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ABSTRACT

Objectives/ Hypothesis

To determine and compare the efficacy of Mohs
micrographic surgery (MMS) and conventional
excision (CE) -confirmed resection of non-mela-
noma skin cancers (NMSCs).

Study Design: Retrospective cohort study

Methods

A retrospective cohort study of NMSCs treated
in a tertiary referral center by a single facial plas-
tic surgeon and a group of five histopathologists
over an 18-year period. The treatment modality
was either MMS or CE. The primary outcome
measure was recurrence of disease. The second-
ary outcome measure was the size of resulting
surgical excision defect.

Results

Between 1990 and 2008, 795 patients were
treated with MMS and 709 with CE. The median
follow-up period for MMS was 24 months and
for CE 16 months. Disease recurred in 6/795 and
7/709 of patients, respectively (P=0.78). Analy-
sis of the resection defects with general linear
models adjusted for localization and primary or
recurrent disease showed significantly smaller
defects after MMS. (p=0.008)
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Conclusions

This study demonstrates that: 1) MMS and CE
are safe in terms of recurrence rates in non-mel-
anoma skin cancers; 2) MMS can be performed
adequately by an experienced facial plastic sur-
geon in close collaboration with a group of pa-
thologists; and 3) the advantage of MMS is that
resection defects can be minimized in important
aesthetic and functional areas, such the nose and
eyelid, possibly facilitating reconstruction.



INTRODUCTION

Skin cancer is the most common malignancy in
the Caucasian population with basal cell carci-
noma (BCC) representing 75% and squamous
cell carcinoma (SCC) 20%.' The remaining
5%, which includes melanomas, is beyond the
scope of this article. Over the last decade a sig-
nificant rise in incidence of non-melanoma skin
cancer (NMSC) has been noted’” with a pre-
dicted further increase of 80% in the Netherlands
by 2015 making an overall incidence of up to
233/100.000.° Therefore skin cancer is an impor-
tant public health problem in white people.

The most significant etiological factors ap-
pear to be genetic predisposition and exposure
to ultraviolet radiation’, with childhood expo-
sure being of particular importance.® Other risk
factors include increasing age, the male sex,
Fitzpatrick skin types I and II, immunosuppre-
sion and arsenic exposure.” Multiple BCCs may
be a feature of basal cell naevus (Gorlin’s) syn-
drome.!® The sun-exposed areas of the head and
neck are the most commonly involved sites.'!?

The likelihood of curing an individual skin
cancer strongly correlates with a number of
prognostic factors - tumor size (increasing size
confers higher risk of recurrence); tumor site (le-
sions on the central face, especially around the
eyes, nose, lips and ears, are at a higher risk of
recurrence (H-zone); definition of clinical mar-
gins (poorly defined lesions are at higher risk of
recurrence); histological subtype (SCC and ag-
gressive subtypes of BCC confer higher risk of
recurrence); histological features of aggression
(perineural and/or perivascular involvement con-
fers higher risk of recurrence); failure of previ-
ous treatment (recurrent lesions are at a higher
risk of further recurrence); immunosuppression
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(possibly confers increased risk of recurrence)-
which together determine the presence of a low
or high-risk lesion."*"'® A number of national der-
matological associations have provided well- es-
tablished treatment guidelines for NMSCs. "

A recent Cochrane review concluded that
based on the available published work, surgery
is the treatment of choice for BCCs.** Radio-
therapy still plays an important role in patients in
whom surgical treatment may not be appropriate
because of comorbidities or tumor size;'’ as ad-
juvant postsurgical treatment of high-risk tumors
with perineural invasion; and in the control of
metastatic disease.”!

Findings of non-comparative and retrospec-
tive studies of MMS show recurrences of 1-3
% for primary BCCs and 5-7% for recurrent
BCCs.??* When compared with recurrence rates
after CE (3.2% - 10% in primary BCCs and >
17% in recurrent BCCs), MMS seems to be the
better option.”*-® Unfortunately in these studies
there is a great lack in uniformity in the methods
of reporting.*

Classically, MMS allows for reconstruction
on the same day and in most clinical settings is
performed by a specially trained Mohs surgeon
or dermatologist together with a facial plastic
surgeon. MMS enables maximal preservation of
non-involved skin,”” but can be time consuming.

This paper presents the results and clinical
findings of 795 NMSCs treated by mohs micro-
graphic surgery (MMS) and 709 NMSCs treated
by conventional excision (CE), with awaited his-
tological examination. All tumors were treated
by a single facial plastic surgeon and a group of
pathologists.



MATERIAL AND METHODS

Patients

Our material encompasses a retrospective cohort
study of all patients treated for NMSC during a
period of 18 years (1990- 2008) in one tertiary
referral center. All skin tumors were histologi-
cally diagnosed prior to surgery and treated by
one surgeon (H.D.V.). The indications for MMS
were based on the guidelines for MMS by the
American Academy of Dermatology: tumor size
(especially > 2 cm), histological subtype (espe-
cially infiltrative, micronodular, and basosqua-
mous subtypes), poor clinical definition of tumor
margins, recurrent lesions, perineural or perivas-
cular involvement.'®

In view of these guidelines, our main indi-
cations for MMS were recurrent tumors and tu-
mors at cosmetically important sites. However,
because of the large number of patients referred
to our center specifically for MMS and the lim-
ited pathological facilities, it was impossible to
treat all high-risk lesions with MMS. Because
the cheek and forehead enable larger tumor mar-
gins without impeding the cosmetic outcome,
tumors in these aesthetic sub-units were gener-
ally treated with standard CE.

To measure the defect sizes after tumor re-
moval, pictures of a ruler next to the defect were
taken from the most recent 330 skin tumors.
The defect surface area was then calculated us-
ing computational imaging software (‘Image J’;
www.rsbweb.nih.gov/ij/).

Patient consultations and reports from the
referring dermatologist were used to update our
files in terms of follow-up. A recurrence was de-
fined as a pathologically proven BCC or SCC
within 5 mm range of the scar of the former re-
construction.
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Surgical Procedure

The surgical procedure was standardised as
follows. First, the visible tumor margins were
outlined with ink before injecting local anaes-
thesia. The surgical margins depended on differ-
ent variables, such as tumor type, size of tumor,
previous treatments and aesthetic importance of
the area. For MMS in most cases margins of 2
to 3 mm of macroscopically normal tissue were
used. For CE margins were between 3 and 5
mm. In MMS and CE, incomplete excision was
followed by a re-excision until complete tumor
control was accomplished.

Conventional excision (CE)

The CE technique involved skin tumor excision
at an angle of 90° into the subcutaneous fat. The
specimen was marked at twelve o’clock with a
suture. If the diameter of the excised material
was < 25 mm, standard random histological ex-
amination of deep and lateral margins was done
on vertical sections of the obtained specimen,
so called ‘bread loaf” sectioning (Figure 1).
For larger diameters, a combination of periph-
eral and vertical sectioning was applied (Figure
2). In both techniques, the tissue samples were
2 mm thick and paraffin blocks were sectioned
at three levels producing H&E slides of 2 pum.

Figure 1.

Standard random histological examination
of deep and lateral margins in a small tumor
is done on vertical sections of the obtained
specimen, so called “bread loaf “sectioning.



Figure 2.
Standard histological examination of large skin

tumors (>25mm). A combination of peripheral
and vertical sectioning is applied.

The period between excision and reconstruction
ranged from 3-5 days, necessitating a temporary
dressing. Sutures were generally used to stretch
the skin in anticipation of the final reconstruc-
tion (also possible in MMS but for a much
shorter duration). Waiting for 3-5 days before
reconstruction does not lead to more wound in-
fections.?®

Mohs micrographic surgery (MMS)

Figure 3 shows the essential steps of MMS:
bevelling the excision, dividing the specimen
into sizes appropriate for frozen sectioning,
transferring the specimen to a glass slide and
assuring full contact of deep margins and skin
edges, and cutting the specimen until a complete
section is obtained. In our hospital, the patholo-
gists were always involved in the procedure to
ensure adequate margins microscopically. The
quality of slides was evaluated for the com-
pleteness of the sections, which should include
all margins (Figure 4). Suspicious sites or evi-
dence of tumor were evaluated together with the
surgeon and marked on the reference map. One
MMS cycle, excluding the excision itself, takes
about 45 minutes.

The patient would then be taken to the oper-
ating room and additional local anaesthetic was
injected if necessary. If further excisions were
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Figure 3.

Schematic representation of Mohs
micrographic surgery. Tumor is excised at

an angle of 45 degrees, ensuring that after
crushing it to a slide both skin edge and the
base of the specimen are in I plane. A, Central
superficial border of quarter part of specimen.
B, One end superficial skin edge. C, Other end
of superficial skin edge. A’, B’,C’are the deep
planes at the same location and are crushed to
the same plane with A,B and C. Reprinted with
permission from Vuyk and Lohuis.*
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Figure 4.

A complete section is obtained, placed on a
microscopic slide, and colored using toluidine
blue. * = Epithelial border

needed, the localization of any residual tumor or
suspicious sites was facilitated with relative ac-
curacy using the reference map. The tissue was
removed only where indicated with another 2-3
mm margin while the rest of the defect was left
intact. The process was repeated until a tumor-
free plane was obtained and adequate margins
were established. The whole surgical procedure,
including excision, orientation, investigation
and communication, should result in a defect
reflecting the tumor’s true extent with maximal
preservation of normal tissue.*

RESULTS

Between 1990 and 2008, 1556 NMSCs of the
head and neck were referred to our center for
treatment. Of these, 52 patients were exclud-
ed for the following reasons: 16 patients were
treated by radiotherapy indicated by the poor
physical condition of the patient or at the pa-
tient’s request, two patients presented with neck
metastasis from the primary cutaneous SCC and
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another patient had parotid involvement. These
three patients were referred to a head and neck
center for treatment. Two other patients were re-
ferred to an academic Mohs surgery department
because of orbital and possible deep neck in-
volvement.Thirty-one tumors with a follow-up
of < 3 months were also excluded. During the
study period 105 deaths were recorded but all
were due to unrelated comorbidity.

In total, 1329 patients with 1504 NMSCs
were evaluated. Ninety patients had two skin
tumors and 34 patients had three or more skin
tumors. One patient presented with 13 skin tu-
mors. The clinical and surgical parameters of
the 1504 skin tumors are listed in Table 1. Of
the 1504 skin tumors, 795 were controlled with
MMS and 709 were controlled with CE. Sixty-
eight percent of the patients were older than
60 years of age. Most tumors were on the nose
(47%). In only two tumors, treated with MMS,
the control paraffin sections showed to be posi-
tive at the tumor margins. During the second
stage reconstruction these tumors were success-
fully excised completely.

With a median follow-up in the MMS group
of24 months and in the CE group of 16 months 13
recurrences (0.9%) out of the 1504 tumors were
observed; 6/ 795 after MMS and 7/ 709 after CE
(p = 0.78). Table 2 shows the tumor parameters
of the recurrences. Most of CE recurrences were
aggressive BCCs or SCCs. Four recurrences ap-
peared after a follow-up period longer than five
years. In each group one patient developed neck
metastasis from the primary SCC. The number
of tumors with a follow-up period between two
and five years were the same in both groups (253
for MMS, 222 for CE). However, the number
of patients having a follow-up of more than five



Table 1. Tumor- and patient characteristics of non-melanoma skin cancer treated in
current series.

No. %
Total NMSCs 1504
Sex Male 791 52,6
Female 713 47,4
Age Median (years) 73
<60 years 483 32,1
> 60 years 1021 67,9
Follow-up Average (months) 31,8
< 2 years (tumors) 792
>2 <5years 473
> 5 years 239
Localization Nose 701 46,6
Ear 231 15,4
Eye 130 8,6
Forehead/ temple 207 13,8
Cheek 111 7.4
Lip/chin 108 7,2
Neck 16 1,1
Tumortype Nonaggressive BCC, * primary 628 41,8
Nonaggressive BCC, recurrent 114 7,6
Aggressive BCC, ** primary 383 25,5
Aggressive BCC, recurrent 173 11,5
SCC, primary 183 12,2
SCC, recurrent 23 1,5
Histology Conventional excision 709 47,1
Mohs micrographic surgery 795 52,9

Mohs micrographic surgery and conventional excision are included in the table
NMSC= non-melanoma skin cancer; BCC= basal cell carcinoma; SCC= squamous cell carcinoma

* Nonaggressive = nodular and superficial BCCs
** Aggressive = sclerosing, infiltrating, micronodular BCCs

47



Table 2. Tumor and patient characteristics of non-melanoma skin cancer recurring after

Mohs micrographic surgery and Conventional excision.

No Tumor type m/f Age Tumor location Follow-up  Local/ distant Method
(Years) (Months) recurrence

1 BCC, nonaggressive, primary m 62 Nose 113 Local CE

2 BCC, aggressive, primary m 60 Ear 46 Local CE

3 BCC, aggressive, recurrent m 74 Nose 57 Local CE

4 BCC, aggressive, recurrent m 60 Ear Local CE

5 SCC, primary m 91 Forehead/temple 3 Local CE

6 SCC, primary m 70 Forehead/ temple 62 Neck metastasis CE

7 SCC, primary m 92 Ear Local CE

8 BCC, aggressive, primary f 70 Nose 97 Local MMS
9 BCC, aggressive, recurrent f 57 Nose 28 Local MMS
10 BCC, aggressive, recurrent f 27 Lip/chin Local MMS
11 SCC, primary m 69 Ear 46 Local MMS
12 SCC, primary m 82 Ear 106 Local MMS
13 SCC, primary v 54 Nose 30 Neck metastasis MMS

M= male; F= female; BCC = basal cell carcinoma; CE conventional excision; SCC squamous cell carcinoma;

MMS = Mohs micrographic surgery

years is much larger in the MMS group.

The majority of tumors on the nose and
biopsy-proven aggressive BCCs were treated
with MMS (Table 3). Tumors on the forehead,
temple and cheek were generally treated with
CE. Most skin tumors, 72% in MMS and 92%
in CE, were controlled after one excision cycle.
Twenty-two percent of the tumors in MMS re-
quired two excision cycles and 12 needed more
than three excisions.

Analysis of the defect sizes (Table 4)
showed no significantly different defect sizes
on most locations. The defects were more often
smaller after MMS. (p = 0.038) Only in recur-
rent tumors on the nose, analysis of the resec-
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tion defects with general linear models adjusted
for localization and primary or recurrent disease
showed significantly smaller defects after MMS
(p=0.008) (Table 5).

DISCUSSION

This paper demonstrates a large series in which
both MMS and CE are safe in terms of the recur-
rence rates (MMS 6/795 (0.74%) and CE 7/709
(0.98%)). These results are similar to other large
series in the literature.*** Three Australian se-
ries on MMS reported five-year recurrence
rates for primary and recurrent tumors of 0%
and 7.8% resp. in 819 patients with peri-ocular
BCCs,* 1.4 and 4% resp. in 3.370 BCCs treated



Table 3. Comparison of tumor and patient characteristics between Mohs micrographic
surgery and Conventional excision of non -melanoma skin cancer of current series.

MMS CE
n % n %
Skin tumors 795 709
Sex Male 371 47 421 59
Female 424 53 288 41
Age Median (years) 58,5 73
< 60 years 297 37 186 26
> 60 years 498 63 523 74
Localization Nose 481 60 220 31
Ear 97 12 134 19
Eye 76 10 53 7
Forehead/ temple 46 6 158 22
Cheek 29 4 86 13
Lip/chin 59 7 48 7
Neck 7 1 9
Tumor type Nonaggressive BCC *, primary 302 38 327 46
Nonaggressive BCC, recurrent 68 9 43 6
Aggressive BCC**, primary 247 31 136 19
Aggressive BCC, recurrent 102 13 74 10
SCC, primary 74 9 108 15
SCC, recurrent 2 0 21 3
Follow-up Median (months) 24 16
Average (months) 37,7 274
<2 years (tumours) 386 49 406 57
>2 <5 years (tumours) 253 31 222 31
> 5 years (tumours) 156 20 81 12
Recurrences 6/795 0,75 7/709 0,98

MMS = Mohs micrographic surgery; CE conventional excision; BCC = basal cell carcinoma; SCC squamous
cell carcinoma

*Nonaggressive = nodular and superficial BCCs

**Aggressive = sclerosing, infiltrating, micro-nodular BCCs
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Table 4. Comparison of resection defects (cm2) between Mohs micrographic surgery
and Conventional excision of non-melanoma skin cancer.

MMS CE
Loc. N Median Min Max Loc. N Median Min Max
Prim. Ear* 11 1.6 0.8 49 Prim. Ear* 24 25 0.7 225
Eye ** 17 1.5 0.8 5.6 Eye** 14 12 04 13.1
Lip 9 1.8 0.8 10.0 Lip 6 24 0.7 42
Forehead 5 4.5 0.8 123 Forehead 31 3.3 0.8 819
Cheek 2 3.2 32 32 Cheek 12 3.6 0.7 117
Nose *#* 73 1.7 03 126 Nose *** 38 2.2 0.5 28.7
Recur. Ear 1 3.5 35 35 Recur. Ear 14 49 1.8 269
Eye 1 0.9 09 09 Eye 1 39 39 39
Lip 1 6.1 6.1 6.1 Lip 1 1.6 1.6 1.6
Forehead 3 4.6 43 14.6 Forehead 13 14.0 2.1 394
Cheek 3 2.3 20 34 Cheek 6 3.8 22 115
Nose **** 28 2.4 0.6 8.6 Nose **** 13 56 0.8 18.0

Statistical analysis was performed if there were more than 10 tumours per location. * p = 0.06, ** p =0.27,
**% p=0.05, **** p=0.038

Loc. = Localization; Min = minimum; Max maximum; CE = Conventional excision; Prim. = Primary;
Recur. = Recurrent disease; MMS= Mohs micrographic surgery

Table 5. Analysis of the resection defects between Mohs micrographic surgery and
conventional excision with general linear models adjusted for multiple comparisons:
(Tukey-Kramer).

Method Surface cm 2, LS mean HO: LS meanl = LSmean 2
CE 6.33349939 P=10.0008
MMS 3.37586548

LS Mean = least squares mean; H = hypothesis; CE = Conventional excision; MMS = Mohs micrographic surgery
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on the head and neck® and 2,6% and 5,9% re-
spectively in 381 SCCs on the whole body.*

In CE, the recurrence rate for primary BCC
with post-surgical histologically complete exci-
sion (incomplete excisions were excluded) and
five-year follow-up, is less the two percent.’***
Two prospective randomized trials that com-
pared conventional surgery versus photodynam-
ic therapy or radiotherapy showed long term re-
currence of 4% (two of 52 tumors) in (low-risk)
nodular BCC and 0.6% (one of 174) respective-
ly, in facial BCC after surgical excision.***

The only study to date which compared cure
rates of CE and MMS in a randomized con-
trolled fashion showed no significant difference
in recurrence of primary BCCs between treat-
ment groups (2,5% in MMS versus 4.1% in
CE).* However, significantly fewer recurrences
for facial recurrent BCC after MMS (2.4%) ver-
sus CE (12.1%) after five years follow-up were
observed. Eighteen percent (35/199) of the pri-
mary BCCs and 30% (31/102) of the recurrent
BCCs were incompletely excised after the first
surgical excision with CE and were, in most
cases, retreated with CE. However, 20 patients
(who were randomized to CE) were actually
treated by MMS, compromising the interpre-
tation of the results.*! Also in this study most
patients treated with CE, the facial defect was
reconstructed immediately and histological ex-
amination was not delayed.

In our center, the wounds are only repaired
when tumor-free margins are secured. This
might explain the low recurrence rates of CE in
our series in contrast to other series. The ‘wait-
and-see’ policy with positive margins is obso-
lete. A reconstruction with later recurrent dis-
ease may lead to disastrous problems. When the
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surgical margin is pathologically involved, even
primary BCCs show recurrence rates of 38%.%
When treating recurrent lesions, the whole pre-
viously treated area and scarred areas from the
reconstruction are excised and controlled. It has
been shown and confirmed by our experience
that in recurrences there is a great risk of mul-
tiple unconnected tumor foci.*

This study includes all patients from the start
of MMS implementation locally in 1990, and all
patients were treated by a single facial plastic
surgeon in close collaboration with a group of
pathologists. This in contrast with most stud-
ies in which MMS is performed by a specially
trained Mohs surgeon/ dermatologist. In the
surgical procedure (excision, orientation and in-
vestigation), the communication between facial
plastic surgeon and pathologist is essential to get
good results. It was found that the technical in-
tricacies of examining skin sections incised at a
45° -skewed angle did not prove to be a hurdle
for the pathologists as demonstrated with there
being no discernible difference in recurrence
rates chronologically through the study.

Tumors on the nose, aggressive BCCs, recur-
rent tumors, women and younger patients were
more often treated with MMS and thus in those
categories we largely followed the guidelines
of the American Academy of Dermatologists.
However, in contrast to these guidelines, large
(> 2 cm) tumors specifically on cheek and fore-
head were often treated in this series with CE to
alleviate the burden of high numbers of cryostat
slides to be processed in the pathology labora-
tory. The guidelines dictated that a randomized
controlled trial would be inappropriate due to
the potential for poorer aesthetic outcomes with
wider margins in the H-zone region. This treat-



ment policy makes comparison of defect sizes
between MMS and CE in a nonrandomized
study difficult, especially because MMS and CE
were not expected to have similar resection de-
fects and CE was associated with larger tumors.
However, statistical analysis with general linear
models adjusted for localization and primary or
recurrent disease, showed smaller defects after
MMS (p = 0.008).

MMS and CE show good oncological results,
however, MMS has significant advantages. It
can minimize the resection defect in the H-zone
(midface) which is aesthetically and function-
ally important, especially the nose and eyelids.
Furthermore, MMS in most cases allows for
one-day tumor treatment and reconstruction and
minimizes patient discomfort. Ninety-four per-
cent of the tumors were excised in one or two
cycles with MMS so the burden to the labora-
tory is not too great.

CONCLUSION

MMS and CE are safe in terms of recurrence
rates in NMSC and can be performed adequately
by a facial plastic surgeon in close collaboration
with a group of pathologists. The advantage of
MMS is that the resection defects can be mini-
mized in important aesthetic and functional ar-
eas, such as nose and eyelid, which may pos-
sibly facilitate reconstruction. MMS enables
single-stage excision and reconstruction in the
current setting.
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