UNIVERSITYOF
BIRMINGHAM

iversit}/]of iIrmingham
esearch at Birmingham

Reflectance confocal microscopy for the diagnosis
of cutaneous melanoma in adults

Dinnes, Jacqueline; Deeks, Jonathan; Saleh, Daniel; Chuchu, Naomi; Bayliss, Susan; Patel,
Lopa ; Davenport, Clare; Takwoingi, Yemisi; Godfrey, Kathie; Matin, Rubeta N.; Patalay,
Rakesh ; Williams, Hywel C.; Cochrane Skin Cancer Diagnostic Test Accuracy Group

DOI:
10.1002/14651858.CD013190

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):

Dinnes, J, Deeks, J, Saleh, D, Chuchu, N, Bayliss, S, Patel, L, Davenport, C, Takwoingi, Y, Godfrey, K, Matin,
RN, Patalay, R, Williams, HC & Cochrane Skin Cancer Diagnostic Test Accuracy Group 2018, 'Reflectance
confocal microscopy for the diagnosis of cutaneous melanoma in adults', Cochrane Database of Systematic
Reviews, no. 12, CD013190. https://doi.org/10.1002/14651858.CD013190

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 20. Apr. 2024


https://doi.org/10.1002/14651858.CD013190
https://doi.org/10.1002/14651858.CD013190
https://birmingham.elsevierpure.com/en/publications/b7f2555b-c4a7-4141-ae70-e70cc43ced0c

1+ N Cochrane
so? Library

Cochrane Database of Systematic Reviews

Reflectance confocal microscopy for diagnosing cutaneous

melanoma in adults (Review)

Dinnes J, Deeks JJ, Saleh D, Chuchu N, Bayliss SE, Patel L, Davenport C, Takwoingi Y, Godfrey K,
Matin RN, Patalay R, Williams HC, Cochrane Skin Cancer Diagnostic Test Accuracy Group

Dinnes J, Deeks JJ, Saleh D, Chuchu N, Bayliss SE, Patel L, Davenport C, Takwoingi Y, Godfrey K, Matin RN, Patalay R, Williams HC, Cochrane
Skin Cancer Diagnostic Test Accuracy Group.

Reflectance confocal microscopy for diagnosing cutaneous melanoma in adults.

Cochrane Database of Systematic Reviews 2018, Issue 12. Art. No.: CD013190.

DOI: 10.1002/14651858.CD013190.

www.cochranelibrary.com

Reflectance confocal microscopy for diagnosing cutaneous melanoma in adults (Review) W
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd. I L EY


http://www.cochranelibrary.com

TABLE OF CONTENTS

HEADER
ABSTRACT .
PLAIN LANGUAGE SUMMARY .
SUMMARY OF FINDINGS FOR THE MAIN COMPARISON
BACKGROUND

Figure 1.

Figure 2.

Figure 3.

Figure 4.
OBJECTIVES
METHODS
RESULTS

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.

Figure 18.

Figure 19.

Figure 20.

Figure 21.

Figure 22.
DISCUSSION .
AUTHORS’ CONCLUSIONS
ACKNOWLEDGEMENTS
REFERENCES
CHARACTERISTICS OF STUDIES
DATA

Test 1. Reflectance confocal microscopy (RCM) in any lesion suspicious for melanoma (malignant melanoma (MM)).

Test 2. RCM in studies of other lesion types (MM). . Lo
Test 3. RCM in any lesion suspicious for melanoma (malignant melanoma + melanoma in situ (MM+M15))
Test 4. RCM in equivocal lesion studies (MM +MiS).

Test 5. RCM in studies of other lesion types (MM+MiS).

Test 6. Dermoscopy in any lesion suspicious for melanoma (MM+MiS). .

Test 7. Dermoscopy in equivocal lesion studies (MM+MIiS).

Test 8. Dermoscopy in studies of other lesion types (MM+MiS).

Test 9. RCM in any lesion suspicious for melanoma (any).

Test 10. RCM in equivocal lesion studies (any).

Test 11. RCM score at > 3 (MM).

Test 12. Segura algorithm at > -1 (MM). .

Test 13. Guitera 2 step algorithm (slgmﬁcant characterlstlcs) (MM)

Test 14. No algorithm (observer diagnosis) (MM).

Test 15. No algorithm (significant characteristics) (MM).

NN = =

12
14
16
18
19
23
24
25
26
28
30
32
33
35
37
39
42
43
44
45
46
48
49
51
52
54
54
55
67
152
154
155
155
156
156
157
157
158
158
159
159
160
160
160
161

Reflectance confocal microscopy for diagnosing cutaneous melanoma in adults (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Test 16.
Test 17.
Test 18.
Test 19.
Test 20.
Test 21.

Test 22.
Test 23.
Test 24.

Test 25.
Test 26.
Test 27.
Test 28.
Test 29.
Test 30.
Test 31.
Test 32.
Test 33.

Test 34.
Test 35.
Test 36.
Test 37.
Test 38.
Test 39.
Test 40.

Test 41.
Test 42.
Test 43.

Test 44.
Test 45.
Test 46.
Test 47.
Test 48.
Test 49.
Test 50.
Test 51.
Test 52.
Test 53.

RCM score at > 2 (MM+MiS).

RCM score at > 3 (MM+MiS). .

RCM score at threshold NR (hkely > 3) (MM+M15)

RCM score at > 4 (MM+MiS).

Segura algorithm at > -1 (MM+M15)

Guitera 2 step algorithm (significant chars for MM) (MM+M15)
Pellacani 2 step algorithm (dysplastic MM) image based (MM+MiS). .
RCM computer assisted diagnosis algorithm (MM+MiS). .

No algorithm (significant characteristics) (MM+MiS).

No algorithm (selected characteristics) (MM+MiS).

No algorithm (observer diagnosis) (MM+MIiS).

No algorithm (observer diagnosis) paired in-person (MM+M15)

No algorithm (excise decision) (MM+MIiS).

No algorithm (excise decision) paired in-person (MM+M15)

RCM score at > 3 (any).

RCM score at threshold not reported (hkely > 3) (any)

Segura algorithm at > -1 (any).

Pellacani 2 step algorithm (dysplastic-MM) (any)

Guitera 2 step algorithm (significant characteristics) (any).

No algorithm (observer diagnosis) (any). . .

No algorithm (observer diagnosis) paired in-person (any). .

No algorithm (excise decision) (any).

No algorithm (excise decision) paired in-person (any).

Observer experience high - any lesion suspicious for melanoma (MM).
Observer experience low - any lesion suspicious for melanoma (MM). .
MMI observer experience high other. .

MMI1 observer experience not reported other.

Observer experience high - any lesion suspicious for melanoma (MM+M15).
Observer experience low - any lesion suspicious for melanoma (MM+MiS). .

Observer experience high - equivocal lesion studies (MM+MiS).

Observer experience low - equivocal lesion studies (MM +MiS).

Observer experience not reported - equivocal lesion studies (MM+MiS). .
Observer experience not reported - other study populations (MM+MiS). .
Observer experience high - equivocal lesion studies (any).

Observer experience low - equivocal lesion studies (any).

Observer experience high - any lesion suspicious for melanoma (any). .
Observer experience low - any lesion suspicious for melanoma (any).
MM2 any scale.

ADDITIONAL TABLES .

APPENDICES .

CONTRIBUTIONS OF AUTHORS

DECLARATIONS OF INTEREST

SOURCES OF SUPPORT .

DIFFERENCES BETWEEN PROTOCOL AND REVIE\X/

161
162
162
163
163
164
164
164
165
165
166
166
167
167
167
168
168
169
169
169
170
170
171
171
171
172
172
173
173
174
174
175
175
176
176
177
177
178
178
187
212
212
213
213

Reflectance confocal microscopy for diagnosing cutaneous melanoma in adults (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



[Diagnostic Test Accuracy Review]

Reflectance confocal microscopy for diagnosing cutaneous
melanoma in adults

Jacqueline Dinnes', Jonathan ] Deeks!, Daniel Saleh?-3, Naomi Chuchu', Susan E Bayliss', Lopa Patel#, Clare Davenport!, Yemisi
Takwoingi!, Kathie Godfrey®, Rubeta N Matin®, Rakesh Patalay”, Hywel C Williams®, Cochrane Skin Cancer Diagnostic Test Accuracy
Group!

nstitute of Applied Health Research, University of Birmingham, Birmingham, UK. ?Newcastle Hospitals, Newcastle Hospitals NHS
Trust, Royal Victoria Infirmary, Newcastle, UK. 3School of Clinical Medicine, The University of Queensland, PA-Southside Clinical
Unit, Brisbane, Australia. 4Plastic Surgery, Royal Stoke Hospital, Staffordshire, UK. 5c/o Cochrane Skin Group, The University
of Nottingham, Nottingham, UK. 6Departmem of Dermatology, Churchill Hospital, Oxford, UK. 7Departmem of Dermatology,
Guy’s and St Thomas’ NHS Foundation Trust, London, UK. 8Centre of Evidence Based Dermatology, University of Nottingham,
Nottingham, UK

Contact address: Jacqueline Dinnes, Institute of Applied Health Research, University of Birmingham, Birmingham, B15 2TT, UK.
j.dinnes@bham.ac.uk.

Editorial group: Cochrane Skin Group.
Publication status and date: New, published in Issue 12, 2018.

Citation: Dinnes J, Decks JJ, Saleh D, Chuchu N, Bayliss SE, Patel L, Davenport C, Takwoingi Y, Godfrey K, Matin RN,
Patalay R, Williams HC, Cochrane Skin Cancer Diagnostic Test Accuracy Group. Reflectance confocal microscopy for diag-
nosing cutaneous melanoma in adults. Cochrane Database of Systematic Reviews 2018, Issue 12. Art. No.: CD013190. DOI:
10.1002/14651858.CD013190.

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ABSTRACT
Background

Melanoma has one of the fastest rising incidence rates of any cancer. It accounts for a small percentage of skin cancer cases but is
responsible for the majority of skin cancer deaths. Early detection and treatment is key to improving survival; however, anxiety around
missing early cases needs to be balanced against appropriate levels of referral and excision of benign lesions. Used in conjunction with
clinical or dermoscopic suspicion of malignancy, or both, reflectance confocal microscopy (RCM) may reduce unnecessary excisions
without missing melanoma cases.

Objectives

To determine the diagnostic accuracy of reflectance confocal microscopy for the detection of cutaneous invasive melanoma and atypical
intraepidermal melanocytic variants in adults with any lesion suspicious for melanoma and lesions that are difficult to diagnose, and to
compare its accuracy with that of dermoscopy.

Search methods

We undertook a comprehensive search of the following databases from inception up to August 2016: Cochrane Central Register of
Controlled Trials; MEDLINE; Embase; and seven other databases. We studied reference lists and published systematic review articles.

Selection criteria

Studies of any design that evaluated RCM alone, or RCM in comparison to dermoscopy, in adults with lesions suspicious for melanoma
or atypical intraepidermal melanocytic variants, compared with a reference standard of either histological confirmation or clinical
follow-up.

Reflectance confocal microscopy for diagnosing cutaneous melanoma in adults (Review) 1
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Data collection and analysis

Two review authors independently extracted all data using a standardised data extraction and quality assessment form (based on
QUADAS-2). We contacted authors of included studies where information related to the target condition or diagnostic threshold were
missing. We estimated summary sensitivities and specificities per algorithm and threshold using the bivariate hierarchical model. To
compare RCM with dermoscopy, we grouped studies by population (defined by difficulty of lesion diagnosis) and combined data using
hierarchical summary receiver operating characteristic (SROC) methods. Analysis of studies allowing direct comparison between tests
was undertaken. To facilitate interpretation of results, we computed values of specificity at the point on the SROC curve with 90%
sensitivity as this value lies within the estimates for the majority of analyses. We investigated the impact of using a purposely developed
RCM algorithm and in-person test interpretation.

Main results

The search identified 18 publications reporting on 19 study cohorts with 2838 lesions (including 658 with melanoma), which provided
67 datasets for RCM and seven for dermoscopy. Studies were generally at high or unclear risk of bias across almost all domains and of
high or unclear concern regarding applicability of the evidence. Selective participant recruitment, lack of blinding of the reference test
to the RCM result, and differential verification were particularly problematic. Studies may not be representative of populations eligible
for RCM, and test interpretation was often undertaken remotely from the patient and blinded to clinical information.

Meta-analysis found RCM to be more accurate than dermoscopy in studies of participants with any lesion suspicious for melanoma and
in participants with lesions that were more difficult to diagnose (equivocal lesion populations). Assuming a fixed sensitivity of 90% for
both tests, specificities were 82% for RCM and 42% for dermoscopy for any lesion suspicious for melanoma (9 RCM datasets; 1452
lesions and 370 melanomas). For a hypothetical population of 1000 lesions at the median observed melanoma prevalence of 30%, this
equated to a reduction in unnecessary excisions with RCM of 280 compared to dermoscopy, with 30 melanomas missed by both tests.
For studies in equivocal lesions, specificities of 86% would be observed for RCM and 49% for dermoscopy (7 RCM datasets; 1177
lesions and 180 melanomas). At the median observed melanoma prevalence of 20%, this reduced unnecessary excisions by 296 with
RCM compared with dermoscopy, with 20 melanomas missed by both tests. Across all populations, algorithms and thresholds assessed,
the sensitivity and specificity of the Pellacani RCM score at a threshold of three or greater were estimated at 92% (95% confidence
interval (CI) 87 to 95) for RCM and 72% (95% CI 62 to 81) for dermoscopy.

Authors’ conclusions

RCM may have a potential role in clinical practice, particularly for the assessment of lesions that are difficult to diagnose using visual
inspection and dermoscopy alone, where the evidence suggests that RCM may be both more sensitive and specific in comparison to
dermoscopy. Given the paucity of data to allow comparison with dermoscopy, the results presented require further confirmation in
prospective studies comparing RCM with dermoscopy in a real-world setting in a representative population.

PLAIN LANGUAGE SUMMARY

What is the diagnostic accuracy of the imaging test reflectance confocal microscopy (RCM) for the detection of melanoma in
adults?

What was the aim of the review?

The aim of this Cochrane Review was to find out how accurate reflectance confocal microscopy (RCM) was on its own and used in
addition to dermoscopy compared to dermoscopy alone for diagnosing melanoma. Review authors in Cochrane included 18 publications
to answer this question.

‘Why is improving the diagnosis of melanoma important?

Melanoma is one of the most dangerous forms of skin cancer. Not recognising a melanoma when it is present (called a false negative
test result) delays surgery to remove it, risking cancer spreading to other parts in the body and possibly death. Diagnosing a skin lesion
as a melanoma when it is not present (called a false positive result) may result in unnecessary surgery, further investigations, and patient
anxiety.

What did the review study?

Reflectance confocal microscopy for diagnosing cutaneous melanoma in adults (Review) 2
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Microscopic techniques are used by skin cancer specialists to allow a more detailed, magnified examination of suspicious skin lesions
than can be achieved using the naked eye alone. Currently, dermoscopy (a handheld device using natural light) can be used as part of
the clinical examination of suspicious skin lesions. RCM is a new microscopic technique (a handheld device or static unit using infrared
light) that can visualise deeper layers of the skin compared to dermoscopy. Both techniques are painless procedures, but RCM is more
expensive, time consuming, and requires additional training. Dermoscopy can be used by general practitioners whereas RCM is likely
to only be used by secondary care specialists in people who have been referred with a lesion suspicious for skin cancer. We sought to
find out whether RCM should be used instead of, or in addition to, dermoscopy, to diagnose melanoma in any suspicious skin lesion
or only in particularly difficult to diagnose skin lesions.

‘What were the main results of the review?

The review included 18 publications reporting data for 19 groups of participants with lesions suspected of melanoma. The main results
were based on 16 of the 19 datasets (sets of information and results).

The review included nine datasets with 1452 lesions in people with any suspicious skin lesion, three of which compared RCM to
dermoscopy. The results suggested that in 1000 lesions, of which 300 (30%) actually are melanoma:

- an estimated 396 would have an RCM result indicating melanoma was present, and of these, 126 (32%) would not be melanoma
(false positive results);

- in the same group of 1000 lesions, dermoscopy would produce 406 false positive results, meaning RCM would avoid unnecessary
surgery in 280 lesions compared to dermoscopy;

- of the 604 lesions with an RCM result indicating that melanoma was not present (and 324 lesions with a dermoscopy result indicating
that melanoma was not present), 30 would actually be melanoma (false negative results). This equated to a false negative rate of 5%
for RCM and 9% for dermoscopy.

The review also included seven datasets with 1177 lesions in people with particularly difficult to diagnose skin lesions, three of which
compared RCM to dermoscopy. The results suggested that if skin specialists used RCM in a group of 1000 lesions, of which 200 (20%)
were actually melanoma:

- an estimated 292 would have an RCM result indicating melanoma was present, and of these, 112 (38%) would not be melanoma
(false positive results);

- in the same group of 1000 lesions, dermoscopy would produce 408 false positive results, meaning RCM would avoid unnecessary
surgery in 296 lesions compared to dermoscopy;

- of the 708 lesions with an RCM result indicating that melanoma was not present (and 412 lesions with a dermoscopy result indicating
that melanoma was not present), 20 would actually have melanoma (false negative results). This equates to a false negative rate of 3%
for RCM and 5% for dermoscopy.

How reliable were the results of the studies of this review?

In all included studies, the diagnosis of melanoma was made by lesion biopsy (RCM/dermoscopy positive) (a biopsy involves taking a
sample of body cells and examining them under a microscope), and the absence of melanoma was confirmed by biopsy or by follow-
up over time to make sure the skin lesion remained negative for melanoma (RCM/dermoscopy negative)*. This is likely to have
been a reliable method for deciding whether people really had melanoma. Only a small number of studies compared the accuracy of
dermoscopy and RCM. Most were conducted by specialist research teams with high levels of experience with RCM. Therefore, RCM
may have appeared more accurate than it actually was. Participants in the nine studies of any suspicious lesion may have had very
obvious disease compared to that seen in practice leading to a lower number of false positive results than would actually occur. It is
not possible to recommend a definition of a positive RCM test that will reliably produce the results presented here due to differences
between studies.

‘Who do the results of this review apply to?

Eleven studies were undertaken in Europe (61%), with the remainder undertaken in Oceania, North America, or more than one
continent. Mean age ranged from 39 to 54.7 years. The percentage of people with melanoma ranged between 1.9% and 41.5% (a
median (midpoint reading) of 19% for difficult to diagnose skin lesions and 32% for any suspicious lesion). The majority of studies
only included people with certain types of skin lesion. In many studies, it was not clear what tests participants had received before

RCM.
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‘What are the implications of this review?

RCM appears to be an accurate test for identifying melanoma, and it may reduce the number of people receiving unnecessary surgery
by up to three-quarters compared to dermoscopy. There is considerable variation and uncertainty in results and in study conduct,
reducing the reliability of findings. Use of RCM may be of most benefit in people with particularly difficult to diagnose lesions rather
than people with any lesion suspicious for melanoma. Further research comparing RCM and dermoscopy in well described groups of
people with difficult to diagnose skin lesions is needed.

How up-to-date is this review?
The review authors searched for and used studies published up to August 2016.

*In these studies, biopsy or clinical follow-up were the reference standards (means of establishing final diagnoses).
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Question: What was the diagnostic accuracy of reflectance confocal microscopy for the detection of cutaneous invasive melanoma and atypical
intraepidermal melanocytic variants in adults?
Population: Adults with lesions suspicious for melanoma, including:
e any lesion excised due to suspicion of melanoma, and
e equivocal lesions where a clear management decision could not be made following visual inspection or dermoscopy
Index test: RCM
Comparator test: Dermoscopy

Target condition:

Cutaneous invasive melanoma and atypical intraepidermal melanocytic variants

Reference standard:

Histology with or without long-term follow-up

Action:

If accurate, negative results of RCM will stop participants having unnecessary excision of skin lesions

Quantity of evidence

Number of cohorts

194 Total lesions 2838 Total with 658
with test results melanoma

Limitations

Risk of bias:

High risk for participant selection from exclusion of some difficult to diagnose types of lesion (8/20). High risk for the index test from
data driven RCM threshold (4/20). High risk from inadequate reference standard (4/20) and unclear risk as it was not clear that the
reference standard was interpreted blind to the RCM results in 18/20 studies. High risk from differential verification (6/20), timing of
tests was not mentioned in 11/20

Applicability of evidence to question:

High concern from narrowly defined populations (12/20) and multiple lesions per participant (7/20). High concern for RCM applicability
from blinded interpretation of images (10/20). Studies were dominated by 1 particularly expert research group (15/20). Little
information was given concerning the expertise of the histopathologist

Findings: All analyses were undertaken on subgroups of the studies


http://www.thecochranelibrary.com/view/0/SummaryFindings.html

Test:
RCM using RCM score algorithm at threshold > 3 or likely > 3 regardless of population

Datasets Lesions Melanomas Sensitivity (95% Cl) Specificity (95% Cl)

6 1209 296 92% (87 to 95) 72% (62 to 81)

Consistency: significant heterogeneity in specificity between studies. Includes both equivocal (4) and ’any suspicious lesion’ (2) populations; both in-person (3) and image
based (3)

Numbers observed in a cohort of 1000 lesions being tested”

Prevalence True positive False negative False positive True negative

(received necessary exci- (did not receive required (inappropriately received (appropriately did not receive excision)
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sion) excision) excision)
At prevalence 13% 120 10 244 626
At prevalence 23% 212 18 216 554
At prevalence 39% 359 31 171 439

Test: RCM versus dermoscopy:” any algorithm or threshold in *any lesion suspicious for melanoma’ populations [dermoscopy data denoted in brackets]

Datasets Lesions Melanomas Sensitivity (fixed) Specificity
RCM [dermoscopy] RCM [dermoscopy]
93] 1452 [451] 370 [160] 90%1[90%] 82%[42%]

Numbers observed in a cohort of 1000 lesions being tested” <<

Prevalence True positive False negative False positive True negative

(received necessary exci- (did not receive required (inappropriately received (appropriately did not receive excision)
sion) excision) excision)
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At prevalence 26% 234 26 133 [429] 607 [311]
296 296

At prevalence 30% 270 30 126 [406] 574 [294]
280 280

At prevalence 36% 324 36 115 [371] 525 [269]
256 256

Test: RCM versus dermoscopy: any algorithm or threshold in equivocal lesion populations [dermoscopy data denoted in brackets]

Datasets Lesions Melanomas Sensitivity (fixed)
RCM [dermoscopy]

Specificity
RCM [dermoscopy]

73] 1177 [645] 180 [127] 90%[90%]

86%[49%]

Numbers observed in a cohort of 1000 lesions being tested®

Prevalence True positive False negative False positive

True negative

(received necessary exci- (did not receive required (inappropriately received

(appropriately did not receive excision)

sion) excision) excision)
At prevalence 10% 90 10 126 [459] 774 [441]
333 333
At prevalence 20% 180 20 112 [408] 688 [392]
296 296
At prevalence 23% 207 23 108 [393] 662 [377]
285 285

Cl: confidence interval; RCM: reflectance confocal microscopy.

4The denominator for the Limitations section was 20 because methodological quality was assessed separately for each of
the 19 cohorts of lesions, and a further publication (Pellacani 2007a) reporting data for two of these cohorts (Guitera 2009b
(Modena); Guitera 2009¢ (Sydney)) was also included and separately quality assessed, taking the total to 20. Pellacani 2007a

was included only to allow analysis of additional algorithm thresholds and was not included in the main analyses.
5[] Dermoscopy data were denoted by square brackets throughout.
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“The numbers observed in a hypothetical cohort of lesions were estimated at the median and interquartile range in prevalence
across the pooled datasets for each test.
4The arrows indicated the change in number of false positive and true negative results as a result of RCM use.



BACKGROUND

This review is one of a series of Cochrane Diagnostic Test Accu-
racy (DTA) Reviews on the diagnosis and staging of melanoma
and keratinocyte skin cancers as part of the National Institute
for Health Research (NTHR) Cochrane Systematic Reviews Pro-
gramme. Appendix 1 shows the content and structure of the pro-

gramme.

Target condition being diagnosed

Melanoma arises from uncontrolled proliferation of melanocytes,
which are the epidermal cells that produce pigment or melanin.
Melanoma can occur in any organ that contains melanocytes, in-
cluding mucosal surfaces, the back of the eye, and lining around
the spinal cord and brain, but most commonly arises in the skin.
The incidence of melanoma rose to over 200,000 newly diagnosed
cases worldwide in 2012 (Erdmann 2013; Ferlay 2015), with an
estimated 55,000 deaths (Ferlay 2015). The highest incidence is
observed in Australia with 13,134 new cases of melanoma of the
skin in 2014 (ACIM 2017) and in New Zealand with 2341 reg-
istered cases in 2010 (HPA and MelNet NZ 2014). For 2014 in
the USA, the predicted incidence was 73,870 per annum and the
predicted number of deaths was 9940 (Siegel 2015). The highest
rates in Europe are seen in north-western Europe and the Scandi-
navian countries, with a highest incidence reported in Switzerland:
25.8 per 100,000 in 2012. Rates in England have tripled from 4.6
and 6.0 per 100,000 in men and women, respectively, in 1990,
to 18.6 and 19.6 per 100,000 in 2012 (EUCAN 2012). In the

UK, melanoma has one of the fastest rising incidence rates of any

cancer, and has had the biggest projected increase in incidence be-
tween 2007 and 2030 (Mistry 2011). In the decade leading up to
2013, age standardised incidence increased by 46%, with 14,500
new cases in 2013 and 2459 deaths in 2014 (Cancer Research UK
2017a). Rates are higher in women than in men; however, the rate
of incidence in men is increasing faster than in women (Arnold
2014).

Definitions: cutaneous melanoma refers to any skin lesion with
malignant melanocytes present in the dermis, and includes super-
ficial spreading, nodular, acral lentiginous, and lentigo maligna
melanoma variants (Figure 1). Melanoma in situ refers to ma-
lignant melanocytes that are contained within the epidermis and
have not yet invaded the dermis (i.e. intraepidermal), but are at
risk of progression to melanoma if left untreated. Lentigo maligna,
a subtype of melanoma in situ in chronically sun-damaged skin,
denotes another form of proliferation of abnormal melanocytes.
Lentigo maligna can progress to invasive melanoma if its growth
breaches the dermoepidermal junction during a vertical growth
phase (when it becomes known as ’lentigo maligna melanoma’);
however, its malignant transformation is both lower and slower
than that of melanoma in situ (Kasprzak 2015). Melanoma in situ
and lentigo maligna are both atypical intraepidermal melanocytic
variants (also referred to as ’borderline evolving melanoma’) (
SEER). Melanoma is one of the most dangerous forms of skin
cancer, with the potential to metastasise to other parts of the body
via the lymphatic system and bloodstream. It accounts for only
a small percentage of skin cancer cases but is responsible for up
to 75% of skin cancer deaths (Boring 1994; Cancer Research UK
2017b).
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Figure 1. Sample photographs of superficial spreading melanoma (left) and nodular melanoma (right).

Copyright © 2010 Dr Rubeta Matin: reproduced with permission.
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In this diagnostic test accuracy (DTA) review we defined cuta-
neous invasive melanoma and atypical intraepidermal melanocytic
variants as the primary target condition. We also examined accu-
racy for target conditions of cutaneous invasive melanoma alone,
and any skin cancer or skin lesion with a high risk of progression
to melanoma.

Prognosis: US data from 2007 to 2013 indicated five-year sur-
vival of 98.5% for localised melanoma, dropping to 62.9% for
those with regional spread (nodal disease) and 19.9% for dissemi-
nated disease (SEER 2017). Before the advent of targeted and im-
munotherapies, melanoma disseminated to distant sites and vis-
ceral organs was associated with median survival of six to nine
months, a one-year survival rate of 25%, and three-year survival
of 15% (Balch 2009; Korn 2008). Between 1975 and 2010, five-
year relative survival for melanoma in the US increased from 80%
to 94%, with survival for localised disease estimated at 99%, re-
gional disease at 70%, and distant disease at 18% in 2010 (Cho
2014). However, overall mortality rates showed little change, at
2.1 per 100,000 deaths in 1975 and 2.7 per 100,000 deaths in
2010 (Cho 2014). Increasing incidence in localised disease over
the same period (from 5.7 to 21 per 100,000) suggested that much
of the observed improvement in survival may have been due to ear-
lier detection and heightened vigilance (Cho 2014); however, tar-
geted therapies for stage IV melanoma (e.g. BRAF inhibitors) have
improved survival expectation and immunotherapies are evolving
such that long term survival is being documented (see below).

Treatment of melanoma

For primary melanoma, the mainstay of definitive treatment is
wide local excision of the lesion, to remove both the tumour and
any malignant cells that might have spread into the surrounding
skin (Garbe 2016; Marsden 2010; NICE 2015a; SIGN 2017;
Sladden 2009). Recommended surgical margins vary according to
tumour thickness (Garbe 2016) and stage of disease at presentation
(NICE 2015a).

Following histological confirmation of diagnosis, the lesion is
staged according to the American Joint Committee on Cancer
(AJCC) Staging System to guide treatment (Balch 2009). Stage
0 refers to melanoma in situ; stages I to II indicate localised
melanoma; stage III occurs where there is regional metastasis; and
stage IV indicates distant metastasis (Balch 2009). The main prog-
nostic indicators can be divided into histological and clinical fac-
tors. Histologically, Breslow thickness is the single most impor-
tant predictor of survival, as it is a quantitative measure of tu-
mour invasion which correlates with the propensity for metastatic
spread (Balch 2001). Microscopic ulceration, mitotic rate, micro-
scopic satellites, regression, lymphovascular invasion, and nodu-
lar (rapidly growing) or amelanotic (lacking in melanin pigment)
subtypes are also associated with worse prognosis (Moreau 2013;
Shaikh 2012). Independent of tumour thickness, prognosis is

worse in: older people; males; people with recurrent lesions; and
in people with distant lymph node involvement (microscopic or
macroscopic), widespread metastases, or both, at the time of pri-
mary presentation. There is debate regarding the prognostic ef-
fect from primary lesion site, with some evidence suggesting a
worse prognosis for truncal lesions or lesions on the scalp or neck
(Zemelman 2014).

In terms of local or regional interventions beyond wide local exci-
sion for primary lesions, completion lymphadenectomy (removal
ofall regional lymph nodes) is undertaken for people with clinically
palpable lymph nodes and may be considered if micrometastatic
disease is identified on sentinel lymph node biopsy (NICE 2015a),
although no survival benefit has been shown to date for people
undergoing sentinel node staging (Kyrgidis 2015; Morton 2014).
Elective lymph node dissection (Eggermont 2007), adjuvant ra-
diotherapy or adjuvant systemic treatments are not recommended
for routine use in stage I, II, or III disease in the UK (NICE
2015a), and in many parts of Europe (Garbe 2016), other than
interferon-alpha (licensed by the US Food and drug Administra-
tion (FDA) and the European Medicines Agency (EMEA)) (Garbe
2016), which is effective for the treatment of high-risk groups in
terms of both disease-free and overall survival in a Cochrane Re-
view that found evidence for its effectiveness for disease-free sur-
vival but not for overall survival (Mocellin 2013).

For stage IV melanoma, two distinct therapeutic approaches sug-
gesting survival benefits in metastatic melanoma are available: tar-
geting mutated signal transduction in the RAS-RAF signalling
pathway (e.g. BRAF-inhibitors (Chapman 2012; Villanueva
2010) and MEK inhibitors (Dummer 2014; Larkin 2014),
and immunomodulation (Chapman 2011; Hamid 2013; Hodi
2010)). Molecular targeted therapies recommended in the UK
for unresectable or metastatic BRAF V600 mutation positive
melanoma (around 45% of participants (Garbe 2016)) include
the BRAF-inhibitors dabrafenib (NICE 2014a), and vemurafenib
(NICE 2012a), or trametinib (MEK inhibitor) in combination
with dabrafenib (NICE 2016a). European guidelines recommend
combinations of BRAF- and MEK-inhibitors as standard treat-
ment where indicated (Garbe 2016). Immunotherapy based ap-
proaches including ipilimumab (CTLA-4 inhibitor) and PD-1
inhibitors (nivolumab and pembrolizumab) have been approved
in the US and Europe (Hodi 2010), and by the National Insti-
tute for Health and Care Excellence (NICE) in the UK both as
single agents (NICE 2012b; NICE 2014b; NICE 2015b; NICE
2015c), and in combination (NICE 2016a; NICE 2016b). These
have shown high response rates, and demonstrated the potential
for a durable clinical response for the first time in the treatment
of melanoma (Chapman 2011; Hamid 2013; Hodi 2010; Hod:i
2016; Larkin 2015; Maio 2015; Sznol 2013).

A number of systemic therapies for stage IIlc and stage IV
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melanoma have been compared in a Cochrane Review (Pasquali
2018) and further NICE appraisals of new therapeutic agents,
including binimetinib, talimogene laherparepvec, and temozolo-
mide are underway (NICE 2018).

Index test(s)

Reflectance confocal microscopy (RCM), also known as confocal
laser scanning microscopy or confocal microscopy, was first devel-

oped for skin imaging in the early 1990s (Rajadhyaksha 1995),

and is emerging as a potential alternative or adjunct to dermoscopy
for the diagnosis of skin cancer. It is a non-invasive technology,
which can be used to visualise horizontally sectioned images of
the skin at a cellular lateral resolution of about 1 xm, in vivo to
the depth of the upper dermis. The contrast for the monochrome
images produced is achieved by the variation of the optical prop-
erties within the skin when illuminated by a near-infrared light
(830 nm) (see Figure 2). The greatest contrast is achieved from
melanin, so that RCM is advocated as being particularly useful for
assessing pigmented lesions.

Figure 2. Reflectance confocal microscopy images of normal skin (top) and of lentigo maligna (bottom).
Copyright © 2017 Dr Rakesh Patalay: reproduced with permission.
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The Caliber I.D. VivaScope imaging systems are the only commer-
cially available RCM devices (distributed by MAVIG in Europe).
The Vivascope 1500 (and the previously available 1000 version)
is a console based unit with an integrated dermoscope, whereas
the Vivascope 3000 is a handheld device designed for superior
ergonomics, allowing imaging of lesions inaccessible for the 1500
version (Figure 3). Imaging can be undertaken by clinicians or
technicians following appropriate training (Edwards 2016). The
length of time required for diagnosis has been estimated at 15
minutes for Vivascope 1500 (10 minutes of a technician’s time
for imaging and five minutes of a dermatologist’s time for im-
age interpretation) and 10 minutes for Vivascope 3000 (Edwards
2016). The company has estimated the mean cost per use of the
1500 system, including dermoscopy, as GBP 120 based on 2014
National Health Service (NHS) reference costs and an indicative
price for Vivascope 1500 of GBP 95,224 (Edwards 2016).
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Figure 3. Caliber ID Vivascope 1500 with 3000 attachment. Copyright © 2017 Guy’s & St Thomas’ NHS
Foundation Trust: reproduced with permission.
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Various algorithms have been proposed for the interpretation of
RCM images, relying on either numeric thresholds or qualitative
indicators of test positivity according to the presence or absence of
particular lesion characteristics. The lesion characteristics that are
accepted as being associated with melanomas are: absence of the
normal epidermis architecture, lack of delineation of the papillae
(non-edged papillae), irregular nests of atypical melanocytes, and
the presence of large and highly refractile cells with prominent
nuclei in higher epidermal layers (Edwards 2016; Pellacani 2007a).

Clinical pathway

The diagnosis of melanoma occurs in primary, secondary, and
tertiary care settings by both generalist and specialist healthcare

providers. People with concerns about a new or changing lesion
will either present to their general practitioner or directly to a
specialist in secondary care, which could include a dermatologist,
plastic surgeon, general surgeon, or other specialist surgeon (such
as an ear, nose, and throat (ENT) specialist or maxillofacial sur-
geon), or ophthalmologist (Figure 4). Current UK guidelines rec-
ommend that all suspicious pigmented lesions presenting in pri-
mary care should be assessed by taking a clinical history and visual
inspection using the seven point checklist (MacKie 1990); lesions
suspected to be melanoma should be referred for appropriate spe-
cialist assessment within two weeks (Chao 2013; Marsden 2010;
NICE 2015d).
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Figure 4. Current clinical pathway for people with skin lesions.
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The specialist clinician will use history-taking, visual inspection
of the lesion (in comparison with other lesions on the skin), and
usually dermoscopy to inform a clinical decision. If melanoma is
suspected, then urgent excision is recommended. Other lesions
such as suspected dysplastic naevi or premalignant lesions such as
lentigo maligna may also be referred for a diagnostic biopsy, fur-
ther surveillance, or reassurance and discharge. This is the point
at which RCM is generally thought to have a role in patient man-
agement, most likely as an additional test to better identify people
with lesions that can be monitored or reassured instead of being
sent for urgent excision (Edwards 2016). RCM could also be con-
sidered as a primary diagnostic test (i.e. as a potential replacement
for dermoscopy).

Prior test(s)

Fundamental to the diagnosis of skin cancer is clinical examination
and history-taking; however, a range of technologies have emerged
to aid diagnosis to ideally reduce the number of excision biopsies.
Dermoscopy in particular has become the most widely used tool
for clinicians to try and obtain an accurate assessment of melanoma
following visual inspection (Argenziano 1998; Argenziano 2012;
Haenssle 2010; Kittler 2002).

Visual inspection of the skin is undertaken iteratively, using both
implicit pattern recognition (non-analytical reasoning) and more
explicit ’rules’ based on conscious analytical reasoning (Norman
2009), the balance of which will vary according to experience and
familiarity with the diagnostic question. Various attempts have
been made to formalise the “mental rules” involved in analytical
pattern recognition for melanoma, ranging from a setting out of
lesion characteristics that should be considered (Friedman 1985;
Sober 1979), to formal scoring systems with explicit numerical
thresholds. The seven point checklist, for example, assesses change
in lesion size, shape, colour, inflammation, crusting or bleeding,
sensory change, or diameter of 7 mm or greater (MacKie 1985;
MacKie 1990). Other available tools include the ABCD(E) ap-
proach (Friedman 1985; Thomas 1998), and ugly duckling (Grob
1998).

Dermoscopy is a non-invasive, in vivo technique that uses a hand-
held microscope and incident light (with or without oil immer-
sion) to reveal subsurface images of the skin at increased magnifi-
cation of x10 to x100 (Kittler 2011). Although widely used, the
accuracy of dermoscopy largely depends on the experience and
training of the examiner (Binder 1997; Kittler 2002; Kittler 2011).
Pattern analysis (Pehamberger 1987; Steiner 1987) is thought to be
the most specific and reliable technique to aid dermoscopy inter-
pretation when used by specialists (Maley 2014); however, dermo-
scopic histological correlations have been established and diagnos-
tic algorithms have been developed based on colour, aspect, pig-
mentation pattern, and skin vessels, including the ABCD rule for

dermoscopy (Nachbar 1994; Stolz 1994), the Menzies approach

(Menzies 1996), the seven point dermoscopy checklist (Annessi
2007; Argenziano 1998; Argenziano 2001), and the three point
checklist (Gereli 2010).

The accuracy, and comparative accuracy, of visual inspection and
dermoscopy and their associated scoring systems is summarised in
a further review in this series (Dinnes 2018a).

Role of index test(s)

Used in conjunction with clinical or dermoscopic suspicion of
malignancy (or both) in pigmented lesions, RCM is primarily
advocated as a tool to reduce the number of unnecessary excisions (
Ferrari 2015), especially in lesions that may be difficult to diagnose
by clinical examination and dermoscopy alone (Guitera 2009a).
RCM features have been shown to be strongly correlated with
dermoscopic patterns (Pellacani 2014a). Moreover, small diameter
melanomas (less than 5 mm diameter) may demonstrate specific
dermoscopic and confocal features, such as marked cytological
atypia and irregular nesting, which help to differentiate them from
naevi (Pupelli 2013). One of the postulated advantages of RCM is
its ability to differentiate seborrhoeic keratosis or non-melanocytic
lesions from a population of pigmented lesions.

Although the primary aim in diagnosing potentially life-threat-
ening conditions such as melanoma is to minimise false negative
diagnoses (to avoid delay to diagnosis and even death), a test that
can reduce false positive clinical diagnoses without missing true
cases of disease has patient and resource benefits. False positive
clinical diagnoses not only cause unnecessary morbidity from the
biopsy, but also increase patient anxiety. Pigmented lesions are
common so the resource implication for even a slight increase in
the threshold to excise lesions in populations where melanoma
rates are increasing will avoid a considerable healthcare burden to
both patient and healthcare provider, as long as such lesions turn
out to be harmless.

RCM is also being explored for its ability to differentiate lentigo
maligna from actinic or seborrhoeic keratosis (de Carvalho 2015;
Menge 2016). RCM could also develop a future role in guiding
definitive therapeutic margins (Edwards 2016), and to evaluate
response to topical chemotherapy for lentigo maligna; however,
these uses are not under consideration in this review.

Alternative test(s)

A number of other tests are being reviewed as part of our se-
ries of Cochrane DTA reviews on the diagnosis of melanoma, in-
cluding visual inspection and dermoscopy (Dinnes 2018; Dinnes
2018a), teledermatology (Chuchu 2018), mobile phone applica-
tions (Chuchu 2018a), computer-aided diagnosis (CAD) tech-
niques (Ferrante di Ruffano 2018a), optical coherence tomogra-
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phy (OCT) (Ferrante di Ruffano 2018), and high-frequency ul-
trasound (Dinnes 2018c).

OCT is an emerging optical imaging technology based on inter-
ferometry using a near infra-red light source. It exploits differ-
ences in the refractive index in the skin to create vertically sec-
tioned images in vivo, in real time. Vascular flow information can
be extracted from the images, allowing neovascularisation to be
visualised, which has potential for earlier diagnosis of melanoma
(Kokolakis 2012; Themstrup 2015). High-frequency ultrasound
has shown good correlation with histology for measurement of
melanoma thickness, but may also differentiate pigmented le-
sions, particularly for colour Doppler (Scotto di Santolo 2015).
CAD or artificial intelligence based techniques process and ma-
nipulate lesion images using predefined algorithms to identify the
features that discriminate malignant from benign lesions (Esteva
2017; Rajpara 2009). These techniques have been incorporated
into commercially available handheld devices for ease of use in a
clinic setting, including STAscopy (Moncrieff 2002; Walter 2012),
MelaFind (Hauschild 2014; Monheit 2011; Wells 2012), and the
Nevisense Electrical Impedance Spectroscopy system (Malvehy
2014). However, CAD has most commonly been applied to digital
dermoscopy images (Esteva 2017; Rajpara 2009).

Evidence permitting, the accuracy of available tests will be com-
pared in an overview review, exploiting within-study comparisons
of tests and allowing the analysis and comparison of commonly
used diagnostic strategies where tests may be used singly or in
combination.

Other tests identified as potential candidates for review but for
which we found no eligible studies included volatile organic com-
pounds (including canine odour detection) (Abaffy 2010; Church
2001; D’Amico 2008; Gallagher 2008; Kwak 2013; Williams
1989), and gene expression analysis (Ferris 2012; Wachsman
2011).

‘We also considered and excluded a number of tests from the review
including exfoliative cytology, which involves microscopic exami-
nation of a scraping taken from a skin lesion stained with Giemsa
(Ruocco 2011); tests used in the context of monitoring people,
such as total body photography of people with large numbers of
typical or atypical naevi; and histopathological confirmation fol-
lowing lesion excision. Histopathological confirmation following
lesion excision is the established reference standard for melanoma
diagnosis and will be one of the standards against which the index
tests are evaluated in these reviews.

Rationale

Odur series of reviews of diagnostic tests used to assist clinical diag-
nosis of melanoma aims to identify the most accurate approaches
to diagnosis and provide clinical and policy decision-makers with
the highest possible standard of evidence on which to base deci-
sions. With increasing rates of melanoma incidence and the push
towards the use of dermoscopy and other high resolution image
analysis in primary care, the anxiety around missing early cases

needs to be balanced to avoid referring too many people with be-
nign lesions for a specialist opinion. It is questionable whether all
skin cancers picked up by sophisticated techniques, even in spe-
cialist settings, help to reduce morbidity and mortality or whether
newer technologies run the risk of increasing false positive di-
agnoses. It is also possible that use of some technologies (e.g.
widespread use of dermoscopy in primary care with no training)
could actually result in harm by missing melanomas if they are
used as replacement technologies for traditional history-taking and
clinical examination of the entire skin. Many branches of medicine
have noted the danger of such ’gizmo idolatry’ amongst doctors
(Leff 2008).

To date, the use of RCM has been limited by expense (in terms
of both equipment and staff time) and the need for specialised
training. Studies have demonstrated high sensitivity and specificity
amongst experienced RCM users; however, in at least one study,
the accuracy of the group on average was higher than that of any
one individual observer (Farnetani 2015). A standardised system
that is reproducible across users is therefore desirable. Ultimately
it is thought that although RCM may augment diagnostic sensi-
tivity when used in conjunction with clinical inspection and der-
moscopy, its main contribution is an increase in specificity. How-
ever, the exact contribution of RCM as an adjunct to dermoscopy
is not entirely clear (Edwards 2016; Stevenson 2013), and the
number of RCM cases required to offset an unnecessary excision
biopsy has not been assessed in a UK setting.

Although a set of billing codes for the USA have been agreed since
January 2016 (Rajadhyaksha 2017), RCM is not recommended for
routine use in the UK (Edwards 2016), Australia (Guitera 2017),
or New Zealand (Sobarun 2015). Available systematic reviews are
limited by currency (Stevenson 2013), and methods (Xiong 2016;
e.g. failing to consider the nature of the target population, varying
definitions of the target condition, and using an out of date meta-
analytic approach), or focus on selected studies considered to be
more applicable to a UK setting (Edwards 2016). Furthermore, in
a rapidly advancing field, there is a need for an up-to-date analysis
of the accuracy of RCM in comparison to dermoscopy at different
points in the clinical pathway.

As several reviews for each topic area followed the same method-
ology, generic protocols were prepared to avoid duplication of ef-
fort, one for diagnosis of melanoma (Dinnes 2015a), and one
for diagnosis of keratinocyte skin cancers (Dinnes 2015b). The
Background and Methods sections of this review therefore use
some text that was originally published in the protocol concern-
ing the evaluation of tests for the diagnosis of melanoma (Dinnes
2015a), and text that overlaps some of our other reviews (Dinnes
2018a). Table 1 provides a glossary of terms used.

OBJECTIVES
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To determine the diagnostic accuracy of reflectance confocal mi-
croscopy for the detection of cutaneous invasive melanoma and
atypical intraepidermal melanocytic variants in adults with any
lesion suspicious for melanoma and lesions that are difficult to
diagnose, and to compare its accuracy with that of dermoscopy.

We estimated accuracy separately according to the point in the
clinical pathway at which RCM was evaluated:

e where it might have been used as an alternative to
dermoscopy in participants with any lesion suspicious for
melanoma;

e where it might have been used in addition to dermoscopy
in participants with equivocal lesions in whom a clear
management decision could not be made following visual
inspection and dermoscopy.

Secondary objectives

To determine the diagnostic accuracy of RCM in comparison to
dermoscopy for the detection of:

e cutaneous invasive melanoma alone;

e any skin cancer (melanoma or other skin cancer) or skin
lesion with a high risk of progression to melanoma.

We estimated accuracy separately according to the point in the
clinical pathway at which RCM was evaluated:

e where it might have been used in addition to current
practice (which may or may not include dermoscopy) in
participants with any lesion suspicious for melanoma;

e where it might have been used as an addition to
dermoscopy in participants with equivocal lesions in whom a
clear management decision could not be made following visual
inspection and dermoscopy.

For identifying cutaneous invasive melanoma and atypical in-
traepidermal melanocytic variants (the primary target condition):
e to compare the accuracy of RCM to dermoscopy where
both tests were evaluated in the same studies (direct test
comparisons);
e to determine the diagnostic accuracy of individual
algorithms for RCM;

e to determine the effect of observer experience.

Investigation of sources of heterogeneity

We aimed to consider a range of potential sources of heterogeneity
for investigation across the series of reviews, as outlined in our
generic protocol (Dinnes 2015a).
e Population characteristics:
o general versus higher risk populations;

o participant population: primary/secondary/specialist
unit;

o lesion type: any pigmented; melanocytic;

o inclusion of multiple lesions per participant;

o ethnicity.

e Index test characteristics:

o in-person versus remote image based RCM
interpretations;

o the nature and definition of criteria for test positivity;

o observer experience with the index test.

e Reference standard characteristics:

o reference standard used;

o whether histology-reporting met pathology-reporting
guidelines;

o use of excisional versus diagnostic biopsy;

o whether two independent dermatopathologists
reviewed histological diagnosis.

e Study quality:

o consecutive or random sample of participants
recruited;

o index test interpreted blinded to the reference
standard result;

o index test interpreted blinded to the result of any
other index test;

o presence of partial or differential verification bias
(whereby only a sample of those subject to the index test were
verified by the reference test or by the same reference test with
selection dependent on the index test result);

o use of an adequate reference standard;

o overall risk of bias.

METHODS

Criteria for considering studies for this review

Types of studies

We included test accuracy studies that allowed comparison of the
result of the index test with that of a reference standard, including
the following:

e studies where all participants received a single index test
and a reference standard;

e studies where all participants received more than one index
test and reference standard;

e studies where participants were allocated (by any method)
to receive different index tests or combinations of index tests and
all received a reference standard (between-person comparative

(BPC) studies);
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e studies that recruited series of participants unselected by
true disease status (referred to as case series for the purposes of
this review);

e diagnostic case-control studies that separately recruited
diseased and non-diseased groups (see Rutjes 2005);

e both prospective and retrospective studies; and

e studies where previously acquired clinical or dermoscopic
images were retrieved and prospectively interpreted for study
purposes.

We excluded studies from which we could not extract 2x2 con-
tingency data or if they included fewer than five melanoma cases.
Studies available only as conference abstracts were excluded; how-
ever, attempts were made to identify full papers for potentially
relevant conference abstracts (Searching other resources).

Participants

We included studies in adults with pigmented skin lesions or le-
sions suspicious for melanoma.

We excluded studies that recruited only participants with malig-
nant diagnoses and studies that compared test results in partici-
pants with malignancy compared with test results based on "nor-
mal’ skin as controls, due to the bias inherent in such comparisons
(Rutjes 2000).

We excluded studies with more than 50% of participants aged 16
years and under.

Index tests

We included studies evaluating RCM alone, or RCM in compar-
ison to dermoscopy.

We included all established algorithms or checklists to assist diag-
nosis. Studies developing new algorithms or methods of diagnosis
(i.e. derivation studies) were included if they used a separate in-
dependent test set’ of participants or images to evaluate the new
approach. Studies that did not report data for a separate test set of
participants or images were included only if the lesion characteris-
tics investigated had previously been suggested as associated with
melanoma and the study reported accuracy based on the presence
or absence of particular combinations of characteristics. Studies
using a statistical model to produce a data driven equation, or algo-
rithm based on multiple diagnostic features, with no separate test
set were excluded. Studies using cross-validation approaches such
as ’leave-one-out’ cross-validation were excluded (Efron 1983).
No exclusions were made according to test observer.

Target conditions

The primary target condition was defined as the detection of:

e any form of invasive cutaneous melanoma, or

e atypical intraepidermal melanocytic variants (i.e. including
melanoma in situ, or lentigo maligna, which has a risk of
progression to invasive melanoma).

Two additional definitions of the target condition were considered
in secondary analyses, the detection of:

e any form of invasive cutaneous melanoma alone, and

e any skin cancer (melanoma or other skin cancer) or skin
lesion with a high risk of progression to melanoma. This latter
definition included other forms of skin cancer, such as basal cell
carcinoma (BCC) and cutaneous squamous cell carcinoma
(cSCQ), as well as melanoma in situ, lentigo maligna, and lesions
with severe melanocytic dysplasia.

The diagnosis of the keratinocyte skin cancers, BCC, and squa-
mous cell carcinoma (SCC) as primary target conditions are the
subject of a separate series of reviews (Dinnes 2015).

Reference standards

The ideal reference standard was histopathological diagnosis of
the excised lesion or biopsy sample in all eligible lesions. A quali-
fied pathologist or dermatopathologist should have performed the
histopathology. Ideally, reporting should have been standardised
detailing a minimum dataset to include the histopathological fea-
tures of the melanoma to determine the AJCC Staging System
(e.g. Slater 2014). We did not apply the reporting standard as a
necessary inclusion criterion, but extracted any pertinent infor-
mation.

Partial verification (applying the reference test only to a subset
of participants undergoing the index test) was of concern given
that lesion excision or biopsy are unlikely to be carried out for all
benign appearing lesions within a representative population sam-
ple. Therefore, we accepted clinical follow-up of benign appear-
ing lesions as an eligible reference standard, whilst recognising the
risk of differential verification bias (as misclassification rates of
histopathology and follow-up will differ) in our quality assessment
of studies.

Additional eligible reference standards included cancer registry
follow-up and ’expert opinion’ with no histology or clinical fol-
low-up. Cancer registry follow-up is considered less desirable than
active clinical follow-up, as follow-up is not carried out within
the control of the study investigators. Furthermore, if participant
based analyses as opposed to lesion based analyses are presented,
it may be difficult to determine whether the detection of a ma-
lignant lesion during follow-up is the same lesion that originally
tested negative on the index test.

All of the above were considered eligible reference standards with
the following caveats:

e all study participants with a final diagnosis of the target
disorder must have a histological diagnosis, either subsequent to
the application of the index test or after a period of clinical
follow-up, and

e at least 50% of all participants with benign lesions must
have had either a histological diagnosis or clinical follow-up to
confirm benignity.
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Search methods for identification of studies

Electronic searches

The Information Specialist (SB) carried out a comprehensive
search for published and unpublished studies. A single large liter-
ature search was conducted to cover all topics in the programme
grant (see Appendix 1 for a summary of reviews included in the
programme grant). This allowed for the screening of search results
for potentially relevant papers for all reviews at the same time.
A search combining disease related terms with terms related to
the test names, using both text words and subject headings was
formulated. The search strategy was designed to capture studies
evaluating tests for the diagnosis or staging of skin cancer. As the
majority of records were related to the searches for tests for stag-
ing of disease, a filter using terms related to cancer staging and
to accuracy indices was applied to the staging test search, to try
to eliminate irrelevant studies, for example, those using imaging
tests to assess treatment effectiveness. A sample of 300 records that
would be missed by applying this filter was screened and the filter
adjusted to include potentially relevant studies. When piloted on
MEDLINE, inclusion of the filter for the staging tests reduced the
overall numbers by around 6000. The final search strategy, incor-
porating the filter, was subsequently applied to all bibliographic
databases as listed below (Appendix 2). The final search result was
cross-checked against the list of studies included in five systematic
reviews; our search identified all but one of the studies, and this
study was not indexed on MEDLINE. The Information Specialist
(SB) devised the search strategy, with input from the Information
Specialist from Cochrane Skin. No additional limits were used.
We searched the following bibliographic databases to 29 August
2016 for relevant published studies:

e MEDLINE via OVID (from 1946);

e MEDLINE In-Process & Other Non-Indexed Citations via
OVID; and

e Embase via OVID (from 1980).

We searched the following bibliographic databases to 30 August
2016 for relevant published studies:

e the Cochrane Central Register of Controlled Trials
(CENTRAL; 2016, Issue 7) in the Cochrane Library;

e the Cochrane Database of Systematic Reviews (CDSR;
2016, Issue 8) in the Cochrane Library;

o Cochrane Database of Abstracts of Reviews of Effects
(DARE; 2015, Issue 2);

e CRD HTA (Health Technology Assessment) database,
2016, Issue 3;

e CINAHL (Cumulative Index to Nursing and Allied Health
Literature via EBSCO from 1960).

We searched the following databases for relevant unpublished stud-
ies using a strategy based on the MEDLINE search:

e CPCI (Conference Proceedings Citation Index), via Web of
Science™ (from 1990; searched 28 August 2016); and

e SCI Science Citation Index Expanded™ via Web of
Science™ (from 1900, using the 'Proceedings and Meetings
Abstracts’ Limit function; searched 29 August 2016).

We searched the following trials registers using the search terms
‘melanoma’, ’squamous cell’, "basal cell’ and ’skin cancer’ combined
with 'diagnosis:

e Zetoc (from 1993; searched 28 August 2016).

e The US National Institutes of Health Ongoing Trials
Register ( www.clinicaltrials.gov); searched 29 August 2016.

o NIHR Clinical Research Network Portfolio Database (
www.nihr.ac.uk/research-and-impact/nihr-clinical-research-
network-portfolio/); searched 29 August 2016.

e The World Health Organization International Clinical
Trials Registry Platform ( apps.who.int/trialsearch/); searched 29
August 2016.

We aimed to identify all relevant studies regardless of language
or publication status (published, unpublished, in press, or in
progress). We applied no date limits.

Searching other resources

We screened relevant systematic reviews identified by the searches
for their included primary studies, and included any missed by
our searches. We checked the reference lists of all included papers,
and subject experts within the author team have reviewed the
final list of included studies. No electronic citation searching was
conducted.

Data collection and analysis

Selection of studies

At least one review author (JDi or NC) screened titles and ab-
stracts, with any queries discussed and resolved by consensus. A
pilot screen of 539 MEDLINE references showed good agreement
(89% with a kappa of 0.77) between screeners. We included pri-
mary test accuracy studies and test accuracy reviews (for scan-
ning of reference lists) of any test used to investigate suspected
melanoma, BCC, or ¢SCC at initial screening. Both a clinical re-
view author (from one of a team of 12 clinician reviewers) and a
methodologist review author (JDi or NC) independently applied
inclusion criteria (Appendix 3) to all full text articles, and resolved
disagreements by consensus or by a third party (JDe, CD, HW,
and RM). We contacted authors of eligible studies when there were
insufficient data to allow for the construction of 2x2 contingency
tables.
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Data extraction and management

One clinical (as detailed above) and one methodologist review au-
thor (JDi, NC, or LFR) independently extracted data concern-
ing details of the study design, participants, index test(s) or test
combinations, criteria for index test positivity, reference standards,
and data required to complete a 2x2 diagnostic contingency table
for each index test using a data extraction form piloted on five
studies. Data were extracted at all available index test thresholds.
We resolved disagreements by consensus or by a third party (JDe,
CD, HW, and RM).

We contacted authors of included studies where information re-
lated to the target condition (in particular to allow the differentia-
tion of invasive cancers from ’in situ’ variants) or diagnostic thresh-
olds were missing. We contacted authors of conference abstracts
published from 2013 to 2015 to ask whether full data were avail-
able. If there was no full paper, conference abstracts were tagged
and will be revisited during review updates.

Dealing with multiple publications and companion papers

Where we identified multiple reports of a primary study, we max-
imised yield of information by collating all available data. Where
there were inconsistencies in reporting or overlapping study pop-
ulations, we contacted study authors for clarification in the first
instance. If this contact with authors was unsuccessful, we used
the most complete and up-to-date data source where possible.

Assessment of methodological quality

We assessed risk of bias and applicability of included studies using
the QUADAS-2 checklist (Whiting 2011), tailored to the review
topic (see Appendix 4). We piloted the modified QUADAS-2 tool
on five included full text articles. One clinical (as detailed above)
and one methodologist review author (JDi, NC, or LFR) inde-
pendently assessed quality for the remaining studies; we resolved
disagreements by consensus or by a third party where necessary

(JDe, CD, HW, and RM).

Statistical analysis and data synthesis

For the primary outcome of detection of invasive melanoma or
atypical intraepidermal melanocytic variants, we conducted sep-
arate analyses according to the point in the clinical pathway that
RCM was applied. Three groups of studies were formed:

e RCM used as a replacement for dermoscopy in participants
with lesions suspicious for melanoma, that is, no attempt to
exclude those diagnosed as definite melanomas or as obviously
benign on dermoscopy was described (denoted as studies in any
lesion suspicious for melanoma’ or “any potential melanoma));

e RCM used as an addition to dermoscopy in participants
with equivocal lesions in whom a clear management decision
could not be made following visual inspection and dermoscopy
(denoted as studies in ’equivocal’ lesions);

e ’Other’ studies that did not fit into either of these categories.

Our unit of analysis was the lesion rather than the person. This
is because in skin cancer initial treatment is directed to the le-
sion rather than systemically (thus it is important to be able to
correctly identify cancerous lesions for each person), and it is the
most common way in which the primary studies reported data.
Although there was a theoretical possibility of correlations of test
errors when the same people contributed data for multiple lesions,
most studies included very few people with multiple lesions and
any potential impact on findings was likely to be very small, par-
ticularly in comparison with other concerns regarding risk of bias
and applicability. For each analysis, only one dataset was included
per study to avoid multiple counting of lesions.
For each analysis undertaken, only one dataset was included per
study to avoid over-counting of lesions. Where multiple algo-
rithms were assessed in an individual study, datasets were selected
on the following preferential basis:

e ’no algorithm’ reported; data presented for clinician’s overall
diagnosis or management decision;

e pattern analysis or pattern recognition;
Pellacani’s RCM score;
Segura algorithm;

presence of statistically significant lesion characteristics.

Where multiple thresholds per algorithm were reported, we in-
cluded the standard or most commonly used threshold. If data for
multiple observers were reported, data for the most experienced
observer were used, and data for a single observer’s diagnosis were
used in preference to a consensus or mean across observers. If we
were unable to choose a dataset based on the above ’rules,” we made
a random selection of one dataset per study.

For each index test, algorithm, or checklist under consideration,
we plotted estimates of sensitivity and specificity on coupled for-
est plots and in receiver operating characteristic (ROC) space.
For tests that reported commonly used thresholds, we estimated
summary operating points (summary sensitivities and specifici-
ties) with 95% confidence interval (CI) and prediction regions
using the bivariate hierarchical model (Chu 2006; Reitsma 2005).
Where inadequate data were available for the model to converge,
we simplified the model, first by assuming no correlation between
estimates of sensitivity and specificity and second by setting es-
timates of near zero variance terms to zero (Takwoingi 2015).
Where all studies reported 100% sensitivity (or 100% specificity),
we summed the numbers with disease (or no disease) across studies
and used them to compute a binomial exact 95% CI. We assessed
heterogeneity in estimates of sensitivity and specificity by inspec-
tion of the magnitude and statistical significance of the estimates
of variance terms in the bivariate model.

We made comparisons between tests and in investigating hetero-
geneity by comparing summary receiver operator curves (SROC)
using the hierarchical summary receiver operator curves (HSROC)
model (Rutter 2001). This allowed incorporation of data at differ-
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ent thresholdsand from different algorithms or checklists. We used
an HSROC model that assumed a constant SROC shape between
tests and subgroups, but allowed for differences in threshold and
accuracy by addition of covariates. We assessed the significance of
the differences between tests or subgroups by the likelihood ratio
test assessing differences in both accuracy and threshold, and by
a Wald test on the parameter estimate testing for differences in
accuracy alone. We fitted simpler models when convergence was
not achieved due to small numbers of studies, first assuming sym-
metric SROC curves (setting the shape term to zero), and then
setting random-effects variance estimates to zero.

We included data on the accuracy of dermoscopy, to allow com-
parisons of tests, only if reported in the studies of RCM due to the
known substantial unexplained heterogeneity in all studies of the
accuracy of dermoscopy (Dinnes 2018a). We made comparisons
between dermoscopy results with RCM data from all RCM stud-
ies, and then only using RCM data from studies that also reported
dermoscopy data for the same participants to enable a robust di-
rect comparison (Takwoingi 2013).

We presented estimates of accuracy from HSROC models as diag-
nostic odds ratios (DOR; estimated where the SROC curve crossed
the sensitivity = specificity line) with 95% Cls. We presented dif-
ferences between tests and subgroups from HSROC analyses as
relative DORs with 95% Cls. To facilitate interpretation in terms
of rates of false positive and false negative diagnoses, we computed
values of specificity at the point on the SROC curve with 90%
sensitivity. We chose this value as it lay within the estimates for the
majority of analyses. Results should only be considered as illustra-
tive examples of possible specificities and differences in specifici-
ties that could be expected.

For computation of likely numbers of true positive, false positive,
false negative, and true negative findings in the ’Summary of find-
ings tables, we applied these indicative values to lower quartiles,
medians, and upper quartiles of the prevalence observed in the
study groups.

We fitted the bivariate models using the megqrlogit command in
STATA 13 and fitted HSROC models using the NLMIXED pro-
cedure in the SAS statistical software package (SAS 2012, ver-
sion