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Background: Microscopic evaluation of the entire surgical margin during excision of cutaneous
malignancies results in the highest rates of complete excision and lowest rates of true local scar recurrence.
Few studies demonstrate the outcomes of Mohs micrographic surgery specifically for invasive melanoma of
the trunk and proximal portion of the extremities.
Objective: To evaluate the long-term efficacy of Mohs micrographic surgery for invasive melanoma of the
trunk and proximal portion of the extremities, including true local scar recurrence rate, distant
recurrence-free survival, and disease-specific survival.
Methods: Prospectively collected study of 1416 cases of invasive melanoma of the trunk and proximal
portion of the extremities was performed to evaluate long-term outcomes.
Results: True local scar recurrences occurred in our cohort at a rate of 0.14% (2/1416), after a mean
follow-up period of 75 months and were not associated with tumor depth. The rate of satellite/in-transit
recurrences and the disease-specific survival stratified by tumor thickness were superior to historical
control values.
Limitations: We used a nonrandomized, single institution, retrospective design.
Conclusions: Mohs micrographic surgery of primary cutaneous invasive melanoma on the trunk
and proximal portion of the extremities resulted in local control of 99.86% of tumors and an
overall disease-specific death rate superior to that of wide local excision. ( J Am Acad Dermatol
2021;84:661-8.)
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C
linical practice guidelines for the treatment
of primary cutaneous melanoma (CM)
recommend surgical excision as the prin-

cipal treatment method, with the goal to confirm
histologically clear margins.1,2 These guidelines spe-
cifically recommend the use of wide local excision
(WLE) as the treatment method of choice for invasive
melanoma on the trunk and extremities. The WLE
method is performed by using a predetermined
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surgical margin comprising normal-appearing skin,
as assessed with only visual inspection by the
surgeon. The surgical margin drawn circumferen-
tially around the visible tumor is of a width that is
based on the depth of tumor invasion.1 Tissue
specimens surgically excised by WLE are subse-
quently processed and evaluated for margin involve-
ment by a pathologist by using the standard vertical
sectioning technique.
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Local recurrences after this method of surgical
excision occur because of the persistence of tumor
cells at the surgical margin, allowing for the disease
to recur.3,4 Persistent tumor cells may go undetected
if a pathologist cannot histologically examine the
entirety of the margin. This may occur because
vertical sectioning of surgical specimens, also known
CAPSULE SUMMARY

d Long-term outcomes from Mohs
micrographic surgery for invasive
melanoma are unreported on the trunk
and proximal portion of the extremities.

d Mohs surgery demonstrated a true local
scar recurrence rate of 0.14% after a
mean follow-up period of 6.25 years and
disease-specific survival superior to
historical control values.
as bread-loafing or step-
sectioning, results in micro-
scopic evaluation of less than
1% of the tissue margin,5

leading to the possibility of
undetected residual tumor,
resulting in a true local scar
recurrence. Importantly, the
ability of vertical sectioning
to detect residual tumor is
inversely proportional to the
sectioning interval. For
example, the chance of de-
tecting positive margins with
conventional vertical

sectioning is only 19% when specimens are
sectioned at 4-mm intervals.6 Such limitations in
margin evaluation may underpin local recurrence
rates after conventional WLE, which have been
reported to be approximately 3% for invasive mela-
noma of the trunk or proximal portion of the
extremities (Table I7-11). Currently, vertical
sectioning is the most commonly used method for
histologic evaluation of melanoma excision
specimens after removal with WLE. Furthermore,
there are no universally applied standards or
guidelines that outline the manner or extent to
which vertical sectioning of tissue specimens is
performed.

For 100% of the peripheral and deep margin to be
examined, the tumor must be treated by using Mohs
micrographic surgery (MMS) or excision specimens
must be paraffin embedded as permanent sections
and processed en face, in a staged manner, including
deep margins for equivalent margin control. Head
and neck melanoma tumors of any thickness
treated in stages with en face processing of
paraffin-embedded specimens have resulted in
published local recurrence rates ranging from 0%
to 7.3%.12-21 In comparison, complete margin
evaluation using MMS to treat primary cutaneous
melanoma of any thickness or anatomic site has
resulted in published local recurrence rates ranging
from 0.1% to 0.5%.22-29 These data likely underpin
both the observed increase of 304% in the use of
MMS to treat cutaneous melanoma over the last
15 years,30 as well as the current Mohs Appropriate
Use Criteria recommendations advising the use of
MMS for melanoma in situ of the head and neck or
any anatomic site when WLE has failed.31

Recent work has shown the superiority of MMS in
the treatment of melanoma in situ of the trunk and
proximal portion of the extremities when compared
to historical control patients treated with WLE.28 To
date, however, the cumulative body of evidence
surrounding the use of MMS
for invasive melanoma on
the trunk and extremities
has continued to be labeled
as insufficient to be deemed
appropriate.2,31 Our study
addresses this evidence gap
by reporting true local scar
recurrence rates, metastatic
rates, and disease-specific
survival rates over the
longest mean follow-up
period and from the largest
prospectively collected
cohort of invasive
melanomas treated with MMS reported to date, to
our knowledge.
METHODS
Beginning in 1982, a prospectively maintained

database was created and comprised all biopsy-
proven melanomas treated by MMS. In keeping
with historically defined anatomic subdivisions,32-36

all cases of invasive melanoma on the trunk and
proximal portion of the extremities (excluding
wrists, hands, ankles, and feet) were identified
from 1982 to mid-2017. Written consent was
obtained from all participants. The use of deidenti-
fied patient information exempted the study from
institutional review board approval. To ensure the
integrity of the study data, all 1416 patients meeting
study criteria were audited for accuracy and
compared with the database. No patients meeting
study criteria were otherwise excluded. Clinical
examination of all patients in the study took place
at least once per year at either the study site or by the
patient’s referring physician.

Follow-up data were collected at the study site by
the senior authors at least once yearly. Data
regarding patients who were no longer living in the
region were obtained from clinical records provided
by either the patient’s referring dermatologist or
primary care physician. Patient self-reports were
not used to update the database unless confirmation
of at least 1 clinical examination within the past year
was obtained. A total of 24 patients (1.7%) were
unable to provide clinical documentation confirming



Abbreviations used:

CM: cutaneous melanoma
MMS: Mohs micrographic surgery
NCCN: National Comprehensive Cancer Network
RCT: randomized controlled trial
WLE: wide local excision
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that they had obtained follow-up and were therefore
considered lost to follow-up.

All melanomas were excised by MMS with
frozen-section examination of the deep and
peripheral margins. The MMS technique for
melanoma excision and the histologic criteria used
for frozen section analysis have been previously
published.22-24,37 Any visible tumor present before
surgery was removed along with the central tumor as
a debulking step and sent for permanent
section processing to obtain more comprehensive
pathologic staging. A positive margin was defined as
follows: (1) nesting of 3 or more atypical melano-
cytes, (2) melanocytes above the dermoepidermal
junction (ie, showing pagetoid spread), (3) nonuni-
form crowding of atypical melanocytes at the
basement membrane or a confluence of more than
9 adjacent melanocytes, or (4) invasion of atypical
melanocytes into the dermis. The presence of
superficial follicular extension, isolated pagetoid
cells alone, isolated increased melanocytic
density, or only a mild to moderate confluence of
melanocytes was not adequate to make the
diagnosis of margin positivity. Programs to
maintain quality control and diagnostic accuracy
are maintained at the study sites on an ongoing
basis and have been previously published.38

Between 1982 and 1992, tissue specimens were
stained with hematoxylin-eosin alone (n = 177).
After 1992, immunohistochemical stains were used
for all specimens alongside hematoxylin-eosin.
Specifically, HMB-45 was used from 1993 to 2002
(n = 347), and MART-1 (Melan-A) was used
exclusively from August 2002 (n = 892).

Local, regional, and distant events were recorded
for each patient and used to calculate local
recurrence rates as well as distant recurrence-free
and disease-specific survival rates. The term local
recurrence has been previously defined in 2 ways:
the first definition, from the National Comprehensive
Cancer Network (NCCN),1 is ‘‘true scar recurrence’’
or ‘‘persistent disease’’ and includes tumor with an in
situ and/or radial growth phase. This is now the
preferred definition for local recurrence. However,
the second definition of local recurrence is historical
in nature and is defined as tumor recurrence
occurring 2 cm or less from a previous excision
scar site.39-44 The latter definition includes satellite
metastases occurring within 2 cm of a surgical scar
and was used only to compare our true local scar
recurrence rate to rates from historical data, which
applied this definition. As reflected in the American
Joint Committee on Cancer staging system,45 there is
a lack of biologic distinction or significance between
the terms in transit and satellite metastasis.
Therefore, these 2 terms were defined together to
include tumor recurrence occurring between, but
not contiguous with, the surgical scar and the nearest
nodal basin.

Statistical analysis was performed by an
independent firm specializing in biostatistics
(Adolos Strategic, San Antonio, TX) using R, version
3.3.2 (R Foundation for Statistical Computing,
Vienna, Austria). Patient characteristics, tumor
variables, and outcome metrics were assessed with
the chi-square test, Fisher’s exact test, Cram�er’s V,
and the log-rank test, along with Kaplan-Meier
estimations.

RESULTS
Patient and tumor characteristics

A total of 1416 cases met criteria (primary or
recurrent invasive melanoma on the trunk or
proximal portion of an extremity) and were selected
for study analysis (Table II). Of note, 474 cases fitting
study criteria from this data set were previously
included in a separate study with distinctly different
objectives.27 The mean Breslow thickness was
1.0 mm (range, 0.03-17 mm), reflecting a normal
thickness distribution expected in the general
population.

Margins and tumor clearance
Margins. The margin required to remove at least

97% of primary tumors on the trunk and extremity
was 1 cm. Recurrent tumors required wider margins
than primary tumors to reach histologic clearance
(Supplemental Table I; available via Mendeley at
https://doi.org/10.17632/mpr2cy4ktr.1).

Local recurrence rates. Of the 1416 cases of
invasive melanoma treated with MMS, there were a
total of 2 local recurrences over the entire study
period, resulting in a true local scar recurrence rate of
0.14%. Both of these recurrences occurred before the
use of MART-1 immunohistochemistry became
standard in our practice (Supplemental Table II;
available via Mendeley at https://doi.org/10.17632/
mpr2cy4ktr.1). These recurrences reflected the true
local scar recurrence definition of tumor recurring
with an in situ and/or radial growth phase. One of

https://doi.org/10.17632/mpr2cy4ktr.1
https://doi.org/10.17632/mpr2cy4ktr.1
https://doi.org/10.17632/mpr2cy4ktr.1


Table I. Local recurrence rates after standard wide local excision from studies in which the published data
allow for determination of invasive melanoma tumors limited to the trunk and extremities

Study n/N Local recurrence, % Margin, cm Median follow-up, y

Urist et al, 19857 70/2738 2.7 2.5, median 8
Griffiths et al, 198610 44/499 8.8 5-10 11
Neades et al, 199347 5/356 1.4 1, 2, and 3-5 10
Karakousis et al, 199648 22/678 3.3 2 or 4 7.6
Cohn-Cedermark et al, 19978 26/3143 0.8 2 or 5 8
Heaton et al, 19989 29/233 12.5 #2 or[2 2.3
Balch et al, 200132 22/676 3.3 2 or 4 10
Moehrle et al, 20044 25/3068 0.8 1, 2, or 5 5
Agnese et al, 200711 21/624 3.4 Not specified 2.8

Table II. Patient and tumor characteristics

Characteristics Value

Invasive melanomas (N = 1416)
Age, y
Mean 61
Range 15-97

Follow-up, mo
Average 75
Range 0-380

Sex, n (%)
Male 780 (55.1)
Female 636 (44.9)

Location, n (%)
Trunk 721 (51)
Proximal portion of an
extremity

695 (49)

Tumor thickness, mm
Mean (range) 1.0 (0.03-17)

Tumor thickness by categories,
mm, n

0.01-1.00 1053
1.00-2.00 214
2.01-4.00 91
[4.00 54
Unspecified 4

Primary/recurrent (%)
Primary 97
Recurrent 3
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the 2 patients died more than 5 years after MMS of
causes unrelated to melanoma. The other patient is
alive and remains free of disease at last follow-up.

Long-term outcomes and survival
Recurrences. The incidences of true local scar,

satellite/in-transit, nodal, and distant recurrences are
stratified by tumor depth and presented in Fig 1.46

Notably, tumor thickness was not associated with
true local scar recurrence. The overall incidence of
satellite/in transit recurrences was 1.1% (n = 16
(Supplemental Table III; available via Mendeley at
https://doi.org/10.17632/mpr2cy4ktr.1) over the
entire study period, a rate lower than historical
data, which has ranged from 1.5% to 7.7%.47-51

Survival. Our study group had a total of 52
(3.7%) disease-specific deaths over the entire study
period of 31.7 years, all of which occurred in patients
with primary tumors (31 trunk, 21 extremity). No
disease-specific deaths occurred among patients
with recurrences subsequently treated with MMS.
The incidence of distant recurrence-free survival
was 98% (Supplemental Table III). Distant
recurrence-free survival was not statistically
associated with either tumor type (ie, primary or
recurrent) or anatomic location.

Cox proportional hazard models were calculated
for death by melanoma for tumor thickness and
tumor thickness categories (Supplemental Table IV;
available via Mendeley at https://doi.org/10.17632/
mpr2cy4ktr.1). Kaplan-Meier survival curves were
calculated for patients with invasive melanoma
treated with MMS (Supplemental Figs 1 and 2;
available via Mendeley at https://doi.org/10.17632/
mpr2cy4ktr.1). No difference was seen in disease-
specific survival probability by anatomic location.
DISCUSSION
Current guidelines for the use of standardized

surgical margins for melanoma of any anatomic site
are based on data derived from randomized
controlled trials (RCTs) comprised almost entirely
of tumors on the trunk and proximal portion of the
extremities, using strict margin measurements.32-36

In practice, however, published local recurrence
rates are higher than the expected recurrence rates
using margins established by RCTs (Table I). This is
likely because the current guidelines for standard-
izedmargins usingWLE state that a narrower surgical

https://doi.org/10.17632/mpr2cy4ktr.1
https://doi.org/10.17632/mpr2cy4ktr.1
https://doi.org/10.17632/mpr2cy4ktr.1
https://doi.org/10.17632/mpr2cy4ktr.1
https://doi.org/10.17632/mpr2cy4ktr.1


Fig 1. Rates of recurrence of invasive melanomas treated with MMS stratified by American Joint
Committee on Cancer tumor thickness categories. DR, Distant recurrence; LR, true local scar
recurrence; NR, nodal recurrence; SR, satellite/in-transit recurrence.
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margin may be used ‘‘to accommodate individual
anatomic or cosmetic considerations.’’1 Instances in
which a more narrow standardized margin is applied
may be more frequent in practice than expected,
because up to 59% of melanomas on the trunk and
extremities may be treated with surgical margins
more narrow than those outlined by the NCCN
guidelines.52

Complete removal of primary melanoma is
critical, because up to 33.3% of incompletely excised
invasive melanomas recur as more deeply invasive
disease.53 Given the potential impact of local
recurrences on patient outcomes, this and other
studies provide strong evidence for the role of
MMS or similar methods for complete margin
examination as a safe and effective surgical treatment
method for invasive melanoma. However, current
guidelines suggest that ‘‘techniques for more
exhaustive histologic assessment of margins should
be considered’’ only for certain subtypes of
melanoma. Specifically, guidelines from the NCCN
recommend MMS only for large melanoma in situ,
lentigo maligna subtype.1 Similarly, the melanoma
management guidelines provided by the American
Academy of Dermatology suggest that MMS should
be considered only for melanoma in situ, lentigo
maligna subtype, ‘‘on anatomically constrained sites
(e.g., face, ears, or scalp).’’2 To date, however, each
of the prospective cohort studies evaluating the use
of MMS to treat melanoma, of any anatomic site or
tumor thickness, have reported a local recurrence
rate that is a fraction of the lowest local recurrence
rate reported for WLE.22-24

Perhaps even more importantly, MMS for
melanoma may improve disease-specific survival.
Patients in our cohort treated with MMS showed
superior 5-year disease-specific survival probability
when compared with historical control patients
treated with WLE (Fig 2). To date, to our knowledge,
no published study has shown that patients with
melanoma treated with MMS have disease-specific
survival rates that are inferior to WLE. In fact, every
published clinical study evaluating disease-specific
survival after MMS has shown a survival
advantage when compared to historical control
patients.22,23,27,54-57 This may be due to the reduction
in true local scar recurrences occurring as thicker
tumors with worse survival rates.

Consistent with previous studies, primary tumor
thickness was not associated with true local scar
recurrence after treatment with MMS. This suggests
that true local scar recurrences occurring after WLE
are caused by primary tumor persistence after
surgery and not satellite metastases that could have
been excised with increasingly wider margins. As a
corollary, these and other data suggest that the
theory that wide margins beneficially include
microsatellites near a primary tumor do not, in
practice, provide survival benefit. This notion is
further supported by the fact that in each of the
RCTs comparing surgical margins for WLE, the group
of patients randomized to the narrower marginwidth



Table III. Percent clearance by tumor thickness if
1- or 2-cm standardized margins were applied

Tumor

thickness,

mm

Standard margin

1 cm 2 cm

\1 96.7% (95% CI:
95.4-97.6)

N/A

1-2 95.8 (95% CI:
91.9-97.9)

100.0 (95% CI:
97.8-100.0)

[2 N/A 99.3 (95% CI:
95.6-100.0)

CI, Confidence interval; N/A, not applicable.

Fig 2. Five-year Kaplan-Meier melanoma-specific survival rates for invasive melanoma of the
trunk and proximal portion of an extremity treated with MMS in this cohort (N = 1416)
compared with historical control values (n = 9129) treated with WLE.46 AJCC, American Joint
Committee on Cancer; CI, confidence interval; MMS, Mohs micrographic surgery; WLE, wide
local excision.
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had equivalent survival rates compared to the group
of patients with wider margins. To that end, the data
here are evidential that excisions of less than 1 cm,
and in which complete surgical margin examination
is performed, have no adverse impact on outcomes
for patients with invasive melanoma, as has been
suggested by some guidelines.2

These data also allow for the extrapolation of
histologic clearance rates with standardized margins
(Table III). In this cohort, the application of a 1-cm
clinical margin circumferentially around each tumor
may have allowed for histologically positive margins
in up to 3.3% of tumors of 1.0 mmor less in thickness.
For tumors of 1.01 to 2 mm in thickness, the
application of a 1-cm margin may have allowed up
to a 4.2% histologically positive margin rate. In both
of these instances, a margin-controlled technique
allowed for these outliers to be detected and for
potential true local scar recurrences to be averted. In
contrast to the traditional tissue-sparing properties of
MMS, the primary value of MMS for invasive
melanomas on the trunk and extremities is to identify
outlier melanomas requiring a margin of greater than
1 cm, with the effect of reducing local recurrence and
improving survival. As such, and despite evidence to
the contrary, concerns about using a margin of less
than 1 cm may be allayed by initiating MMS with a
1-cm margin for invasive melanomas on the trunk
and extremities.

Among studies evaluating MMS for the treatment
of invasive melanoma published to date, to our
knowledge, this study is of the largest cohort and
of the longest mean follow-up period. The extended
follow-up period provides greater power to detect
recurrences of any kind, further supporting the value
of this technique as a viable and valuable method for
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melanoma removal. This information may be useful
for future guidelines and for future iterations of the
Mohs Appropriate Use Criteria.31

REFERENCES

1. Swetter SM, Thompson JA, Albertini MR, et al. Cutaneous

melanoma. National Comprehensive Cancer Network Clinical

Practice Guidelines in Oncology (version 4.2020). Available at:

http://medi-guide.meditool.cn/ymtpdf/ACC90A18-6CDF-9443-

BF3F-E29394D495E8.pdf. Accessed December 30, 2020.

2. Swetter SM, Tsao H, Bichakjian CK, et al. Guidelines of care for

the management of primary cutaneous melanoma. J Am Acad

Dermatol. 2019;80(1):208-250.

3. Mangold AR, Skinner R, Dueck AC, Sekulic A, Pockaj BA. Risk

factors predicting positive margins at primary wide local

excision of cutaneous melanoma. Dermatol Surg. 2016;42(5):

646-652.

4. Moehrle M, Kraemer A, Schippert W, Garbe C, Rassner G,

Breuninger H. Clinical risk factors and prognostic significance

of local recurrence in cutaneous melanoma. Br J Dermatol.

2004;151(2):397-406.

5. Abide JM, Nahai F, Bennett RG, Rosen S, Rosen S. The meaning

of surgical margins. Plast Reconstr Surg. 1984;73(3):497.

6. Kimyai-Asadi A, Katz T, Goldberg LH, et al. Margin involvement

after the excision of melanoma in situ: the need for complete

en face examination of the surgical margins. Dermatol Surg.

2007;33(12):1434-1439.

7. Urist MM, Balch CM, Soong S, Shaw HM, Milton GW,

Maddox WA. The influence of surgical margins and

prognostic factors predicting the risk of local recurrence in

3445 patients with primary cutaneous melanoma. Cancer.

1985;55(6):1398-1402.

8. Cohn-Cedermark G, M�ansson-Brahme E, Rutqvist LE,

Larsson O, Singnomklao T, Ringborg U. Outcomes of patients

with local recurrence of cutaneous malignant melanoma: a

population-based study. Cancer. 1997;80(8):1418-1425.

9. Heaton KM, Sussman JJ, Gershenwald JE, et al. Surgical

margins and prognostic factors in patients with thick

([4mm) primary melanoma. Ann Surg Oncol. 1998;5(4):322-

328.

10. Griffiths RW, Briggs JC. Incidence of locally metastatic

(‘recurrent’) cutaneous malignant melanoma following

conventional wide margin excisional surgery for invasive

clinical stage I tumours: importance of maximal primary

tumour thickness. Br J Surg. 1986;73(5):349-353.

11. Agnese DM, Maupin R, Tillman B, Pozderac RD, Magro C,

Walker MJ. Head and neck melanoma in the sentinel

lymph node era. Arch Otolaryngol Head Neck Surg. 2007;

133(11):1121-1124.

12. Jejurikar SS, Borschel GH, Johnson TM, Lowe L, Brown DL.

Immediate, optimal reconstruction of facial lentigo maligna

and melanoma following total peripheral margin control. Plast

Reconstr Surg. 2007;120(5):1249-1255.

13. Agarwal-Antal N, Bowen GM, Gerwels JW. Histologic

evaluation of lentigo maligna with permanent sections:

implications regarding current guidelines. J Am Acad

Dermatol. 2002;47(5):743-748.

14. Anderson KW, Baker SR, Lowe L, Su L, Johnson TM. Treatment

of head and neck melanoma, lentigo maligna subtype: a

practical surgical technique. Arch Facial Plast Surg. 2014;3(3):

202-206.

15. Moyer JS, Rudy S, Boonstra PS, et al. Efficacy of staged excision

with permanent section margin control for cutaneous head

and neck melanoma. JAMA Dermatol. 2017;153(3):282-288.
16. Hill DC, Gramp AA. Surgical treatment of lentigo maligna and

lentigo maligna melanoma. Australas J Dermatol. 1999;40(1):

25-30.

17. Bosbous MW, Dzwierzynski WW, Neuburg M. Staged excision

of lentigo maligna and lentigo maligna melanoma: a 10-year

experience. Plast Reconstr Surg. 2009;124(6):1947-1955.

18. Huilgol SC, Selva D, Chen C, et al. Surgical margins for

lentigo maligna and lentigo maligna melanoma: the

technique of mapped serial excision. Arch Dermatol. 2004;

140(9):1087-1092.

19. Patel AN, Perkins W, Leach IH, Varma S. Johnson square

procedure for lentigo maligna and lentigo maligna melanoma.

Clin Exp Dermatol. 2014;39(5):570-576.

20. Bub JL, Berg D, Slee A, Odland PB. Management of lentigo,

maligna and lentigo maligna melanoma with staged excision:

a 5-year follow-up. Arch Dermatol. 2004;140(5):552-558.

21. Walling HW, Scupham RK, Bean AK, Ceilley RI. Staged excision

versus Mohs micrographic surgery for lentigo maligna and

lentigo maligna melanoma. J Am Acad Dermatol. 2007;57(4):

659-664.

22. Zitelli JA, Brown C, Hanusa BH. Mohs micrographic surgery for

the treatment of primary cutaneous melanoma. J Am Acad

Dermatol. 1997;37(2):236-245.

23. Bricca GM, Brodland DG, Ren D, Zitelli JA. Cutaneous head and

neck melanoma treated with Mohs micrographic surgery. J Am

Acad Dermatol. 2005;52(1):92-100.

24. Kunishige JH, Brodland DG, Zitelli JA. Surgical margins for

melanoma in situ. J Am Acad Dermatol. 2012;66(3):438-444.

25. Etzkorn JR, Sobanko JF, Elenitsas R, 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. J

Am Acad Dermatol. 2015;72(5):840-850.

26. Felton S, Taylor RS, Srivastava D. Excision margins for

melanoma in situ on the head and neck. Dermatol Surg.

2016;42(3):327-334.

27. Valent�ın-Nogueras SM, Brodland DG, Zitelli JA, Gonz�alez-
Sep�ulveda L, Nazario CM. Mohs micrographic surgery using

MART-1 immunostain in the treatment of invasive melanoma

and melanoma in situ. Dermatol Surg. 2016;42(6):733-744.

28. 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(5):1015-1021.

29. Newman J, Beal M, Schram SE, Lee PK. Mohs micrographic

surgery for lentigo maligna and lentigo maligna melanoma

using mel-5 immunostaining: an update from the University of

Minnesota. Dermatol Surg. 2013;39(12):1794-1799.

30. Lee MP, Sobanko JF, Shin TM, et al. Evolution of excisional

surgery practices for melanoma in the United States. JAMA

Dermatol. 2019;155:1244-1251.

31. Connolly SM, Baker DR, Coldiron BM, et al. AAD/ACMS/ASD-

SA/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 Su. J Am Acad Dermatol. 2012;67(4):531-550.

32. Balch CM, Soong SJ, Smith T, et al. Long-term results of a

prospective surgical trial comparing 2 cm vs. 4 cm excision

margins for 740 patients with 1-4 mm melanomas. Ann Surg

Oncol. 2001;8(2):101-108.

33. Veronesi U, Cascinelli N. Narrow excision (1-cm margin): a safe

procedure for thin cutaneous melanoma. Arch Surg. 1991;

126(4):438-441.

http://medi-guide.meditool.cn/ymtpdf/ACC90A18-6CDF-9443-BF3F-E29394D495E8.pdf
http://medi-guide.meditool.cn/ymtpdf/ACC90A18-6CDF-9443-BF3F-E29394D495E8.pdf
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref2
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref2
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref2
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref3
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref3
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref3
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref3
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref4
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref4
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref4
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref4
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref5
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref5
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref6
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref6
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref6
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref6
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref7
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref7
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref7
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref7
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref7
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref8
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref8
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref8
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref8
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref8
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref9
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref9
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref9
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref9
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref9
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref10
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref10
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref10
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref10
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref10
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref11
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref11
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref11
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref11
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref12
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref12
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref12
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref12
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref13
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref13
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref13
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref13
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref14
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref14
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref14
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref14
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref15
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref15
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref15
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref16
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref16
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref16
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref17
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref17
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref17
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref18
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref18
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref18
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref18
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref19
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref19
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref19
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref20
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref20
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref20
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref21
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref21
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref21
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref21
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref22
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref22
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref22
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref23
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref23
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref23
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref24
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref24
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref25
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref25
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref25
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref25
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref25
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref25
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref26
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref26
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref26
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref27
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref27
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref27
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref27
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref27
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref27
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref27
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref28
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref28
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref28
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref28
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref29
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref29
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref29
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref29
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref30
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref30
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref30
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref31
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref31
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref31
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref31
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref31
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref31
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref32
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref32
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref32
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref32
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref33
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref33
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref33


J AM ACAD DERMATOL

MARCH 2021
668 Burnett, Brodland, and Zitelli
34. Ringborg U, Andersson R, Eldh J, et al. Resection margins of

2 versus 5 cm for cutaneous malignant melanoma with a

tumor thickness of 0.8 to 2.0 mm: randomized study

by the Swedish Melanoma Study Group. Cancer. 1996;77(9):

1809-1814.

35. Khayat D, Rixe O, Martin G, et al. Surgical margins in cutaneous

melanoma (2 cm versus 5 cm for lesions measuring less than

2.1-mm thick). Cancer. 2003;97(8):1941-1946.

36. Thomas JM, Newton-Bishop J, A’Hern R, et al. Excision margins

in high-risk malignant melanoma. N Engl J Med. 2004;350(8):

757-766.

37. Bricca GM, Brodland DG, Zitelli JA. Immunostaining melanoma

frozen sections: the 1-hour protocol. Dermatol Surg. 2004;

30(3):403-408.

38. Zitelli JA, Moy RL, Abell E. The reliability of frozen sections in

the evaluation of surgical margins for melanoma. J Am Acad

Dermatol. 1991;24(1):102-106.

39. Brown CD, Zitelli JA. The prognosis and treatment of true local

cutaneous recurrent malignant melanoma. Dermatol Surg.

1995;21(4):285-290.

40. Heenan PJ, Ghaznawie M. The pathogenesis of local

recurrence of melanoma at the primary excision site. Br J

Plast Surg. 1999;52(3):209-213.

41. Yu LL, Heenan PJ. The morphological features of locally

recurrent melanoma and cutaneous metastases of melanoma.

Hum Pathol. 1999;30(5):551-555.

42. Heenan PJ. Local recurrence of melanoma. Pathology. 2004;

36(5):491-495.

43. MacCormack MA, Cohen LM, Rogers GS. Local melanoma

recurrence: a clarification of terminology. Dermatol Surg. 2004;

30(12 Pt 2):1533-1538.

44. Olsen G. Some views on the treatment of melanomas of the

skin. Arch Chir Neerl. 1970;22(2):79-90.

45. Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma of the

skin. In: Amin MB, Edge S, Greene F, et al., eds. AJCC Cancer

Staging Manual. Springer; 2017:563-585.

46. Criscione VD, Weinstock MA. Melanoma thickness trends in

the United States, 1988-2006. J Invest Dermatol. 2010;130(3):

793-797.
47. Neades GT, Orr DJ, Hughes LE, Horgan K. Safe margins in the

excision of primary cutaneous melanoma. Br J Surg. 1993;

80(6):731-733.

48. Karakousis CP, Balch CM, Urist MM, Ross MM, Smith TJ,

Bartolucci AA. Local recurrence in malignant melanoma:

long-term results of the multiinstitutional randomized surgical

trial. Ann Surg Oncol. 1996;3(5):446-452.

49. Roses DF, Harris MN, Rigel D, Carrey Z, Friedman R, Kopf AW.

Local and in-transit metastases following definitive excision

for primary cutaneous malignant melanoma. Ann Surg. 1983;

198(1):65-69.

50. Heenan PJ, English DR, Holman CD, Armstrong BK. The

effects of surgical treatment on survival and local

recurrence of cutaneous malignant melanoma. Cancer. 1992;

69(2):421-426.

51. Balch CM, Urist MM, Karakousis CP, et al. Efficacy of 2-cm

surgical margins for intermediate-thickness melanomas (1 to 4

mm): results of a multi-institutional randomized surgical trial.

Ann Surg. 1993;218(3):262-269.

52. Wasif N, Gray RJ, Bagaria SP, Pockaj BA. Compliance

with guidelines in the surgical management of cutaneous

melanoma across the USA. Melanoma Res. 2013;23(4):276-

282.

53. Debloom JR, Zitelli JA, Brodland DG. The invasive growth

potential of residual melanoma and melanoma in situ.

Dermatol Surg. 2010;36(8):1251-1257.

54. Zitelli JA, Mohs FE, Larson P, Snow S. Mohs micrographic

surgery for melanoma. Dermatol Clin. 1989;7(4):833-843.

55. Degesys CA, Powell HB, Hsia L-LB, Merritt BG. Outcomes for

invasive melanomas treated with Mohs micrographic surgery: a

retrospective cohort study. Dermatol Surg. 2019;45(2):223-228.

56. Demer AM, Vance KK, Cheraghi N, Reich HC, Lee PK. Benefit of

Mohs micrographic surgery over wide local excision for

melanoma of the head and neck: a rational approach to

treatment. Dermatol Surg. 2019;45(3):381-389.

57. Chin-Lenn L, Murynka T, McKinnon JG, Arlette JP. Comparison

of outcomes for malignant melanoma of the face treated

using Mohs micrographic surgery and wide local excision.

Dermatol Surg. 2013;39(11):1637-1645.

http://refhub.elsevier.com/S0190-9622(20)32316-1/sref34
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref34
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref34
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref34
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref34
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref35
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref35
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref35
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref36
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref36
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref36
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref37
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref37
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref37
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref38
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref38
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref38
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref39
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref39
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref39
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref40
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref40
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref40
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref41
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref41
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref41
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref42
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref42
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref43
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref43
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref43
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref44
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref44
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref45
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref45
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref45
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref46
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref46
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref46
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref47
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref47
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref47
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref48
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref48
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref48
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref48
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref49
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref49
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref49
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref49
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref50
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref50
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref50
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref50
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref51
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref51
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref51
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref51
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref52
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref52
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref52
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref52
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref53
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref53
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref53
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref54
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref54
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref55
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref55
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref55
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref56
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref56
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref56
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref56
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref57
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref57
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref57
http://refhub.elsevier.com/S0190-9622(20)32316-1/sref57

	Long-term outcomes of Mohs micrographic surgery for invasive melanoma of the trunk and proximal portion of the extremities
	Methods
	Results
	Patient and tumor characteristics
	Margins and tumor clearance
	Margins
	Local recurrence rates

	Long-term outcomes and survival
	Recurrences
	Survival


	Discussion
	References


