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Background Reflectance confocal microscopy (RCM) is a noninvasive method for skin
assessment, allowing entire lesion evaluation up to the papillary dermis. RCM is a
potentially attractive alternative to punch biopsy (PB) in basal cell carcinoma (BCC).
Objectives To determine the diagnostic accuracy of RCM vs. PB in diagnosing and
subtyping BCC, and to study patient satisfaction and preferences.

Methods Patients with a clinically suspected primary BCC were randomized between
RCM and biopsy. Conventional surgical excision or follow-up were used as refer-
ence. Sensitivity and specificity for BCC diagnosis and subtyping were calculated for
both methods. BCC subtype was stratified based on clinical relevance: aggressive (in-
filtrative/micronodular) vs. nonaggressive (superficial/nodular) histopathological
subtype and superficial vs. nonsuperficial BCC. Data on patient satisfaction and pref-
erences were collected using a questionnaire and a contingent valuation method.
Results Sensitivity for BCC diagnosis was high and similar for both methods (RCM
99:0% vs. biopsy 99-0%; P = 1-0). Specificity for BCC diagnosis was lower for
RCM (59-1% vs. 100-0%; P < 0-001). Sensitivity for aggressive BCC subtypes was
lower for RCM (33:3% vs. 77:3%; P = 0-003). Sensitivity for nonsuperficial BCC
was not significantly different (RCM 88-9% vs. biopsy 91:0%; P = 0-724). Patient
satisfaction and preferences were good and highly comparable for both methods.
Conclusions Biopsy outperforms RCM in diagnosing and subtyping clinically sus-
pected primary BCC. This outcome does not support routine clinical implementa-
tion of RCM, as a replacement for PBs in this patient group.

What is already known about this topic?

e Expert groups have demonstrated the potency of in vivo diagnosing and subtyping of basal
cell carcinoma (BCC) using confocal imaging. However, the diagnostic accuracy and

financial consequences remain unclear, especially regarding correct subtyping.

What does this study add?

e Confocal imaging was tested on performance in a real-world clinical setting, as an
alternative to diagnostic punch biopsies (PBs). In this setting, we concluded that for
clinically suspicious primary BCC in daily practice, a PB remains preferred above confo-

cal imaging, as it provides a superior accuracy for diagnosing and subtyping.
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Since the 1990s, reflectance confocal microscopy (RCM) —
also called confocal imaging — became known for its noninva-
sive skin imaging potential. Preliminary studies of RCM used
for basal cell carcinoma (BCC) focused on the correlation of
histopathological and RCM features.' > The high and increas-

ing incidence of BCC,*®

accompanied by a persistent increas-
ing pressure on our already heavily overloaded healthcare
systems, justify the interest in this field. Ultimately, RCM
could be a quick, patient-friendly and economically interesting
alternative to the current standard punch biopsy (PB) diagno-
sis. A PB is an invasive procedure, with risks of pain, scar for-

. . 7-11
mation and sampling error.

The latter might lead to
undertreatment followed by a recurrent tumour requiring
additional (costly) therapy. Furthermore, PB does not give an
immediate result owing to the time needed for tissue process-
ing and assessment.

In contrast, RCM provides a noninvasive cellular-level
view and facilitates direct diagnosing with the possibility of
complete lesion assessment, minimizing the risk of sampling
error. Therefore, replacing PB with RCM would potentially
save time, patient discomfort and money. Also, it might
facilitate diagnosis and treatment in one visit (‘one-stop
shop”)."?

As recently concluded, clinical evidence on the implemen-
tation of RCM for regular BCC diagnostics is currently too
premature. Furthermore, most work was performed by
experts,'® and cost-effectiveness has yet to be evaluated. Ide-
ally, RCM should at least have similar diagnostic accuracy
in diagnosing BCC as the currently used biopsies. Further-
more, the BCC subtype should be identified correctly, to
select the most appropriate treatment. Also, costs of RCM
preferably should not exceed costs of PB, and implementa-
tion should be feasible. Furthermore, the patient’s experi-
ence should, ideally, be superior with RCM or at least
similar to PB. All of these outcomes were assessed in this
randomized controlled trial (RCT).

The primary objective was to investigate whether a correct
diagnosis and subtype could be determined with RCM in
patients with a clinically suspected primary BCC, in a real-
world setting. The secondary objectives were to study patient
satisfaction and patient preferences.

Patients and methods

Study design

In this multicentre RCT, patients with a clinically suspected
primary BCC were randomized between two index tests: RCM
and diagnostic PB. If RCM was negative for BCC, a PB was
taken to confirm this diagnosis. Also, in cases of inconclusive
RCM imaging the patient was offered a PB. PBs taken from
patients randomized to RCM were not included in the calcula-
tion of the diagnostic accuracy of PB.

As the reference standards, only conventional surgical exci-
sion or follow-up (when the PB did not show BCC) were
accepted. Figure 1 illustrates the study design.
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This study was approved by the regional medical ethical
committee (CMO Regio Arnhem-Nijmegen, Dossier number
2015-1963, NL number 5449-091-15) and conducted accord-
ing to the principles of the Declaration of Helsinki. The proto-
col was registered at ClinicalTrials.gov (NCT02623101), and
has also been published previously.'*

Patients

Patients from four hospitals in the Netherlands were included:
Radboud University Medical Centre (coordinating academic
hospital, Nijmegen); Netherlands Cancer Institute (tertiary
oncological reference centre, Amsterdam); Canisius Wilhelmina
Hospital (general hospital, Nijmegen); Rijnstate Hospital (gen-
eral hospital, Velp). Patients with a clinically suspected primary
BCC were eligible for inclusion and referred by their treating
clinician. Patients had to be > 18 years old, able and willing to
give written informed consent, and to adhere to the study
requirements. Lesions were only included if conventional sur-
gery was the preferred treatment. In cases where Mohs surgery,
radiotherapy or topical treatment was considered, patients were
excluded. All anatomical sites were included; however, lesions
had to be accessible to either of the RCM devices. Patients partic-
ipating in another trial — currently or in the previous 28 days —
were excluded. Patients from the Netherlands Cancer Institute
with BCC in the head-and-neck area were not included as they
had already participated in another study.

The participating hospitals defined the four strata used for
the variable computer-generated block randomization, with
block sizes of four, six or eight. Patients were randomized
between RCM and PB by one of the researchers, using an
automated assignment system (Castor Electronic Data Capture;
Castor, Hoboken, NJ, USA), with a randomization weight of 1
for both groups. The researcher entered the patient’s details
into the system and diagnostic allocation was returned. After-
wards, the same researcher performed RCM assessment or PB.
The allocation sequence was concealed from the researcher.
Excision and follow-up were performed in regular daily clini-
cal practice, by physicians not involved in patient inclusion,
randomization or diagnostic trial intervention. Owing to the
nature of the intervention the participating patients, research-
ers and treating physicians could not be blinded to the diag-
nostic intervention performed (e.g. visible PB scar). The
pathologists examining the tissue after PB and/or excision
were blinded to the study group.

Sample size

Based on an extensive local database of previously collected
cases (n >200), we assumed a percentage of correctly identi-
fied BCC subtypes of 71% using PB and 85% using RCM,
when compared with conventional surgical excision as the
gold standard in this study. Consequently, 148 patients were
needed per group to obtain a power of 80% (Fisher’s exact,
two-sided, o = 0-05). In addition, it was expected that 10%
of patients in whom a physician had a clinical suspicion of
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Figure 1 Study design of the randomized controlled trial investigating in vivo reflectance confocal microscopy (RCM) vs. a diagnostic punch biopsy in

patients with a clinically suspected primary basal cell carcinoma (BCC). “In cases where biopsy did not show BCC, but another diagnosis could be

made, patients were treated accordingly when indicated and follow-up was performed.

BCC would not have a histopathologically confirmed BCC.
Therefore, the initial goal was to include 329 patients with a
clinical suspicion of primary BCC. More details of the initial
sample size calculation can be found in the previously pub-
lished study protocol."*

Owing to the limited progress of the study, mainly caused by
technical problems with the RCM after 288 patients, the contin-
uation of the study would only be possible with major changes
in the staffing of the study team. Before taking such a major
decision it was decided to analyse whether the 41 remaining
patients to be included would have an impact on the primary
outcome. For specificity, a clear statistically significant differ-
ence had already been found (P < 0-001), while the high levels
of sensitivity (99% for both methods) precluded the possibility
of finding any difference. This premature end of inclusion was
authorized by the medical ethical committee that approved the
study (CMO Regio Arnhem—Nijmegen)

Diagnostic methods

Index test: reflectance confocal microscopy

For imaging we used the commercially available VivaScope
1500® and 3000® [Caliber ID (Henrietta, NY, USA); Mavig
GmbH (Miinchen, Germany)]| devices. The VivaScope 3000 is
a handheld RCM device that allows imaging of lesions that
were inaccessible by the VivaScope 1500.

With the VivaScope 1500, VivaBlocks of 4 x 4 mm were
made at the level of the stratum corneum, stratum spinosum,
dermoepidermal junction and dermis in order to find RCM
features for BCC and its subtype.

The VivaScope 3000 was used when a lesion was not acces-
sible by the VivaScope 1500. With either the VivaScope 1500

© 2020 The Authors. British Journal of Dermatology

or VivaScope 3000, VivaStacks were made in the areas of
interest and movies were recorded to document vasculariza-
tion. The number of imaging sites was determined during the
clinical situation. When BCC characteristics were captured in
the first series of images no additional images were needed.
Lesion assessment was performed unblinded to clinical infor-
mation, using previously published RCM features as a guide-

1-3,15-17

line. However, as there is currently no consensus on

specific subtype criteria, inter-reader variability was expected.

Reflectance confocal microscopy readers

To mimic realistic clinical use, RCM images were assessed real
time by on-demand available readers dedicated to working
with RCM. This enabled further diagnostics (e.g. PB in case of
inconclusive RCM) or treatment without any delay. Most
lesions were included, randomized and assessed by experi-
enced readers (M.P./Y.S.E.). Experienced readers met all of the
following criteria: (i) trained at the University of Modena (or-
ganized by the VivaScope distributor Mavig GmbH); (ii) hav-
ing 2—4 years of RCM experience before initiation of the
study; and (iii) having assessed at least 200 BCC before study
initiation. In-house trained readers with less RCM experience
(W.WvdW./K.N.; < 6 months for BCC) assessed a minority
(< 10%) of patients included in the diagnostic analysis. Diag-
nostic accuracy of RCM was calculated for all readers. In addi-
tion, a separate analysis was performed for the most

experienced readers only.

Index test: punch biopsy

Patients allocated to the PB group received standard diagnostic
care: a 3-mm PB taken from the clinically most suspected area
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after local anaesthesia with 1% Xylocaine/adrenaline. PBs were
paraffin embedded after at least 4 h of formaldehyde fixation.
Paraffin sections (6 pum) were processed and stained with
haematoxylin and eosin by a standard protocol. Histopatholog-
ical classification of BCC was performed by experienced

pathologists according to Dutch guidelines.'®

Reference test: excision

Conventional surgical excision was performed according to
the current Dutch recommendations,18 with a 3—5-mm mar-
gin for low- and high-risk BCC, respectively. Excision speci-
mens were processed using the standard protocol: tumours
were inspected and measured by a technician by the naked
eye and excision margins were inked. The specimen was then
bread-loaf cut every 3 mm, followed by paraffin embedding,
processing of paraffin sections (6 pm) and haematoxylin and
eosin staining. Histopathological classification was performed
as for biopsies.

Reference test: follow-up

For patients not diagnosed with a BCC, regular clinical follow-
up was used as reference test, in line with the recent Cochrane
review (Figure 1)."* The diagnosis of ‘no BCC’ was classified
as correct in cases where no reported signs for BCC in the
treated area developed during follow-up. In cases where an
alternative diagnosis was made by PB (e.g. squamous cell car-
cinoma), the patient was treated when indicated and followed

up.

Statistical analysis

For each group baseline characteristics were summarized for
descriptive statistics.

For all sensitivity and specificity estimates, cross-tables were
used and 95% confidence intervals (CIs) were calculated using
the exact binomial calculation. Comparison between diagnostic
groups was compared using two-tailed unconditional exact
tests (o0 = 0-05). Imputation of missing observations was not
performed. All analyses were performed on a complete case
basis, with completeness being restricted to the variables
needed for any specific analysis. Patients without a reference
test (e.g. did not undergo a conventional surgical excision
after BCC diagnosis) were excluded from the diagnostic accu-
racy analysis. Data preparation was performed in SPSS (version
25; IBM, Armonk, NY, USA), tests and calculations of CIs
were performed using the Exact library (version 2-:0) in R
(version 3-6-1).

Primary outcome: basal cell carcinoma diagnosis

Sensitivity and specificity for BCC diagnosis (‘BCC’ or ‘no
BCC’) was calculated by comparing the outcome of the index
test (PB or RCM) with the reference test (conventional surgical
excision or follow-up).

British Journal of Dermatology (2021) 184, pp663—671

Primary outcome: basal cell carcinoma subtyping

According to the Dutch guidelines,'® four BCC subtypes were
used for initial classification by the pathologist: superficial
(sBCC), nodular (nBCC), infiltrative (iBCC) and micronodular
(mnBCC), as well as mixed-type BCC. Classifying index test
subtypes as correct or incorrect was further guided by clinical
relevance. This led to assessment of aggressiveness and superfi-
cial growth pattern, resulting in two methods for subtype
stratification: (i) based on aggressiveness — as aggressiveness
determines treatment choices, lesions were divided between
‘low risk’ (only sBCC and/or nBCC) and ‘aggressive’ (iBCC or
mnBCC, and mixed-type lesions including these subtypes);
(ii) based on superficial growth pattern — as noninvasive treat-
ments are available for sBCC (e.g. imiquimod cream), superfi-
cial growth pattern was assessed separately. BCCs with only a
superficial growth pattern were classified as ‘only superficial’.
All others were classified as ‘(partially) nonsuperficial’.

Sensitivity of RCM and PB for aggressiveness and for (par-
tially) nonsuperficial BCC were calculated by comparing
index test results with the reference test (conventional surgi-
cal excision). Cases with PB-confirmed BCC without residual
BCC in the excisional specimen were excluded from this
analysis.

Subset analysis

Diagnostic accuracy by experienced readers and VivaScope 1500 only Diag-
nostic accuracy for BCC diagnosis (sensitivity and specificity)
and subtyping (sensitivity) were also calculated in the patient
subset imaged with RCM by the most experienced readers
(M.P./Y.S.E). As most previous studies used the non-handheld
VivaScope 1500 device, additional analyses for the patient sub-
set imaged with this device only were also performed.

Secondary outcomes: patient satisfaction and patient
preferences

Patient satisfaction was measured using a 7-point Likert scale
just after the index test (T1) and during follow-up (T2). In
patients who had experience of both PB and RCM (gained
before or during this study), patient preferences were mea-
sured using a multiple-choice questionnaire and a contingent
valuation method (CVM). More details are provided in the
Supporting Information.

Results

Participants and histopathology

Details on patient inclusion, allocation and study finalization
are shown in Figure 2. In summary, between 24 February
2016 and 1 February 2019, a total of 288 patients were
included (RCM, n = 145; PB, n = 143). Of the included
patients, 119 of 145 (82:1%) in the RCM group and 123 of
143 (86:0%) in the PB group received both the index and

© 2020 The Authors. British Journal of Dermatology
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reference test and were included in the diagnostic accuracy . . . .

] i ) i Primary outcome: basal cell carcinoma diagnosis
calculations. Patients in whom the PB did not show BCC and
Results are shown in Tables 2 and 3.

Sensitivity for BCC diagnosis was high and comparable in
both groups [99-0% vs. 99-0%; 95% CI —4-9 to 49 (P =
1-0)]. The specificity for diagnosing BCC was significantly
lower for RCM than for PB [59-1% vs. 100%; 95% CI —61-8

who underwent nonsurgical treatment and/or clinical follow-
up because an alternative diagnosis was made (n = 41) had a
median follow-up time of 30 months (range 3—47) without
any change in initial diagnoses during follow-up. Baseline
characteristics per test group are comparable and given in

Table 1. to —22-4% (P < 0-001)].
s Assessed for eligibility (n = 306)
= (February 2016—February 2019)
E
Y vy — =
g E;:::;‘:\(e’z :> (ertici:zgt)e not interested or no
. * .
w Randomized (n = 288) time available (n = 18)
Per study centre:
NKI: n=33
Rijnstate: n=146
Radboudumc: n=92
Cwz: n=17
¥ —
g Technical failure (not Allocated to RCM (n = 145) Allocated to Biopsy (n = 143)
'-g patient related) « Received allocated index o Received allocated index test (n = 134)
!.OJ - biopsy (n = 2) test (n = 143) « Did not receive allocated index test (n = 9)
= ° tBower;ﬁwsefse ? o < e Exclusion after allocation: - After further inspection lesion not suspicious for
< E?‘C)‘éa% lEea ment (n=1) o no time for participation (n = 1)/ BCC (n=1)
° C . .
comﬂrmedx B%OCH(/) -1 unable to sign informed - Not according to protocol: direct excision, biopsy
2 consent (n=1) skipped (n = 2)
- Not according to protocol: excision biopsy (biopsy
diameter > 3 mm) (n = 5)
P /;\ . - Patient died between biopsy and excision (not
() RCM study-related) (n = 1)
RCM diagnosis: BCC di . RCM
(n=107) nng'g)CSI&'= 14) diagnosis:
doubt (n = 20)
Excision: Bi ith FU
- Diagnosis (BCC) confirmed cé%%sr%gho BCC Biopsy: . . . » 1
- (n=96) n ) R Biopsy diagnosis: . . ..
s - No BCC against expectations | (7= 12) BCC, confirmed BCC (n=108) Biopsy diagnosis:
E (n =6y with excision no BCC (n = 26)
s Biopsy: BCC (n=5) Excisi
‘n ision: against - No BCC, xcision: .
3 F‘%zz?:slzga lesion (n = 1) expectations, confirmed with FU - Diagnosis (BCC) confirmed rEe):slzlr?‘n for other
x ~ ; . confirmed with (n=8) (n=97) ) son:
O | g e | Gosontn=t) | - patentpnysiian || < NoBOCIefany sartsue | * Dgnost (1860)
2 Wi’tjh follow-up: no need for preference: topical (n=6) - BCC against
3 ) -1 RCM diagnosis AK, treatment of i =1
c excision (n = 1) patient/physician sBCC, with follow- Topical treatment sBCC: expectations (n = 1)
o0 ; b. preference no up: = no need for - sBCC diagnosis after biopsy, )
io) A|;0 bBI(():pgy, f°.' otther reatsciln : biopsy: cryo- excision (n = 4) patient/physician preference: (o’[l"y) _FU- FBCC
=) - No against expectations i i . topical treatment with FU: no - Nosigns o
> no excision (n = 2) ablation with FU: no . e ! (n=21)
- BCC confirmed - excision need for excision Excision (as need for excision (1 = 5)
- _ (n=1) planned):
- only scar tissue left (n = 1) ~ o BCC (n = 2)°
-BCC(n=1)
- |
)
Analysed
o Excluded from any analysis:
- Did not receive allocated index test/exclusion after allocation (RCM: n = 2, biopsy: n = 9)
O Excluded from analysis for diagnostic accuracy (diagnosis BCC, aggressiveness and superficiality):
K] - Topical treated sBCCs (indicated in blue) > no gold standard for diagnosis available (RCM: n = 1, biopsy: n = 5)
g - Inconclusive diagnosis (RCM: n = 20)
© - Technical failure (RCM: n = 2)
c - Only scar tissue left, no reference standard (RCM: n = 1, biopsy: n = 6)
< O Excluded from analysis for accuracy of aggressiveness and superficiality:
- Patients without a BCC-positive excision.
Only biopsies taken in the biopsy study group were included in the analysis of the diagnostic accuracy of the biopsy.
Patient preference (RCM or biopsy) was assessed if patients had experience with both methods used in this study.
—

Figure 2 Overview of study participant inclusion, allocation and study finalization. NKI, Nederlands Kanker Instituut (Netherlands Cancer Institute);
CWZ, Canisius Wilhelmina Ziekenhuis (Canisius Wilhelmina Hospital); RCM, reflectance confocal microscopy; FU, follow-up; sBCC, superficial BCC.
“Lichenoid keratosis (n = 1), actinic keratosis (n = 2), seborrhoeic keratosis (n = 1), squamous cell carcinoma (n = 1), Merkel cell carcinoma (n = 1).

PBecause of Mohs indication/doubt about subtype based on RCM. “Actinic keratosis (n = 1), dermal melanocytic naevus (n = 1).
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Primary outcome: basal cell carcinoma subtyping

BCC subtyping results are also shown in Tables 2 and 3.

Aggressiveness

The sensitivity for aggressiveness was significantly lower for
RCM than for PB [33-3% vs. 77-3%; 95% CI —67-1 to —14-6
(P =0-003)].

Superficial growth pattern

The sensitivity for diagnosing a nonsuperficial subtype was
similar for RCM and PB [88:9% vs. 91-0%; 95% CI —13-0 to
8-3 (P=0-724)].

Additional analyses

Experienced users

The primary outcomes did not change when only including
data from experienced readers (Table S1 and S2; see Support-
ing Information).

Non-handheld VivaScope 1500

The primary outcomes did not change when only data
obtained from this device were included (Tables S3 and S4;
see Supporting Information).

Table 1 Baseline characteristics®

RCM group Biopsy group
(n = 145) (n=143)
Patient characteristics
Median (range) age (years) 70 (21-90) 70 (33-87)
Sex
Male 78 (53-8) 89 (62-2)
Female 67 (46-2) 54 (37-8)
History of cutaneous 111 (76-6) 96 (67-1)
(pre)malignancy”
History of BCC 94 (64-8) 79 (55-2)
Lesion characteristics
Location
Head/neck area (H-zone) 3 (2:1) 5 (3-5)
Head/neck area (no H-zone) 37 (25-5) 32 (22+4)
Trunk (frontal side) 47 (32-4) 40 (28-0)
Trunk (backside) 35 (24:1) 42 (29-4)
Upper limb 12 (8:3) 15 (10-5)
Lower limb 11 (7-6) 9 (6-3)

Data are n (%) unless otherwise indicated. Data may not add up
owing to rounding. No missing variables. RCM, reflectance con-
focal microscopy. “Of patient allocated in this randomized con-

trolled trial; Pall types of cutaneous (pre)malignancies, including

basal cell carcinoma (BCC).

British Journal of Dermatology (2021) 184, pp663—671

Secondary outcome: patient satisfaction and patient
preferences

Patient satisfaction was good and highly comparable between
groups over the different timepoints. Most patients who had
experience with both methods said they preferred RCM over
PB, under the assumption of comparable diagnostic accuracy
[n = 50/58 (86%)]. The CVM showed no significant differ-
ence in the price these patients were willing to pay for their
preferred diagnostic method. Detailed results are included in
the Supporting Information (Tables S5 and $6).

Discussion

In this RCT comparing BCC diagnosis and subtyping by RCM
and PB, we studied RCM in a real-world setting that mirrored
possible future implementation in primary BCC-suspected
lesions. Our dedicated RCM readers were available on demand
in daily clinical practice and performed on-the-spot RCM eval-
uation and/or PB. In this setting, sensitivity remained high, as
was expected from previous studies.'>'*2% However, speci-
ficity (59-1%, 95% CI 36-4—79-3) was insufficient compared
with PB and relatively low compared with other studies.'®
Further investigation of this difference revealed that the speci-
ficity for RCM in general hospitals (50-0%, 95% CI 18-7—
81-3) seemed to be lower than in tertiary centres (66-7%,
95% CI 34-9-90-1; P = 0-42). This might be owing to the
higher chance of diagnosing a BCC in general hospitals
because of different patient populations (65-9% and 78-6% of
the included patients had a pathologically confirmed BCC in
tertiary centres and general hospitals, respectively).

Regarding BCC subtyping, our data showed that PB is more
accurate in BCC subtyping than RCM, especially in identifying
an aggressive growth pattern, which is essential for proper risk
stratification and treatment selection. Therefore, a PB is pre-
ferred over RCM in routine daily practice in BCC-suspected
lesions.

Despite inferior diagnostic accuracy, RCM could still be rel-
evant for specific patients. For example, previous data have
shown that handheld RCM could play a role in eyelid margin
tumours,”' as well as large lesion mapping.””

Although a real-world clinical setting was needed to obtain
realistic data, this approach comes with its disadvantages. It
resulted in multiple deviations from the study protocol (Fig-
ure 2). Also, in these busy, real-world clinical settings, physi-
cians sometimes forgot to refer eligible patients for inclusion
or chose the quickest option (clinical routine without study
inclusion). On the one hand this hampered the progress but
on the other hand this would probably also happen after fur-
ther implementation and points out a potentially important
threshold. Furthermore, as conventional excision was used as
the gold standard in this study, which is the most commonly
used treatment option in BCC, BCC treated with other treat-
ment modalities were not included. This might have led to a
selection bias and might have led to an underestimation of the
diagnostic accuracy potential of RCM in these subgroups and
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Table 2 Cross-tables of index [reflectance confocal microscopy (RCM) or biopsy] and reference test [conventional excision/follow-up (FU)]*

RCM Biopsy
Gold standard Gold standard
(excision or FU) (excision or FU)
@ RCM BCC No BCC | Total Biopsy BCC No BCC | Total
§ BCC 96 9 105 BCC 97 0 97
g No BCC 1 13 14 No BCC 1 25 26
a Total 97 22 119 Total 98 25 123
Gold standard Gold standard
(excision) (excision)
Nono-
Aggres | aggres Aggres | Non-
sive sive sive aggress
» RCM BCC BCC Total Biopsy BCC ive BCC | Total
§ Aggressive Aggressive
o BCC 8 10 18 BCC 17 4 21
‘2 Non- Non-
o aggressive aggressive
3 BCC 16 62 78 BCC ) 71 76
< Total 24 72 96 Total 22 75 97
Gold standard Gold standard
(excision) (excision)
(Partial) (Partial)
Only non- Only non-
superfi | superfi superfi | superfi
cial cial cial cial
RCM BCC BCC Total Biopsy BCC BCC Total
Only Only
superficial superficial
. BCC 15 8 23 BCC 16 7 23
= (Partial) (Partial)
38 non- non-
% superficial superficial
= BCC 9 64 73 BCC 3 71 74
€N Total 24 72 96 Total 19 78 97
Risk of undertreatment

For diagnostic accuracy: assume most
aggressive subtype was excised with
biopsy

BCC, basal cell carcinoma. “Only patients who received both the index test (RCM or biopsy) and reference test (conventional surgical exci-

sion or FU) were included in this analysis (n = 242).

the accompanying financial effects. For example, RCM diagno-
sis in superficial BCC treated with a nonsurgical modality
could be beneficial over PB because of the potential prevention
of nonresponse due to a partial nonsuperficial part of the BCC
in combination with PB sampling error.

Aiming for a financially attractive implementation, we chose
to study replacement of regular diagnostic PB. Another strat-
egy could be to use RCM additionally, before deciding on a
PB or excision. This is the way dermoscopy is currently being

used.”> *® In a population with different skin tumours, Yela-
mos et al.”” showed that RCM improves diagnostic confidence
and accuracy in equivocal tumours.

This strategy of use only for equivocal tumours is most
attractive for high-volume clinics, or if RCM and knowledge
about assessment are already available (e.g. because of other
use, such as imaging of suspicious melanocytic lesions).

Besides this, other developments (e.g. combining in vivo
RCM with optical coherence tomography)®® might increase

Table 3 Measures of diagnostic accuracy for diagnosing and subtyping basal cell carcinoma (BCC)*

RCM

Sensitivity diagnosis BCC (95% CI)
Specificity diagnosis BCC (95% CI)
Sensitivity aggressive BCC (95% CI)
Sensitivity nonsuperficial BCC (95%CI)

99-0% (94-4—100)
59-1% (36-4—79-3)
33-3% (15-6-55-3)
88-9% (79-3-95-1)

Biopsy P-value difference 95% CI for difference
99:0% (94-4-100) 1-00 —4-9 to 49

100% (86-3—100) <0-001* —61-8 to —22-4
77:3% (54-6-92-2) 0-003* —67-1 to —14-6
91:0% (82:3-96-3) 0-724 —13-0 to 8-3

CI, confidence interval; RCM, reflectance confocal microscopy. *Only patients who received both the index test (RCM or biopsy) and refer-

ence test (conventional surgical excision or follow-up) were included in this analysis (n = 242). Comparison of RCM and biopsy was per-

formed using two-tailed unconditional exact tests (ot = 0-05).
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the diagnostic accuracy and clinical applicability of the tech-
nique.

In our experience, a fast and easy-to-use device (limiting
the human resources required and increasing user acceptance),
and balancing frequency of use (influencing price per patient)
and device costs are crucial for successful implementation and
a positive cost—benefit ratio. In the hypothetical case of similar
diagnostic accuracy, RCM would be borderline competitive
with a PB regarding cost in the Netherlands with the assess-
ment of 1000 patients annually per device and only using the
device for BCC diagnostics (Table S6; see Supporting Informa-
tion). Diagnostic costs are highly dependent on the volume of
patients imaged with the RCM owing to the relatively large
amount of capital cost vs. PB (Table S6; see Supporting Infor-
mation). Furthermore, although in this study the experienced
user subset demonstrated a similar accuracy to the complete
dataset, it needs to be mentioned that an important number of
RCM assessments were inconclusive and additional PB was
performed in these cases according to the study protocol (n =
20/143; 14-0%), which was more often the case in less expe-
rienced users. These inconclusive patients were not included
in the accuracy calculations but would probably increase diag-
nostic costs and hamper clinical productivity in real-world
clinical practice. Also, this emphasizes the importance and
potential impact of user experience in relation to the cost—
benefit effects of daily practice implementation.

PB outperforms RCM in diagnosing and subtyping clinically
suspected primary BCC. This outcome does not support rou-
tine clinical implementation of RCM as a replacement for PBs
in this patient group.
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