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Abstract
Purpose of Review The aims of this report are to review literature supporting the use of Mohs micrographic surgery for treatment
of non-melanoma skin cancer and to address indications and potential limitations of this form of therapy for non-melanoma skin
cancer.
Recent Findings The first randomized controlled trial comparing standard excision to Mohs micrographic surgery for treatment
of facial basal cell carcinoma has recently been published, demonstrating a lower recurrence rate after Mohs surgery compared to
standard excision after a 5-year and 10-year follow-up period, supporting its use in the treatment of high-risk basal cell skin
cancer.
Summary Mohs micrographic surgery is indicated for treatment of basal cell carcinomas and cutaneous squamous cell carcino-
mas at high risk of recurrence and for tumors located in areas where tissue conservation and/or functional preservation is desired.
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Introduction

Non-melanoma skin cancers (NMSCs) represent the most
common malignancies in the United States. Basal cell carci-
noma (BCC) and cutaneous squamous cell carcinoma (cSCC)
account for the majority of NMSC. The incidence of NMSC
has been steadily rising for years, with greater than 5.4 million
cases annually according to recent estimates. Rogers et al.
recently found that incidence rates of skin cancer in the
United States (US) sustained a 100% increase from 1992 to
2012 in the Medicare fee-for-service population. They also
reported a 35% increase in NMSC in the US population over
a 6-year period from 2006 through 2012 [1]. The aging pop-
ulation and increasing use of immunosuppressive

medications, often in the setting of organ transplantation, have
been significant factors in this increasing incidence [2].

Mohs micrographic surgery (MMS) has become the treat-
ment of choice for high-risk NMSC due to the fact that it
produces the highest cure rates while sparing as much normal
tissue as possible. The goal of this report is to review the use of
MMS for NMSC, including indications and potential limita-
tions of this technique.

Background

BCC is the most common malignancy affecting humans. The
incidence of BCC has risen globally by 5.5% each year for the
past few decades, and it is expected to continue increasing
over time [3]. Tumors are generally located in areas with high
levels of sun exposure, most commonly on the head and neck.
While BCC typically has a good prognosis, tumors can cause
significant morbidity, particularly due to the common occur-
rence in functional areas of the head and neck.

cSCC, the second most common skin malignancy, can oc-
cur on any area of the skin. The lifetime risk of developing
cSCC in the US is up to 14% for men and 9% for women [4].
The main risk factor for the development of cSCC is

This article is part of the Topical Collection on HEAD & NECK: Non-
melanoma Skin Cancer of the Head and Neck

* Alison B. Durham
ambates@med.umich.edu

1 Department of Dermatology, University of Michigan Health System,
1500 E. Medical Center Dr., UH South Rm F7672, Ann
Arbor, MI 48109-5218, USA

Current Otorhinolaryngology Reports (2018) 6:115–119
https://doi.org/10.1007/s40136-018-0193-5

http://crossmark.crossref.org/dialog/?doi=10.1007/s40136-018-0193-5&domain=pdf
mailto:ambates@med.umich.edu


cumulative sun exposure. Immunosuppression, often related
to organ transplantation, has become an increasingly common
risk factor in recent years [2]. The most frequently affected
areas include the chronically sun-exposed skin of the head,
neck, and upper extremities. Tumors can also develop in areas
of chronic inflammation or within longstanding scars [5].

The choice of treatment modality for NMSC should take
into consideration multiple factors, including recurrence rate,
conservation of function, patient expectations, and possible
adverse effects [6]. Surgical treatment is the mainstay of ther-
apy for NMSC. Surgical treatment options include curettage
and electrodessication, standard surgical excision, or MMS.
MMS is the treatment modality with the highest reported cure
rate for primary tumors (99% cure rate) [7]. MMS is most
often the treatment of choice for tumors on the head and neck
due to their higher risk of recurrence and location in areas
where functional preservation is of utmost importance.

Mohs Micrographic Surgery

MMS as it is practiced today is a modification of the method
first developed by Dr. Frederic E. Mohs in 1941. His chemo-
surgery technique was based on chemical fixation of the dis-
eased tissue with zinc chloride in vivo, after which the tumor
was shaved off allowing 100% of the margins, both deep and
peripheral, to be examinedmicroscopically through horizontal
sectioning of the removed tissue. If cancer was found
persisting in any of the margins, these areas were localized
on maps, and re-excision was performed only in areas of re-
sidual cancer [8, 9].

Since its inception, the technique has been refined and now
is performed under local anesthesia using frozen sections,
without in vivo tissue fixation. The procedure begins with
debulking of the clinical lesion with either a scalpel or curette.
The clinically affected tissue is then excised with a small mar-
gin of normal-appearing skin in a thin layer with the scalpel
angled at 45° to the skin (producing a beveled edge).
Importantly, anatomical orientation is maintained and a map
is drawn. Subsequently, the technician compresses and
mounts the tissue and serially cuts horizontal frozen sections
across the bottom of the specimen. This allows for microscop-
ic visualization of the entire deep margin as well as the periph-
eral epidermal margins. The slides are then reviewed by the
surgeon, who marks any residual neoplasm on the map. Any
areas of positivity are re-excised and processed as above until
complete tumor clearance is achieved. The technique is named
“micrographic” due to the combination of microscopic control
of cancer excision and graphic mapping to aid in the re-
excision of residual tumor [9, 10].

MMS differs from standard surgical excision in several
ways. Most importantly, processing of the excisional speci-
men in MMS allows for histopathologic assessment of

100% of the excisional margin, compared to approximately
2% of the margin which is evaluated via the “breadloaf” tech-
nique used in standard histologic processing of excisional
specimens.MMS allows for removal of the tumor with narrow
margins and thus maximizes the rate of complete tumor re-
moval while minimizing loss of normal tissue. Of all treatment
modalities, MMS was demonstrated to have the highest cure
rate for NMSC, with clearance rates of 99% for primary BCC
and 95% for recurrent BCC after 5 years [7, 11].

Based on retrospective studies, MMS has long been con-
sidered the treatment of choice for high-risk NMSC based on
tumor location, histology, recurrent nature, or patient factors
such as immunosuppression. However, there has been a pau-
city of randomized controlled trials (RCTs) comparing out-
comes between different treatment modalities, leading to a
lack of consensus regarding the best treatment modality for
all tumors.

Due to this lack of consensus, in 2012, a task force of the
American Academy of Dermatology, the American College of
Mohs Surgery, the American Society for Dermatologic
Surgery Association, and the American Society for Mohs sur-
gery published a set of appropriate use criteria for MMS. At
the time these criteria were developed, evidence for the use of
MMS for BCC and cSCC was limited to retrospective case
series and meta-analyses [12].

Results from a RCT from the Netherlands evaluating re-
currence rates of primary and recurrent facial BCCs after ran-
domization to standard excision (SE) or MMS are now avail-
able. Interestingly, after the first follow-up period of
30 months, recurrence rates were slightly lower for both pri-
mary and recurrent BCCs treated withMMS versus SE, but no
statistically significant differences were found for either
group. After 5 years of follow-up, significantly fewer recur-
rences were reported of recurrent BCC after MMS compared
to SE, but this difference was not found in primary BCC. After
10 years of follow-up, Van Loo et al. reported a recurrence rate
of 4.4% for primary facial BCC treated with MMS versus
12.2% after standard excision (p = 0.100). Their findings for
recurrent facial BCC also favored MMS, with a 10-year re-
currence rate of 3.9% after MMS and 13.5% after SE (p =
0.023). Importantly, it was found that a significant number of
recurrences of primary BCC (56%) developed after 5 years of
treatment, underscoring the slow growth of these tumors and
the importance of long-term follow-up for these patients. An
aggressive histologic subtype was a significant risk factor for
recurrence. These data provide the best available evidence at
the current time to support the use of MMS for BCC at in-
creased risk of recurrence [13•].

In addition to the high cure rate, another important benefit
of MMS in the treatment of NMSC lies in the smaller surgical
defects that result from this tissue-sparing technique. This be-
comes particularly important when the tumor is located in
functional areas of the head and neck, as is often the case in
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NMSC. A small RCT found that the median area of the defect
after MMS for BCC was significantly smaller than that
resulting from SE (116.6 versus 187.7 mm, p < 0.001) [14].
Another study found that for BCCs requiring more than one
SE, or at least two stages of MMS, the defect size was signif-
icantly larger after excision compared to MMS for primary
and recurrent BCCs [15]. In areas where functional preserva-
tion is critical, the use of a tissue-sparing modality such as
MMS should be considered the treatment of choice.

There are currently no RCT data or prospective studies
evaluating MMS compared to other treatment modalities for
treatment of cSCC. However, considering the recent RCT data
showing the superiority of MMS for primary and recurrent
facial BCCs, one may reasonably deduce a similar benefit
for cSCC. Cutaneous SCC is often characterized by asymmet-
ric subclinical extension histologically and can present with
perineural invasion. Because of these factors, MMS is often
the treatment of choice to allow for complete margin evalua-
tion and improved tumor clearance.

Selection Criteria for MMS for Basal Cell
Carcinoma

Given the low metastatic rate of BCC, the risk for local tumor
recurrence is felt to be the most clinically relevant factor driv-
ing the selection of treatment modality for BCC. The National
Comprehensive Cancer Network (NCCN) has created a risk
stratification based on clinical and pathological features,
which is useful in guiding treatment selection for patients with
BCC [16]. The NCCN stratification considers parameters
such as location, size, ill-defined tumor borders, primary ver-
sus recurrent, immunosuppression, site of prior radiation ther-
apy, histologic growth pattern, and perineural involvement to
help distinguish low-risk from high-risk tumors. High-risk
tumors as defined by these parameters constitute indications
for treatment with MMS (Table 1).

Notably, location of a tumor in what has been named the
“H”-zone of the face (see Table 1for definition) confers a high
risk of recurrence and thus represents an indication for treat-
ment withMMS, regardless of the size of the lesion. Mora and
Robins found in their case series of 848 treated BCCs that
tumors located on the central face were more invasive, more
destructive, and more frequently recurrent than tumors else-
where [17].

Tumor clearance may be challenging in some areas in the
“H-zone” due to the presence of embryonic fusion planes in
which the spread of tumor can be very subtle; these include the
ala-nasolabial junction, the postauricular sulcus, and the
preauricular area (especially the tragus). Tumor clearance in
other areas, such as the nasal ala, may be challenging due to
the possibility of subclinical perichondrial spread. Use of
MMS for treatment of tumors in these areas has the advantage

of allowing evaluation of 100% of the peripheral and deep
margins, leading to improved cure rates. MMS is also the
treatment of choice for tumors in the “H”-zone as this zone
includes anatomic units with critical functional and cosmetic
importance [9].

Selection Criteria for MMS for Cutaneous
Squamous Cell Carcinoma

While it is known that the majority of cSCCs can be treated
successfully with surgical excision or electrodessication
and curettage, it is recognized that certain tumors have a
higher risk of local recurrence and therefore MMS should
be considered as the treatment of choice. The NCCN
Clinical Practice Guidelines for cSCC utilize clinical and
pathological factors to provide a risk stratification system,
similar to the one described for BCC, which serves to help
guide treatment selection for SCC. This is based on avail-
able evidence in the literature as well as expert opinion
[18]. MMS is generally recommended for treatment of
high-risk cSCC, as per NCCN stratification (Table 2).
Clinical factors that define high-risk cSCC include certain
locations and tumor size, ill-defined borders, recurrent na-
ture, development within a site of prior radiation therapy or

Table 1 National Comprehensive Cancer Network stratification of low-
versus high-risk BCC (Version 1.2018)

Parameters Low risk High risk

Clinical

Location1/size Area L < 20 mm Area L ≥ 20 mm

Area M2 < 10 mm Area M ≥ 10 mm

Area H3

Borders Well defined Poorly defined

Primary vs recurrent Primary Recurrent

Immunosuppression No Yes

Site of prior radiation therapy No Yes

Pathological

Growth pattern subtype Nodular, superficial4 Aggressive5

Perineural involvement No Yes

1 Area L = trunk and extremities (excluding hands, feet, nail units,
pretibial area, and ankles). Area M = cheeks, forehead, scalp, neck, and
pretibial area. Area H = central face, eyelids, eyebrows, periorbital skin,
nose, lips, chin, mandible, pre- and postauricular skin/sulci, temple, ear,
genitalia, hands, and feet
2 Location independent of size may constitute high risk
3Area H constitutes high risk based on location, independent of size
4 Low-risk growth patterns also include keratotic, infundibulocystic, and
fibroepithelioma of Pinkus
5Having morpheaform, basosquamous (metatypical), sclerosing, mixed
infiltrative, or micronodular features in any portion of the tumor
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chronic inflammation, history of immunosuppression, or a
history of rapid growth or neurological symptoms (which
suggests perineural involvement). Histopathological fea-
tures that define a high-risk cSCC include poor differenti-
ation, depth of 2 mm or greater, or any perineural, lym-
phatic, or vascular involvement.

Similar to BCC, the choice of treatment modality for cSCC
must take into account the degree of risk as well as other
factors including preservation of function, possible adverse
effects, and patient expectations [6].

Limitations of Mohs Micrographic Surgery

MMS has limitations in certain situations. Aggressive histo-
logic subtypes such as sarcomatoid/spindle cell or infiltrative
cSCC are more challenging to identify on frozen sections and
may lead to false-negative interpretations [19]. These histo-
logic subtypes may be best treated with standard surgical ex-
cision and permanent paraffin sections for optimal histopath-
ologic evaluation. Additionally, the fact that MMS layers are
not further evaluated for high-risk features using paraffin sec-
tions presents another limitation. This can be surmounted by

submitting the tumor debulking specimen for paraffin sections
in order to assess for high-risk features and/or perform addi-
tional testing (e.g., molecular studies) if indicated.

Conclusions

MMS represents a highly specialized surgical technique
which allows for complete margin assessment and provides
the highest cure rate for treatment of NMSC. MMS differs
from standard surgical excision because the processing of
the excisional specimen allows histopathologic assessment
of 100% of the excisional margin, maximizing the rate of
complete tumor removal. In addition to the benefit of total
margin control, the advantage of tissue preservation is of par-
ticular importance in areas where these tumors tend to occur
including most functional areas of the head and neck.

Until recently, recommendations for treatment of NMSC
with MMS were based on retrospective data and consensus/
expert opinion. There is now evidence from a RCT showing
that after a 10-year follow-up period, primary and recurrent
facial BCCs treated with MMS developed fewer recurrences

Table 2 National Comprehensive
Cancer Network stratification of
low- versus high-risk cSCC
(version 2.2018)

Parameters Low risk High risk

Clinical

Location1/size2 Area L < 20 mm Area L ≥ 20 mm

Area M3 < 10 mm Area M ≥ 10 mm

Area H4

Borders Well defined Poorly defined

Primary vs recurrent Primary Recurrent

Immunosuppression No Yes

Site of prior radiation therapy or chronic inflammatory
process

No Yes

Rapidly growing tumor No Yes

Neurological symptoms No Yes

Pathological

Degree of differentiation Well to moderately
differentiated

Poorly
differentiated

High-risk histopathological subtype5 No Yes

Depth (thickness or Clark level)6 < 2 mm, or I, II, III ≥ 2 mm or IV, V

Perineural, lymphatic, or vascular involvement No Yes

1Area L = trunk and extremities (excluding hands, feet, nail units, pretibial area, and ankles). Area M = cheeks,
forehead, scalp, neck, and pretibial area. Area H = central face, eyelids, eyebrows, periorbital skin, nose, lips, chin,
mandible, pre- and postauricular skin/sulci, temple, ear, genitalia, hands, and feet
2 Including peripheral rim of erythema
3 Location independent of size may constitute high risk
4Area H constitutes high risk based on location, independent of size
5 Acantholytic (adenoid), adenosquamous, desmoplastic, or metaplastic (carcinosarcomatous) subtypes
6 A modified Breslow measurement should exclude parakeratosis or scale/crust and should be made from base of
ulcer is present. If clinical evaluation of incisional biopsy suggests that microstaging is inadequate, consider
narrow margin excisional biopsy
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than those treated with standard excision (4.4 versus 12.2%
for primary BCC; 3.9 versus 13.5% for recurrent BCC) [13•].

MMS is indicated to treat BCC and cSCC considered to be
at high risk for recurrence. Factors that confer a higher risk
include location in the H-zone of the face, recurrent nature,
size, aggressive growth pattern, immunosuppression, prior ra-
diation therapy, perineural involvement, and other factors
(Tables 1 and 2).

It is important to note that MMS is not ideal to treat certain
types of tumors, such as sarcomatoid/spindle cell or poorly
differentiated cSCC, as these tumor cells may be more diffi-
cult to evaluate with frozen sections. Standard excision with
permanent section histopathologic assessment of margins may
be preferred for these specific histologic subtypes.
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