suspicion. The subsequent definitive surgery can be planned according
to the provided histopathologic data, with the appropriate margin guidelines applied.
Specialised techniques such as MMS or staged excisions can be considered for high-risk
or complex cases.

Author Contributions: Conceptualization, M.D. and C.M.S.; writing—original draft preparation,
M.D.; writing—review and editing, C.M.S.; supervision, C.M.S. All authors have read and agreed

to the published version of the manuscript.
Funding: This research received no external funding.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analysed in this study. Data sharing is

not applicable to this article.

Acknowledgements: During the preparation of this manuscript/study, the author(s) used [Figure
lab.AlI] for the purposes of generating Figure 1, and part of Figures 2 and 3. The authors have re-
viewed the content for accuracy and consistency, and edited the output and take full responsibility

for the content of this publication.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

Brochez, L.; Volkmer, B.; Hoorens, I.; Garbe, C.; Rocken, M.; Schiiz, J.; Whiteman, D.C.; Autier, P.; Greinert, R.; Boonen, B. Skin
cancer in Europe today and challenges for tomorrow. J. Eur. Acad. Dermatol. Venereol. 2025, 39, 272-277.

Cancer Research UK. Available online: https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-
cancer-type/melanoma-skin-cancer (accessed on 1 April 2026).

Cancer Research UK. Available online: https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-
cancer-type/non-melanoma-skin-cancer (accessed on 1 April 2026).

Bolognia, J.L.; Schaffer, ].V.; Cerroni, L. Dermatology, 5th ed.; Elsevier: Philadelphia, PA, USA, 2024.

Nischal, U.; Nischal, K.; Khopkar, U. Techniques of skin biopsy and practical considerations. ]. Cutan. Aesthetic Surg. 2008, 1,
107-111.

Golda, N.; Hruza, G. Mohs micrographic surgery. Dermatol. Clin. 2023, 41, 39-47.

Noyce, N.C.; Gulati, A.; Cleaver, ]. Mohs micrographic surgery: Evaluation and treatment of nonmelanoma skin cancer. In
StatPearls; StatPearls Publishing: St. Petersburg, FL, USA, 2026.

Stigall, L.E.; Brodland, D.G.; Zitelli, J.A. The use of Mohs micrographic surgery (MMS) for melanoma in situ (MIS) of the trunk
and proximal extremities. J. Am. Acad. Dermatol. 2016, 75, 1015-1021.

Smith, M.].; Peach, H.; Keohane, S.; Lear, J.; Jamieson, L.A.; Mohamed, H.S. Melanoma: Assessment and management summary
of the 2022 update of the National Institute for Health and Care Excellence guidelines. Br. . Dermatol. 2025, 192, 807-817.

Coit, D.G.; Thompson, J.A; Algazi, A.; Andtbacka, R.; Bichakjian, C.K.; Carson, W.E., 3rd; Daniels, G.A.; DiMaio, D.; Ernstoff,
M.; Fields, R.C.; et al. Melanoma, version 2.2016, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw.
2016, 14, 450-473.

Meretsky, C.R.; Schiuma, A.T. Comparative analysis of slow Mohs surgery in melanoma and Mohs micrographic surgery in
squamous cell carcinoma and basal cell carcinoma. Cureus 2024, 16, e59693.

Mesquita, Y.; Marques, L.R.; Pera Calvi, I.; Cruz, S.A.; Godoi, A.; Lapenda, I.L.; de Moraes-Souza, R.; Relvas, ].H.; Vilbert, M.;
Nehal, K.S.; et al. Reflectance confocal microscopy for margin mapping of melanoma of the lentigo maligna type: A systematic
review and meta-analysis. ]. Eur. Acad. Dermatol. Venereol. 2025, 39, 566-575.

https://doi.org/10.3390/dermatopathology13030034



Dermatopathology 2026, 13, 34 9 of 9

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Boostani, M.; Bozsanyi, S.; Suppa, M.; Cantisani, C.; Lérincz, K.; Banvolgyi, A.; Hollo, P.; Wikonkal, N.M.; Huss, W.].; Brady,
K.L.; et al. Novel imaging techniques for tumor margin detection in basal cell carcinoma: A systematic scoping review of FDA
and EMA-approved imaging modalities. Int. ]. Dermatol. 2025, 64, 287-301.

Boostani, M.; Pellacani, G.; Wortsman, X.; Suppa, M.; Goldust, M.; Cantisani, C.; Pietkiewicz, P.; Lorincz, K.; Banvolgyi, A.;
Wikonkal, N.M.; et al. FDA and EMA-approved noninvasive imaging techniques for basal cell carcinoma subtyping: A system-
atic review. JAAD Int. 2025, 21, 73-86.

Gaudy-Marqueste, C.; Perchenet, A.S.; Taséi, A.M.; Madjlessi, N.; Magalon, G.; Richard, M.A.; Grob, ].-J. The “spaghetti tech-
nique”: An alternative to Mohs surgery or staged surgery for problematic lentiginous melanoma (lentigo maligna and acral
lentiginous melanoma). J. Am. Acad. Dermatol. 2011, 64, 113-118.

Helm, T.N.; Lam, C.; Zoshchuk, B.; Helm, M.F. PRAME expression and melanoma in situ margin assessment. Am. . Dermato-
pathol. 2026, 48, 545-547. https://doi.org/10.1097/DAD.0000000000003349.

WHO. Classification of Tumours Editorial Board. Skin tumours. In WHO Classification of Tumours Series, 5th ed.; Forthcoming;
International Agency for Research on Cancer: Lyon, France, 2019; Volume 12.

Barnhill, R.L.; Elder, D.E.; Piepkorn, M.W.; Knezevich, S.R.; Reisch, L.M.; Eguchi, M.M.; Bastian, B.C.; Blokx, W.; Bosenberg, M.;
Busam, K.J.; et al. Revision of the Melanocytic Pathology Assessment Tool and hierarchy for diagnosis classification schema for
melanocytic lesions: A consensus statement. JAMA Netw. Open 2023, 6, €2250613.

de la Fouchardiere, A.; Blokx, W.; van Kempen, L.C.; Luzar, B.; Piperno-Neumann, S.; Puig, S.; Alos, L.; Calonje, E.; Massi, D.;
on behalf of the ESP Dermatopathology Working Group; et al. ESP, EORTC, and EURACAN Expert Opinion: Practical recom-
mendations for the pathological diagnosis and clinical management of intermediate melanocytic tumors and rare related mel-
anoma variants. Virchows Arch. 2021, 479, 3-11.

Schmults, C.D.; Blitzblau, R.; Aasi, S.Z.; Alam, M.; Amini, A.; Bibee, K.; Bordeaux, J.; Chen, P.-L.; Contreras, C.M.; DiMaio, D.;
et al. Basal cell skin cancer, version 2.2024, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw. 2023,
21, 1181-1203.

Bichakjian, C.; Armstrong, A.; Baum, C.; Bordeaux, J.S.; Brown, M.; Busam, K.J.; Eisen, D.B.; Iyengar, V.; Lober, C.; Margolis,
D.J.; et al. Guidelines of care for the management of basal cell carcinoma. J. Am. Acad. Dermatol. 2018, 78, 540-559.

Nasr, I.; McGrath, E.J.; Harwood, C.A.; Botting, J.; Buckley, P.; Budny, P.G.; Fairbrother, P.; Fife, K.; Gupta, G.; Hashme, M.; et
al. British Association of Dermatologists guidelines for the management of adults with basal cell carcinoma 2021. Br. |. Dermatol.
2021, 185, 899-920.

Alawi, S.A.; Kuck, M.; Wahrlich, C.; Batz, S.; McKenzie, G.; Fluhr, ].W.;Lademann, J.; Ulrich, M. Optical coherence tomography
for presurgical margin assessment of non-melanoma skin cancer— A practical approach. Exp. Dermatol. 2013, 22, 547-551.
Boostani, M.; Wortsman, X.; Pellacani, G.; Cantisani, C.; Suppa, M.; Mohos, A.; Goldust, M.; Pietkiewicz, P.; Banvolgyi, A.;
Hollo, P.; et al. Dermoscopy-guided high-frequency ultrasound for preoperative assessment of basal cell carcinoma lateral mar-
gins: A pilot study. Br. J. Dermatol. 2025, 193, 572-574.

Bordeaux, J.; Nghiem, P.; Sumaira, Z.; Alam, M.; Amini, A.; Bolotin, D.; National Comprehensive Cancer Network. Squamous
cell skin cancer, version 1.2026. In NCCN Clinical Practice Guidelines in Oncology; National Comprehensive Cancer Network:
Plymouth Meeting, PA, USA, 2025.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/dermatopathology13030034



