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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
Jeremy Robert Etzkorn, MD,a Joseph F. Sobanko, MD,a Rosalie Elenitsas, MD,a Jason G. Newman, MD,a
Hayley Goldbach, BS,b Thuzar M. Shin, MD,a and Christopher J. Miller, MDa
Philadelphia, Pennsylvania
Background: Various methods of tissue processing have been used to treat melanoma with Mohs
micrographic surgery (MMS).
Objective: We describe a method of treating melanoma with MMS that combines breadloaf frozen sectioning
of the central debulking excision with complete peripheral and deep microscopic margin evaluation, allowing
detection of upstaging and comprehensive pathologic margin assessment before reconstruction.
Methods: We conducted a retrospective cohort study evaluating for local recurrence and upstaging in 614
invasive or in situ melanomas in 577 patients treated with this MMS tissue processing methodology using
frozen sections with melanoma antigen recognized by T cells 1 (MART-1) immunostaining. Follow-up was
available in 597 melanomas in 563 patients.
Results: Local recurrence was identified in 0.34% (2/597) lesions with a mean follow-up time of 1026 days
(2.8 years). Upstaging occurred in 34 of 614 lesions (5.5%), of which 97% (33/34) were detected by the
Mohs surgeon before reconstruction.
Limitations: Limitations include retrospective study, intermediate follow-up time, and that the recurrence
status of 39.6% of patients was self-reported.
Conclusion: Treating melanoma with MMS that combines breadloaf sectioning of the central debulking
excision with complete peripheral and deep microscopic margin evaluation permits identification of
upstaging and consideration of sentinel lymph node biopsy before definitive reconstruction and achieves
low local recurrence rates compared with conventional excision. ( J Am Acad Dermatol 2015;72:840-50.)
Key words: immunostaining; melanoma; melanoma antigen recognized by T cells 1; Mohs micrographic
surgery; recurrence; upstaging.

C

onventional treatment of melanoma involves
excision with a recommended margin of
clinically normal-appearing skin.1 A separate
pathologist typically microscopically examines the
margins and determines final pathological staging
after the surgeon has reconstructed the wound. The
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excision specimen is typically fixed in formalin, and
recognized by T cells (MART)-1 immunohistochemvertical sections are cut from grossly breadloafical staining.
sectioned pieces. This method of tissue processing
METHODS
allows visualization and staging of the central tumor
Experimental design
and its relationship to the peripheral and deep
This study was approved by the Institutional Review
surgical margins. Its primary disadvantages are: (1)
Board of the Hospital of the University of Pennsylvania.
the delay between the excision and assessment of the
For this retrospective cohort
final pathological staging and
study, we identified from our
margin status, so immediate
CAPSULE SUMMARY
prospectively updated MMS
reconstruction may occur
database 617 consecutive pribefore detection of upstaging
Various methods of tissue processing
mary or locally recurrent cutaand before complete removal
have been used when treating
neous melanomas without
of the tumor; and (2) that it
melanoma with Mohs micrographic
clinical evidence of local or
examines less than 1% of the
surgery.
distant metastasis at the time
surgical margin, which inFrozen section breadloaf processing of
of surgery in 580 patients
creases the risk for falsethe central debulking excision permits
treated at the University of
negative margins.2
immediate identification of upstaging.
Mohs micrographic surPennsylvania from March
gery (MMS) also involves
2006 to September 2012.
Combining frozen section pathology of
excision with a margin of
All lesions were surgically
the debulking excision with Mohs
clinically normal-appearing
excised with MMS using both
micrographic surgery optimizes local
skin; however, the margins
frozen section hematoxylinclearance and pathologic staging before
may or may not conform to
eosin and MART-1 immunoreconstruction.
those recommended for
staining. Follow-up data were
conventional excision. MMS
obtained via patients’ medical
includes immediate, rather than delayed, microscopic
records and a telephone call. At the time of the
examination of the entire surgical margin, and patholtelephone call, patients were asked for their consent
ogy is interpreted by the Mohs surgeon, rather than a
to participate in the study.
separate pathologist. Rapid frozen section immunoPatient-reported information from the telephone
histochemical stains allow accurate identification and
call was combined with the chart review to update
precise excision of subclinical melanoma on the same
recurrence data. Patients were asked if pigment was
surgical day.3-5 Reconstruction commences only after
present within the scar or the 2 cm of skin around it,
confirming clear margins. The key advantage of MMS
or if their doctor had diagnosed melanoma around
is pathological assessment of the entire surgical
the scar. If a patient reported a recurrence, he or she
margin, increasing the likelihood of removing
was seen in the clinic to distinguish among a true
subclinical tumor before reconstruction.6-8 Potential
local recurrence (defined by in situ or invasive
disadvantages, if only the peripheral and deep surgical
melanoma within the scar from treatment of the
margins are examined, are that the surgeon cannot
primary tumor), satellitosis (defined by melanoma
assess the distance between the tumor and the surgical
without a radial growth phase arising #5 cm from the
margin, and pathological review of residual tumor will
original primary tumor and discontiguous with the
not detect upstaging before reconstruction. If a patient
scar), or a second primary tumor (defined by
subsequently upstages to candidacy for sentinel
melanoma in situ or invasive melanoma discontiglymph node biopsy (SLNB), the accuracy of the
uous with the scar from treatment of the primary
technique may be compromised, especially if the
tumor). Recurrence status was determined by clinical
wound was repaired with a flap.9
examination in 63.1% (377/597) of lesions and from
Combining breadloaf sectioning and mapping of
telephone follow-up in 36.9% (220/597) of lesions.
the debulking excision of melanomas with complete
Data for all patients had been prospectively
microscopic margin evaluation and mapping of a
entered at the time of their melanoma treatment in
Mohs layer capitalizes on the strengths and
an electronic database that includes patient demomitigates shortcomings of each technique. This study
graphics, preoperative diagnosis, postoperative
details this method of tissue processing and
diagnosis, tumor location, and previous treatment.
reports the short-term local recurrence rates and
The medical records of all patients were reviewed to
incidence of upstaging for one of the largest reported
verify the accuracy of the data in the electronic
cohorts of melanoma in situ and invasive melanoma
database. All diagnoses were verified by examinatreated with MMS using melanoma antigen
tion of biopsy reports from both the original
d

d

d
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Fig 1. Steps for Mohs micrographic surgery technique for melanoma at the Hospital of the
University of Pennsylvania. A, The scar and clinically visible residual melanoma at the site of the
original biopsy are outlined. Additional pigmented lesions near the primary melanoma are also
outlined and documented with photography in case they would collide with either the surgical
margin or reconstruction. B, An incision is made to the level of the papillary dermis at the exact
clinical margin of the melanoma. C, The visible tumor is excised to the superficial fat with a
peripheral margin of at least 2 to 3 mm of clinically normal-appearing skin (larger margins may
be excised for higher risk tumors). D, The peripheral margins of the debulking specimen are
inked with tissue dye and a map is drawn to record the grossing strategy. The debulking
excision is grossly sectioned in breadloaf fashion at 2- to 3-mm intervals and vertical sections
are cut for microscopic examination. The inset demonstrates tumor extending beyond the hash
mark at the clinical margin of the tumor (made in step B) to the green-dyed edge. E, The Mohs
layer is excised around the entire defect from the debulking excision to the fascia with an
additional peripheral margin of at least 2 to 3 mm of clinically normal-appearing skin (larger
margins may be excised for higher risk tumors). Hash marks are made on the skin surface to
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Fig 1. (continued).

=

maintain orientation relative to the patient. F, The Mohs layer specimen is grossly sectioned to
separate the epidermis, dermis, and a thin layer of subcutaneous fat from the deep fatty margin.
Free cut edges of all grossly sectioned specimens are inked, and surgical maps are drawn to
represent the method of gross sectioning. G, Microscopic frozen sections are cut from the
complete peripheral and deep margins for evaluation by the Mohs surgeon. In this example,
piece 2, which corresponds to the site of the positive margin on the debulking excision (see
step D), has tumor at the margin. H, The presence of tumor at the margins is indicated on the
Mohs map, and additional layers around the positive margin are excised until there is no
evidence of microscopic disease. A minimum of a 2- to 3-mm peripheral margin was excised on
subsequent stages, but larger margins were sometimes excised if the previous stage was
strongly positive.
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Fig 2. Examples of criteria for positive margins on Mohs micrographic surgery frozen sections.
A, Nesting of 3 or more melanocytes that did not all contact the basement membrane.
B, Confluence of 10 or more melanocytes in direct contact with the basement membrane.
C, Pagetoid spread of melanocytes at or above the level of the mid epidermis in the presence of
increased melanocyte density. D, Confluent extension of melanocytes deep to the follicular
infundibulum. E, Severe melanocytic atypia defined by large atypical nuclei and/or significant
pleomorphism. (A to D, Frozen section, melanoma antigen recognized by T cells 1 stain; original
magnification: 340; E, frozen section, hematoxylin-eosin stain; original magnification: 340.)

diagnostic biopsy specimen and from the debulking
specimen taken at the time of MMS. Upstaging was
defined as an increase in the T category in the 7th
edition of the American Joint Committee on Cancer
(AJCC) melanoma staging classification10 when
comparing the pathology of the initial biopsy specimen and complete debulking excision specimen.
Surgical procedure
All patients were treated under local anesthesia
with a similar protocol (Fig 1).
For melanoma in situ and AJCC 7th edition tumor
stage T1a, a minimum total margin (debulking
specimen plus Mohs layer) of 5 to 6 mm was
excised on the first stage of MMS. On rare occasions
in critical cosmetic or functional anatomic locations
(eg, distal nasal tip or ala, vermilion lip, eyelid
margin), the tumor was removed with clinical margins smaller than 5 mm. No tumor was excised with a
clinical margin less than 3 mm. For high-risk tumors,
defined as AJCC 7th edition tumor stage T1b or
greater, more generous margins were taken to equal a
total of a 1-cm margin, unless the wider margin would
compromise aesthetic or functional outcomes.

Microscopic frozen sections containing epidermis
and dermis were cut with a thickness of 4 to 6 m.
Specimens consisting entirely of fat were often cut
with thicker sections of 8 to 10 m to avoid any holes
in the specimen. All specimens were stained
immediately with both hematoxylin-eosin and
MART-1 immunostains. Fig 2 demonstrates criteria
for a positive margin.11-13
The Mohs surgeon immediately reconstructed
most wounds after declaring clear margin status,
except in cases where patients upstaged to
candidacy for a SLNB or when desmoplastic melanoma was present on the preoperative biopsy
specimen or detected on the debulking specimen.
After confirming clear microscopic margins, the
entire debulking excision was thawed and sent for
paraffin-embedded sections. Mohs layer specimens
were not sent for paraffin-embedded sections unless
they contained invasive tumor or another incidental
melanocytic lesion.
When upstaging to candidacy for SLNB (defined
as a Breslow depth of $0.76 mm) was detected with
frozen sections, the Mohs surgeon engaged each
patient in a discussion regarding SLNB. If the patient
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elected to undergo SLNB, MMS continued until
tumor-free margins were achieved, but reconstruction was delayed until after the SLNB, so that
lymphatic drainage patterns would be preserved to
the greatest extent possible. If desmoplastic melanoma was present on the preoperative biopsy
specimen or frozen sections, MMS continued until
clear margins were attained with frozen sections. The
debulking and Mohs layer specimens were thawed,
fixed in formalin, and sent for paraffin-embedded
sections. Reconstruction was delayed until clear
margins status was confirmed with paraffin sections
and S100 and/or SOX-10 immunostains.

RESULTS
Of 580 patients, 3 patients with 3 melanomas
elected not to participate in the study when consent
was sought via a telephone call. Follow-up data were
available for 597 lesions in 561 patients. In all, 436
lesions (73%) were melanoma in situ, and 161 (27%)
were invasive melanomas. The mean number of
stages required for clearance was 1.4, with a range of
1 to 7 stages. Desmoplastic melanoma was present in
8 lesions, for which clear margins were obtained
on the Mohs frozen sections, then confirmed with
paraffin-embedded sections of the Mohs layer. There
was 100% agreement between the Mohs surgeon’s
interpretation of the frozen sections and the dermatopathologist’s interpretation of the paraffin sections.
Characteristics of the study population are outlined
in Table I.
Local recurrence
Follow-up time was a median of 941 days (2.6
years) and a mean of 1026 days (2.8 years). Local
recurrence was identified in 2 of 597 lesions (0.34%).
The first local recurrence was detected 154 days
after MMS for a melanoma in situ located on the right
zygoma of a patient with chronic lymphocytic
leukemia. The recurrent lesion was also a melanoma
in situ and was treated with MMS. The second local
recurrence was detected by the patient 1484 days
after MMS for a melanoma in situ on the right plantar
foot. The recurrent lesion was also a melanoma in
situ and was retreated with MMS.
Patients lost to follow-up
Seventeen melanomas (2.8%) were lost to followup. The characteristics of the associated patients and
their lesions are displayed in Table II.
Upstaging
Upstaging (defined as an increase in the T
category in the 7th edition of the AJCC melanoma
staging classification) occurred in 34 of 614 lesions

(5.5%), of which 97% (33/34) were detected by the
Mohs surgeon before reconstruction. Of these cases,
23.5% (8/34) upstaged to a Breslow depth of 0.97
mm or greater and met criteria for SLNB. The Mohs
surgeon identified 87.5% (7/8) of these cases and
offered SLNB before reconstruction. Patients elected
to undergo SLNB and delay reconstruction in 3 of the
7 cases (43%), only 1 of which was positive for
disease in the sentinel lymph node. In 1 of the 8
lesions that upstaged to candidacy to SLNB, the
invasive component was not detected by the Mohs
surgeon; while the in situ component of this lesion
was highlighted with MART-1 immunostaining, the
invasive component of this lesion was composed of a
subtle desmoplastic melanoma that was not highlighted with MART-1 immunostaining and was not
detected on the hematoxylin-eosin frozen sections.
Detailed information on the characteristics of
upstaged lesions is presented in Table III.

DISCUSSION
The American Academy of Dermatology, American
College of Mohs Surgery, American Society for Mohs
Surgery, and American Society for Dermatologic
Surgery Association have determined MMS to be
appropriate for the treatment of primary and locally
recurrent melanoma in situ and lentigo maligna on the
head and neck, genitalia, acral sites, and the pretibial
leg; however, they omit commentary on invasive
melanoma.14 Previous authors have demonstrated
low rates of local recurrence after MMS for both
melanoma in situ7 and invasive melanoma.6,8,15,16
Data from this study corroborate the efficacy of MMS
for both melanoma in situ and invasive melanoma and
contribute the largest published cohort in which the
pathology for every patient was evaluated with both
hematoxylin-eosin and MART-1 immunostains. The
low rate of local recurrence occurred despite the fact
that the cohort consisted primarily of subsets of
melanoma that have notoriously high rates of local
recurrence after conventional excision. The majority
(474/597 [79.4%]) of the melanomas in the cohort were
located on the head and neck, an anatomic site known
to be an independent risk factor for local recurrence.17-19 Moreover, a substantial number (16.4%
[98/597]) of the melanomas had been previously
treated, another characteristic associated with local
recurrence. The low local recurrence rates after MMS
compare favorably with much higher published local
recurrence rates after conventional excision of melanoma, although the definition of local recurrence in
comparative studies varies and was not always defined
(Table IV).
Numerous previous authors have defined local
recurrence as the presence of melanoma within

J AM ACAD DERMATOL

846 Etzkorn et al

MAY 2015

Table I. Data for patients with follow-up (n = 597)
Melanoma type
Characteristics

Age, y
Range
Mean
Median
Sex
Male
Female
Tumor location
Head and neck
Scalp or mastoid
Upper third of face*
Nose
Ears
Periocular
Perioral
Lower two thirds of facey
Neck
Total
Trunk and extremities
Trunk
Proximal upper extremity
Distal upper extremity
Hand
Proximal lower extremity
Distal lower extremity
Foot
Total
Thickness
In situ
0.01-1.0 mm
1.01-2.0 mm
2.01-4.0 mm
[4.0 mm
Previously treated
Yes
Recent incomplete excision
Recurrent after prior excision
Recurrence after other nonexcisional therapy
(eg, laser, cryosurgery, imiquimod)
Total
No
Follow-up, d
Mean
Median
Range

In situ

Invasive

18-92
65
66

27-93
67
67

61.9% (270/436)
38.1% (166/436)

62.7% (101/161)
37.3% (60/161)

5.7%
12.6%
13.1%
7.8%
4.6%
1.4%
31.0%
3.4%
79.6%

(25/436)
(55/436)
(57/436)
(34/436)
(20/436)
(6/436)
(135/436)
(15/436)
(347/436)

12.4%
12.4%
9.9%
9.3%
4.3%
0%
24.2%
6.8%
79.5%

(20/161)
(20/161)
(16/161)
(15/161)
(7/161)
(0/161)
(39/161)
(11/161)
(128/161)

5.5%
3.9%
2.3%
1.6%
0.2%
2.8%
4.1%
20.4%

(24/436)
(17/436)
(10/436)
(7/436)
(1/436)
(12/436)
(18/436)
(89/436)

6.8%
2.5%
1.2%
0%
0.6%
7.5%
1.9%
20.5%

(11/161)
(4/161)
(2/161)
(0/161)
(1/161)
(12/161)
(3/161)
(33/161)

100% (436/436)
n/a
n/a
n/a
n/a

85.1%
9.3%
3.7%
1.9%

n/a
(137/161)
(15/161)
(6/161)
(3/161)

44.2% (34/77)
29.9% (23/77)
26.0% (20/77)

38.1% (8/21)
47.6% (10/21)
14.3% (3/21)

17.7% (77/436)
82.3% (359/436)

13.0% (21/161)
87.0% (140/161)

1058
941
4-3167

938
938
6-2666

n/a, Not applicable.
*Locations include the following: forehead, brow, suprabrow, and temple.
y
Locations include the following: chin and cheek, including the preauricular, mandibular, zygomatic, malar, infraorbital, maxillary, and buccal
regions.

distances of up to 5 cm or more from the scar of the
primary excision,18 a definition that may include
either epidermal or intralymphatic metastases/
satellites. Local recurrence that includes intralymphatic metastases near the scar is not an accurate

measure of surgical success; evidence indicates that
intralymphatic metastases occur independently of
the size of the excision margin, disputing the
unsubstantiated dogma that wider margins ‘‘capture
microsatellites.’’17,20,21
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Table II. Data for patients lost to follow-up (n = 17)
Melanoma type
Characteristics

Age, y
Range
Mean
Median
Sex
Male
Female
Tumor location
Head and neck
Scalp or mastoid
Upper third of face*
Nose
Ears
Periocular
Perioral
Lower two thirds of facey
Neck
Total
Trunk and extremities
Trunk
Proximal upper extremity
Distal upper extremity
Hand
Proximal lower extremity
Distal lower extremity
Foot
Total
Thickness
In situ
0.01-1.0 mm
1.01-2.0 mm
2.01-4.0 mm
[4.0 mm
Previously treated
Yes
Recent incomplete
excision
Recurrent after prior
excision
Recurrence after other
nonexcisional therapy
(eg, laser, cryosurgery,
imiquimod)
Total
No

In situ

Invasive

27-83
60
67

53-81
65
62

46% (6/13)
54% (7/13)

25% (1/4)
75% (3/4)

0%
0%
15.4%
15.4%
23.1%
7.7%
15.4%
7.7%
84.6%

(0/13)
(0/13)
(2/13)
(2/13)
(3/13)
(1/13)
(2/13)
(1/13)
(11/13)

0%
25%
0%
0%
25%
0%
0%
0%
50%

(0/4)
(1/4)
(0/4)
(0/4)
(1/4)
(0/4)
(0/4)
(0/4)
(2/4)

7.7%
0%
0%
0%
0%
7.7%
0%
15.3%

(1/13)
(0/13)
(0/13)
(0/13)
(0/13)
(1/13)
(0/17)
(2/13)

0%
25%
25%
0%
0%
0%
0%
50%

(0/4)
(1/4)
(1/4)
(0/4)
(0/4)
(0/4)
(0/4)
(2/4)

100% (17/17)
n/a
n/a
100% (4/4)
n/a
0% (0/4)
n/a
0% (0/4)
n/a
0% (0/4)

0% (0/3)

100% (1/1)

33% (1/3)

0% (0/1)

67% (2/3)

0% (0/1)

23.1% (3/13)
76.9% (10/13)

25% (1/4)
75% (3/4)

n/a, Not applicable.
*Locations include the following: forehead, brow, suprabrow, and
temple.
y
Locations include the following: chin and cheek, including the
preauricular, mandibular, zygomatic, malar, infraorbital, maxillary,
and buccal regions.

A true local recurrence, defined as in situ or
invasive melanoma arising in the scar from treatment
of the primary tumor, represents a surgical failure, and

it occurs as a result of incomplete removal of
melanoma.18 Prognosis of a true local recurrence in
the absence of metastatic disease depends on the
AJCC tumor stage at the time it is detected. True local
recurrences often have a greater depth of invasion
compared with the tumor at the time of initial
treatment,22 and they may portend a worse
prognosis.19 Our local recurrence rate of 0.34% with
a mean follow-up time of 2.8 years is the most accurate
measure of the efficacy of our technique. Although we
recognize that we may detect more local recurrences
with longer follow-up, this study’s mean follow-up
time of 2.8 years is comparable to numerous publications citing much higher local recurrence rates after
conventional surgery of melanoma (Table IV).
Breadloafing and mapping the debulking
excision provide staging information that can affect
patient treatment, facilitate margin interpretation,
and build on the well-described surgical technique
of previous authors.6 First, immediate microscopic
examination of the debulking specimen allows accurate measurement of Breslow depth23 and timely
detection of upstaging, so that SLNB can be offered
before tissue rearrangement and disruption of
lymphatic drainage from reconstruction. In this
cohort, 1.3% (8/614) of the melanomas became
candidates for SLNB after evaluation of the breadloafed debulking specimen. In 7 of 8 of these cases,
a discussion about SLNB ensued before reconstruction, and the patient elected to delay reconstruction
and undergo SLNB in 3 of these cases. In the 4
patients who declined SLNB, the mean age was 83
years (range 75e90 years). Previous authors have
published cohorts in which patients upstaged to
candidacy for SLNB after excision of partially
sampled melanomas with frequencies ranging from
0.6% to 10%.24,25 Second, breadloaf processing of the
debulking excision combined with scoring the
clinical margin of the melanoma of the debulking
specimen (Fig 1, B) provides a positive control and
permits precise evaluation of the relationship between the clinical and pathologic surgical margins.
Although breadloaf processing of the debulking
specimen requires more time for both the surgeon
and the histotechnologists, this information assists in
the pathologic interpretation of the Mohs layer in
heavily sun-damaged skin, a notoriously challenging
task even with paraffin sections.26
Whereas previous authors have applied uniform
peripheral excision margins to melanomas,6,7,27,28
the size of the peripheral margin in this study varied
according to the stage of the tumor (see ‘‘Methods’’
section). This technique also included a deep margin
that extended through the entire subcutaneous fat to
the fascia or deeper (Fig 1, E ). Although there is
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Table III. Characteristics of tumors that upstaged
Initial diagnosis

AIMP
Atypical nevus
Lentiginous compound
melanocytic nevus with
severe atypia
MIS

Invasive melanoma

Initial
T stage

Breslow depth
range, mm

Final
T stage

Breslow depth
range, mm

n/a
n/a
n/a

n/a
n/a
n/a

1a
1a
2a

0

n/a

1a

0.17-0.97

20

0
0

n/a
n/a

2a
4a

1.1-1.2
Invading
cranium

2
1

1a

0.2

1b

0.75

1

1a
1a
1b
1b
2a
2b

0.22
0.67
0.6
0.78
1.32-1.8
1.1

2a
4a
2a
3a
3a
3b

1.1
[4
1.3
2.2
2.7-3.1
4

1
1
1
1
2
1

0.28
0.23
1.1

No. of lesions

Notes

1
1
1

Final Breslow $0.75 mm
in 1 lesion (0.97 mm)
Desmoplastic melanoma detected
during Mohs micrographic
surgery
Mitoses detected on debulking
specimen

AIMP, Atypical intraepidermal proliferation; MIS, melanoma in situ.

Table IV. Published standard excision local recurrence rates in studies that allowed delineation of recurrence
location between head or neck lesions and trunk or extremity lesions
Study

Trunk and extremity melanomas
Heaton et al,38 1998
Agnese et al,39 2007
Balch et al,20 2001
Neades et al,40 1993
Moehrle et al,18 2004
Cohn-Cedermark et al,41 1997
Head and neck melanomas
Fisher et al,42 1992
Harish et al,43 2013*
Berdahl et al,44 2006
Jones et al,45 2013
Bogle et al,37 2001
Heaton et al,38 1998
Ravin et al,46 2006y
Balch et al,20 2001
Gibbs et al,34 2001
Neades et al,40 1993
Agnese et al,39 2007
Moehrle et al,18 2004
Cohn-Cedermark et al,41 1997
Sullivan et al,47 2012

LR/total patients

29/234
21/624
22/676
6/356
40/3376
26/3143
252/900
12/56
5/40
6/50
4/35
5/44
21/199
6/64
11/168
5/78
8/131
29/584
22/563
2/72

Studies are arranged in descending order of LR rates.
LR, Local recurrence; NS, not specified; WLE, wide local excision.
*Eyelid melanomas.
y
Ear melanomas.

LR rate, %

Follow-up, y

Definition of LR

12.4
3.4
3.3
1.7
1.2
0.8

2.3
2.8, Median
10, Median
10, Median
5, Median
8, Median

#3 cm from the WLE surgical scar
NS
#2 cm from the scar or graft
In the scar or graft
In the scar or graft
In the scar or graft

28
21.4
12.5
12
11.4
11.3
10.6
9.3
6.5
6.4
6.1
5.0
3.9
2.8

NS
3.1, Median
3.1, Mean
3.1, Median
3.5, Mean
2.3
3.3, Median
10, Median
NS
10, Median
2.8, Median
5, Median
8, Median
5.2, Mean

NS
NS
NS
NS
NS
#3 cm from the WLE surgical scar
NS
#2 cm from the scar or graft
In the scar or graft
In the scar or graft
NS
In the scar or graft
In the scar or graft
NS
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variation in depth of excision of melanoma among
physicians,29 excision to fascia ensures removal of
melanoma extending along adnexa to the dermalsubcutaneous fat junction.
Whereas the cohorts of several previous studies
have not used immunostaining for all patients,6,7
this cohort is entirely composed of melanomas
treated with MMS aided by frozen section MART-1
immunostaining, which has superior sensitivity
and ease of interpretation compared with other
melanocytic immunostains.28,30 MART-1 frozen section immunostains have proven to be as accurate as
formalin-fixed paraffin-embedded immunohistochemical sections.3-5 Because MART-1 will not stain
a purely desmoplastic melanoma, delaying reconstruction to confirm margins status with paraffin
sections and S100 or SOX-10 immunostains may be
prudent when treating desmoplastic melanoma.31,32
In all 8 of the patients in this cohort with desmoplastic melanomas, paraffin-embedded sections
corroborated the clear margin status determined by
the frozen sections.
This study has limitations. First, the study was
retrospective and lacked a comparison treatment
arm, so the efficacy of the technique could only be
compared with published rates of local recurrence
after conventional wide local excision (Table IV).
Second, follow-up time was short, with a mean time
of 2.8 years. However, this follow-up time is likely to
capture the majority of true local recurrences,
because previous authors have shown a median
interval ranging from 13.4 to 22 months between
excision of the primary tumor and diagnosis of the
local or locoregional recurrence,18,33,34 and two
thirds of all local recurrences are detected within
24 months of treatment of the primary melanoma.35
Third, the local recurrence data relied on patient
reporting in 36.9% of the melanomas included in
this study, which could lead to a falsely low rate of
local recurrence. To minimize the risk of underreporting the local recurrence rate, patients were
asked specifically if pigment was visible within the
scar or the 2 cm of skin around it or if their doctor
had diagnosed melanoma around the scar, and any
patients who were uncertain or reported pigment
were evaluated in clinic. Patient reporting may be
reliable, because up to 88% of melanomas,
including notoriously challenging nodular melanomas, are detected by patients or their partners.36
Finally, the majority of patients in this cohort had
melanoma in situ or melanoma with a depth less
than 1 mm. Although some may argue that the low
local recurrence rate reflected that fact that the
majority of melanomas were thin, evidence indicates that melanoma thickness does not correlate

Etzkorn et al 849

with the risk of true local recurrence,17,37 and
microscopic margin control resulted in low local
recurrence rates for melanomas of all depths in this
cohort.
MMS with frozen section evaluation aided by
MART-1 immunostaining achieves low local recurrence rates for both melanoma in situ and invasive
melanoma. MMS with tissue processing that
combines breadloaf sectioning of the central
debulking excision with complete peripheral
and deep microscopic margin evaluation permits
identification of upstaging and consideration of
SLNB before definitive reconstruction.
REFERENCES
1. Coit DG, Thompson JA, Andtbacka R, et al. Melanoma, version
4.2014. J Natl Compr Canc Netw. 2014;12:621-629.
2. Abide JM, Nahai F, Bennett RG. The meaning of surgical
margins. Plast Reconstr Surg. 1984;73:492-497.
3. Cherpelis BS, Moore R, Ladd S, Chen R, Glass LF. Comparison of
MART-1 frozen sections to permanent sections using a rapid
19-minute protocol. Dermatol Surg. 2009;35:207-213.
4. Kelley LC, Starkus L. Immunohistochemical staining of lentigo
maligna during Mohs micrographic surgery using MART-1.
J Am Acad Dermatol. 2002;46:78-84.
5. Chang KH, Finn DT, Lee D, Bhawan J, Dallal GE, Rogers GS.
Novel 16-minute technique for evaluating melanoma resection
margins during Mohs surgery. J Am Acad Dermatol. 2011;64:
107-112.
6. 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.
7. Kunishige JH, Brodland DG, Zitelli JA. Surgical margins for
melanoma in situ. J Am Acad Dermatol. 2012;66:438-444.
8. Bhardwaj SS, Tope WD, Lee PK. Mohs micrographic surgery for
lentigo maligna and lentigo maligna melanoma using Mel-5
immunostaining: University of Minnesota experience.
Dermatol Surg. 2006;32:690-697.
9. Kelemen PR, Essner R, Foshag LJ, Morton DL. Lymphatic mapping
and sentinel lymphadenectomy after wide local excision of
primary melanoma. J Am Coll Surg. 1999;189:247-252.
10. Balch CM, Gershenwald JE, Soong SJ, et al. Final version of
2009 AJCC melanoma staging and classification. J Clin Oncol.
2009;27:6199-6206.
11. Hendi A, Brodland DG, Zitelli JA. Melanocytes in long-standing
sun-exposed skin: quantitative analysis using the MART-1
immunostain. Arch Dermatol. 2006;142:871-876.
12. Madden K, Forman SB, Elston D. Quantification of
melanocytes in sun-damaged skin. J Am Acad Dermatol.
2011;64:548-552.
13. Barlow JO, Maize J Sr, Lang PG. The density and distribution of
melanocytes adjacent to melanoma and nonmelanoma skin
cancers. Dermatol Surg. 2007;33:199-207.
14. Ad Hoc Task Force, Connolly SM, 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. J Am Acad Dermatol.
2012;67:531-550.
15. Zitelli JA, Brown C, Hanusa BH. Mohs micrographic surgery for
the treatment of primary cutaneous melanoma. J Am Acad
Dermatol. 1997;37:236-245.

850 Etzkorn et al

16. Bienert TN, Trotter MJ, Arlette JP. Treatment of cutaneous
melanoma of the face by Mohs micrographic surgery. J Cutan
Med Surg. 2003;7:25-30.
17. Hudson LE, Maithel SK, Carlson GW, et al. 1 or 2 cm Margins of
excision for T2 melanomas: do they impact recurrence or
survival? Ann Surg Oncol 2013;20:346-351.
18. 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;151:397-406.
19. Wildemore JK, Schuchter L, Mick R, et al. Locally recurrent
malignant melanoma characteristics and outcomes: a
single-institution study. Ann Plast Surg. 2001;46:488-494.
20. 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;8:101-108.
21. 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;97:1941-1946.
22. DeBloom JR II, Zitelli JA, Brodland DG. The invasive growth
potential of residual melanoma and melanoma in situ.
Dermatol Surg. 2010;36:1251-1257.
23. Kiehl P, Matthies B, Ehrich K, Volker B, Kapp A. Accuracy of
frozen section measurements for the determination of
Breslow tumor thickness in primary malignant melanoma.
Histopathology. 1999;34:257-261.
24. Iorizzo LJ III, Chocron I, Lumbang W, Stasko T. Importance of
vertical pathology of debulking specimens during Mohs
micrographic surgery for lentigo maligna and melanoma in
situ. Dermatol Surg. 2013;39:365-371.
25. Karimipour DJ, Schwartz JL, Wang TS, et al. Microstaging
accuracy after subtotal incisional biopsy of cutaneous
melanoma. J Am Acad Dermatol. 2005;52:798-802.
26. Florell SR, Boucher KM, Leachman SA, et al. Histopathologic
recognition of involved margins of lentigo maligna excised by
staged excision: an interobserver comparison study. Arch
Dermatol. 2003;139:595-604.
27. Zitelli JA, Brown CD, Hanusa BH. Surgical margins for excision
of primary cutaneous melanoma. J Am Acad Dermatol. 1997;
37:422-429.
28. Zalla MJ, Lim KK, Dicaudo DJ, Gagnot MM. Mohs micrographic
excision of melanoma using immunostains. Dermatol Surg.
2000;26:771-784.
29. DeFazio JL, Marghoob AA, Pan Y, Dusza SW, Khokhar A,
Halpern A. Variation in the depth of excision of melanoma: a
survey of US physicians. Arch Dermatol. 2010;146:995-999.
30. Albertini JG, Elston DM, Libow LF, Smith SB, Farley MF. 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;28:656-665.
31. Chen LL, Jaimes N, Barker CA, Busam KJ, Marghoob AA.
Desmoplastic melanoma: a review. J Am Acad Dermatol. 2013;
68:825-833.

J AM ACAD DERMATOL

MAY 2015

32. Palla B, Su A, Binder S, Dry S. SOX10 expression distinguishes
desmoplastic melanoma from its histologic mimics. Am J
Dermatopathol. 2013;35:576-581.
33. Messeguer F, Agusti-Mejias A, Traves V, Alegre V, Oliver V,
Nagore E. Risk factors for the development of locoregional
cutaneous metastases as the sole form of recurrence in
patients with melanoma. Actas Dermosifiliogr. 2013;104:53-60.
34. Gibbs P, Robinson WA, Pearlman N, Raben D, Walsh P,
Gonzalez R. Management of primary cutaneous melanoma
of the head and neck: the University of Colorado experience
and a review of the literature. J Surg Oncol. 2001;77:179-187.
35. Fusi S, Ariyan S, Sternlicht A. Data on first recurrence after
treatment for malignant melanoma in a large patient population. Plast Reconstr Surg. 1993;91:94-98.
36. Geller AC, Elwood M, Swetter SM, et al. Factors related to the
presentation of thin and thick nodular melanoma from a
population-based cancer registry in Queensland Australia.
Cancer. 2009;115:1318-1327.
37. Bogle M, Kelly P, Shenaq J, Friedman J, Evans GR. The role of
soft tissue reconstruction after melanoma resection in the
head and neck. Head Neck. 2001;23:8-15.
38. Heaton KM, Sussman JJ, Gershenwald JE, et al. Surgical
margins and prognostic factors in patients with thick
([4mm) primary melanoma. Ann Surg Oncol. 1998;5:322-328.
39. 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:
1121-1124.
40. Neades GT, Orr DJ, Hughes LE, Horgan K. Safe margins in the
excision of primary cutaneous melanoma. Br J Surg. 1993;80:
731-733.
41. Cohn-Cedermark G, Mansson-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;80:1418-1425.
42. Fisher SR, Seigler HF, George SL. Therapeutic and prognostic
considerations of head and neck melanoma. Ann Plast Surg.
1992;28:78-80.
43. Harish V, Bond JS, Scolyer RA, et al. Margins of excision and
prognostic factors for cutaneous eyelid melanomas. J Plast
Reconstr Aesthet Surg. 2013;66:1066-1073.
44. Berdahl JP, Pockaj BA, Gray RJ, Casey WJ, Woog JJ. Optimal
management and challenges in treatment of upper facial
melanoma. Ann Plast Surg. 2006;57:616-620.
45. Jones TS, Jones EL, Gao D, Pearlman NW, Robinson WA,
McCarter M. Management of external ear melanoma: the same
or something different? Am J Surg 2013;206:307-313.
46. Ravin AG, Pickett N, Johnson JL, Fisher SR, Levin LS, Seigler HF.
Melanoma of the ear: treatment and survival probabilities
based on 199 patients. Ann Plast Surg. 2006;57:70-76.
47. Sullivan SR, Liu DZ, Mathes DW, Isik FF. Head and neck
malignant melanoma: local recurrence rate following wide
local excision and immediate reconstruction. Ann Plast Surg.
2012;68:33-36.

