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Mohs Micrographic Surgery: Past, Present, and Future
Diana K. Cohen, MD, MS* and David J. Goldberg, MD, JD*†

BACKGROUND Mohs micrographic surgery (MMS) is a frequently used technique that provides total margin
visualization for treatment of skin neoplasms.

OBJECTIVE To provide a comprehensive review of MMS literature, focusing on its origins, evidence behind
present-day uses of MMS, and future directions.

METHODS A literature search was conducted using PubMed to identify articles pertaining to MMS.

RESULTS The fresh frozen technique led to widespread use of MMS in the 1970s. One randomized controlled
trial and several large prospective studies have demonstrated low recurrence rates for treatment of non-
melanoma skin cancer (NMSC). MMS, when compared with surgical excision, also achieved a statistically
significant higher cure rate for treatment of recurrent NMSC. Studies have demonstrated low recurrence for the
treatment of melanoma andmelanoma in situ with MMS. MMS has also been shown to effectively treat several
rare cutaneous neoplasms. The future of MMS is likely to include the adoption of noninvasive imaging,
immunostaining, and digital technology.

CONCLUSION Mohsmicrographic surgery is an effective treatmentmodality for numerous cutaneous neoplasms.
It has achieved statistically significant superiority to surgical excision for the treatment of recurrent and high-risk
NMSC. The future is likely to see increased use of noninvasive imaging, immunostaining, and digital technology.

The authors have indicated no significant interest with commercial supporters.

Past

While performing research as a medical student at the
University of Wisconsin-Madison, Dr. Frederic
Edward Mohs conceived the surgical technique that
nowbears his name.Mohsworked in the laboratory of
Professor Michael F. Guyer, head of Zoology at the
University of Wisconsin. The 2 collaborated on
research to examine leukocyte infiltration in cancerous
and normal tissue.1 During his experiments, he
observed that fixationwith 20% zinc chloride solution
allowed the skin to retain its normal architecture, and
thus the Mohs-fixed tissue technique was born. In
1936, after patenting a 20% zinc chloride paste for-
mulation (to produce more controlled fixation), Mohs
began to use the paste to treat patients with skin can-
cer.2 He performed a layer-by-layer removal to effi-
ciently and effectively examine the entire tumor
margin.1

Although Mohs technique was effective at removing
skin cancers, the fixation of tissue had many draw-
backs. Most notably, the process was painful; it was
once described as worse than the pain of renal colic.3

Tissue fixation resulted in sloughing for days, followed
by slowgranulationofwounds.Anypost-Mohs repairs
needed to be delayed until sloughing of dead tissue was
complete. People who were self-proclaimed “healers”
were touting similar fixatives as quick cancer cures, but
did not perform microscopic examination of tissue,
which led to many recurrences. Not surprisingly, the
“healers” generated skepticism around the use of fix-
atives for treatment of skin cancers.2

It was not until 1953 that Mohs first ceased using
in vivo tissue fixation and used fresh frozen tissue in an
attempt to speed-up his technique. The process was
faster, local anesthesia reduced the pain, and therewas
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less irritation to nearby structures. Histologic margins
were adequately examined, and the tumor was con-
firmed to be removed. Another dermatologist, Dr.
Theodore A. Tromovitch, was frustrated with com-
plaints of pain from his patients in California and took
note of the improvements with use of fresh frozen
tissue. In 1970, at the American College of Chemo-
surgery meeting, Tromovitch presented successful use
of fresh frozen tissue for removing skin cancers with
themodifiedMohs technique. Dermatologists realized
the benefits of using fresh frozen tissue in the coming
years, and this transition subsequently led to a more
widespread adoption of Mohs surgery.3 Over the
years, the name for the procedure has undergone
several iterations, eventually landingon the commonly
used Mohs micrographic surgery (MMS).

Present

Nonmelanoma Skin Cancer

Moving forward into the 21st century brought an
uptick in the incidence of cutaneous nonmelanoma
skin cancers (NMSCs). From 1992 to 2012, there
was a 100% increase in NMSC incidence in the
Medicare population. In 2012, an estimated
5,434,193 NMSCs were treated.4 Not surprisingly,
the utilization ofMMShas similarly trended upward.5

MMS is now used for 1 of every 4 NMSCs, and has
increased 400% between 1995 and 2009.6 Several
studies have investigated the utility of MMS. The
preeminent studies, conductedwithin the past 30 years
and involving large prospective cohorts of patients,
will herein be reviewed.

One of the only prospective, randomized trials com-
paring recurrence rates of MMS to standard excision,
conducted by Smeets and colleagues,7 focused onbasal
cell carcinoma (BCC) of the face. Both primary and
recurrent BCCs were included in the study. The
authors did notfind a statistically significant difference
in recurrence rates when comparing treatments,
although the absolute numbers favoredMMS. During
30 months of follow-up, 5 primary tumors (3%)
recurred after surgical excision, compared to 3 tumors
(2%) treated with MMS (95% confidence interval
[CI], 2.5%–3.7%, p = .724). Of the treated recurrent

BCCs, 3 (3%) re-recurred after surgical excision and
none re-recurred after MMS after 18 months of
follow-up (95% CI, 2.0%–5.0%, p = .119). The
authors concluded that the study might not have been
powered well enough to detect a significant difference
in treatments.

Results of a 5-year follow-up on the study by Smeets
and colleagues showed a statistically significant
advantage forMMS compared to surgical excision for
treatment of recurrent BCCs, with 2 (2.4%) tumors
recurrent after MMS and 10 (12.1%) recurrent after
surgical excision (p = .015). Outcomes from treatment
of primaryBCCdid not achieve statistical significance.
There were 4 (2.5%) and 7 (4.1%) recurrences for
MMS and surgical excision, respectively, in the pri-
mary BCC group (p = .40).8 Long-term data from the
same cohort of patientswere collected, and the 10-year
cumulative probability of recurrence was found to be
4.4% for MMS and 12.2% for surgical excision for
primary BCC (p= .10). For recurrent BCC, the 10-year
cumulative probability of recurrence was found to be
3.9% after MMS and 13.5% after surgical excision
(p = .023). Results emphasized the need for long-term
follow-up because over half of all recurrences in the
poststandard excision primary BCC group occurred
more than 5 years after treatment.9

A large prospective study onMMS outcomes for BCC
was conducted in Australia using the AustralianMohs
Database. The database prospectively collected data
from patients who underwent MMS from 1993 to
1999 with an Australian fellowship-trained Mohs
surgeon. Three thousand three hundred seventy
patients completed the 5-year follow-up; 56% of
tumors were primary and 44% were recurrent.
Recurrence rates for BCC treated with MMS were
1.4% for primary tumors and 4.0% for recurrent
tumors. Nearly all (98.4%) tumors were located on
the head and neck, and several tumors had high-risk
features. The authors concluded that the low recur-
rence rates for both primary and recurrent BCCs
treated with MMS confirmed the value in removing
tumors with margin control.10

The same Australian Mohs Database was used to
evaluate the treatment of squamous cell carcinoma
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(SCC) with MMS. There were 1,263 patients who
underwent MMS; 772 (61.1%) patients had primary
tumors and 491 (38.9%) had recurrent tumors.
96.5% of tumors were located on the head and neck.
Of the 381 patients who completed the 5-year follow-
up, the overall recurrence rate of 3.9% (15 of 381
patients) was low. The recurrence rate was 2.6% for
primary tumors and 5.9% for patients with recurrent
SCC (p < .001). The tumors in this study were higher
risk, with a high percentage of poorly differentiated
large tumors located on the head and neck, and many
were recurrent cases. The study reaffirmed that MMS
offers the highest cure rate for high-risk primary and
recurrent SCC.11

Another large, prospective study conducted in the
United States by Chren and colleagues included 1,585
primary NMSCs in 1,253 patients treated in 1999 or
2000. The NMSCs were treated with either MMS or
other common treatments, such as excision or
destruction. Both BCCs and SCCs were included.
Recurrence rates after MMS, surgical excision, and
electrodessication and curettage were compared. The
overall median follow-up time after treatment was 7.4
years (3.0–8.8). Follow-up was available for 1,174
patients. The overall 5-year recurrence rate (95% CI)
was 3.3% (2.3–4.4), with a rate of 4.9% (2.3–7.4) for
destruction, 3.5% (1.8–5.2) for excision, and 2.1%
(0.6–3.5) for MMS. There was no significant differ-
ence between treatments after adjusting for risk fac-
tors. Other than the effectiveness of all treatments (at
least 95%), no conclusions could be drawn regarding
specific choice of therapeutic intervention.12 A follow-
up to the above study looked at recurrence rates of
tumors judged appropriate for MMS under the
Appropriate Use Criteria.5,13 Although an improve-
ment was observed in recurrence rates for tumors
meeting Appropriate Use Criteria that were treated
withMMS, the absolute difference in recurrence when
compared to excision, destruction, and other modali-
ties was less than expected.13

Several studies have demonstrated that histologic
margin control with MMS for treatment of both BCC
and SCC has a beneficial impact on recurrence
rates.7–13 The most significant reduction in recurrence
rates occurs in scenarioswhere tumors are recurrent or

display other high-risk features.8,9 If MMS is not an
option, primary BCCs or SCCs can be treated with
surgical excision in most cases while still achieving a
reasonably low recurrence rate. Further studies that
are randomized and adequately powered to detect
differences among treatments are needed (Figures 1–4).

Melanoma

Similar toNMSC, the incidence of melanoma is on the
rise in the United States. Incidence rates doubled from
1982 to 2011.14 Seventy-six thousand three hundred
eighty new cases of invasivemelanomawere estimated
to occur in 2016, along with 68,480 new cases of
in situmelanoma (MIS).15This reviewwill concentrate
primarily on MIS (Figure 5). Current recom-
mendations for treatment of MIS are for wide local
excision (WLE) with a margin between 0.5 and
1.0 cm.16 Several studies demonstrate that successful
removal of MIS often requires margins greater than
anticipated (especially on sun-damaged skin). This has
resulted in further exploration of removal with com-
plete margin examination using MMS and similar
techniques.17–19

Although still infrequently used for the treatment of
melanoma, use of MMS for melanoma is on the rise.
Use of MMS for invasive melanoma and MIS in the
United States increased by 60% from 2003 to 2008.20

One reason for the lag in adoption of MMS for
treatment of melanoma is the recognized difficulty in
the identification of melanoma on frozen sections.21

However, a recent study by Bene and colleagues
examined the accuracy of melanoma detection on

Figure 1. Multiple recurrent basal cell carcinoma before
treatment with Mohs micrographic surgery.
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frozen sections with hematoxylin and eosin staining
and showed promising results. After treatment with
MMS, the final margin was evaluated using paraffin-
embedded sections. Results showed a 95.1% accuracy
in the prospective cohort of 167 patients who were
treated with MMS for MIS.22 Use of rapid immunos-
taining of frozen sections during MMS has also
enhanced the identification of MIS.23 Studies of vari-
ous immunostains to better detect melanoma have
thus far corroborated that melanoma antigen recog-
nized by T cells 1 (MART-1) is superior to other
immunostains.24

There have been no randomized clinical trials to assess
the use of MMS for treatment of MIS. A recent ret-
rospective study of a prospective database compared

WLE to MMS for treatment of MIS. All anatomical
sites were represented, but sites on the face/neck/scalp
were predominant (88.5%). There were no significant
differences found in overall survival, melanoma-
specific survival, or recurrence rates between the 2
treatments.25 A 2007 review of MMS for treatment of
MIS recommended the use of MMS for treatment of
ill-defined lesions. The authors emphasized evaluation
of the entire specimen, including margins, to rule out
invasive disease, whichwas found as frequently as 1 in
every 4 cases.26 Etzkorn and colleagues used a specific
tissue-processing methodology, combined with
MART-1 immunostaining, with excellent results in
the treatment of in situ and invasive melanomas with
MMS. Therewas an overall 0.34% (2/597) recurrence
ratewith amean follow-up of 2.8 years. The technique
examined theperipheral anddeepmargins en face, and
used bread loafing to examine the debulking excision
for possible upstaging of the tumor. 5.5% (34/614) of
tumors were upstaged, of which 97% (33/34) were
detected by the Mohs surgeon, thereby allowing sen-
tinel lymph node biopsy (if necessary) before recon-
struction.27 Further studies are needed to compare
recurrence rates, survival outcomes, and
functional/cosmetic outcomes ofMMS toWLE before
there is more widespread adoption of MMS for
treatment of melanoma.

Rare Nonmelanoma Skin Cancer

In 1982, Dr. Neil Swanson accurately predicted the
expansion ofMMS for treatment of numerous types of
cutaneous neoplasms beyondNMSC andmelanoma.3

Figure 2. Patient in Figure 1 after 4 stages of Mohs
micrographic surgery.

Figure 3. Squamous cell carcinoma on the helix before
Mohs micrographic surgery.

Figure 4. Defect after 2 stages of Mohsmicrographic surgery.
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There are ever increasing reports of MMS for treat-
ment of less common cutaneous neoplasms. Because of
their rarity, most reports are case series at single
institutions. Ghareeb and colleagues28 identified that
MMS is currently underutilized for the subset of rare
skin cancers and can lead to improved clearance of
tumors and lessen the likelihood of receiving radio-
therapy. The following sections will highlight reports
of MMS used for treatment of select rare tumors.

Dermatofibrosarcoma Protuberans
Dermatofibrosarcoma protuberans (DFSP) is a rare
tumor with lowmetastatic potential but high reported
recurrence rates after WLE. Reports of recurrence
rates range from 11% to 60%.29 A retrospective
review by Lowe and colleagues compared DFSP trea-
ted withMMS to those treated withWLE at theMayo
Clinic. Results showed a significant reduction in
recurrence with MMS treatment, as 2 (3.0%) recur-
rences were found, compared to 28 (30.8%) recur-
rences observed with WLE. Follow-up periods and
preoperative lesion sizes were similar between the 2
groups.30 A systematic review comprising 23 non-
randomized trialswas published in 2012; the synthesis
of data showed moderate-quality evidence (Level B)
for comparative studies and low-quality evidence
(Level C) for noncomparative studies. For compara-
tive studies, recurrence rates were lower for MMS
(1.11%; 95% CI, 0.02%–6.03%) compared to WLE
(6.32%; 95% CI, 3.19%–11.02%). The recurrence
rate after MMS for noncomparative studies was

1.03% (95% CI, 0.37%–2.22%). The authors con-
cluded that the data supported the use of MMS as
treatment for DFSP owing to the lower recurrence
rates, but emphasized that high-quality trials com-
paring 5-year recurrence rates of MMS to WLE were
lacking.29

Extramammary Paget Disease
Extramammary Paget disease (EMPD) is another rare
neoplasm that is slow growing but has indistinct
margins and, therefore, high recurrence rates are
observed after WLE. Extramammary Paget disease is
usually confined to the epidermis, but deeper invasion
begets a poorer prognosis.31,32 Analysis of a retro-
spective cohort of 207 patients with EMPD treated
with WLE and MMS at the Mayo Clinic found no
statistically significant differences in outcomes, but
recurrence-free survival rates were better with MMS
(91% for MMS vs 66% for WLE).32 An older study,
also using patients treated at the Mayo Clinic in both
Minnesota and Arizona, showed favorable results for
treatment of EMPD with MMS. One of 12 patients
experienced a recurrence after MMS (8%), compared
to 18 of 83 recurrences (22%) after WLE. However,
follow-up time after MMS was 24 months, as com-
pared to 65 months for WLE.31

Merkel Cell Carcinoma
Merkel cell carcinoma (MCC) is a rare, aggressive
cutaneous malignancy. Current National Comprehen-
sive Cancer Network (NCCN) guidelines recommend
sentinel lymph node biopsy in combination with WLE
for all tumors.33 A recent publication compared out-
comes of WLE andMMS for MCC derived from a
nationally represented US population database. The
study used the Surveillance, Epidemiology, and End
Results program. Of 2,610 cases of MCC, 2,039 were
treatedwithWLE and 174were treatedwithMMS. The
authors found no significant difference in overall and
MCC-specific survival between WLE andMMS. How-
ever, there was strong evidence that MMS is a viable
option for treatment of MCC, particularly for early-
stage tumors on the head and neck. The authors also
noted that Mohs surgeons should follow NCCN
guidelines for sentinel lymph node biopsy because

Figure 5. Melanoma in situ beforeMohsmicrographic surgery.
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findings showed that patients who had MMS were less
likely to undergo nodal biopsy.34 Another recent retro-
spective review of 22 patients with MCC treated with
MMSat a single institution showed favorable outcomes,
with an overall local recurrence rate of 5% (1/22).35

Sebaceous Carcinoma
Sebaceous carcinoma is derived from sebaceous
glands occurring anywhere on the skin, but has a
predilection for the periocular region. Sebaceous car-
cinoma can be aggressive and has a 5-year mortality
rate of 18% to 30%. Retrospective reviews of treat-
ment of sebaceous carcinoma with MMS have shown
reduced recurrence rates as compared to the fairly high
recurrence rates observed with WLE (as high as 36%
within 5 years).36 Of 18 patients treated for sebaceous
carcinoma withMMS between 1988 and 1998, 2 had
recurrences. One patient had a local recurrence and
metastatic disease of the parotid lymph nodes
9 months after MMS. The other patient had a local
recurrence 19 months after MMS without metastatic
disease.36 A retrospective review at a single institution
found 37 patients with 45 sebaceous carcinomas
over a 12-year period from2001 to 2013. Five patients
hadMuir–Torre syndrome in this cohort. All patients
were treated with MMS. There were no local recur-
rences, metastases, or disease-specific deaths noted
after an average follow-up of 3.6 years.37 A retro-
spective review conducted by the Mayo Clinic com-
pared WLE to MMS for treatment of sebaceous
carcinoma. There was 1 recurrence found after each
treatment, resulting in recurrence rates of 1 per 35 for
MMS at 5.95 years after diagnosis and 1 per 24 for
WLE at 0.32 years after diagnosis. The authors con-
cluded that both treatments were deemed effective,
with no superiority of one treatment over the other38

(Figure 6).

Other Adnexal Carcinomas
In addition to sebaceous carcinoma, there are reports
of several other adnexal carcinomas treated with
MMS. A 2017 review focused on 9 different malig-
nancies in the category. Comparative studies were not
found, likely because of the rarity of adnexal carci-
nomas.39 Treatment of primary cutaneous mucinous

carcinoma with MMS showed the highest recurrence
rate, reported at 9.6%, and the highest metastasis rate,
reported at 6.4%. Data were based on a systematic
review/meta-analysis40 and a large case series,41 com-
bining for a total of 31 patients. Other adnexal carci-
nomas, such as pilomatrix carcinoma and malignant
eccrine spiradenoma, had very few reported cases
treatedwithMMS.42–44 Overall, there was not enough
evidence to definitively conclude thatMMS is superior
toWLE, but current studies suggest a trend toward the
superiority of MMS.39

Future

Noninvasive Imaging

Looking into the future of the field of MMS, the
combination ofMMSwith noninvasive imaging of the
skin holds promise to enhance the field. Visualization
of subclinical tumor extension could lead to reduced
number of Mohs stages and reduced procedure time,
as well as improvement in the cure rate of Mohs
surgery.

Figure 6. Sebaceous carcinoma before Mohs micro-
graphic surgery.
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Two of these technologies, optical coherence tomog-
raphy (OCT) and multispectral optoacoustic tomog-
raphy (MSOT), will be discussed. These technologies
currently exist, but are not in widespread use. An
informal survey of Mohs surgeons revealed that cur-
rent adoption is mostly limited to large academic
institutions. Barriers to adoption include the high cost,
lack of insurance reimbursement, and training that is
needed to effectively use the devices. As of April 2018,
there are category IIICurrent Procedural Terminology
codes assigned for use of OCT, but these investiga-
tional codes typically do not allow for reimburse-
ment.45 Further research is needed to provide a cost-
benefit analysis for use of these devices in conjunction
with MMS.

Optical Coherence Tomography
Optical coherence tomography is a noninvasive opti-
cal imaging technique used to characterize tissue
microstructure. The technology can be thought of as
similar to ultrasoundwith its real-time, cross-sectional
views. However, OCT uses optics in contrast to the
acoustics that are used with ultrasound. A new multi-
beam OCT system offers broader lateral resolution
than previous single-beam systems. In a pilot study, a
multi-beamOCTsystemwas used topredict the lateral

margin of a BCC beforeMMS. AfterMMS proceeded
per usual, theOCT-predictedmarginwas compared to
the final defect after histologic confirmation of tumor
removal. The MMS procedure required 2 stages for
BCC removal, and there was good correlation
between the OCT-predicted lateral margins and the
final margins after completion of MMS.46

Another larger pilot study conducted by Wang and
colleagues recruited 52 participants with biopsy-
proven BCCs undergoing MMS. Optical coherence
tomography was able to visualize to a depth of 2 mm
into the skin. For 41 lesions that required only 1 stage
to clear, the estimated clinical margin was found to be
0.4 mm larger than the OCT margin. This study
demonstrated that OCT can also be useful in ensuring
that the smallest margin possible is taken with MMS.
Optical coherence tomography was also able to pre-
dict extension of the lesion boundary for all 11 tumors
that required 2 stages to clear.47 Carvalho and col-
leagues developed a marking technique with a per-
manent silver marker used on the skin surface that can
be visualized onOCTby a strong signal shadow.With
this technique, marking is extended until the tumor is
contained within the signal shadow before the Mohs
layer is excised48 (Figure 7).

Figure 7. Example of an OCT system, courtesy of Hussain and colleagues.60 (A) A 71-year-old male patient with infantile
hemangioma located adjacent to the eye and concern for recurrent basal cell carcinoma at the site marked by brackets. (B)
Histological image that confirmed the subclinical recurrent basal cell carcinoma found by OCT. (C) The OCT examination of
the treated area revealed a subclinical recurrent basal cell carcinoma. OCT, optical coherence tomography.
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Multispectral Optoacoustic Tomography
Multispectral optoacoustic tomography, another
noninvasive imaging tool, shows optical contrast and
ultrasonic spatial resolution to provide valuable
functional information about the skin. Depth of pen-
etration is higher than OCT, reaching as deep as
10 mm below the skin surface. The main chromo-
phores of the skin—melanin, oxyhemoglobin, and
deoxyhemoglobin—absorb most of the energy and
can be spatially resolved with high sensitivity. Spher-
ical tomographic imaging allows for 3D image
acquisition.49,50

In one study, MSOT was performed on 3 suspicious
skin tumors, including one tumor that was confirmed
as a pigmented BCC and subsequently treated with
MMS. The extent of tumor dimensions with MSOT
corresponded well to the confirmed tumor dimensions
observed with histology.50 Another group looked at
both 2D and 3D MSOT used on NMSCs in 21 Asian
patients. Good correlation was again observed
between tumor dimensionsmeasuredwithMSOT and
ex vivo histology of excised lesions. Information
regarding tumor aggressiveness was also gleaned from
MSOT analysis of tumor neovasculature49 (Figure 8).

Figure 8. Example of MSOT, courtesy of Chuah and colleagues.50 (A) Pigmented macule on the nose. (B) Histology con-
firmed the macule to be nodular basal cell carcinoma. (C) In vivo MSOT images in different orthogonal views and 3Dmap of
tumor. MSOT, multispectral optoacoustic tomography.
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Immunostains. Immunostains were first intro-
duced into the practices of Mohs surgeons in the
1980s, initially for use with squamous carcinoma and
basal carcinoma, but are now available for a variety of
cutaneous malignancies.51 Although there are a
handful of Mohs surgeons who already use immu-
nostains, widespread adoption has lagged due to fac-
tors such as high cost, significant time commitment,
and lack of reliability.52

Results of a 2013 survey on the use of rapid immunos-
taining amongMohs surgeons showed that only 21.7%
of the 378 respondents had adopted the use of immu-
nohistochemical stains since fellowship. 20.4% of
respondents were using immunostains in conjunction
with Mohs for melanoma. However, most respondents
(90%) felt that immunostains could be reliably usedwith
Mohs.52 In the future, the adoption of immunostains in
MMS stands to expand, given development of rapid
immunostaining protocols,53–55 falling costs of immu-
nostains, and improving reliability.

Digital Technology. Digital technologies in the
form of videos, text messages, and smartphone apps
have been implemented and studied in several medi-
cal specialties. A small body of literature exists
around the use of digital technologies in the context
of MMS. Studies have shown that video education is
preferred to pamphlets, may reduce procedural anx-
iety,56 and can improve time management during
patient care. Text message–based wound care
instructions are well received.56 Dynamic tele-
pathology systems used during MMS have proven to
be accurate and effective.57,58 Inexpensive tele-
pathology systems have been devised as alternatives
to cost-prohibitive telepathology services.58

Smartglasses have been effectively used to
communicate among specialties when coordinating
reconstructive efforts after tumor removal.59 It is
expected that digital technologies will be increasingly
used in Mohs surgery as they become more
ubiquitous in health care.

Conclusion

The field of MMS began in the 1930s as a pioneering
technique wrought with skepticism but has evolved to

become a widely adopted and highly effective treat-
ment for skin cancer. Refinement of the techniquewith
the advent of fresh frozen tissue, thereby minimizing
pain and allowing for immediate surgical reconstruc-
tion, was the driving factor that led to the successful
implementation of MMS.2 Mohs micrographic sur-
gery is now used for 1 of every 4 NMSCs.6

Although there is a lack of randomized, prospective
trials comparing MMS to surgical excision, several
large prospective studies (and one randomized trial)
favor MMS, especially for treatment of recurrent
NMSCs.7–9 Noncomparative trials show extremely
low recurrence rates for the treatment of NMSC.10,11

Mohs micrographic surgery has also demonstrated
efficacy for several rare types of NMSC, including
DFSP, EMPD, MCC, and sebaceous carci-
noma.29,30,32,34,37 Although use of the MART-1
immunostain allows for adequate detection of mela-
noma on frozen sections,23,24,27 further studies are
needed to demonstrate that MMS can improve
recurrence rates and survival for the treatment of
melanoma.

The future of MMS will likely involve introduction of
noninvasive imaging, used to enhance the tissue
sparing nature of the technique and to improve effi-
ciency and cure rates.47,48 Noninvasive imaging also
has the potential to elucidate functional characteristics
of tumors, and thereby predict tumor aggressiveness.50

It remains to be seen exactly how this information will
be used intraoperatively. It is likely there will be more
widespread use of immunostains as they become less
expensive and protocols become faster. Digital tech-
nology in the form of patient education and tele-
medicine also stands to become more commonplace.
These changes ultimately seek to enhance cure rates
and the patient experience during MMS.

References

1. Mohs FE. Contemporaries. J Am Acad Dermatol 1983;9:806–14.

2. Bobotsis R, Guenther L. How Mohs surgery transformed into a first-
line treatment of skin cancer. J Cutan Med Surg 2017;21:40–41.

3. Swanson NA, Taylor WB, Tromovitch TA. The evolution of mohs’
surgery. J Dermatol Surg Oncol 1982;8:650–4.

4. Rogers H, Weinstock MA, Feldman SR, Coldiron BM. Incidence
estimate of nonmelanoma skin cancer (keratinocyte carcinomas) in the
US population, 2012. JAMA Dermatol 2015;151:1081–6.

COHEN AND GOLDBERG

45 : 3 :MARCH 201 9 337

© 2018 by the American Society for Dermatologic Surgery, Inc. Published by Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



5. Connolly SM, Suzanne M, Baker DR, Coldiron BM, et al.
AAD/ACMS/ASDSA/ASMS 2012 appropriate use criteria for Mohs
micrographic surgery: a report of the American Academy of
Dermatology, American College of Mohs Surgery, American Society for
Dermatologic Surgery Association, and the American Society for Mohs
Surgery. Dermatol Surg 2012;38:1582–603.

6. Asgari MM, Olson J, Alam M. Needs assessment for Mohs
micrographic surgery. Dermatol Clin 2012;30:167–75.

7. Smeets NWJ, Krekels GAM, Ostertag JU, Essers BAB, et al. Surgical
excision vs Mohs’ micrographic surgery for basal-cell carcinoma of the
face: randomised controlled trial. Lancet Oncol 2004;364:1766–72.

8. Mosterd K, Krekels GA, Nieman FH, Ostertag JU, et al. Surgical
excision versus Mohs’ micrographic surgery for primary and recurrent
basal-cell carcinoma of the face: a prospective randomised controlled
trial with 5-years’ follow-up. Lancet Oncol 2008;9:1149–56.

9. Loo Evan, Mosterd K, Krekels GAM, Roozeboom MH, et al. Surgical
excision versus Mohs’ micrographic surgery for basal cell carcinoma of
the face: a randomised clinical trial with 10 year follow-up. Eur J
Cancer 2014;50:3011–20.

10. Leibovitch I, Huilgol SC, Selva D, Richards S, et al. Basal cell carcinoma
treated with Mohs surgery in Australia II. Outcome at 5-year follow-up.
J Am Acad Dermatol 2005;53:452–7.

11. Leibovitch I, Huilgol SC, Selva D, Hill D, et al. Cutaneous squamous
cell carcinoma treated with Mohs micrographic surgery in Australia I.
Experience over 10 years. J Am Acad Dermatol 2005;53:253–60.

12. Chren M, Linos E, Torres JS, Stuart SE, et al. Tumor recurrence 5 Years
after treatment of cutaneous basal cell carcinoma and squamous cell
carcinoma. J Invest Dermatol 2013;133:1188–96.

13. Stuart SE, Schoen P, Jin C, Parvataneni R. Tumor recurrence of
keratinocyte carcinomas judged appropriate for Mohs micrographic
surgery using Appropriate Use Criteria. J Am Acad Dermatol 2017;76:
1131–9.

14. Guy GPJ, Thomas CC, Thompson T, Watson M, et al. Vital signs:
melanoma incidence and mortality trends and projections—United
States, 1982–2030. MMWR Morb Mortal Wkly Rep 2015;64:591–6.

15. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. Cancer J Clin
2016;66:7–30.

16. Coit DG, Thompson JA, Andtbacka R, Anker CJ, et al. Melanoma,
version 4. 2014 featured updates to the NCCN guidelines. J Natl
Compr Canc Netw 2014;12:621–9.

17. Bricca GM, Brodland DG, Ren D, Zitelli JA. Cutaneous head and neck
melanoma treated with Mohs micrographic surgery. J Am Acad
Dermatol 2005;52:92–100.

18. Felton S, Taylor RS, Srivastava D. Excision margins for melanoma
in situ on the head and neck. Dermatol Surg 2016;42:327–34.

19. Stigall LE, Brodland DG, Zitelli JA. The use of Mohs micrographic
surgery (MMS) for melanoma in situ (MIS) of the trunk and proximal
extremities. J Am Acad Dermatol 2016;75:1015–21.

20. Viola KV, Rezzadeh KS, Gonsalves L, Patel P, et al. National utilization
patterns of Mohs micrographic surgery for invasive melanoma and
melanoma in situ. J Am Acad Dermatol 2015;72:1060–5.

21. Prieto VG, Argenyi ZB, Barnhill RL, Duray PH, et al. Are en face frozen
sections accurate for diagnosing margin status in melanocytic lesions ?
Am J Clin Pathol 2003;120:203–8.

22. Bene NI, Healy C, Coldiron BM. Mohs micrographic surgery is
accurate 95.1% of the time for melanoma in situ: a prospective study of
167 cases. Dermatol Surg 2008;34:660–4.

23. Kelley LC, Starkus L, Boston MHT. Immunohistochemical staining of
lentigo maligna during Mohs micrographic surgery using MART-1. J
Am Acad Dermatol 2002;46:78–84.

24. Albertini JG, Elston DM, Libow LF, Smith SB, et al. Mohs
micrographic surgery for melanoma: a case series, a comparative study
of immunostains, an informative case report, and a unique mapping
technique. Dermatol Surg 2002;28:656–65.

25. Nosrati A, Berliner JG, Goel S, McGuire J, et al. Outcomes of
melanoma in situ treated with mohs micrographic surgery compared
with wide local excision. JAMA Dermatol 2017;153:436.

26. Dawn ME, Dawn AG, Miller SJ. Mohs surgery for the treatment of
melanoma in situ: a review. Dermatol Surg 2007;33:395–402.

27. Etzkorn JR, Sobanko JF, Elenitsas R, Newman JG, et al. Low recurrence
rates for in situ and invasive melanomas using Mohs micrographic
surgery with melanoma antigen recognized by T cells 1 (MART-1)
immunostaining: tissue processing methodology to optimize pathologic
staging and margin assessment. Dermatol Surg 2015;72:840–50.

28. Ghareeb ER, Dulmage BO, Vargo JA, Balasubramani GK, et al.
Underutilization of Mohs micrographic surgery for less common
cutaneous malignancies in the United States. Dermatol Surg 2016;42:
653–62.

29. Foroozan M, Sei JF, Amini M, Beauchet A, et al. Underuse of Mohs
micrographic surgery for the treatment of dermatofibrosarcoma
protuberans. Arch Dermatol 2012;148:1064.

30. Lowe GC, Onajin O, Baum CL, Otley CC, et al. A comparison of Mohs
micrographic surgery and wide local excision for treatment of
dermatofibrosarcoma protuberans with long-term follow-up. Dermatol
Surg 2017;43:98–106.

31. O’Connor W, Lim K, Zalla M, Gagnot M, et al. Comparison of Mohs
micrographic surgery and wide excision for extramammary Paget’s
disease. Dermatol Surg 2003;27:723–7.

32. Kim SJ, Thompson AK, Zubair AS, Otley CC, et al. Surgical treatment
and outcomes of patients with extramammary Paget disease. Dermatol
Surg 2017;43:708–14.

33. Bichakjian CK, Olencki T, Aasi SZ, Andersen JS, et al. NCCN clinical
practice guidelines in oncology, Merkel cell carcinoma. J Natl Compr
Canc Netw 2018;16:742–74.

34. Shaikh WR, Sobanko JF, Etzkorn JR, Shin TM, et al. Utilization
patterns and survival outcomes after wide local excision or Mohs
micrographic surgery for Merkel cell carcinoma in the United States,
2004–2009. J Am Acad Dermatol 2018;78:175–7.

35. Kline L, Coldiron B. Mohs micrographic surgery for the treatment of
Merkel cell carcinoma. Dermatol Surg 2016;42:945–51.

36. Spencer JM, Nossa R, Tse DT, Sequeira M. Sebaceous carcinoma of the
eyelid treated with Mohs micrographic surgery. J Am Acad Dermatol
2001;44:1004–9.

37. Brady KL, Hurst EA. Sebaceous carcinoma treated with Mohs
micrographic surgery. Dermatol Surg 2017;43:281–6.

38. Hou JL, Killian JM, Baum CL, Otley CC, et al. Characteristics of
sebaceous carcinoma and early outcomes of treatment using Mohs
micrographic surgery versus wide local excision: an update of the Mayo
clinic experience over the past 2 decades. Dermatol Surg 2014;40:241–6.

39. Tolkachjov SN. Adnexal carcinomas treated with Mohs micrographic
surgery. Dermatol Surg 2017;43:1199–1207.

40. Kamalpour L, Brindise RT, Nodzenski M, Bach DQ, et al. Primary
cutaneous mucinous carcinoma a systematic review and meta-analysis
of outcomes after surgery. JAMA Dermatol 2014;150:380–4.

41. Adefusika JA, Pimentel JD, Chavan RN, Brewer JD. Primary mucinous
carcinoma of the Skin: the Mayo clinic experience over the past 2
decades. Dermatol Surg 2015;41:201–8.

42. Hantash BM, Chan JL, Eegbert BM, Gladstone HB. De novo malignant
eccrine spiradenoma: a case report and review of the literature.
Dermatol Surg 2006;32:1189–98.

MOHS REV IEW

DERMATOLOG IC SURGERY338

© 2018 by the American Society for Dermatologic Surgery, Inc. Published by Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



43. Sable D, Snow SN. Pilomatrix carcinoma of the back treated by Mohs
micrographic surgery. Dermatol Surg 2004;30:1174–6.

44. Melancon JM, Wynnis TL, Lee RA, Jackson M, et al. Management of
pilomatrix carcinoma: a case report of successful treatment with Mohs
micrographic surgery and review of the literature. Dermatol Surg 2011;
37:1798–805.

45. Schwartz M, Levine A, Markowitz O. Optical coherence tomography
in dermatology. Cutis 2017;100:163–6.

46. Pomerantz R, Zell D, McKenzie G, Siegel DM. Optical coherence
tomography used as a modality to delineate basal cell carcinoma prior
to Mohs micrographic surgery. Case Rep Dermatol 2011;3:212–8.

47. Wang KX,Meekings A, Fluhr J, McKenzie G, et al. Micrographic surgery
of basal cell Carcinoma: a pilot study. Dermatol Surg 2013;39:627–33.

48. De Carvalho N, Schuh S, Kindermann N, Kästle R, et al. Optical
coherence tomography for margin definition of basal cell carcinoma
before micrographic surgery—recommendations regarding the marking
and scanning technique. Ski Res Technol 2018;24:145–51.

49. Binte A, Attia E, Yee S, Razansky D, et al. Noninvasive real-time
characterization of non-melanoma skin cancers with handheld
optoacoustic probes. Photoacoustics 2017;7:20–6.

50. Chuah SY, Attia ABE, Long V, Ho CJH, et al. Structural and functional
3D mapping of skin tumours with non-invasive multispectral
optoacoustic tomography. Skin Res Technol 2017;23:221–6.

51. Thosani M, Marghoob A, Chen CSJ. Current progress of immunostains in
Mohs micrographic surgery: a review. Dermatol Surg 2008;34:1621–36.

52. Trimble JS, Cherpelis BS. Rapid immunostaining in Mohs: current
applications and attitudes. Dermatol Surg 2013;39:56–63.

53. Kimyai-Asadi A, Ayala GB, Goldberg LH, Vujevich J, et al. The 20-
minute rapid MART-1 immunostain for malignant melanoma frozen
sections. Dermatol Surg 2008;34:498–500.

54. Cherpelis BS, Turner L, Ladd S, Glass LF, et al. Innovative 19-
minute rapid cytokeratin immunostaining of nonmelanoma skin
cancer in mohs micrographic surgery. Dermatol Surg 2009;35:
1050–6.

55. Sinha K, Ali F, Orchard G, Rickaby W, et al. Use of a novel 1-hour
protocol for rapid frozen section immunocytochemistry, in a case of
squamous cell carcinoma treated with Mohs micrographic surgery. Clin
Exp Dermatol 2018;43:454–7.

56. Hawkins SD, Koch SB, Williford PM, Feldman SR, et al. Web app–
and text message–based patient education in Mohs micrographic
surgery—a randomized controlled trial. Dermatol Surg 2018;44:
924–32.

57. Nehal KS, Busam KJ, Halpern AC. Use of dynamic telepathology in
Mohs Surgery : a feasibility study. Dermatol Surg 2002;28:422–6.

58. McKenna JK, Florell SR. Cost-effective dynamic telepathology in the
Mohs surgery laboratory utilizing iChat AV videoconferencing
software. Dermatol Surg 2007;33:62–8.

59. Hamann D, Mortensen WS, Hamann CR, Smith A, et al. Experiences in
adoption of teledermatology in Mohs micrographic surgery: using
smartglasses for intraoperative consultation and defect triage. Surg
Innov 2014;21:653–4.

60. Hussain AA, Themstrup L, Nürnberg BM, Jemec GBE. Adjunct use of
optical coherence tomography increases the detection of recurrent basal
cell carcinoma over clinical and dermoscopic examination alone.
Photodiagnosis Photodyn Ther 2016;14:178–84.

Address correspondence and reprint requests to: Diana K.
Cohen, MD, MS, Skin Laser & Surgery Specialists of NY
and NJ Hackensack, Medical Plaza, 20 Prospect Avenue,
Suite 702, Hackensack, NJ 07601, or e-mail:
cohen.dianak@gmail.com

COHEN AND GOLDBERG

45 : 3 :MARCH 201 9 339

© 2018 by the American Society for Dermatologic Surgery, Inc. Published by Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


