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Surgical excision versus Mohs’ micrographic surgery for
primary and recurrent basal-cell carcinoma of the face:
a prospective randomised controlled trial with 5-years’
follow-up
Klara Mosterd, Gertruud A M Krekels, Fred H M Nieman, Judith U Ostertag, Brigitte A B Essers, Carmen D Dirksen, Peter M Steijlen,
Anton Vermeulen, H A M Neumann, Nicole W J Kelleners-Smeets

Summary
Background Basal-cell carcinoma (BCC) is the most common form of skin cancer and its incidence is still rising
worldwide. Surgery is the most frequently used treatment for BCC, but large randomised controlled trials with 5-year
follow-up to compare treatment modalities are rare. We did a prospective randomised controlled trial to compare the
eﬀectiveness of surgical excision with Mohs’ micrographic surgery (MMS) for the treatment of primary and recurrent
facial BCC.
Methods Between Oct 5, 1999, and Feb 27, 2002, 408 primary BCCs (pBCCs) and 204 recurrent BCCs (rBCCs) in
patients from seven hospitals in the Netherlands were randomly assigned to surgical excision or MMS. Randomisation
and allocation was done separately for both groups by a computer-generated allocation scheme. Tumours had a followup of 5 years. Analyses were done on an intention-to-treat basis. The primary outcome was recurrence of carcinoma,
diagnosed clinically by visual inspection with histological conﬁrmation. Secondary outcomes were determinants of
failure and cost-eﬀectiveness. This study is registered as an International Standard Randomised Controlled Trial,
number ISRCTN65009900.
Findings Of the 397 pBCCs that were treated, 127 pBCCs in 113 patients were lost to follow-up. Of the 11 recurrences
that occurred in patients with pBCC, seven (4·1%) occurred in patients treated with surgical excision and four (2·5%)
occurred in patients treated with MMS (log-rank test χ² 0·718, p=0·397). Of the 202 rBCCs that were treated, 56 BCCs
in 52 patients were lost to follow-up. Two BCCs (2·4%) in two patients treated with MMS recurred, versus ten BCCs
(12·1%) in ten patients treated with surgical excision (log-rank test χ² 5·958, p=0·015). The diﬀerence in the number
of recurrences between treatments was not signiﬁcant for pBCC, but signiﬁcantly favoured MMS in rBCC. In pBCC,
Cox-regression analysis showed no signiﬁcant eﬀects from risk factors measured in the study. In rBCC, aggressive
histological subtype was a signiﬁcant risk factor for recurrence in the Cox-regression analysis. For pBCC, total
treatment costs were €1248 for MMS and €990 for surgical excision, whereas for rBCC, treatment costs were €1284
and €1043, respectively. Dividing the diﬀerence in costs between MMS and surgical excision by their diﬀerence in
eﬀectiveness leads to an incremental cost-eﬀectiveness ratio of €23 454 for pBCC and €3171 for rBCC.
Interpretation MMS is preferred over surgical excision for the treatment of facial rBCC, on the basis of signiﬁcantly
fewer recurrences after MMS than after surgical excision. However, because there was no signiﬁcant diﬀerence in
recurrence of pBCC between treatment groups, treatment with surgical excision is probably suﬃcient in most cases
of pBCC.
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Introduction
Skin cancer is an important public health problem in
white people. Its incidence has been increasing for
decennia and will continue to rise.1–3 The authors of a
recent Cochrane review concluded that, based on the
available published work, surgery is the treatment of
choice for basal-cell carcinoma (BCC).4 However, they
also noted a paucity of published randomised controlled
trials (RCTs) on the treatment of BCC with a 5-year
follow-up. Findings of non-comparative and retrospective
studies of Mohs’ micrographic surgery (MMS) show
recurrences of 1–3% for pBCC and 5–7% for rBCC.5–7
www.thelancet.com/oncology Vol 9 December 2008

When compared with recurrence rates after surgical
excision (3·2–10% in pBCC and >17% in rBCC) MMS
seems to be the better option.6–9 The method of histological
assessment is thought to be the main reason for the
diﬀerence in recurrence: in MMS the complete surgical
margins are examined in horizontal sections, whereas in
surgical excision, surgical margins are examined in
random vertical sections, in a so-called breadloaftechnique.7
To our knowledge, no RCT with long-term follow-up
has been done to conﬁrm the expected beneﬁt of MMS
over surgical excision. We randomly compared MMS
1149
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486 pBCC (443 patients)
assessed for eligibility
406 patients with 1 pBCC
32 patients with 2 pBCCs
4 patients with 3 pBCCs
1 patient with 4 pBCCs

78 pBCC (69 patients)
not randomised

408 pBCC (374 patients)
randomised

204 pBCC (199 patients)
assigned MMS

204 pBCC (199 patients)
assigned surgical excision

5 patients did not receive
treatment
3 SCC
1 was a recurrence
1 ear amputation

6 patients did not receive
treatment
2 deceased
2 refused treatment
1 moved away from area
1 other diagnosis

198 pBCC treated with
MMS

199 pBCC treated with
surgical excision

5 recurrent tumours
28 lost to follow-up
19 deceased
9 other reason

2 recurrent tumours
35 lost to follow-up
25 deceased
10 other reason

166 pBCC at 30-months’
follow-up

161 pBCC at 30-months’
follow-up

2 recurrent tumours
34 lost to follow-up
24 deceased
10 other reason

125 pBCC at 60-months’
follow-up

2 recurrent tumours
30 lost to follow-up
24 deceased
6 other reason

134 pBCC at 60-months’
follow-up

Figure 1: Trial proﬁle for primary basal-cell carcinoma (pBCC)
MMS=Mohs’ micrographic surgery. SCC=squamous-cell carcinoma.

H-zone
High-risk area of the midface
including the temporal areas that
might be delineated by drawing
an ‘H’ on the face, with the
horizontal line covering the area
around the eyes and the nose.

with surgical excision for the treatment of facial pBCC or
rBCC. We previously reported the 2-year ﬁndings of this
RCT, which showed no signiﬁcant diﬀerence in
recurrence between the two treatment groups, for either
pBCC or rBCC.10 Here, we present the 5-year follow-up
ﬁndings.

Methods
Patients and procedures
Patients visiting the dermatology outpatient department
at one of the seven participating hospitals in the
southern part of the Netherlands between Oct 5, 1999,
and Feb 27, 2002, were asked to participate in the trial.
1150

Patients with at least one untreated, histologically
conﬁrmed facial pBCC of at least 1 cm in diameter,
located in the H-zone; or a facial pBCC of an aggressive
histological subtype (ie, morpheaform, micronodular,
trabecular, inﬁltrative, or BCC with squamous
diﬀerentiation) were eligible for inclusion in the pBCC
study group. Patients with at least one histologically
conﬁrmed facial rBCC (recurring for the ﬁrst or second
time) were eligible for inclusion in the rBBC group.
Patients with a life-expectancy of less than 3 years were
excluded. The trial was approved by the ethics and
scientiﬁc committee of the Maastricht University Medical
Centre. All patients provided written informed consent.
Randomisation per tumour was done separately for the
pBCC and rBCC groups via telephone by a person not
involved in the trial, using a computer-generated random
allocation scheme (Sampsize 2·0), and eligible patients
were assigned to either surgical excision or MMS for
each tumour.
Surgical excision was done at the Maastricht University
Medical Centre (Maastricht, Netherlands) or at the
Laurentius Hospital Roermond (Roermond, Netherlands). The surgical team consisted of two dermatologists
(JUO and GAMK), who had equal experience in surgical
excision and MMS, and NWJK-S, who was less
experienced at the start of the project, but was supervised
extensively by JUO or GAMK. After local anaesthesia
with an epinephrine (0·001%)-containing lidocaine (1%)
solution the BCC was excised at an angle of 90º into the
subcutaneous fat, including a 3-mm clinically tumourfree resection margin. In a few patients the procedure
was done under general anaesthesia. When the diameter
of the excised material was less than 16 mm, standard
random histological examination of deep and lateral
margins was done on vertical sections of the obtained
specimen. For larger diameters, the quadrant method
was applied. In most patients, the facial defect was
reconstructed immediately, but in selected patients
histological examination was awaited. Incomplete
excision was followed by a re-excision with a 3-mm
margin, and in the case of a second incomplete excision,
MMS was done.
All patients assigned to the MMS group received
treatment at the Maastricht University Medical Centre.
After local anaesthesia with an epinephrine (0·001%)containing lidocaine (1%) solution and bupivacaine
(0·5%), the tumour was excised, including a 3-mm
clinically tumour-free resection margin. An incision angle
of 45º was used, to obtain a bowl-shaped excision specimen, which is obligatory for the preparation of horizontal
slides. The specimen was compressed and subsequently
processed into horizontal frozen sections by the laboratory
technician. To aid with the compression of the excised
specimen, debulking was done before excision in case of
a clinically very thick tumour. The frozen section slides
were assessed by the Mohs’ surgeon together with a
pathologist. If residual tumour was noted, the procedure
www.thelancet.com/oncology Vol 9 December 2008
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was repeated until the area was tumour-free. In most
cases, reconstruction was done immediately.
Equal defects caused by either MMS or surgical excision
were reconstructed in the same way, independent of the
treatment modality used. Complications after treatment
including wound infections, necrosis of grafts, and
postoperative bleeding were assessed for both treatment
groups.
The primary outcome was recurrence of carcinoma,
diagnosed clinically during visual examination, with
histological conﬁrmation. Secondary outcomes were
determinants of failure (ie, localisation of the tumour,
histological subtype, and mean diameter of the tumour
in pBCC and rBCC, plus previous treatment and number
of recurrences, in rBCC) and cost-eﬀectiveness.

Clinical assessment
All patients were assessed visually by the research
physician (NWJK-S) at 6 and 18 months after surgery.
Furthermore, regular follow-up (consisting of visual
assessment) was done yearly up to 5 years by the patients’
own dermatologist, according to the recommendation by
the Dutch Society of Dermatology and Venereology. For
practical reasons, the research physician was not blinded
to the treatment, nor was the patients’ own dermatologist.
The site of treatment was examined visually at each followup visit. A recurrent tumour was deﬁned as a histologically
conﬁrmed carcinoma in a skin biopsy of a clinically
suspect area, in, or just next to, the scar (<0·5 cm).

Economic analysis
Similar to the ﬁrst economic assessment, the costs of
both treatments were calculated by multiplying volumes
of use with the costs per unit.11 Direct costs of both
treatments included those for the personnel involved in
the procedures and materials used during surgery
(including the costs of a re-excision) as well as those for
pathology research and all out-patient visits. Because the
ﬁrst economic assessment was done after 30 months for
pBCC and 18 months for rBCC, the costs of three and
four outpatient visits, respectively, were added to the total
treatment costs of the pBCC group and rBCC group to
capture the follow-up period of 5 years. Both costs and
eﬀects occurring after 1 year were discounted at 4% which
means that, in accordance with the Dutch guidelines for
cost-calculation, costs and eﬀects spent in the future are
not weighed equally as in the present.12 All costs in euros
were based on actual costs in 2001, because most of the
resources were used in that year. The analysis in which
costs and eﬀects were combined, was done according to
the intention-to-treat principle in which general mean
substitution of the missing cases was applied. An
incremental cost-eﬀectiveness ratio (ICER) was calculated
by dividing the mean diﬀerence in total treatment costs
between MMS and surgical excision by their diﬀerence
in eﬀectiveness. To account for uncertainty of the ICER, a
bootstrap analysis was initially done.13 This method
www.thelancet.com/oncology Vol 9 December 2008

H-zone

pBCC

rBCC

Surgical excision MMS
(n=204), n (%)
(n=204), n (%)

Surgical excision MMS
(n=102), n (%)
(n=102), n (%)

197 (97)

184 (90)

81 (79)

85 (83)

Frontal/temporal

65 (32)

53 (26)

46 (45)

38 (37)

Cheek/chin

16 (8)

19 (9)

10 (10)

12 (12)

(Peri)nasal

62 (30)

69 (34)

29 (28)

23 (23)

8 (4)

14 (7)

1 (1)

6 (6)

Periocular

Lips/perioral

16 (8)

16 (8)

5 (5)

6 (6)

Ears

16 (8)

9 (4)

4 (4)

8 (8)

Periauricular

21 (10)

24 (12)

7 (7)

9 (9)

0 (0)

0 (0)

82 (80)

83 (81)

88 (43)

105 (52)

49 (48)

60 (59)

1st recurrence
Aggressive histological subtype

pBCC=primary basal-cell carcinoma. rBCC=recurrent basal-cell carcinoma. MMS=Mohs’ micrographic surgery.

Table 1: Tumour characteristics according to study group and treatment

estimates the sampling distribution of a statistic through
a large number of simulations (1000 times), based on
replacement from original data. The ﬁndings from this
analysis were used for the calculation of the ICER.

Statistical analyses
On the basis of the available published work, we expected
a diﬀerence in the number of recurrences of 6·5% in
pBCC and 13·5% in rBCC, favouring MMS. To conﬁrm
this diﬀerence with 95% conﬁdence and a power of 85%,
about 408 pBCCs and 204 rBCCs were needed. The
analysis of eﬀects was done according to the intention-totreat principle. The Log-rank test in Kaplan-Meier
analyses was used to analyse postoperative recurrence
during follow-up to 60 months. Currently, there is no
software available to calculate the conﬁdence interval
around an observed percentage diﬀerence on cumulative
incidences.14 A Cox regression analysis was done on the
5-year follow-up data to control for important confounding
variables. Within this model, localisation of the tumour,
histological subtype, and the mean diameter of the
tumour were included for pBCC and rBCC. For rBCC,
we additionally included the previous treatment and
whether the BCC was a ﬁrst or second recurrence. The
log-likelihood χ² test was used to test diﬀerences in
complications between both groups. A p value of less
than 0·05 was considered to be statistically signiﬁcant.
All data were analysed by use of the software SPSS,
version 15·0. This study is registered as an International
Standard Randomised Controlled Trial, number
ISRCTN65009900.

Role of the funding source
The sponsor of the study had no role in the study design,
data collection, analysis, interpretation, or writing of the
report. KM and NWJK-S had full access to all the data in
the study and had ﬁnal responsibility to submit for
publication.
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Results

Proportion surviving disease-free

1·00

0·95

0·90

0·85
MMS
Surgical excision
0

12

Number at risk
MMS 198
Surgical excision 199

180
186

24
36
Follow-up (months)
171
174

148
153

48

60

135
137

125
134

Figure 2: Kaplan-Meier survival analysis of primary basal-cell carcinoma
(pBCC) treated with Mohs’ micrographic surgery (MMS) or surgical excision

Age
(years)

Sex

Histological subtype

Tumour location

Assigned
treatment

Survival
(months)

1

69

M

Non-aggressive

Frontal/temporal

Surgical excision

9

2

73

M

Non-aggressive

Ears

Surgical excision

18

3

52

F

Non-aggressive

Frontal/temporal

MMS

15

4

59

M

Aggressive

(Peri)nasal

MMS

52

5

72

M

Non-aggressive

Frontal/temporal

Surgical excision

18

6

75

M

Non-aggressive

Frontal/temporal

Surgical excision

59

7

71

F

Non-aggressive

Frontal/temporal

MMS

27

8

54

M

Aggressive

Frontal/temporal

MMS

9

63

F

Non-aggressive

Frontal/temporal

Surgical excision

10

41

M

Non-aggressive

Frontal/temporal

Surgical excision

30

11

82

F

Aggressive

(Peri)nasal

Surgical excision

28

9
34

pBCC=primary basal-cell carcinoma. M=male. F=female. MMS=Mohs’ micrographic surgery.

Table 2: Tumour and patient characteristics for pBCCs that recurred during the study period

Mean cost (SD), €

Eﬀectiveness*

Incremental cost-eﬀectiveness
ratio, €

pBCC (60 months)
1248 (350)

0·967

Surgical excision (n=199)

MMS (n=198)

990 (347)

0·956

··
··

Mean diﬀerence

258

0·011

23 454
··

rBCC (60 months)
MMS (n=100)

1284 (409)

0·968

Surgical excision (n=102)

1043 (521)

0·892

Mean diﬀerence

241

0·076

··
3171

pBCC=primary basal-cell carcinoma. rBCC=recurrent basal-cell carcinoma. MMS=Mohs’ micrographic surgery.
*1=eﬀective; 0=not eﬀective.

Table 3: Incremental cost-eﬀectiveness ratio for primary and recurrent BCC
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Between October, 1999, and January, 2001, 408 pBCCs in
374 patients were randomly assigned to treatment with
surgical excision (204 tumours) or MMS (204 tumours;
ﬁgure 1). 69 patients with 78 pBCCs were not randomised,
mostly because they speciﬁcally preferred surgical
excision or MMS. Of the 374 patients who had tumours
randomised, 342 had one pBCC, 30 had two pBCCs, and
two patients had three pBCCs. The mean age of the
patients was 67·7 years (SD 12·7; range 23–92). Tumour
characteristics are shown in table 1.
Of the patients with 397 tumours (198 MMS, 199 surgical
excision) that received treatment, 251 patients with
270 tumours (129 MMS, 141 surgical excision) completed
the follow-up of 5 years. 83 patients with 92 tumours
(23%) died of causes not related to the tumour or to the
treatment. A further 35 tumours (9%) in 30 patients were
lost to follow-up due to other reasons, such as an inability
to visit the hospital, moving out, or refusing further
follow-up at our department. The median follow-up of
the total pBCC study population was 60 months (range
0–60; 5% percentile: 10·9 months, 10% percentile:
18·4 months, and 25% percentile: 37·8 months).
Of the 199 pBCCs that were assigned surgical excision,
35 (18%) were incompletely excised after the ﬁrst excision;
31 were re-excised, three were treated with MMS, and
one did not receive further treatment because the patient
refused. Four tumours were still incompletely excised
after two excisions and were re-treated with MMS.10 Of
88 aggressive pBCCs, 21 tumours (24%) were incompletely excised. 24 of 198 tumours (12%) had complications after MMS and 27 of 199 (14%) had complications
after surgical excision (p=0·681). The most common
complication included wound infection, necrosis of
grafts or ﬂaps, or a combination of both. Aesthetic
outcome did not diﬀer signiﬁcantly between MMS and
surgical excision.10
11 recurrences of pBCC were registered during the
60-month follow-up period; four (2·5%) after MMS and
seven (4·1%) after surgical excision. Percentages of
recurrence are 5-year estimated Kaplan-Meier results
from the full dataset (ﬁgure 2). The Kaplan-Meier logrank test statistic amounts to 0·718 (p=0·397), and in the
Cox-regression analysis the eﬀect parameter of MMS
versus surgical excision is 1·690 (95% CI 0·495–5·775;
p=0·397).
Of the patients who had more than one pBCC, none
had more than one recurrence. Recurrence of tumours
was diagnosed between 9·9 and 58·8 months after
treatment. An additional recurrence after surgical
excision appeared after more than 5-years’ follow-up.
This late recurrence was not included in the survival
analysis.
All recurrences appeared in the H-zone of the face.
Three of 11 recurrent tumours were of an aggressive
histological subtype (table 2). Further Cox-regression
analyses showed no signiﬁcant eﬀects from risk factors
www.thelancet.com/oncology Vol 9 December 2008

Articles

measured in the study (webtable 1). Of the seven tumours
that were randomly assigned surgical excision, but were
treated with MMS due to one or two incomplete excisions,
none has recurred.
As shown in table 3, dividing the mean diﬀerence in
total treatment costs between MMS and surgical excision
(€258) by their diﬀerence in eﬀectiveness (0·011) leads to
an ICER of €23 454 per recurrence avoided.
Of the 204 rBCCs in 191 patients, 102 were assigned to
each treatment group (ﬁgure 3). 42 patients with 42 rBCCs
were randomised in the study, mainly because the patient
or referring physician preferred MMS. Between October,
1999, and April, 2002, 100 rBCCs were treated with MMS
and 102 with surgical excision. Two patients with tumours
assigned MMS died just before treatment. Four patients,
each with one tumour, were treated by MMS although
randomly assigned to the surgical-excision group.10 Of all
204 patients, 180 had one BCC, ten had two BCCs, and
one patient had four BCCs. The mean age of the patients
was 67·9 years (SD 11·7; range 31–95).
146 of 202 tumours (72%) in 137 patients completed the
follow-up period of 5 years. 33 patients with 35 tumours
(17%) died due to causes not related to the tumour or to
the treatment. 21 tumours (10%) in 20 patients were lost
to follow-up due to other reasons. The median follow-up
time of the rBCC study population was 60 months
(range 0–60; 5% percentile: 15·2 months, 10% percentile:
20·2 months, 25% percentile: 45·8 months).
In the surgical-excision group, 31 of the 102 rBCCs
(30%) were not completely eradicated after the ﬁrst
excision; 25 were re-excised, ﬁve were treated with MMS,
and one was treated with photodynamic therapy. Eight
tumours were still incompletely excised after two
excisions and re-treated with MMS.10 The most common
complication included wound infection, necrosis of
grafts or ﬂaps, or postoperative bleeding. There were
19 complications after surgical excision (19%) and eight
after MMS (8%; p=0·021). Aesthetic outcome did not
diﬀer signiﬁcantly between MMS and surgical excision.10
After the follow-up period of 5 years, there were
12 recurrences in the rBCC study population. Two
recurrences (2·4%) appeared after treatment with MMS
and ten (12·1%) after surgical excision. According to the
Kaplan-Meier analysis of disease-free survival (ﬁgure 4),
this percentage diﬀerence is statistically signiﬁcant (logrank test χ² 5·958, p=0·015). The Cox regression analysis
eﬀect of MMS versus surgical excision is 5·390 (95% CI
1·180–24·615; p=0·015).
Of the patients with more than one rBCC, none had
more than one recurrence of the tumours treated.
Recurrences were diagnosed between 18·0 months and
53·1 months after treatment. Two additional recurrences
appeared after the 5 years’ follow-up; one after surgical
excision and one after MMS. These late recurrences were
not included in the analysis.
Ten of the 12 recurrences in patients with rBCC were of
an aggressive histological subtype (table 4). Inclusion of
www.thelancet.com/oncology Vol 9 December 2008

246 rBCC (233 patients)
assessed for eligibility
222 patients with 1 rBCC
10 patients with 2 rBCCs
0 patients with 3 rBCCs
1 patient with 4 rBCCs

42 rBCC (42 patients) not
randomised

204 rBCC (191 patients)
randomised

102 rBCC assigned MMS

102 rBCC assigned surgical
excision

0 pre-treatment drop-outs

2 patients did not receive
treatment (deceased)

100 rBCC treated with MMS

102 rBCC treated with
surgical excision

2 recurrent tumours
9 tumours lost to follow-up
6 deceased
3 other reason

6 tumours lost to follow-up
(deceased)

94 rBCC at 18-months’
follow-up

91 rBCC at 18-months’
follow-up

2 recurrent tumours
17 tumours lost to follow-up
13 deceased
4 other reason

75 rBCC at 60-months’
follow-up

8 recurrent tumours
24 tumours lost to follow-up
10 deceased
14 other reason

59 rBCC at 60-months’
follow-up

Figure 3: Trial proﬁle for recurrent basal-cell carcinoma (rBCC)
MMS=Mohs’ micrographic surgery.

clinically relevant, potentially confounding variables or
factors within the Cox regression analysis, such as
tumour localisation in the H-zone, previous therapy, ﬁrst
or second rBCC, and tumour size, corroborated the
statistically signiﬁcant diﬀerence in recurrence between
both groups of the study (webtable 2). Inclusion of
aggressive histological subtype within the model resulted
in a signiﬁcant risk factor for recurrence (p=0·038), and
the treatment modality remained statistically signiﬁcant
(Cox regression eﬀect of MMS vs surgical excision: 6·146
[95% CI 1·343–28·122]; p=0·019). Of the 17 tumours that
were randomly assigned to the surgical-excision group,
but were treated with MMS, two have recurred. According
to the intention-to-treat principle of our protocol, the
results of these tumours were included in the analysis for
the surgical-excision group. The incremental cost-

See Online for webtables 1 and 2
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In the Cox regression analysis, the eﬀect is 5·180
(p=0·014; 95% CI 1·134–23·653). As before, percentages
of recurrence are 5-year estimated Kaplan-Meier results
from the full dataset.

Proportion surviving disease-free

1·00

0·95

Discussion

0·90

0·85
MMS
Surgical excision
0
Number at risk
MMS 100
Surgical excision 102

12

84
92

24
36
Follow-up (months)
84
86

82
76

48

60

79
65

75
59

Figure 4: Kaplan-Meier survival analysis of recurrent basal-cell carcinoma
(rBCC) treated with Mohs’ micrographic surgery (MMS) or surgical excision

Age
(years)

Sex

1st/2nd
recurrence

Histological
subtype

Tumour location

Assigned
treatment

Survival
(months)

1

73

M

1st

Aggressive

Frontal/temporal

Surgical excision

25

2

71

F

1st

Aggressive

Frontal/temporal

Surgical excision

46

3

44

M

1st

Non-aggressive (Peri)nasal

Surgical excision

42

4

83

M

1st

Aggressive

(Peri)nasal

MMS

32

5

74

F

1st

Aggressive

Cheek/chin

Surgical excision

29

6

61

M

2nd

Aggressive

(Peri)nasal

MMS

28

7

57

M

1st

Aggressive

(Peri)nasal

Surgical excision

53

8

48

M

1st

Aggressive

Frontal/temporal

Surgical excision

46

9

82

F

1st

Aggressive

Frontal/temporal

Surgical excision

29

10

83

F

1st

Non-aggressive Frontal/temporal

Surgical excision

21

11

75

F

1st

Aggressive

Cheek/chin

Surgical excision

18

12

72

M

2nd

Aggressive

Periocular

Surgical excision

39

rBCC=recurrent basal-cell carcinoma. M=male. F=female. MMS=Mohs’ micrographic surgery.

Table 4: Tumour and patient characteristics for rBCCs that recurred during the study period

eﬀectiveness ratio amounts to €3171 per recurrence
avoided.
Because some patients had more than one tumour
randomised, clustering was a possibility. We therefore
randomly sampled one of two, three, or four BCCs,
respectively, to obtain a patient-based data ﬁle, and
analysed the results in the same way as in the intentionto-treat analysis. In 374 patients with pBCCs, three (2·1%)
recurred after treatment with MMS and seven (4·4%)
after treatment with surgical excision (p=0·230). In the
Cox regression analysis, the eﬀect is 2·240 (p=0·223;
95% CI 0·579–8·663). In the 191 patients with rBCCs,
two tumours (2·6%) treated with MMS recurred versus
ten tumours (12·7%) after surgical excision (p=0·018).
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Our ﬁndings show that treatment with MMS leads to a
signiﬁcantly lower number of recurrences than treatment
with surgical excision in facial rBCC. This diﬀerence in
recurrence between the two surgical treatment groups
might be because of the use of diﬀerent histopathological
assessments in the two groups. In MMS, horizontal
slides show the complete surgical margins, whereas
in surgical excision, surgical margins are examined in
random vertical sections. To our knowledge, this is the
ﬁrst prospective RCT with long-term follow-up that
conﬁrms data from non-comparative retrospective and
prospective studies, that MMS has greater eﬃcacy than
surgical excision for the treatment of facial rBCC.15,16
A possible confounding factor is that more aggressive
BCCs were included in the MMS group for both pBCC
and rBCC; because aggressiveness is a signiﬁcant risk
factor in rBCC, this might have aﬀected the diﬀerence
noted in the two surgical groups in recurrence,
disavantaging MMS. Including aggressiveness in the Cox
model did not change the relative eﬃcacy of the treatment
modalities noted in our study. However, in non-linear
models there is a possibility that models adjusting for
covariates and those not adjusting for covariates can be
inconsistent.17,18
rBCC is a high-risk tumour that recurs more frequently
than pBCC.19,20 In a large non-comparative prospective
study, including 1483 rBCCs treated by MMS, 4·0% of
the tumours recurred after 5 years of follow-up, which is
comparable to the 5-year recurrence of 3·2–4·8% the
same researchers found in other prospective noncomparative studies.15 In retrospective non-comparative
studies, the recurrence of rBCC has been shown to vary
between 4·4% and 24% after surgical excision.7,9 Findings
of a recent retrospective study investigating MMS in
rBCC show an estimated overall 5-year recurrence of
6·7%.16
Diﬀerent treatment modalities are diﬃcult to compare
because most studies are non-comparative and use
diﬀerent inclusion criteria or treatment protocols.5
Furthermore, the current study shows that recurrences
can still occur after more than 5 years of follow-up. The
overall number of recurrences after 5 years of follow-up
can be twice as high as the number after a follow-up
period of 2 years in pBCC and rBCC.6,16 This underlines
the necessity for long-term follow-up.
Although recurrence after surgical excision for pBCC
is shown to be higher than after MMS in our study, the
diﬀerence is not statistically signiﬁcant. The power
analysis for our study was based on retrospective or
non-comparative studies that showed cumulative
recurrence in 5·3–10·1% of the pBCCs treated with
www.thelancet.com/oncology Vol 9 December 2008
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surgical excision,5,6 which is higher than the recurrence
rate seen in our study. Two other prospective RCTs that
compared surgical excision with a diﬀerent treatment
for pBCC also showed a lower long-term recurrence of
4% (two of 52 tumours) in (low-risk) nodular BCC and
0·6% (one of 174) in facial BCC after surgical excision.21,22
Furthermore, in a recently published retrospective
study, only one of 90 (cumulative 5-year rate 1·7%) of
the pBCCs treated with surgical excision recurred.23
Recent research generally shows fewer recurrences of
pBCC after surgical excision, which is possibly explained
by evidence-based standardisation of surgical procedures
throughout the years. Data obtained in an RCT are
probably better than those obtained from daily practice,
because of the meticulously executed procedures used
in an RCT. In a prospective non-comparative study of
the treatment of pBCC, 26 of 1886 (1·4%) tumours
treated with MMS recurred.15 Because the recurrence in
our study was lower than estimated at the start of the
study, and the number of drop-outs was higher than
expected, the study might have been underpowered to
detect such small treatment diﬀerences. The number of
recurrences in our study might still be relatively high
compared with other studies, because only high-risk,
facial pBCCs were included.
When choosing between two equally eﬀective
treatments, other factors such as cost, cosmetic outcome,
preference, and practical use should also be considered.
Because of the continuing rise in incidence of BCC, it is
important to consider treatment costs. A previous study,
in which the cost-eﬀectiveness of MMS was compared
with surgical excision for both pBCC and rBCC, showed
that implementation of MMS on a large scale was not
cost eﬀective.12 However, because a 5-year period is
usually needed to determine a deﬁnite number of
recurrences, the researchers argued that MMS might
become a cost-eﬀective treatment for rBCC. On the basis
of our data for the 60-month follow-up period, the ICER
for pBCC is €23 454 per recurrence avoided, and the ratio
for rBCC is €3171. Comparing these ﬁgures with ICERs
of €29 231 for pBCC and €8094 for rBCC calculated in the
previous cost-eﬀectiveness study,12 shows that both ratios
have decreased. Up to now, a threshold value for the
treatment costs of BCC has not been established, which
makes the interpretation of the ratios diﬃcult. However,
one could argue that an acceptable threshold value should
at least include the hospital costs of treating a recurrence.
If we calculate two-times the costs of MMS (ie, treating
a tumour and a recurrence; €2568) for determining the
threshold value, then MMS is deﬁnitely not cost-eﬀective
for pBCC, but might well be considered a cost-eﬀective
treatment for rBCC, because this amount does not diﬀer
much from the ICER of €3171.
As the number of young patients with BCC is
increasing, the importance of a favourable cosmetic
outcome should also be considered when treating facial
BCC. In recurrent and large, aggressive facial BCC, we
www.thelancet.com/oncology Vol 9 December 2008

showed previously the defects after treatment were
signiﬁcantly larger after multiple surgical excisions
compared with MMS with more than one Mohs’ stage,
which resulted in worse cosmetic outcome.10 For this
reason, we recommend MMS for facial pBCC of an
aggressive subtype. In this study, we started our Mohs’
procedure with a 3-mm margin. Because smaller
margins are normally used to start MMS, critics have
commented that our larger margin might have led to
larger defects and, therefore, a worse cosmetic outcome,
which minimised the diﬀerence in cosmetic result with
surgical excision. We chose a standardised margin for
both treatments to make comparison easier. An
additional advantage of starting with a 3-mm margin is
the reduction of Mohs’ stages, thereby decreasing the
duration of the procedure. In our study, 78 rBCCs (78%)
were completely eradicated after two stages. In other
words, only 22% of the tumours needed three or more
stages of MMS, compared with 43% of rBCCs reported
in the published work.24 Use of a standardised margin of
3 mm in both treatment groups could have aﬀected
cosmetic outcome in either direction. For example, in
aggressive pBCC or rBCC, the use of a wider margin
with surgical excision might have prevented an extra
excision, which would have improved the cosmetic
results of this group. Conversely, a wider margin could
have resulted in larger defects in patients who would
have had complete tumour clearance with a 3-mm
margin.
In addition to the proportion of recurrence, costs, and
cosmetic outcome, other factors need to be considered
when choosing a treatment for an individual. These
factors should be weighed against the diﬀerence in
recurrence. For example, physicians and patients might
choose surgical excision instead of MMS on the basis of
age and comorbidity.
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