
Copyright 2017 American Medical Association. All rights reserved.

Outcomes of Melanoma In Situ Treated With Mohs
Micrographic Surgery Compared With Wide Local Excision
Adi Nosrati, MD; Jacqueline G. Berliner, MD; Shilpa Goel, MD; Joseph McGuire, MD; Vera Morhenn, MD; Juliana R. de Souza, BSc;
Yıldıray Yeniay, MD; Rasnik Singh, BS; Kristina Lee, MS; Mio Nakamura, MD; Rachel R. Wu; Ann Griffin, PhD, CTR; Barbara Grimes, PhD;
Eleni Linos, MD, DrPH; Mary Margaret Chren, MD; Roy Grekin, MD; Maria L. Wei, MD, PhD

IMPORTANCE Melanoma in situ (MIS) is increasing in incidence, and expert consensus opinion
recommends surgical excision for therapeutic management. Currently, wide local excision
(WLE) is the standard of care. However, Mohs micrographic surgery (MMS) is now used to
treat a growing subset of individuals with MIS. During MMS, unlike WLE, the entire cutaneous
surgical margin is evaluated intraoperatively for tumor cells.

OBJECTIVE To assess the outcomes of patients with MIS treated with MMS compared with
those treated with WLE.

DESIGN, SETTING, AND PARTICIPANTS Retrospective review of a prospective database. The
study cohort consisted of 662 patients with MIS treated with MMS or WLE per standard of
care in dermatology and surgery (general surgery, otolaryngology, plastics, oculoplastics,
surgical oncology) at an academic tertiary care referral center from January 1, 1978, to
December 31, 2013, with follow-up through 2015.

EXPOSURE Mohs micrographic surgery or WLE.

MAIN OUTCOMES AND MEASURES Recurrence, overall survival, and melanoma-specific
survival.

RESULTS There were 277 patients treated with MMS (mean [SD] age, 64.0 [13.1] years; 62.1%
male) and 385 treated with WLE (mean [SD] age, 58.5 [15.6] years; P < .001 for age; 54.8%
male). Median follow-up was 8.6 (range, 0.2-37) years. Compared with WLE, MMS was used
more frequently on the face (222 [80.2%] vs 141 [36.7%]) and scalp and neck (23 [8.3%] vs
26 [6.8%]; P < .001). The median (range) year of diagnosis was 2008 (1986-2013) for the
MMS group vs 2003 (1978-2013) for the WLE group (P < .001). Overall recurrence rates were
5 (1.8%) in the MMS group and 22 (5.7%) in the WLE group (P = .07). Mean (SD) time to
recurrence after MMS was 3.91 (4.4) years, and after WLE, 4.45 (2.7) years (P = .73). The
5-year recurrence rate was 1.1% in the MMS group and 4.1% in the WLE group (P = .07). For
WLE-treated tumors, the surgical margin taken was greater for tumors that recurred
compared with tumors that did not recur (P = .003). Five-year overall survival for MMS was
92% and for WLE was 94% (P = .28). Melanoma-specific mortality for the MMS group was 2
vs 13 patients for the WLE group, with mean (SD) survival of 6.5 (4.8) and 6.1 (0.8) years,
respectively (P = .77).

CONCLUSIONS AND RELEVANCE No significant differences were found in the recurrence rate,
overall survival, or melanoma-specific survival of patients with MIS treated with MMS
compared with WLE.
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M elanoma in situ (MIS) often presents treatment chal-
lenges, especially when located on photodamaged
skin, where lesions can be large, clinical margins can

be ill defined, and there is often subclinical extension of atypi-
cal melanocytes.1 Incidence of MIS is increasing in the United
States, where 68 480 cases of MIS are anticipated in 2016.2,3

However, only 1 randomized clinical trial for MIS treatment has
been reported, which only assessed topical therapies.4

The current standard of care recommended by expert
panels5,6 is wide local excision (WLE), in which the tumor is
excised with a standard margin of clinically uninvolved skin,
and a small proportion of the surgical margin is examined his-
topathologically. Due to the challenges in clearing MIS,7,8 the
recommendations for WLE margins were increased in 2014
from 0.5 cm to between 0.5 and 1.0 cm,9 and the usefulness
of alternative surgical techniques enabling complete assess-
ment of the entire cutaneous surgical margin, such as Mohs
micrographic surgery (MMS), in which the margin is exam-
ined intraoperatively by staining frozen sections, has be-
come increasingly recognized.10,11

While the use of MMS for MIS has increased in recent years,
almost all lesions (90%) are treated with WLE.10 Mohs micro-
graphic surgery as a technique may be better suited for the re-
moval of ill-defined skin cancers such as MIS on sun-damaged
skin, which make up approximately 80% of all MIS12; how-
ever, there is a concern regarding the perceived lack of reliabil-
ity in detecting atypical melanocytes in MMS frozen sections,
and potential resultant litigation.13 Furthermore, surgeons may
not be aware of the growing body of data from case reports and
case series supporting MMS as an acceptable alternative to WLE,
especially in areas with anatomic functional and cosmetic sig-
nificance. Because to our knowledge, no study to date has com-
pared outcomes after the 2 procedures, data comparing MMS
with WLE for MIS would be valuable to help inform treatment
decisions for general and procedural dermatologists, oncolo-
gists, and oncological surgeons. In this study, we assessed clini-
cal outcomes for MIS treated with MMS vs WLE.

Methods
Design and Setting
A prospective, single-institution, multidisciplinary database of
patientswithcancerwasretrospectivelyreviewed.Atotalof2999
patients with primary melanoma treated by either WLE or MMS
were identified (Figure). Cases were identified through pathol-
ogy report review, supplemented with discharge summary re-
view of melanoma billing case lists. Data extraction was per-
formed by a certified tumor registrar in accordance with the
American College of Surgeons, Commission on Cancer per Fa-
cility Oncology Registry Data Standards Manual. Patients who
had a biopsy demonstrating MIS, followed by MMS (277 patients)
or WLE (385), were included. Patients with invasive disease or
multiple melanoma were excluded. Follow-up was performed
once every 12 to 15 months from date of last contact, in this or-
der: medical record review, letter to referring physician (includ-
ing those outside our institution), letter to patient, letter to rela-
tive. The study was approved by the Institutional Review Board,

University of California, San Francisco. Informed consent was
waived due to the retrospective nature of the study.

Measures
Outcomes were recurrence, overall survival, and melanoma-
specific survival. Recurrence was defined as follows: after a dis-
ease-free period, clinical and/or pathologic evidence of mela-
noma recurrence, which was not stated to be a new primary
melanoma, at a body location identical to that of the primary
tumor. The date of recurrence was the date of biopsy of the re-
current lesion. Recurrences were identified by medical record
review and letters to physicians and patients. Physicians were
asked to indicate “new areas of recurrence and/or metastasis
since diagnosis: (date and site)”. Patients were asked, “Have you
had any further treatment for the condition for which you were
treated?” Two dermatologists reviewed the medical records of
patients with missing data and added recurrence information
when available. Survival was determined by tracking deaths
through notification by family, by patients’ physicians, or from
state registry of death certificate files, Department of Motor
Vehicles registration, or voter registration. Before 2001, the
Social Security death index was used to confirm deaths not pro-
vided by direct death certificate match, and from 2001 on-
ward, an Internet obituary search was performed to confirm any
report of death other than from the state registry.

Surgery
Mohs micrographic surgery, vs WLE, was chosen to try to mini-
mize margins and/or ensure clear margins before complex clo-
sure was performed. If a lesion was relatively large, espe-
cially on the face, then it was more likely that a flap or graft
would be required, and MMS was selected as the excision mo-
dality. For MMS, borders were delineated using a UVA light
(Wood lamp) and a 5-mm margin was drawn around the tu-
mor, less in areas of high cosmetic or functional significance
or if the tumor was very small and well defined. The tumor was
then debulked with a 3-mm margin and sent for permanent
sectioning to assess for an invasive component. Next, a first
Mohs stage was removed with a 2-mm margin and processed
for intraoperative frozen section examination; immunohisto-
chemical analysis was not used. Margins were considered posi-
tive if clusters of atypical melanocytes, and not just single me-
lanocytes, were identified, using hematoxylin-eosin staining.14

The presence of melanocytes above the dermoepidermal junc-
tion, and crowded melanocytes along the stratum basale and

Key Points
Question Are the outcomes of patients with melanomas in situ
treated with Mohs micrographic surgery (MMS) different from
those treated with wide local excision (WLE)?

Findings In this cohort study of 662 patients with melanoma in
situ treated with either MMS or WLE, there was no significant
difference in recurrence at 5 years, overall survival, or
melanoma-specific survival.

Meaning These data indicate that MMS was as effective as WLE
for treatment of MIS.
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extending down follicles were considered positive margins.7

Additional stages of similar width were removed if the mar-
gins were positive for MIS after the first stage; wider margins
may have been taken subsequently, based on the degree of mar-
gin positivity. Once margins were deemed clear, the defect was
repaired by means of standard techniques.15 A sample MMS
case for MIS was reviewed each quarter by dermatopatholo-
gists. Intraoperatively, if there was any question in the read-
ing of a particular slide, an immediate consultation with a der-
matopathologist was obtained. For WLE, standard surgical
excision was performed with the recommended margins.

Statistical Analysis
Continuous variables were described using means and stan-
dard deviations, and proportions were calculated for categori-
cal variables. We compared characteristics of patients receiv-
ing MMS or WLE procedures using either the Mann-Whitney
test or χ2 test as appropriate. Kaplan-Meier curves were used
to examine time to recurrence and time to death. Groups were
compared using the log rank test.

Both traditional and propensity-adjusted Cox propor-
tional hazard regression models were used to estimate haz-
ard ratios for both mortality and recurrence comparing the
MMS and WLE groups. Because the number of events for the
recurrence outcome was low, we used propensity-adjusted Cox
models to enable us to control for the full set of possible con-
founding variables. We developed a model for the probability
of MMS and then controlled for that probability in the Cox mod-
els. Based on review of the literature,16-18 the following po-
tential predictors were considered: age at diagnosis, sex, ana-
tomic site (head and neck or other), race, tumor diameter, and
year of diagnosis. Diameter was only available for 181 tumors
(27.3%), so this variable was not included in the primary pro-
pensity model.

Logistic regression was used to estimate the probability (pro-
pensity score) of receiving MMS for each person conditional on
the aforementioned predictors. The quintiles of the estimated
propensity score were used to create a categorical variable,
which was used as a predictor in the subsequent Cox models.
Results for the traditional and propensity-adjusted Cox mod-

els for mortality were similar, so we present only the results of
the propensity-adjusted Cox models for both outcomes.

Tumor diameter is an important factor in determining
whether WLE or MMS is used; an additional propensity-
adjusted Cox model was run for the subgroup of patients with
tumor diameter measurements. A propensity score for MMS,
which included tumor diameter in addition to the predictors
used previously, was constructed, and a quintile version of the
score was used as a predictor in the Cox model for death. The
propensity-adjusted Cox model for recurrence was not run be-
cause only 2 patients had a recurrence.

In the recurrence models, patients were censored for date
of last contact (mean dates were November 8, 2013, for MMS

Figure. Schematic Depicting Inclusion Criteria for Study Participants

2999 Patients with a diagnosis of primary
melanoma and treated with either
WLE or MMS from January 1, 1978,
to December 31, 2013

2620 Patients treated with WLE

385 Patients with MIS treated
with WLE included
in the analysis

2235 Patients with invasive
melanoma excluded

102 Patients with invasive
melanoma excluded

277 Patients with MIS treated
with MMS included
in the analysis

379 Patients treated with MMS

Derived from consecutive patients who received a diagnosis of melanoma in
situ (MIS) during the period 1978 through 2013. MMS indicates Mohs
micrographic surgery; WLE, wide local excision.

Table 1. Patient and Tumor Characteristics

Variable
MMS
(n = 277)

WLE
(n = 385) P Value

Age, mean (SD), y 64.0 (13.1) 58.5 (15.6) <.001
Sex, No. (%)

Male 172 (62.1) 211 (54.8)
.06

Female 105 (37.9) 174 (45.2)

Race, No. (%)

White 252 (91.0) 354 (91.9)
.66

Other/unknown 25 (9.0) 31 (8.1)

Year of diagnosis

Mean (SD) 2007 (3.9) 2003 (5.6)
<.001Median (range) 2008

(1986-2013)
2003
(1978-2013)

Tumor diameter,a cm

Mean (SD) 1.8 (1.5) 1.6 (1.1)
.21

Median (IQR) 1.4 (0.5-9.0) 1.3 (0.1-8.3)

Anatomic site, No. (%)b

Face 222 (80.2) 141 (36.7)

<.001

Scalp/neck 23 (8.3) 26 (6.8)

Trunk 10 (3.6) 73 (19.0)

Upper extremity 13 (4.7) 85 (22.1)

Lower extremity 9 (3.2) 59 (15.4)

WLE surgical margins,
mean (SD), cm

NA 0.6 (0.3)

Recurrences, No. (%) 5 (1.8) 22 (5.7) .07
WLE margin taken,
mean (SD), cm

Recurred NA 0.9 (0.2)
.003

Not recurred NA 0.6 (0.04)

Time to recurrence,
mean (SD), y

3.91 (4.4) 4.45 (2.7) .73

Deaths, No. (%)c

All cause 37 (13.4) 75 (19.5)

Melanoma specific 2 (0.7) 13 (3.4)

Time to death,
mean (SD), y

All cause 18.4 (0.8) 17.4 (0.4) .28
Melanoma specific 6.5 (4.8) 6.1 (0.8) .77

Abbreviations: IQR, interquartile range; MMS, Mohs micrographic surgery;
NA, not applicable; WLE, wide local excision.
a Preoperative assessment of 107 MMS-treated patients and 74 WLE-treated

patients.
b Assessment of 277 MMS-treated patients and 384 WLE-treated patients.
c P values not given because a statistical test comparing the raw

counts/percentages does not account for differential follow-up time (see time
to death analyses).
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and December 10, 2012, for WLE) or death. In the mortality mod-
els, patients were censored for end of follow-up. Adjusted mela-
noma-specific survival could not be ascertained due to the small
number of cases. Analyses were run using SAS, version 9.4.

Results
Patient and Tumor Characteristics
Six hundred sixty-two eligible patients with primary MIS were
identified; 385 (58.2%) patients were treated with WLE and 277
(41.8%) were treated with MMS. The median follow-up inter-
val for the entire cohort was 8.6 years (range, 0.2-37 years).
There was no statistically significant difference in the sex, race,
or clinically assessed tumor diameter (Table 1). In both groups,
the individuals were predominantly white men; for tumors
with size measurements, mean (SD) tumor diameter was 1.8
(1.5) cm for tumors treated with MMS and 1.6 (1.1) cm for tu-
mors treated with WLE (P = .21).

The 2 treatment groups differed significantly in age at di-
agnosis, anatomic site of procedure, and year of diagnosis. Pa-
tients treated with MMS were typically older than those treated
by WLE (mean [SD] age, 64.0 [13.1] and 58.5 [15.6] years, re-
spectively; P < .001). Both procedures were performed on a
wide variety of anatomical sites and the use of the proce-
dures varied by site (P < .001): as expected, MMS was used
more frequently on the face and scalp/neck while WLE was
used more often on the trunk and extremities. The majority
of the MISs in our cohort were found on the head and neck (62%
of all MIS). Use of WLE vs MMS shifted from primarily WLE
before 2005 (270 [79%] were treated with WLE through 2004)
to primarily MMS from 2005 onward (204 [64%] were treated
with MMS from 2005 onward) (eTable 1 in the Supplement);
the median year of diagnosis was 2008 for MMS (range, 1986-
2013) and 2003 for WLE (1978-2013) (P < .001).

Tumor Recurrence
Twenty-seven tumors recurred: 22 of the 385 WLE patients had
a recurrence (5.7%) whereas only 5 of the 277 MMS patients
had a recurrence (1.8%). For tumors treated by MMS, the cal-
culated 5-, 10-, and 15-year recurrence rates were 1.1% (95% CI,
0.4%-3.4%), 1.8% (95% CI, 0.7%-5.1%), and 5.0% (95% CI, 1.4%-
17.3%), respectively (Table 2). For tumors treated by WLE, the
5-, 10-, and 15-year recurrence rates were 4.1% (95% CI, 2.5%-
6.8%), 6.8% (95% CI, 4.4%-10.2%), and 7.3% (95% CI, 4.8%-
11.0%), respectively (P = .07).

Mean (SD) time for recurrence after MMS procedure was
3.91 (4.4) years and after WLE was 4.45 (2.7) years (P = .73)
(Table 1). Recurrence was nonsignificantly less likely in the
MMS-treated group in the unadjusted model (hazard ratio [HR],

0.41; 95% CI, 0.15-1.09) (Table 3). In the propensity-adjusted
Cox proportional hazards model, recurrence was also nonsig-
nificantly less likely in MMS-treated patients (HR, 0.55; 95%
CI, 0.18-1.70).

Survival
Thirty-seven patients (13.4%) died in the MMS group and 75 pa-
tients (19.5%) died in the WLE group (Table 1). Mean (SD) time
to all-cause death was 18.4 (0.8) years for individuals treated with
MMS and 17.4 (0.4) years for those treated with WLE (P = .28)
(Table 1). There was no statistically significant difference in over-
all survival for patients treated with MMS compared with WLE
in the unadjusted (HR, 1.25; 95% CI, 0.83-1.88) or propensity-
adjusted model (HR, 0.45; 95% CI, 0.16-1.29) (Table 4). The re-
sults for survival and recurrences with and without the propen-
sity analysis were similar (data not shown).

Two patients (0.7%) died of melanoma in the MMS group
and 13 (3.4%) in the WLE group (Table 1). Mean (SD) time to
death due to melanoma was 6.5 (4.8) years for individuals
treated with MMS and 6.1 (0.8) years for WLE (P = .77) (Table 1).
Unadjusted melanoma-specific survival (Table 4) was nonsig-
nificantly better for MMS-treated compared with WLE-
treated patients (HR, 0.80; 95% CI, 0.17-3.80). Adjusted mela-
noma-specific survival could not be ascertained due to the
small number of events.

Survival and recurrence outcomes were also analyzed using
only cases treated between 1996 and 2013, an interval when
MMS was more commonly used, and no significant difference
in outcomes was found vs 1978 through 2013 (data not shown).

Discussion
To our knowledge, this is the first study to directly compare
the outcomes for MIS treated with WLE vs MMS. We found that
the 5-, 10-, and 15-year recurrence rates of MIS treated with
MMS were not different than for WLE, the currently widely ac-
cepted and preferred mode of therapy. Patients who under-
went MMS had similar outcomes by several measures com-
pared with those who underwent WLE: rate of recurrence,
mean time to all-cause and melanoma-specific death, overall
survival, and melanoma-specific survival.

Prior studies assessing outcomes for MIS treated with either
MMS or WLE, without direct comparison of the 2 modalities,
reported recurrence rates between 0% and 6% for MMS and
somewhat higher rates of 6% to 20% for WLE19,20; other stud-
ies were limited by low patient numbers and short follow-up
times, or focused only on the subset of MIS occurring on sun-
damaged skin (also known as lentigo maligna).7,14,20-27 Our
study is notable for its larger cohort size and lengthier follow-up

Table 2. Recurrence Rates

Procedure

Recurrence Rate

P Value

5-Year 10-Year 15-Year

% (95% CI) No. % (95% CI) No. % (95% CI) No.
Mohs micrographic surgery 1.1 (0.4-3.4) 3 1.8 (0.7-5.1) 4 5.0 (1.4-17.3) 5

.07
Wide local excision 4.1 (2.5-6.8) 14 6.8 (4.4-10.2) 21 7.3 (4.8-11.0) 22

Mohs Micrographic Surgery vs Wide Local Excision for Melanoma In Situ Original Investigation Research

jamadermatology.com (Reprinted) JAMA Dermatology May 2017 Volume 153, Number 5 439

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a Marshall University User  on 07/10/2017

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamadermatol.2016.6138&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2016.6138
http://www.jamadermatology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2016.6138


Copyright 2017 American Medical Association. All rights reserved.

period (662 individuals with a mean follow-up of 8.6 years).
A previous study by Hou et al20 assessed lentigo maligna
treated with MMS or WLE but did not directly compare out-
comes. Their results were similar to ours reported here, with
overall recurrence rates, over the course of their study, of 1.9%
for lentigo maligna treated with MMS vs 5.9% for those treated
with WLE; their reported calculated rates for 5-, 10-, and 15-
year recurrence-free survival were also comparable to ours.

There is some variability to the Mohs technique, for ex-
ample, in the intraoperative tissue-staining techniques as well
as the width of the debulking and staging margins taken. Bar-
riers to wide-spread acceptance of MMS as an effective treat-
ment for MIS include the perceived limited reliability of de-
tecting atypical melanocytes on frozen section and the need
for immunohistochemical stains.8 A notable difference in our
surgical approach compared to that of Hou et al20 is that they
elected to use intraoperative immunohistochemistry in 37%
of cases treated with MMS. For our cohort, immunohisto-
chemical stains were not used. In our experience, hematoxylin-
eosin does not limit the identification of atypical melano-
cytes and this technique has previously been shown to be
reliable.28 Furthermore, the use of immunostains may result
in unnecessary extension of margins due to the presence of
melanocytic hyperplasia in sun-damaged skin, rather than bio-
logically active tumor cells.19 The validity of our technique is
supported by the low recurrence rates for MIS treated with MMS
in our cohort; similarly low recurrence rates have been re-
ported for cohorts in which immunostains were not used at
all or were not used uniformly.7,20,25 Whereas it is possible that
detection of atypical melanocytes is simpler with the use of
immunostains, it does not seem to change outcomes.

Several studies have shown that the formerly recommended
0.5-cm surgical margins for removal of MIS were inadequate for
clearing a substantial proportion of MIS.7,29,30 Because of this,
recently the National Comprehensive Cancer Network recom-
mendations for margins for MIS were increased to 0.5 to 1.0 cm
in 2014, in particular for sun-damaged skin6,9 such as on the head
and neck. In our approach to MMS, a 5-mm margin is usually
taken and includes the margin taken for the debulking specimen
and the first stage. There are cases in which a smaller initial mar-
gin is taken, such as for lesions on the ear, lip, eyelid, or nasal ala.
In these anatomically sensitive areas, achieving the recom-
mended 1-cm margins can cause significant functional and cos-
metic impairment and surgical approaches offering complete cu-
taneous margin assessment, such as MMS, offer the potential for
tissue preservation while clearing margins, which is also desir-
able before complex wound repair is undertaken.

Similar to other reports, our surgical technique begins with
a Wood lamp (UVA light) examination to define the tumor bor-
ders; this step is important for highlighting the extent of pig-
mented lesions. When MMS is performed, the initial debulk-
ing specimen is fixed in formalin and processed for permanent
sectioning to assess for an invasive component. This step has
been shown to result in upstaging of the tumor in more than
8% of the cases.15

Limitations
Limitations of our study include nonrandomization of patient
selection for our treatment groups and limitation of the accu-
racy of detection of recurrence due to the unknown response
rate to the letters sent to physicians and patients. In addition,
because the use rate for MMS over the course of the study only
increased to match or surpass the rate of use of WLE in 2004
(due to shifting outside physician referral preferences for spe-
cific procedures), as reflected in the median year of diagnosis,
the mean follow-up interval for MMS-treated patients was
shorter. Furthermore, the suggestion of improved melanoma-
specific survival for those treated with MMS might be attrib-
uted to the fact that most MMS is performed on lesions occur-
ring on the head and neck, where MIS frequently occurs on sun-
damaged skin, and perhaps the behavior of these MIS lesions
differ from those of lesions occurring elsewhere. The overall
number of recurrences and deaths here was low, and a larger
study will be needed to demonstrate significant differences in
outcomes, or to establish equivalence. Finally, the WLEs were
performed with the formerly recommended guidelines for
smaller surgical margins for MIS; as the new guidelines for a
wider margin are adopted, it may be that patients undergoing
WLE may have more favorable outcomes in the future. How-
ever, the majority of MISs occur on the head and neck, and this
location favors referral for MMS; anatomic considerations may
continue to limit the use of the full 1-cm margins.

To date, no randomized clinical trials comparing surgical
management of MIS have been performed,4 even though MMS
has been in use for this purpose since 1950.31 Current consen-
sus expert opinion guidelines recommend consideration of
MMS for MIS, particularly on sun-damaged sites,6 as do the ap-
propriate use guidelines for MMS.11 Whereas MMS is used by
procedural dermatologists and plastic surgeons for skin can-
cer removal,32 the use of MMS for MIS has yet to gain wide-
spread acceptance by medical and surgical oncologists, likely
because reports on MMS use have been primarily limited to der-
matology journals.

Table 3. Hazard of Recurrence, Patients With Melanoma In Situ
Treated With Mohs Micrographic Surgery (MMS) Compared
With Wide Local Excision (WLE)

Risk of Recurrence,
MMS vs WLE

Hazard Ratio
(95% CI) P Value

Unadjusted 0.41 (0.15-1.09) .07

Adjusteda 0.55 (0.18-1.70) .31

a Adjusted for age at diagnosis, sex, race, anatomic site, year of diagnosis, and
by quintile of propensity score for performance of MMS.

Table 4. Survival Analysis, Patients With Melanoma In Situ
Treated With Mohs Micrographic Surgery vs Wide Local Excision

Survival
Hazard Ratio
(95% CI) P Value

Unadjusted overall survival 1.25 (0.83-1.88) .28

Adjusted overall survivala 0.45 (0.16-1.29) .14

Unadjusted melanoma-specific survivalb 0.80 (0.17-3.80) .77

a Adjusted for age, sex, race, anatomic site, year of diagnosis, tumor diameter, and
by quintile of propensity score for performance of Mohs micrographic surgery.

b Adjusted melanoma-specific survival was not calculated due to small number
of events.
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Conclusions

Our data indicate that MMS is as effective as WLE for treat-
ment of MIS. This sizable cohort study did not demonstrate
differences in recurrence or survival for MIS treated with MMS
vs WLE. Future studies, including a randomized study com-

paring MMS with WLE, are needed, but may be problematic
to implement, given patients’ desires to try to preserve ana-
tomic function and cosmesis; a well-designed prospective ob-
servational study would be informative. Further study to as-
sess whether there are functional or perceived cosmetic
differences or adverse outcomes for patients treated with MMS
vs WLE would be illuminating.
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