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ABSTRACT

Mohs micrographic surgery, created in 1930 by Frederich Mobhs, is a world-renowned technique to treat
skin cancers. Currently, it is used to treat basal cell and squamous cell carcinomas, ensuring excellent cure
rates for patients. However, regarding the treatment of cutaneous melanoma, the use of Mohs surgery
is not a consensus among specialists. This article aims to elucidate whether Mohs surgery is a safe and
effective treatment for melanoma skin cancer.
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RESUMO

A cirurgia microgdfica de Mohs, criada em 1930 por Frederich Mohs, é uma técnica mundialmente conhecida para o
tratamento de canceres de pele, sendo atualmente mais utilizada para tratar os carcinomas basocelular e espinocelular,
assegurando excelentes taxas de cura para os pacientes. No entanto, em relagdo ao tratamento do melanoma cutdneo, o
uso da cirurgia de Mohs ndo é um consenso entre os especialistas. Esse artigo pretende elucidar se a cirurgia de Mohs
¢é um tratamento seguro e eficaz para o cancer de pele melanoma.
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INTRODUCTION

Mohs micrographic surgery (MMS) was first described in
the 1930s by the American physician Friedrich Mohs. In 1933,
Mohs created the concept of micrographic chemosurgery, and
after three years of the discovery, he began to treat his patients
using this technique.' After several successful surgeries, associa-
ting high cure rates and good secondary intention healing, Mohs
surgery impressed mainly dermatologists, and it was accepted as
an innovative and high-impact technique for skin tumors.? The
current Mobhs surgery differs from the technique initially created
in 1930 and may also vary between surgeons and institutions.’

Basal cell carcinoma (BCC) and squamous cell carcinoma
(SCC) are the two tumors most treated by Mohs surgery.* The
excellent cure and low recurrence rates obtained with MMS
show that the Mohs technique is already very well established
for both carcinomas. However, as melanoma has a strong ten-
dency to invade vascular walls and metastasize, chemosurgery for
this type of neoplasm differs and is a matter of debate regarding
its effectiveness and benefit.”

Primary cutaneous melanoma is a neoplasm that affects
melanocytes, the cell responsible for melanin production. This
cell, present in the basal layer, can infiltrate deeper layers when
a mutation occurs, thus denominating invasive melanoma (IM);
or remain only in the most superficial layer, being characterized
as melanoma in situ (MIS).® This tumor tends to invade adjacent
tissues in a clinically invisible way. Therefore, it must have a rigid
and careful evaluation of its margins.”

The current challenge is to find effective therapies that
present a low surgical risk for the patient, with the possibility
of preserving as much tissue as possible, combined with nega-
tive histological margins that reduce the chance of recurrence.
One of the reasons to discuss the use of MMS in melanomas
is that this type of cancer presents non-contiguous growth, a
fact that was refuted by Friedrich Mohs in one of his articles
where he reports that melanoma spreads contiguously before
spreading systemically.® Another critical point for this discussion
is the difficulty in distinguishing melanoma atypical melanocy-
tes from photodamaged skin atypical melanocytes. However, the
experience of the surgeon and the biochemical technician can
minimize this difficulty with the combined use of staining and
immunohistochemistry.

MMS is a technique based on maximum tissue preserva-
tion with serial frozen sections, combined or not with staining
and immunohistochemistry. The surgery aims to preserve as
much tissue as possible, combining a good aesthetic and functio-
nal result, especially in noble and exposed areas such as the head
and neck, areas where the preservation of the aesthetic function
is of great importance to the patient. MMS, however, requires a
well-trained team, as a qualified professional must know how to
interpret the histological sections, thus ensuring that the margins
are free of tumor tissue.

Currently, the standard treatment for melanoma is global
excision (GE). This technique is based only on excision with

wide margins and does not perform perioperative microscopic
analysis of the removed margins.” In GE, as there is no analysis
of the excised margins, it is necessary to make a safety mar-
gin greater than usual to guarantee negative margins, impairing
the patient’s aesthetics. Even with a larger margin, conventional
surgery may not remove the entire tumor area, allowing tumor
recurrence in a more severe form.

In Brazil, despite being a recognized surgery for more
than 30 years, Mohs surgery has only recently become evident.
One of the reasons is the lack of qualified professionals to per-
form the surgery and the scarcity of training centers since the
success of the technique depends on the high skill of the labora-
tory technician and the surgeon’s experience. The lack of public
policies that include Mohs micrographic surgery in the list of
surgeries against skin cancer also hinders the dissemination of
this technique.®

Several therapies have been proposed to treat Cutaneous
Melanoma (CM), including non-surgical therapies such as cryo-
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therapy, imiquimod, laser, radiotherapy, and curettage.
ver, according to the American Academy of Dermatology guide-
lines, the primary therapy against this cancer is surgical excision,
and the primary objective of this excision is to achieve free his-
tological margins to prevent recurrences and increase survival.'!

In the 1970s, Alexander Breslow created a concept of
histological staging for melanoma based on tumor thickness.”!?
From this, the prognosis of melanoma can be evaluated more
reliably, using mainly the invasion stage and its thickness.'* Also,
the location of the tumor and the patient’s characteristics help
evaluate the prognosis and therapeutic choice. In addition, the
body areas affected by the tumor also contribute enormously to
assessing whether or not using MMS is suitable for melanoma.

Although MMS is an increasingly advocated technique
for melanoma, GE is still the most widely used technique. This
review aims to elucidate the benefits and importance of using
Mohs micrographic surgery to treat melanoma, emphasizing
data such as cost, recurrence, overall survival and disease-free
survival, minimum margins to extinguish the tumor, and use of
staining and/or immunohistochemistry.

MATERIALS AND METHODS

It is a systematic review aiming to answer “Is Mohs
Surgery an effective and safe therapy to treat melanoma?”’. We
searched the electronic databases MEDLINE/Pubmed between
06/25/2022 and 07/26/2022, following the recommendations
of the PRISMA guideline. In the first stage, we selected the
keywords melanoma, skin neoplasm, Mohs surgery, treatment
outcome, and prognosis, which were later crossed with the Boo-
lean operator AND, generating a total of 127 results. The filters
used were “last 10 years”, “human”, and “full text”. The selected
languages were English and Portuguese. After all the steps, we
obtained 67 results. Articles were initially selected by title and
abstract to verify eligibility for this study. Subsequently, we ex-
tracted data regarding the general characteristics of the sample,
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recurrence, overall survival, disease-free survival, margins, and
use of immunomarkers and staining. The inclusion criteria were
prospective cohort, retrospective, and cross-sectional articles,
papers correlating melanoma and Mohs surgery, contemplating
melanoma and its subtypes and treatment therapies, presen-
ting Mohs surgery as a treatment for melanoma, and published
between 2012 and 2022. Exclusion criteria were articles that
showed therapies for skin cancer other than Mohs, focusing on
non-melanoma skin cancer, articles emphasizing melanoma, and
areas of medicine other than dermatology. We also excluded re-
views, articles unavailable for reading, and letters to the editor.
In the end, we selected 12 articles to compose this article.

RESULTS

The mean follow-up time for patients in each study was
2.88 years. The average age of the total sample was 63.65 years.
Most of the lesions in this study were in the extremities (44.3%),
followed by the trunk (32.4%) and head and neck (20.8%). Re-
garding immunohistochemistry and staining, most authors used
melan-A (melanoma antigen recognized by T1 cells), and the
prevalent immunostaining was hematoxylin and eosin (H&E).
Table 1 shows the general characteristics of the articles chosen
to compose the present study.

The recurrence rate is a controversial aspect that is dif-
ficult to agree on.Thus, it was arbitrarily considered, as authors
defined the recurrence rate in their way. Given this arbitrariness,
the recurrence rate is not the best parameter to assess MMS
effectiveness. Concerning surgical margins, most articles consi-
dered 10 mm as ideal to achieve free margins.

Regarding overall survival, many articles compared
MMS and GE, creating a parallel mainly with the percentage
of overall survival. Only five authors assessed this data, and the
overall survival rate for MMS was 93.78%. For the authors
who compared it with GE, the overall survival rate for this
group was 90.27%. Overall survival rates showed good results
for MMS. Studies using MMS showed an overall survival rate
of 92.90%. The disease-free survival rate for melanoma was a
variable that presented excellent results. The average for the
MMS was 95.9%, while for the GE was 88%. The Breslow
thickness is the primary prognostic marker for melanoma.
Most studies presented the Breslow thickness as the main re-
currence and mortality predictor of invasive melanoma and
some evaluated the average Breslow thickness. Most of the pa-
tients studied had a Breslow depth of <1 mm.

DISCUSSION

The results of this review corroborate the hypothesis of
efficacy and adequacy of MMS for invasive and in situ melano-
ma. This assessment is paramount since melanoma is the most
prevalent cancer in Brazil, accounting for 30% of malignant tu-
mors in the country. Therefore, devising strategies for its treat-
ment and prevention impact public health significantly. Howe-
ver, Brazil needs more studies on this topic, given that most of

the studies analyzed in this article were conducted in the United
States.

The low recurrence and survival rates compared with
GE show that it is an effective technique to treat and cure me-
lanoma. Nevertheless, more studies must be performed to cor-
roborate these results. The NCCN (National Comprehensive
Cancer Network) and the AAD (American Academy of Der-
matology) guidelines recommend MMS only for melanoma in
situ and lentigo maligna subtype 1. Although some studies
have shown that MMS is effective for invasive melanoma, its use
for this type of tumor remains restricted.

The average age of the samples reveals a characteristic of
this type of cancer: it mostly affects elderly people aged around
60 years. One of the reasons would be the longer exposure time
to the sun, and a prevention program based on this environmen-
tal factor may be essential to reduce this neoplasm rate. A signi-
ficant advantage of the MMS is the perioperative evaluation and
absence of general anesthesia for the procedure. Moreover, high
cost due to the use of sophisticated materials and equipment
remains a barrier to the use of the MMS.

Recurrences, whether arising from a contiguous tumor or
not, present a significant inconvenience in melanoma treatment, as
a new surgical approach is required, resulting in greater tissue loss
and costs for the patient. Also, the recurrence tissue may present
a more aggressive tumor characteristic than the primary tumor,
with a deeper Breslow thickness and the development of metasta-
ses.” Therefore, preventing recurrence is a key point to define the
success of the therapy used to treat melanoma.

Degesys studied MMS in invasive melanoma, and al-
though their study used a Breslow thickness of <1 mm, it used
the MMS well, resulting in a low recurrence rate (1.6%) and
absence of metastases, thus showing good control of the primary
tumor.'® In the Chin-Leen study, no patient submitted to MMS
presented recurrence.” Also, Valentin-Nogueras demonstrated
the effectiveness of MMS combined with Melan-A, resulting in
low local recurrence rates."

The disease-free survival rate showed excellent results for
MMS compared to GE. Few authors showed this data; however,
it impacts significantly the comparison of which surgical tech-
nique has the best outcome and greater efficiency, as well as the
recurrence rates. This review evidences the high success rates
in melanoma treatment using MMS. However, Demer observed
that the survival rate varies with the location of the melanoma,
and therefore the therapy must be individualized.?'

Many studies used immunostaining in their research.
Frozen immunostaining is a technique that increases surgical
costs, as it is a complex and time-consuming process that requi-
res a qualified and experienced team. However, MMS combined
with immunostaining and immunohistochemistry increased the
accuracy of margin assessment, and the most used technique in
immunohistochemistry was Melan-A. Melan-A combined with
H&E help in MMS accuracy in differentiating between atypical
melanocytes and photodamaged skin.?



Zacarias JRS, Neves RA, Caetano YA

Box 1: General information on articles chosen for review

Author | Region Surgical | Diagnosis | Staining Local Global 5-year 10-year Average
technique and im- recur- recur- recur- recur- margins
mune-his- | rence rence rence rence needed
tochemis- | rate rate rate to excise
try higher
percent-
age of
tumor
(97%)
Degesys'® | All loca- MMS IM H&E 1,6% 1,63% _ _ _
tions Melan-A
Chin- Face MMS IM H&E 6,2% _ 8,7% _ _
Lenn’® GE 7,7% 18,9%
Ellinson’ | All MMS IM Melan-A _ _ _ 12 mm
locations MIS
Nosrati'” | All MMS MIS H&E _ 1,8% 1,1% 1,8% _
locations EG 5,7% 4,1% 6,8%
Stigall'® Trunk and | MMS IM Melan-A _ 0,1% _ _ 9 mm
proximal
extremity
Burnett'* | Trunk and | MMS IM H&E 0,14% _ _ _ 10 mm
proximal Melan-A
extremity
Valentin- | All MMS MIS Melan-A 0,35% _ 0,56% - 7,10 mm
Noguer- | locations IM 0,72% 0,66% 7,23 mm
as]l
Kun- All MMS MIS Melan-A - - 0,0% 0,12% 12 mm
ishige'® locations ML 0,27% 0,33% C&P
9 mm
T&E
Phan, All MMS M - - - - - -
Loya" locations | GE
Namin® | Head and | MMS All types _ _ _ _ _ _
neck GE of Mela-
noma
Demer?! | Trunk and | MMS IM - - - - - —
extremities | GE MIS
Viola? | — MMS M - - - - - -
GE MIS

The Valentin-Nogueras study notes that Melan-A poten-
tiated good results in MMS, reaching lower recurrence rates and
higher survival rates than GE techniques.!" However, Nosrati
did not use immunohistochemistry and states that this technique
can result in errors, which can cause unnecessary extension of
the margins for excision, mistaking sun-damaged skin for tumor
cells.” Therefore, the specialist discretion should decide the use
of this technique.

In most studies, a margin of 12 mm was adequate for a
melanoma clearance of 97%. Degesys showed that a margin of
5 mm would be necessary to remove 62.6% of melanomas, and
additional margins were needed to increase this percentage. The
NCCN recommends margins of 0.5 ¢cm to 1.0 ¢cm for melano-
ma in situ and margins of 1 cm to 2 cm for invasive melanoma,
based on a Breslow depth of 4.5 mm.
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One of the ways to reduce MMS costs in Brazil is to
include it in the list of surgeries for skin tumors in the Public
Healthcare System (Sistema Unico de Satde - SUS). Another
essential issue is the implementation of preventive measures and
early cancer diagnosis. Mohs, in one of his studies, states that
an important criterion is that MMS is more successful when
performed in melanomas diagnosed in the early stages."” Even
conventional surgery would not be able to achieve high chances
of cure in melanomas diagnosed in late stages.

Furthermore, the MMS needs a well-trained team for
the serial evaluation of histological sections to ensure that the
excision is complete and free of tumor margins. The creation of
Mohs surgery centers can train surgeons and laboratory techni-
cians capable of interpreting the slides.

A fundamental aspect of MMS in melanoma is its ability
to spare healthy tissue in exposed areas, such as the face, and pre-
serve noble structures, such as the eyeball and facial nerve.As GE
does not perform perioperative analysis of the margins, this type
of surgery can compromise important structures to extirpate the
entire tumor by increasing the size of the margins, thus creating
a choice between preserving a noble structure or reaching ne-
gative margins.
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