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ABSTRACT

Mohs micrographic surgery (MMS) has been
shown to achieve very low recurrence rates in
skin cancer, and some studies suggest it may
improve survival. We conducted a narrative
review to assess the impact of MMS on the sur-
vival of patients with various skin cancer sub-
types. Some retrospective studies suggest that
MMS may enhance survival in patients with
head and neck melanoma, lentigo maligna,
lentigo maligna melanoma, invasive cutane-
ous squamous cell carcinoma (cSCC) (especially
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high-risk ¢SCC), and high-risk dermatofibrosar-
coma protuberans, and, possibly, with certain
malignant adnexal tumors as well. It is crucial to
take these findings into account so as to appro-
priately prioritize patients and ensure accessi-
bility of MMS. In both Merkel cell carcinoma
and leiomyosarcoma, MMS has not consistently
demonstrated improved survival compared with
wide excision. Evidence regarding improved sur-
vival in extramammary Paget’s disease remains
limited.

Keywords: Mobhs surgery; Survival; Melanoma;
Lentigo maligna melanoma; Cutaneous
squamous cell carcinoma; Merkel cell carcinoma
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Key Summary Points

Mohs micrographic surgery (MMS) achieves
very low recurrence rates in skin cancer and
may also improve survival in diverse skin
malignancies.

This narrative review of the literature suggests
that MMS versus wide local excision (WLE)
may enhance survival in patients with head
and neck melanoma, lentigo maligna, len-
tigo maligna melanoma, invasive cutaneous
squamous cell carcinoma (especially high-risk
cutaneous squamous cell carcinoma), and
high-risk dermatofibrosarcoma protuberans,
and possibly in malignant adnexal tumors.

In contrast, MMS has not consistently shown
survival benefits over WLE in Merkel cell
carcinoma, leiomyosarcoma, or extramam-
mary Paget’s disease, where evidence remains
limited.

These findings should guide patient prioz-
itization and resource allocation to improve
accessibility and implementation of MMS in
appropriate clinical settings.

Further prospective studies are needed to sup-
port current evidence and integrate survival
outcomes of MMS into international guide-
lines.

INTRODUCTION

Currently, Europe is the region that has the
highest number of ultraviolet (UV)-attributa-
ble cancer cases, with the highest number of
melanoma cases worldwide and the second
highest number of keratinocyte cancers [1].
The surgical goal in the treatment of cutaneous
neoplasms is total tumor resection [2]. Mohs
micrographic surgery (MMS) has been shown
to have the highest cure rate and the lowest
recurrence rate for diverse skin tumors, such
as cutaneous squamous cell carcinoma (SCC)
[3, 4], basal cell carcinoma (BCC) [5], cutane-
ous melanoma [6] and dermatofibrosarcoma
protuberans (DFSP) [7], among others. MMS

is the gold standard for the management of
high-risk skin tumors, such as those located
in anatomically complex areas or in patients
where the maximum amount of tissue needs
to be spared [8]. However, few studies have
investigated the impact of MSC on the survival
of patients with skin cancer, especially when
compared with wide local excision (WLE) [9].
In recent years, a number of studies have sug-
gested that MMS may increase survival in this
setting [10, 11]. Here, we review the impact
of MMS on the survival of patients with skin
cancer compared with WLE.

MATERIALS AND METHODS

A narrative review of the literature was con-
ducted. During February 2025, Medline and
Google Scholar were searched in English and
Spanish with the keywords “Mohs surgery,”
“survival,” “disease specific survival,” “overall
survival,” “squamous cell carcinoma,” “cutane-
ous squamous cell carcinoma,” “melanoma,”
“lentigo maligna,” “lentigo maligna melanoma,”
“lentigo maligna melanoma,” “basal cell carci-
noma,” “dermatofibrosarcoma protuberans,”
“Merkel cell carcinoma,” “adnexal neoplasms,”
“extramammary Paget disease,” “leiomyosar-
coma,” and “sebaceous carcinoma.” Prospec-
tive and retrospective studies with>50 patients
were included, as well as systematic reviews (SR)
and meta-analyses (MA). Articles were screened
according to their abstract and selected accord-
ing to their relevance. The three authors (P.B.-
S., M.M.-P,, and D.M.-C.) performed the search,
selection, and review of the articles.

Ethical Approval

This article is based on previously conducted
studies and does not contain any new stud-
ies with human participants or animals per-
formed by any of the authors. The procedures
followed here were in accordance with the
ethical standards of the committee responsible
for human experimentation and with the 1975
Helsinki Declaration, revised in 1983. We have
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Table 1 continued

LM lentigo maligna, MIS melanoma in situ, MM melanoma, MMS Mohs micrographic surgery, NCD National Cancer Database, OS overall survival, DSS disease-

specific survival, SEER Surveillance, Epidemiology, and End Results, WLE wide lesion excision

not used patients’ names, initials, or hospital
numbers.

RESULTS

Melanoma

We found 20 articles (Tables 1, 2) evaluating
the role of MMS in melanoma treatment and
survival: 19 retrospective cohort studies [11-29]
and 1 meta-analysis [30]. The most relevant find-
ings are highlighted below.

In a study by Valentin-Nogueras et al. [12]
that included 2114 melanomas in 1982 patients,
mostly on the head and neck (53%), and 60%
in situ, significantly longer disease-specific sur-
vival (DSS) at 5 years was found in those who
received MMS, when compared with histori-
cal controls treated with WLE, especially those
presenting with a Breslow index (Brl) below
2.50 mm and above 4 mm (98.8% vs 96% for
Brl<0.76; 77.4% versus 47% if BrI>4). Similarly,
in a study by Cheraghlou et al. [13] (n=70,319),
longer overall survival (OS) was found in
patients treated with MMS versus WLE in all
types of stage I cutaneous melanoma [hazard
ratio (HR) of 0.86]. However, Elias et al. [14] in a
large retrospective study (n=132,726) found no
significant difference in 5-year OS between the
two procedures.

Specifically in relation to melanoma in situ
(MIS), five studies [15-19] have evaluated sur-
vival after MMS. In the retrospective study by
Phan and Loya [14] from 2019, with almost
30,000 cases of MIS treated by either MMS or
WLE, OS at 5, 10, and 15 years was compared
between the two groups and no significant differ-
ences were found. Similar results were reported
in other retrospective studies, which also ana-
lyzed DSS [15-17]. However, very recently, Tay-
lor et al. [19] published a large retrospective
study (n=59,980) comparing survival between
WLE (32.9% of individuals with head and neck
MIS) and MMS (74.6% of patients with head and
neck MIS), in which multivariate analysis found
a significant reduction in disease-specific mortal-
ity risk of about 39% in the MMS-treated group.
These findings are probably related to the head
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and neck location of the majority of MIS in the
MMS group, as evidenced below.

Melanoma by Body Location and Lentigo
Maligna

Melanoma of the Head and Neck Two stud-
ies [11, 20] have shown an increase in OS and
DSS in patients treated with MMS. The first of
these, published in 2019 by Hanson et al. [10],
analyzed 50,397 cases of superficial spread-
ing melanoma, lentigo maligna (LM), lentigo
maligna melanoma (LMM) and nodular mela-
noma (NM). They found increased OS at 5 years
for patients who underwent MMS [HR of 1.181],
which was maintained after adjusting for histo-
logical subtypes, except for NM. Recently, a ret-
rospective study by Taylor et al. [19] (n=20,451)
showed that DSS was significantly higher in
the MMS group than in the WLE group (92%
at 5 years and 87% at 10 years versus 82%
and 74%, respectively). The median Brl was
0.40 mm in the MMS group and 1.20 mm in the
WLE group. Multivariate analysis revealed that
patients treated with WLE had an increased risk
of disease-specific death of about 49%. However,
a study by Chin-Lenn et al. [20] (n=151) and
another by Namin et al. [21] (n=54,023) found
no significant differences in 5-year DSS in the
former case and OS in the latter case between
the two treatments.

Melanoma of the Trunk and Extremities A
retrospective study by Demer et al. [22]
(n=188,862), the largest study to date, found no
difference in 5-year OS between the two treat-
ment modalities. Similarly, a meta-analysis by
Bednar et al. [23] from 2022 analyzing 279,556
cases from four studies (one retrospective cohort
study and three database reviews) also showed
no differences in OS, DSS, and local recurrence.

Acral Melanoma A retrospective cohort study
[25] conducted in a South Korean hospital
(n=166) found a 5-year OS rate of 88.8% in the
MMS group versus 75.9% in the WLE group.
However, these results did not hold up on mul-
tivariate analysis. MMS was associated with a
smaller postoperative defect size.

Lentigo Maligna and Lentigo Maligna Mela-
noma Recently, Taylor et al. [26] conducted
a retrospective multicenter study (n=17,229;
63.4% with LM on the head and neck) describ-
ing a higher 5- and 10-year DSS in cases treated
with MMS (98% and 95%, respectively) than
with WLE (97% and 91%, respectively). Multi-
variate analysis showed a reduction in disease-
specific mortality of about 43% when using
MMS. This superiority over WLE was maintained
when MMS was performed with margins less
than or equal to 1 cm. Regarding the invasive
form of LM, Taylor et al., in another retrospec-
tive study with almost 6000 cases [27], reported
an increase in DSS at 5 and 10 years with MMS
(96% and 92%, respectively) versus WLE (92%
and 85%, respectively) (P<0.001). These results
were independent of Brl and surgical margin
size. The same group performed another retro-
spective study in 2024 with 514 patients [28]
to analyze the differences between performing
MMS with a margin>1 cm or<1 cm at the LMM.
They found no significant differences in terms
of DSS. Another very recent retrospective study
by Puyana et al. [29] involving 22,852 individu-
als with LM or LMM (68% in situ; 56% facial)
showed a significant increase in OS in cases of
LM in situ or with localized disease when using
MSS. Patients with LM and MMS were 7% less
likely to die of any cause than those undergo-
ing WLE. Those with LM and localized disease
who received MMS were 15% less likely to die
from any cause. There was no difference in DSS
between the two treatment groups.

Cutaneous Squamous Cell Carcinoma

In 2019, Xiong et al. [31] analyzed 366 interme-
diate-risk cutaneous SCCs (cSCC) (Brigham and
Women'’s Hospital [BWH] stage T2a) and com-
pared those treated with MMS or WLE in terms
of disease progression (understood as overall
recurrence or tumor-specific death) and found
that it was significantly higher in those treated
with EMA than in those treated with MMS
(subdistribution HR of 2.9; 95% CI of 1.1-7.6:
P=0.03). However, specific and overall cSCC
mortality was not significantly associated with
type of surgery.
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Table 3 High-risk criteria for cutaneous squamous cell carcinoma

Brigham and Women’s Hospital tumor classification [69]

AJCC tumor staging [70]

TO: in situ

T1: zero risk factors

T2a: one risk factor

T2b: two or three risk factors

T3: four risk factors/bone invasion

Risk factors: tumor diameter > 2 cm, poorly differentiated
histology, large caliber perineural invasion, and invasion

beyond subcuticular fat

TX: The primary tumor cannot be identified
Tis: in situ

T1:<2cm

T2:>2cmand <4 cm

T3: 24 cm, minor bone erosion, perineural invasion or deep

invasion

T4: cortical bone/marrow involvement (T4a), invasion of the

skull or skull base (T4b)

AJCC American Joint Committee on Cancer

Recently, the riSCC model have been shown to outperform Brigham and Women’s Hospital tumor classification and AJCC

tumor staging in predicting poor outcomes in ¢SCC [35]. Additionally, the riSCC model incorporates variables such as

age, immunosuppression status, lymphovascular invasion, location (head and neck versus trunk and extremities), and surgi-

cal treatment (Mohs surgery versus wide local excision), among others. For more information, visit: https://riscc.scoutconso

rtium.org

High-risk ¢cSCC (hr-cSCC) (Table 3) accounts
for 1-5% of all cSCC. In 2022, Soleymani et al.
[32] conducted a retrospective study of 579
cases with hr-cSCC (either>T3 according to the
AJCC eighth edition staging system or as>T2b
according to the BWH staging system) treated
with MMS alone, comparing the results with
historical cohorts, mostly treated with WLE.
They found a higher percentage of local recur-
rence-free survival at 10 years (96.9% in the
MMS group versus 80-85% of historical con-
trols), lower percentage of nodal involvement
at 10 years (6.2% versus 15-3% of historical
controls with WLE) and higher DSS at 5 years
(95.7% versus 47-80% of historical controls)
(Table 4). Importantly, patients who only under-
went surgery were included. Those who received
adjuvant radiotherapy, immunotherapy, or other
advanced medical treatment were excluded, to
be able to compare them adequately with his-
torical controls. Another retrospective study
including 145 h-cSCCs (BWH stage T2b-T3)
treated with MMS found a similar disease-spe-
cific death (DSD) rate (4.8% during a median
follow-up of 36 months) [33]. Also, Wang et al.
conducted a single-center retrospective study
comparing 216 patients with hr-cSCC (BWH

stage T2b or T3) treated with either WLE or MMS
[34]. Using a treatment-weighted inverse prob-
ability analysis, the 3-year cumulative incidence
of all adverse outcomes was found to be higher
among patients treated with WLE, including
disease-specific death (17.5% in the WLE group
versus 7.1% in the MMS group, with a weighted
cause-specific HR of 2.74 [95% CI 1.54-4.88];
P=0.001).

Recently, a retrospective multinational
study including 23,166 localized SCCs aimed
to develop a novel prognostic model (the
“riSCC” model) [35]. The median follow-up was
27.4 months. The adjusted multivariable analy-
sis showed that, compared with MMS, WLE had
a DSD subdistribution HR of 2.0 (95% CI: 1.43,
2.78). A free downloadable application is avail-
able at https://riscc.scoutconsortium.org, and
personalized risk assessments for DSD in cSCCs
treated with MMS and WLE can be obtained.

Basal Cell Carcinoma

We did not find any studies comparing survival
with MMS versus WLE for basal cell carcinoma.
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Dermatofibrosarcoma Protuberans

MMS has demonstrated a lower recurrence
rate of DFSP than WLE [36], and recent stud-
ies have also reported longer survival (Table 35).
A retrospective study from 2023 (n=5313) [37]
described increased OS (HR 0.44) in the group
of patients with DFSP treated with MMS. Very
recently, Taylor et al. [38] in a retrospective study
(n=1772) analyzing the North American Surveil-
lance, Epidemiology, and End Results (SEER) reg-
istry found higher 5- and 10-year disease-free
survival (DFS) rates in the MMS-treated group
(100% and 99.5%, respectively) than in the WLE
group (99% and 98%, respectively). Finally, a
systematic literature review and meta-analysis
published in 2024 [39] that included 136 studies
found no difference in survival between MMS
and WLE, except for recurrent DFSP (defined
as recurrent tumors after prior treatment with
curative intent), where they observed a disease-
specific mortality of 1% with MMS versus 3.5%
with WLE.

analysis showed that, com-
1.43,2.78)

pared with MMS, WLE

had a DSD subdistribu-
tion HR of 2.0 (95% CI:

Results

excluding cSCC in situ,
and SCC of noncutane-

basosquamous tumors

cSCC cases were included, The adjusted multivariable
ous origin

Inclusion criteria

tional cohort study (12
between 1991 and 2023
including their treat-
ments and outcomes,
and development of a
novel prognostic model
(“riSCC”)

centers)
Analysis of ¢SCC cases

Merkel Cell Carcinoma

Type of study, methodol-

ogy
Retrospective multina-

We found five articles [9, 40-42] related to
MerKkel cell carcinoma and survival with MMS,
which all reflect inconclusive results (Table 6).
We highlight the study by Cheraghlou et al. [9],
which compared 2313 cases from the National
CancerDatabase (NCD) and showed higher OS
at 3, 5, and 10 years in the group treated with
MMS compared with the group treated with
WLE (87.4%, 84.5%, and 81.8% versus 86.1%,
76.9%, and 60.8%, respectively). Su et al. [41]
analyzed 1185 cases from the NCD, finding
that OS tends to be higher in those treated
with MMS, but without statistical significance.
Sharma et al. [42] compared 572 cases from the
TriNetX registry and found no difference in OS
at 1, 3, 5, and 10 years. Other studies reported
similar findings [40, 43, 44], Furthermore, in
2022, Uitentuis et al. [45] conducted a system-
atic review including 31 studies (8506 patients),
and concluded that there was no significant dif-
ference in survival and recurrence rates when
comparing MMS and WLE.

Sampling size
23,166

Jambusaria-Pahlajani et al.
[35],2025

Authors and year

¢SCC cutancous squamous cell carcinoma, 4JCC American Joint Committee on Cancer, BWH Brigham and Women’s Hospital, DSD disease-specific death, HR haz-

ard ratio, MMS Mohs micrographic surgery, SCC squamous cell carcinoma, WLE wide lesion excision

Table 4 continued
cSCC
Invasive cSCC
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Cutaneous Leiomyosarcoma

Joshi et al. [46], in a recent multicenter retro-
spective cohort study of 382 cases collected from
the SEER registry, found no significant difference
in ESS between the MMS and the WLE groups
(Table 7).

Dermal Pleomorphic Sarcoma

In 2023, Moore et al. [47] published a retro-
spective cohort study of 484 dermal pleomoz-
phic sarcoma cases from the SEER registry in
which they found no difference between OS
and DSS when comparing MMS and WLE
(Table 7).

Malignant Adnexal Tumors

Elias et al. [48] performed a survival analysis of
patients with malignant adnexal tumors of the
skin (MATS) from the NCD (n=5676). MMS
showed similar OS to WLE. MMS was mostly used
in porocarcinomas and microcystic adnexal carci-
nomas (Table 8).

Recently, Taylor et al. [49] examined 3963 cases
extracted from the SEER registry (49.3% being
sebaceous adenocarcinomas). MMS achieved a
significantly higher mean DEFS (231.7 months)
compared with no surgery and also with WLE
(mean 227.7 months). On multivariate analy-
sis, only MMS had a disease-specific mortality
risk reduction [adjusted HR 0.49, 95% 0.28-0.85,
P=0.011]. In contrast, WLE did not show a benefit
in DFS, even in the comparison with non-surgi-
cally treated cases. For sebaceous carcinoma spe-
cifically, two retrospective studies (181 and 2863
cases) [50, 51] found no difference compared with
DSS, although MMS allowed greater preservation
of healthy tissue.

Less Common Nonmelanoma Skin Cancers

Under this heading, Chen and Wang [8] grouped
6582 cases of differing malignancies, includ-
ing Merkel cell carcinoma, MATS, fibromatous

malignancies, and others. They compared the
mortality of patients treated with MMS and WLE
and found higher mortality in the WLE group, but
the findings did not reach statistical significance.

Extramammary Paget’s Disease

Bruce et al. [52] published a prospective series of
patients with extramammary Paget’s disease (EPD)
(n=87) treated with MMS in 2022, compared with
another retrospective series treated with WLE.
They observed significantly higher 3-year DSS in
the MMS group (93.3%) compared with the WLE
group (65.9%).

DISCUSSION

We present herein a narrative review in which
we have found several retrospective studies
suggesting that, overall, MMS may increase
survival in patients with various types of skin
cancer, especially in individuals with head and
neck melanoma [11, 20], LM [26], LMM [27],
hr-cSCC [32], and DFSP [37, 38], and probably
in various malignant adnexal tumors [49]. How-
ever, these studies have multiple limitations and
need to be replicated. Since the ultimate goal of
interventions in dermatological oncology is to
increase the survival of patients with skin malig-
nancies, it would probably be advisable to per-
form, and prioritize, MMS in patients with the
tumors described above. In the articles reviewed
concerning Merkel cell carcinoma, MMS has not
consistently been shown to increase survival
compared with WLE [9, 41, 45], nor in leiomyo-
sarcoma [46] or acral melanoma [25]. Regarding
EPD, studies are scarce, with a limited number
of patients, and consequently do not allow con-
clusions to be drawn [52]. However, it should be
remembered that MMS can allow preservation
of healthy tissue and avoid very wide surgical
margins (as recommended for Merkel cell car-
cinoma, leiomyosarcoma, and EPD), which is
especially relevant in the head, neck, acral, and
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periorificial areas. Finally, we have not found
any articles comparing survival of MMS versus
WLE in basal cell carcinoma, probably given the
overall good prognosis of this tumor.

Studies specifically assessing survival associ-
ated with MMS versus WLE in skin cancer are
rather scarce and very recent (most date from
the 2023-2024 biennium) and are generally not
included in current guidelines such as those of
the National Comprehensive Cancer Network
[53-56] or the European Association of Dermato-
Oncology (EADO) [57-60]. An exception is the
treatment of MCC, where the EADO guidelines
state that there is a similar rate of OS and DSS
between MMS and WLE [61]. More studies, ide-
ally prospective, are likely to be required for
international guidelines to consider the poten-
tial survival benefit of MMS.

Despite the advantages of MMS, it requires
a highly trained surgical and technical team,
adequate equipment (for example, cryostat),
and greater time, especially if several stages
are performed [62, 63]. Furthermore, from an
economic point of view, although MMS has
proven to be highly cost-effective, initial costs
may be higher [64]. MMS including paraffin-
embedded tissue, also called slow Mohs, may
be an alternative to consider, as it requires
minimal training of the pathologist, pathol-
ogy technician, and dermatological surgeon,
and could be performed in almost any hospital
[65, 66]. In addition, paraffin-embedded MSC
may allow better analysis of infrequent tumors
or those requiring immunohistochemical tech-
niques [67].

Finally, noninvasive diagnostic techniques
such as confocal microscopy and optical coher-
ence tomography, among others, are gaining
ground and being implemented in the preopera-
tive setting to better define surgical margins and
even evaluate tumor thickness. These techniques
have the potential to reduce rates of incomplete
excision, the number of surgical stages neces-
sary in MMS, and local recurrence, as well as to
minimize the need for invasive procedures [68].
Additionally, they may help in selecting patients
with invasive tumors for further evaluation. In
the long term, this approach could improve
the survival rates of patients undergoing MMS

or WLE, although current evidence remains
limited.

LIMITATIONS

This review is limited by the fact that it is a nar-
rative review and not a systematic review or
meta-analysis. In addition, almost all the stud-
ies included are retrospective, and most of the
studies are from the same group of authors (Tay-
lor et al.), and use data from the SEER registry,
which has important limitations. Also, a possi-
ble publication bias due to the fact that articles
with a neutral result have not been published
should be taken into account. These factors
impede the generalizability of the findings and
their conclusions, highlighting the need for pro-
spective studies, ideally randomized, and with a
prolonged follow-up period to detect differences
in survival.

CONCLUSIONS

MMS not only presents lower local recurrence
rates compared with WLE in the treatment
of skin cancer but may also increase survival
in patients with head and neck melanoma,
LM, LMW, invasive cSCC, and high-risk DFSP,
and probably in cases with diverse malignant
adnexal tumors. It is essential to consider this
to appropriately prioritize patients who would
benefit from MMS, as well as to ensure its imple-
mentation in healthcare facilities to ensure its
accessibility.
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