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Abstract

Background: The success of Mohs micrographic surgery (MMS) depends partly on the 
correct diagnosis of slides.

Objectives: To determine reliability of diagnosis from MMS slides.

Methods: This was a prospective study evaluating the reliability of diagnosis from MMS 
slides of basal cell carcinoma (BCC) presence, BCC location on the slide and BCC subtype 
among six raters who independently assessed 50 MMS slides twice with a two-month 
interval. Slides were randomly selected whereby difficult to diagnose slides were 
oversampled. For each slide, a reference diagnosis was established by an expert panel. 
Cohen’s kappa (K) was calculated to determine levels of agreement interpersonally (rater 
vs. reference diagnosis) and intrapersonally (rater at T1 vs. T2). Multivariable logistic 
regression was used to determine independent risk factors for slides with interpersonal 
discordant diagnosis. The variables studied were BCC presence, whether a slide was 
scored as easy or difficult to diagnose, review duration of the 50 slides, profession and 
years of experience in diagnosis from MMS slides.

Results: Interpersonal and intrapersonal agreement were substantial on BCC presence 
(K = 0.66 and 0.68) and moderate on BCC subtype (K = 0.45 and 0.55). Slides that were 
scored as difficult to diagnose were an independent risk factor for interpersonal discor-
dant diagnosis on BCC presence (OR 3.5, 95% CI 1.8-6.8).

Conclusions: Reliability of diagnosis from MMS slides was substantial on BCC presence 
and moderate on BCC subtype. For slides that are scored difficult to diagnose, a second 
opinion is recommended to prevent misinterpretation and thereby recurrence of skin 
cancer.
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Introduction

Mohs micrographic surgery (MMS) is a preferred treatment for aggressive or recurrent 
facial basal cell carcinoma (BCC), due to the low recurrence rate and preservation of 
healthy tissue.1,2 With MMS all surgical margins are microscopically viewed intraopera-
tively, whereas with conventional excision only a small percentage of the margins are 
viewed at all, and only postoperatively.

To warrant the additional costs of MMS compared to conventional excision, optimiza-
tion of the procedure is pivotal. Because clinical recurrences after MMS often become 
apparent after five to ten years, a critical appraisal of the procedure is needed before 
MMS is more widely introduced in Europe. Although the success of MMS depends mainly 
on the correct diagnosis of slides, the reliability of diagnosis from MMS slides is poorly 
documented.3,4 A better insight into the reliability of diagnosis from MMS slides might 
decrease slide misinterpretation. A decrease in slide misinterpretation prevents excision 
of healthy tissue and results in fewer skin cancer recurrences and, which are both the 
most important characteristics of MMS.

This is a reliability study on diagnosis from MMS slides. We determined interpersonal 
and intrapersonal levels of agreement on BCC presence, BCC location on the slide and 
BCC subtype. Furthermore, to explore possible approaches to improve the reliability of 
diagnosis from MMS slides, we identified risk factors for slides with interpersonal discor-
dant diagnosis on BCC presence.

Methods

This prospective reliability study determined interpersonal and intrapersonal levels of 
agreement on the diagnosis of 50 MMS slides among six raters and an expert panel.

Selection of slides

Slides were obtained from the MMS registry of the Erasmus University Medical Center, 
Rotterdam, the Netherlands. Frozen MMS slides were stained with haematoxylin and 
eosin; the distance between each section was 100 µm and the sections were 8 µm thick. 
Slides of bad quality were excluded.

In total, we selected 300 MMS slides derived from 50 different MMS procedures, all indi-
cated for BCC: six slides per MMS procedure, subsequently cut from one tissue block. In 
some cases, BCC was present in the deepest cut, while BCC was absent in the outermost 
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slide. Therefore, one of the six slides was non-randomly selected, marked and used for 
the final diagnosis (n = 50). Raters were allowed to review all six slides, although they 
were instructed to diagnose the indicated slide only. All 300 slides were anonymized 
and coded with a specific study number. Comparable to our daily practice, half of the 
slides were tumour-free and half of the slides contained BCC. Slides with BCC contained 
variable BCC subtypes.

Slides were non-randomly selected by the researchers with oversampling of difficult to 
diagnose slides. We wanted to focus on the histological pitfalls in MMS such as small 
BCC strands that are easily missed, benign structures mimicking BCC and dense inflam-
mation.5 We expected that approximately half of all selected slides were difficult to 
diagnose due to histological pitfalls, which differs from our daily MMS practice where 
we score approximately five percent of the slides as difficult to diagnose. We chose to 
oversample difficult slides to determine the minimum level of agreement on diagnosis 
from MMS slides.

Selection of raters

Six raters (three MMS surgeons and three pathologists) were selected from three differ-
ent centres: Erasmus University Medical Center Rotterdam (raters A, D), Isala Hospital 
Zwolle (raters B, E) and Maastricht University Medical Center (raters C, F). Raters had four 
to fifteen years of experience in diagnosis from MMS slides.

Rating process

Raters were instructed to review all 300 slides independently, twice, with two month 
intervals. Raters reviewed the slides without any clinical information (e.g. BCC loca-
tion, BCC subtype, preoperative treatment). They were blinded to their own previous 
interpretation and to each other’s interpretations. Before the second review, the slides 
were shuffled and recoded to prevent identification. Diagnoses were recorded on stan-
dardized study forms including: BCC presence (yes or no); BCC subtype with or without 
perineural invasion (i.e. superficial, nodular, micronodular, morpheaform or any combi-
nation); and exact BCC location. Raters marked the exact BCC location with a waterproof 
pencil on the slide. One of the researchers copied the marks to translucent paper and 
then removed the marks from the slides. Furthermore, raters scored the slides easy or 
difficult to diagnose, the time it took to review all slides, their years of experience in 
diagnosis from MMS slides, their profession and whether they worked in an academic or 
non-academic setting. At last, to verify if we indeed oversampled difficult to diagnose 
slides, raters were asked what percentage of difficult slides they find in their daily MMC 
practice.
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Expert panel consensus-derived reference diagnosis

In the absence of a gold standard, an expert panel consensus-derived reference diagnosis 
was established for each slide. The expert panel consisted of one MMS surgeon and one 
pathologist, both with over 15 years of experience in diagnosis from MMS slides. Similar 
to the rating process, both experts reviewed all 300 slides independently, twice, with 
2-month intervals. They were blinded to their own previous interpretation and to each 
other’s interpretation. To establish the reference diagnosis, slides with experts’ interper-
sonal or intrapersonal discordant diagnosis were resolved with consensus discussion. At 
this consensus discussion, experts were blinded to their own and each other’s previous 
interpretations. If the experts did not reach consensus on BCC presence, deeper paraffin 
slides of the corresponding tissue blocks were made to reach a consensus diagnosis for 
all slides. The reference diagnosis included BCC presence (yes or no); BCC subtype with 
or without perineural invasion (i.e. superficial, nodular, micronodular, morpheaform or 
any combination); and BCC location on the slide.

Outcome 1: Interpersonal and intrapersonal agreement

Interpersonal agreement was determined between each rater vs. the reference diagno-
sis. Intrapersonal agreement was determined within each rater at T1 vs. T2. To evaluate 
the reliability of the reference diagnosis, we also determined the interpersonal and 
intrapersonal agreement of the two experts. Agreement concerned BCC presence, BCC 
subtype and BCC location on the slide. To indicate if BCC location was equally marked on 
a slide, the translucent papers of corresponding slides were stacked.

Outcome 2: Risk factors for slides with interpersonal discordant diagnosis

We determined independent risk factors for slides with discordant diagnosis between 
raters and the reference diagnosis at T1. Discordancy was based on BCC presence (yes 
or no), plus equal BCC location on the slide. The variables studied were: BCC presence 
[1. absent; 2. nonaggressive (i.e. superficial or nodular); 3. aggressive (i.e. micronodular, 
morpheaform, perineural invasion)]; whether raters scored slides as either easy or diffi-
cult to diagnose; the time it took each rater to review all slides; raters’ years of experience 
in diagnosis from MMS slides; and profession (MMS surgeon or pathologist).

Statistics

For BCC presence and subtype, Cohen’s kappa coefficients (K) were calculated to deter-
mine interpersonal and intrapersonal levels of agreement. Additionally, the t-test with 
Bonferroni correction was used to calculate whether the levels of agreement differed 
significantly between the raters. Overall mean K values were computed inside the pro-
gramme. As described by Malpica et al., levels of agreement were interpreted as slight 
(K = 0-0.2), fair (K = 0.2-0.4), moderate (K = 0.4-0.6), substantial (K = 0.6-0.8) or almost 
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perfect (K = 0.8-1.0).6 Regarding the sample size, to detect a K value of at least 0.6, we 
needed 50 cases and six raters for a power of 0.9 with alpha = 0.05. K could not be 
used for the agreement on BCC location. For BCC location we calculated percentages 
of equally marked BCC out of the total number of slides with concordant BCC presence. 
Univariable and multivariable logistic regression models were used to determine risk 
factors for slides with interpersonal discordant diagnosis on BCC presence. All statistical 
analyses were conducted in the Bayesian framework. Statistical analyses were performed 
using software package R version3.1.1 and JARG version 3.4.0. Guidelines for reporting 
reliability and agreement studies were used to report this study.7

Results

In total, 800 slide assessments were analysed: six raters and two panel experts diagnosed 
50 slides twice.

Reference diagnosis

The experts’ diagnosis from MMS slides on BCC presence differed interpersonally at T1 or 
T2 in 23% (23/100). For expert 1, diagnosis on BCC presence differed intrapersonally in 
8% (4/50). For expert 2, diagnosis on BCC presence differed intrapersonally 10% (5/50). 
At the consensus meeting, the experts did not reach consensus on BCC presence 10% 
(5/50). Of these five cases, deeper paraffin slides of the corresponding tissue blocks were 
made. With these deeper slides, the experts reached consensus in all cases. The refer-
ence diagnoses of the 50 MMS slides were ‘tumour-free’ in 26 slides and ‘BCC present’ in 
24 slides. The reference diagnoses on BCC subtypes are summarized in Table 1.

Table 1. Reference diagnosis of the 50 Mohs micrographic surgery slides.

Variable Cases
n = 50 (%)

Tumour free 26 (52)

BCC presenta 24 (48)

Superficial 1 (2)

Nodular 8 (16)

Morpheaform 10 (20)

Micronodular 3 (6)

Perineural invasion 2 (4)

Percentage were rounded.
BCC, basal cell carcinoma; n, number.
a In the case of mixed BCC subtypes, the most aggressive subtype was recorded, i.e. superficial < nodular < 
micronodular < morpheaform < perineural invasion.
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Description of diagnosis from MMS slides at T1

At the first rating session (T1), raters needed 80-140 minutes to diagnose the 50 MMS 
slides (Table 2). Altogether, the six raters scored 21% (64/300) diagnoses as difficult. In 
their daily MMS practice, the experts and raters score approximately 6% of cases difficult 
to diagnose (range 2-10%), which confirms that difficult to diagnose slides were overs-
ampled in this study. Raters diagnosed ‘BCC presence’ equally to the reference diagnosis 
in 17-24 slides out of 24 (mean 85%, range 67-100%). Raters diagnosed ‘tumour-free’ 
equally to the reference diagnosis in 14-26 slides out of 26 (mean 82%, range 58-100%).

Experts’ interpersonal and intrapersonal agreement

Interpersonal agreement between the two experts was substantial on BCC presence 
(K = 0.61, 95% CI 0.41-0.79) and moderate on BCC subtype (K = 0.45, 95% CI 0.31-0.61) 
(Table 3). Equal to the interpersonal agreement, the overall intrapersonal agreement 
within the two experts was substantial on BCC presence (K = 0.75, 95% CI 0.60-0.86) and 
moderate on BCC subtype (K = 0.58, 95% CI 0.47-0.69)

Interpersonal levels of agreement between each rater and the reference diagnosis

Overall, interpersonal agreement and the reference diagnosis was substantial on 
BCC presence (K = 0.66, 95% CI 0.58-0.73) and moderate on BCC subtype (K = 0.45, 
95% CI 0.39-0.52) (Table 4). Overall, BCC location on the slide was equal to the refer-
ence diagnosis in 95% (range 88-100%). Levels of agreement on BCC presence differed 
significantly only between raters B and E. Rater B had a significantly lower interpersonal 
level of agreement (K = 0.49, 95% CI 0.27-0.69), while rater E had a higher interpersonal 
level of agreement (K = 0.89, 95% CI 0.72-0.97), p = 0.01. Levels of agreement on BCC 
subtype did not differ significantly between the raters.

Table 2. Description of the six raters and their diagnosis from Mohs micrographic surgery slides at T1.

Rater Profession Academic or
Nonacademic

Experience in
diagnosis from
MMS slides 
(years)

Duration to
diagnose 50 
MMS slides 
(minutes)

Difficult to
diagnose 
MMS slides
out of 50 (%)

BCC
present
n = 24a 
(%)

Tumour
free
n = 26b 
(%)

A Dermatologist Academic 5 120 7 (14) 22 (92) 16 (62)

B Dermatologist Nonacademic 7 140 10 (20) 23 (96) 15 (58)

C Dermatologist Academic 15 105 17 (34) 21 (88) 22 (85)

D Pathologist Academic 8 80 8 (16) 16 (67) 26 100)

E Pathologist Nonacademic 4 90 10 (20) 24 (100) 23 (89)

F Pathologist Academic 8 100 12 (24) 16 (67) 26 (100)

Percentage were rounded.
BCC, basal cell carcinoma; MMS, Mohs micrographic surgery; n, number.
a Numbers of slides that were equally diagnosed as the reference diagnosis of ‘BCC present’ out of 24.
b Numbers of slides that were equally diagnosed as the reference diagnosis of ‘tumour free’ out of 26.
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Intrapersonal levels of agreement

Equal to the interpersonal agreement, overall intrapersonal agreement within each 
rater was substantial on BCC presence (K = 0.68, 95% CI 0.59-0.76) and moderate on BCC 
subtype (K = 0.55, 95% CI 0.49-0.62) (Table 4). Overall, BCC location similarly scored more 

Table 3. Interpersonal agreement between the experts and intrapersonal agreement within the experts in 
50 Mohs micrographic surgery slides.

Agreement BCC presence
K (95% CI)

BCC location on
MMS slide equal (%)

BCC subtypea

K (95% CI)

Interpersonal 0.61 (0.41-0.79) 100 0.45 (0.31-0.61)

Intrapersonal

Expert 1 0.68 (0.44-0.85) 96 0.64 (0.47-0.79)

Expert 2 0.84 (0.64-0.95) 88 0.52 (0.37-0.68)

Overall 0.75 (0.60-0.86) 92 0.58 (0.47-0.69)

Percentage were rounded.
BCC, basal cell carcinoma; CI, confidence interval; K, Cohen’s kappa; MMS, Mohs micrographic surgery.
a BCC subtypes included: superficial, nodular, micronodular, morpheaform, perineural invasion or any com-
bination.

Table 4. Interpersonal agreement between each of the six raters and the reference diagnosis and intraper-
sonal agreement within each rater in 50 Mohs micrographic surgery slides.

Agreement BCC presence
K (95% CI)

BCC location
on slide equal %

BCC subtypea

K (95% CI)

Interpersonal

Overall 0.66 (0.58-0.73) 95 0.45 (0.39-0.52)

A 0.53 (0.29-0.72) 95 0.41 (0.25-0.57)

B 0.49 (0.27-0.69) 96 0.35 (0.21-0.51)

C 0.73 (0.50-0.88) 100 0.51 (0.35-0.66)

D 0.67 (0.46-0.84) 88 0.47 (0.32-0.64)

E 0.89 (0.72-0.97) 92 0.55 (0.41-0.70)

F 0.67 (0.46-0.84) 100 0.42 (0.28-0.58)

Intrapersonal

Overall 0.68 (0.59-0.76) 86 0.55 (0.49-0.62)

A 0.66 (0.42-0.84) 89 0.67 (0.50-0.81)

B 0.57 (0.33-0.78) 85 0.51 (0.35-0.66)

C 0.64 (0.42-0.82) 89 0.51 (0.35-0.66)

D 0.69 (0.44-0.86) 77 0.58 (0.39-0.75)

E 0.75 (0.55-0.90) 89 0.59 (0.44-0.73)

F 0.79 (0.59-0.92) 88 0.46 (0.32-0.61)

Percentage were rounded.
BCC, basal cell carcinoma; CI, confidence interval. K, Cohen’s kappa.
a BCC subtypes included: superficial, nodular, micronodular, morpheaform, perineural invasion or any com-
bination.
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often interpersonally (95%) than intrapersonally (86%). Intrapersonal levels of agree-
ment did not differ significantly between the raters on BCC presence and BCC subtype.

Risk factors for slides with discordant diagnosis on basal cell carcinoma 
presence

Raters’ diagnosis on BCC presence and BCC location differed from the reference diagno-
sis in 17% (50/300). An independent risk factor for discordant diagnosis on BCC presence 
were slides that were scored as difficult to diagnose by the raters (OR 3.5, 95% CI 1.8-6.8) 
(Table 5). Other studied variables did not affect the risk in the univariable or multivari-
able analysis.

Discussion

Reliability of interpretation of MMS slides is pivotal because the success of MMS depends 
mainly on the correct diagnosis of slides. This study showed substantial interpersonal 
and intrapersonal agreement on whether BCC was present and moderate agreement 
on BCC subtype, which is comparable with other fields of diagnostic reliability such as 
breast pathology and radiology.8-16 Discordant diagnosis on BCC presence was more 
frequent when slides were self-scored as difficult to diagnose. This suggests that raters 
are aware of their uncertainty and should know when to consult others to reduce misin-

Table 5. Univariable and multivariable analysis of risk factors for slides with discordant diagnosis on BCC 
presence between raters and the reference diagnosis.

Variable Univariable OR (95% CI) Multivariable OR (95% CI)

MMS slides (n = 50)

Tumour free (n = 26) 1.00 1.00

Nonaggresive BCC subtype (n = 9)a 1.17 (0.54-2.46) 1.38 (0.61-3.02)

Aggressive BCC subtype (n = 15)b 0.96 (0.50-1.84) 1.11 (0.54-2.24)

Raters profession (n = 6)

Pathologist (n = 3) 1.00 1.00

Dermatologist (n = 3) 1.52 (0.51-4.27) 0.88 (0.06-6.60)

Difficulty of the interpretation (n = 300)

Easy (n = 236) 1.00 1.00

Difficult (n = 64) 3.30 (1.71-6.26) 3.54 (1.81-6.84)

MMS experience (years) 1.00 (0.84-1.21) 0.99 (0.76-1.34)

Review duration (minutes) 1.01 (0.99-1.04) 1.02 (0.96-1.09)

BCC, basal cell carcinoma; CI, confidence interval; MMS, Mohs micrographic surgery; OR, odds ratio.
a Nonaggressive BCC subtypes included: superficial BCC and nodular BCC.
b Aggressive BCC subtypes included: morpheaform BCC, micronodular BCC and BCC with perineural inva-
sion.
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terpretation. Although interpersonal and intrapersonal agreement on BCC presence was 
found to be imperfect, the recurrence rate of skin cancer after MMS is extremely low.1,2

Previous studies show high interpersonal agreement between MMS surgeons and 
pathologists (95-99%) on BCC presence.17-22 These studies overestimate the reliability 
of diagnosis from MMS slides because they report concordance rates instead of K val-
ues. In contrast to these studies, we oversampled difficult MMS slides, which resulted 
in an underestimated level of agreement. Besides our focus on challenging aspects 
of diagnosis from MMS slides, this study had several other unique aspects. Firstly, we 
established a reference diagnosis and we included six raters to determine interpersonal 
and intrapersonal agreement. Secondly, agreement on BCC presence, BCC subtype 
and BCC location on the slide was determined. Thirdly, we determined risk factors for 
interpersonal discordance.

Remarkably, interpersonal and intrapersonal agreement on BCC presence was compa-
rable, while we expected to find a higher intrapersonal agreement. Intrapersonal diag-
nosis from MMS slides was found to be less consistent than we anticipated even among 
experienced raters. This might be because we oversampled slides that were difficult to 
diagnose.

In line with Nedved et al., we observed a somewhat lower level of agreement on BCC 
subtyping than on BCC presence.23 This is logically explained because BCC presence 
(yes or no) is a binary question while the differentiation between BCC subtypes is less 
strict and mixed subtypes are common. To improve the diagnostic concordance in BCC 
subtyping, it might be necessary to further specify and simplify the current World Health 
Organization classification of BCC subtypes.

Our predictor analysis of discordant BCC diagnosis from MMS slides showed that slides 
that were self-scored as difficult to diagnose increased the likelihood of discordance 
three-and-half-fold (OR 3.5, 95% CI 1.8-6.8). As suggested in a previous study, a second 
opinion might prevent slide misinterpretation and thereby prevent skin cancer recur-
rence and unnecessary excision of healthy tissue.24 Other possible measures to improve 
accurate slide diagnosis include cutting an additional deeper slide or obtaining a (paraf-
fin) slide with additional histochemical stains.5,25 In exceptionally difficult cases, these 
actions do not clear the diagnosis. In those cases, to minimize the risk of recurrence an 
additional small safety margin should be excised and examined microscopically.
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A promising development that might further optimize diagnosis from MMS slides is the 
use of optical devices such as spectroscopy, which aim to eliminate the subjectivity of 
human diagnosis from MMS slides.26

Other studies show that MMS surgeons are as good as pathologists in evaluating MMS 
slides.18,21,22 Although this study was not designed to assess differences between MMS 
surgeons and pathologists, the three MMS surgeons identified almost all 24 BCC-positive 
slides correctly (high sensitivity), while they were more likely to interpret benign struc-
tures as BCC (lower specificity). In contrast, the three pathologists had a lower sensitivity, 
but a higher specificity.

This study has several limitations. Crucially, there is no gold standard.27 We assumed that 
the expert reference diagnosis was more accurate than the raters’ diagnoses. Moreover, 
our study showed that interpersonal levels of agreement were equal between the ex-
perts and raters and intrapersonal levels of agreement were only a little higher among 
the experts than among the raters. Furthermore, the determined reliability is likely to be 
lower than the reality for the following reasons.25,27 Firstly, difficult to diagnose slides were 
oversampled. Secondly, raters could not consult a colleague or pathologist to establish 
a consensus-derived diagnosis. Thirdly, raters could not ask for a deeper (paraffin) slide 
or additional staining. Fourthly, raters were not informed about the clinical context. In 
addition, the generalizability of our findings is limited because the number of participat-
ing clinicians was small (n = 6), although we included a heterogeneous group of raters 
(i.e. MMS surgeons and pathologists of academic and non-academic MMS settings). To 
further determine the reliability of interpretation of MMS slides, a large international 
web-based study assessing randomly selected MMS slides is warranted.

This study shows that interpersonal and intrapersonal levels of agreement on diagnosis 
from MMS slides were substantial for BCC presence and moderate for BCC subtype. Slides 
that were scored as difficult to diagnose were an independent risk factor for discordant 
diagnosis. A better understanding of the reliability of diagnosis from MMS slides might 
decrease slide misinterpretation and thereby prevent recurrences of skin cancer.
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