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Abstract

Background: Skin cancers are some of the most common types of cancer. Dermatology services receive about 1.2
million referrals a year, but only a small minority are confirmed skin cancer. Artificial intelligence may be helpful in the
diagnosis of skin cancer by identifying lesions that are or are not cancerous.

Objectives: To investigate the clinical and cost-effectiveness of two artificial intelligence technologies: DERM (Deep
Ensemble for Recognition of Malignancy, Skin Analytics) and Moleanalyzer Pro (FotoFinder), as decision aids following a
primary care referral.

Methods: A rapid systematic review of evidence on the two technologies was conducted. A narrative synthesis was
performed, with a meta-analysis of diagnostic accuracy data.

Published and unpublished cost-effectiveness evidence on the named technologies, as well as other diagnostic
technologies were reviewed. A conceptual model was developed that could form the basis of a full economic evaluation.

Results: Four studies of DERM and two of Moleanalyzer Pro were subject to full synthesis. DERM had a sensitivity of
96.1% to detect any malignant lesion (95% confidence interval 95.4 to 96.8); at a specificity of 65.4% (95% confidence
interval 64.7 to 66.1). For detecting benign lesions, the sensitivity was 71.5% (95% confidence interval 70.7 to 72.3)
for a specificity of 86.2% (95% confidence interval 85.4 to 87.0). Moleanalyzer Pro had lower sensitivity, but higher
specificity for detecting melanoma than face-to-face dermatologists.

DERM might lead to around half of all patients being discharged without assessment by a dermatologist, but a small
number of malignant lesions would be missed. Patient and clinical opinions showed substantial resistance to using
artificial intelligence without any assessment of lesions by a dermatologist.

No published assessments of the cost-effectiveness of the technologies were identified; three assessments related
to skin cancer more broadly in a National Health Service setting were identified. These studies employed similar
model structures, but the mechanism by which diagnostic accuracy influenced costs and health outcomes differed.
An unpublished cost-utility model was provided by Skin Analytics. Several issues with the modelling approach were
identified, particularly the mechanisms by which value is driven and how diagnostic accuracy evidence was used.

The conceptual model presents an alternative approach, which aligns more closely with the National Institute for Health
and Care Excellence reference case and which more appropriately characterises the long-term consequences of basal
cell carcinoma.

Limitations: The rapid review approach meant that some relevant material may have been missed, and capacity for
synthesis was limited. The proposed conceptual model does not capture non-cash benefits associated with demand on
dermatologist time. An assessment of the likely budget impact and resource use could not be provided.

Conclusions: DERM shows promising diagnostic accuracy for triage and diagnosis of suspicious cancer lesions in
selected patients referred from primary care. Its impact on the diagnostic pathway and patient care is, however,
uncertain. Moleanalyzer Pro shows promising accuracy for diagnosing melanoma, but its evidence base is limited.

Future work: While artificial intelligence has the potential to be cost-effective for the identification of benign lesions,
further research addressing the limitations in the diagnostic accuracy evidence is necessary. Without comparative
evidence on the diagnostic accuracy of artificial intelligence technologies, their value will remain uncertain.

Study registration: This study is registered as PROSPERO CRD42023475705.

Funding: This award was funded by the National Institute for Health and Care Research (NIHR) Evidence Synthesis
programme (NIHR award ref: NIHR136014) and is published in full in Health Technology Assessment; Vol. 30, No. 10. See
the NIHR Funding and Awards website for further award information.
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Note

his monograph is based on the Diagnostic Assessment Report produced for NICE. The full report contained a

considerable number of data that were deemed confidential. The full report was used by the Diagnostic Advisory
Committee at NICE in their deliberations. The full report with each piece of confidential data removed and replaced by
the statement ‘confidential information (or data) removed’ is available on the NICE website: www.nice.org.uk.

The present monograph presents as full a version of the report as is possible while retaining readability, but some
sections, sentences, tables and figures have been removed. Readers should bear in mind that the discussion,
conclusions and implications for practice and research are based on all the data considered in the original full NICE
report.
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PLAIN LANGUAGE SUMMARY

Plain language summary

kin cancers and suspicious skin lesions are very common. People with moles or lesions that might be cancerous

are referred to a skin cancer specialist (a dermatologist) to make a diagnosis. This places a very high burden on
dermatology clinics and, as a result, there can be delays in seeing a dermatologist and getting a diagnosis. Artificial
intelligence systems could potentially use a high-quality photograph to identify which lesions do not need to be seen
by a specialist. This could be done by the artificial intelligence system alone, or in combination with remote review by
a dermatologist.

This project investigated whether two artificial intelligence technologies: DERM (Skin Analytics) and Moleanalyzer Pro
(FotoFinder) could be useful in reducing the burden on dermatology services while helping to identify skin cancer. The
evidence was reviewed to investigate whether the technologies can accurately identify skin cancer cases, and whether
their use might improve the diagnosis process for patients. We also designed a theoretical model in which the economic
value of artificial intelligence technologies for the diagnosis of skin cancer could be assessed. As part of this process, we
sought to outline what further evidence would be needed to implement a full assessment.

The evidence we reviewed suggests DERM could potentially reduce by half the number of patients that would be
referred to specialist dermatologists, while still identifying 95% of all skin cancers. Moleanalyzer Pro could identify
about 85% of malignant melanomas. This appears to be a similar accuracy to that achieved by using a remote view of
the lesions by dermatologists alone. How DERM or Moleanalyzer Pro use would impact diagnosis and treatment for
patients in practice, and the burden on clinicians, is currently unclear.

Because of limitations in the evidence on the diagnostic accuracy of artificial intelligence technologies, a full assessment
of their economic value is not possible at this time. Further research should focus on better establishing the diagnostic
accuracy of both artificial intelligence technologies and current service provision.

xii
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Scientific summary

Background

Skin cancers are some of the most common types of cancer. Over 16,000 cases of melanoma, and more than 210,000
cases of non-melanoma skin cancer are diagnosed every year in the UK. In current practice, patients with suspicious
skin lesions are referred to secondary care through the urgent suspected skin cancer referral pathway, where people
attend a secondary care dermatology department for a face-to-face appointment with a consultant dermatologist. As
benign skin lesions and skin cancer are so common, this places a very high burden on dermatology clinics, which may
lead to a reduction in capacity to handle other skin conditions.

Artificial intelligence (Al) may be helpful in the diagnosis of skin cancer. An Al system could potentially identify which
referred lesions are not cancerous using a high-quality photograph. An Al system could be used alone, or in combination
with a dermatologist looking at the photograph. People judged not to have cancer could then be quickly discharged
prior to secondary care consultation, while people whose lesion may be cancerous may be seen by a specialist in person.
Al systems could therefore potentially speed up the diagnostic process and reduce the burden on the health service.

Al systems are already used in the NHS in a research context, but there is a need to evaluate their clinical impact and
value.

This project investigated whether two such Al technologies - Deep Ensemble for Recognition of Malignancy (DERM;
Skin Analytics) and Moleanalyzer Pro (FotoFinder) —-can produce clinically meaningful benefits for skin cancer diagnosis,
and whether they have the potential to be cost-effective.

Objectives

The aim of the project was to investigate the clinical and cost-effectiveness of the two Al technologies, DERM and
Moleanalyzer Pro, as decision aids to triage and diagnose suspicious skin lesions following a referral on the urgent
suspected skin cancer pathway. To achieve this, the following objectives were proposed:

e To perform a rapid systematic review, narrative synthesis, and, where feasible, a meta-analysis, of the diagnostic
accuracy, clinical impact and practical implementation of the included Al technologies.

e To perform a rapid systematic review of published cost-effectiveness studies of diagnostic strategies used to aid the
diagnosis of skin cancer.

e To develop a conceptual model that will identify likely drivers of health benefit, harms and costs associated with
implementing the included Al technologies in the NHS and identify areas for further research.

Methods

Data sources

MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials and the Association for Computing Machinery
Digital Library were searched in November 2023. Clinical trial registries were searched. Unpublished material supplied
by the included companies was also assessed.

Inclusion criteria

Any clinical study evaluating DERM or Moleanalyzer Pro in people with skin lesions suspicious of cancer, presenting

in primary care, rapid diagnostic clinic, teledermatology or secondary care settings were eligible for inclusion. Included
studies must report diagnostic accuracy, clinical outcomes, or evidence on implementation. The comparator was clinical
judgement by dermatologists, but this did not need to be reported for a study to be eligible. The preferred reference
standard for diagnosis was histology, but for unbiopsied lesions, clinical confirmation of non-malignancy was accepted.

Copyright © 2026 Walton et al. This work was produced by Walton et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an
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SCIENTIFIC SUMMARY

The cost-effectiveness review included any economic evaluation including budget impact models, return on investment
analysis, and other cost-only analyses of either DERM or Moleanalyzer Pro in the above population and setting. It was
anticipated that no relevant studies would be identified for the named technologies; therefore, additional searches were
also conducted to identify cost-effectiveness studies looking at any technology used to aid diagnosis of skin cancer in
an NHS setting.

Data extraction

An initial scoping of studies was performed by extracting data on intervention, study location, size, setting, type of
outcomes reported, and design and key quality indicators. Only studies with prospective recruitment of patients
were taken forward for full data extraction and synthesis. For those studies, full data on the intervention, patient
characteristics and all reported outcomes were extracted. Risk of bias was assessed using quality assessment of
diagnostic accuracy studies-2 and quality assessment of diagnostic accuracy studies-comparative.

Identified economic evaluations were reviewed and discussed in detail, with the aim of informing the design and
parameterisation of conceptual model. Material provided by submitting stakeholders pertaining to the value case for
their product was also reviewed.

Synthesis

A scoping process was used to classify identified studies for relevance to the decision problem, based on study quality,
setting, outcomes reported and relevance to the NHS. For studies taken forward from the scoping phase for full
synthesis, a narrative synthesis was performed. Results are presented in structured tables and figures as appropriate,
with a text summary. Random-effects meta-analyses of sensitivity and specificity were performed to pool diagnostic
accuracy estimates across studies.

Evidence related to cost-effectiveness studies was reviewed and synthesised narratively.

Modelling

The conceptual model described sought to provide an overview of the structure of a cost-utility model and key
evidence required for the assessment of Al technologies for the identification of benign lesions among suspected
cancer cases referred on the urgent referral pathway. The structure of the conceptual model was designed considering
the strengths and limitations of previously published diagnostic models for skin cancer in an NHS setting, and evidence
submitted by stakeholders.

Results

Diagnostic accuracy and clinical impact of DERM

Six studies of DERM were identified, of which four were considered for full synthesis. Those four studies were all
conducted in the UK. All studies excluded a substantial proportion of participants from assessment, which may produce
biased results.

Meta-analysis of diagnostic accuracy data supplied by the company suggested that DERM has a high sensitivity of
96.1% to detect any malignant lesion [95% confidence interval (Cl) 95.4 to 96.8], at a specificity of 65.4% (95% Cl 64.7
to 66.1). The diagnostic accuracy for detecting melanoma or squamous cell carcinoma specifically was similar. For the
detection of benign lesions, the sensitivity was 71.5% (95% Cl 70.7 to 72.3) for a specificity of 86.2% (95% Cl 85.4

to 87.0). This appears to be comparable in diagnostic accuracy to that achieved by dermatologists without the use of
DERM. The diagnostic accuracy of combining DERM with assessment by a dermatologist could not be assessed.

Data on the clinical impact of using DERM were limited, and mostly unpublished. Some trial data suggested that
autonomous use of DERM would lead to approximately half of patients being referred to a dermatologist for further
assessment, and half being discharged. However, around 1% of people would be discharged with malignant lesions
[mostly basal cell carcinomas (BCCs)]. DERM could potentially be used as part of a teledermatology service. However,
use of DERM may slow progress to diagnosis.

Xiv
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Patient and clinical opinions of DERM were generally favourable towards accepting its use as part of the diagnostic
pathway. However, there was very substantial resistance, particularly among clinicians, to using DERM without any
assessment of lesions by a dermatologist.

Diagnostic accuracy and clinical impact of Moleanalyzer Pro

Seventeen publications of Moleanalyzer Pro were identified, but these were mostly retrospective reviews, and
two prospective studies were eligible for full data extraction. The applicability of the evidence for Moleanalyzer
Pro to practice is limited, notably due to the lack of studies from the UK and the lack of data for non-melanocytic
lesions.

When pooled, these studies found that Moleanalyzer Pro alone had a sensitivity of 84.4% (95% Cl 73.9 to 91.0) and
a specificity of 84.5% (95% Cl 72.0 to 92.1) to detect melanoma. Moleanalyzer Pro had a lower sensitivity and higher
specificity to detect melanoma when compared with face-to-face dermatologist and remote teledermatology. There
was no evidence on the diagnostic accuracy of Moleanalyzer Pro to detect other skin cancers, and no evidence was
found on its clinical impact.

Economic evidence

No economic studies relating to the named technologies were identified from searches of the literature. Broader
searches for any technology used to aid diagnosis of skin cancer in an NHS setting identified three studies. Although
relevant to this review, none related to the use of Al for the detection of skin cancer and considered populations
which were not relevant to the decision problem. While all identified studies adopted similar model structures, the
mechanisms by which diagnostic accuracy generated value (in terms of either cost savings or quality-adjusted life-year
gain) differed across these models. For instance, diagnostic sensitivity had less value in some models with value instead
generated by the avoidance of unnecessary referral and diagnostic procedures.

Economic evidence on the cost-effectiveness of DERM was submitted by Skin Analytics and NHS England. This
evidence was preliminary and did not include an executable model. The most relevant analysis was a cost-utility model
developed by the Exeter Test Group and Skin Analytics. The Evidence Assessment Group (EAG) considered the model
structure largely appropriate to capture important direct cost and health implications of Al technologies for directing
discharge in a post-referral setting. However, a lack of key comparative data meant the relative clinical and cost-
effectiveness of alternative pathways was necessarily based on often optimistic assumptions. The model suggested
DERM could be highly cost-effective in the NHS, but we note that results may be very sensitive to the use of alternative
sources of diagnostic accuracy data. We also noted several issues which may mean that the main value drivers were not
appropriately characterised. Namely, the model imposed disincentives for the correct diagnosis and treatment of BCC;
structurally imposed assumed sensitivity benefits for any strategy incorporating a triage step; used costs associated
with biopsy and treatment which were inconsistent with sources generally used in National Institute for Health and
Care Excellence appraisals, and may overvalue specificity in terms of generating cost savings.

No economic evidence related to Moleanalyzer Pro was identified.

Conceptual model

We developed a conceptual model aimed at providing an alternative to that presented in the Skin Analytics submission.
While the proposed model retained the structure reported by Skin Analytics, the EAG propose an alternative structure
for patients with BCC, aimed at better capturing the cost and health consequences of BCC, particularly with reference
to disease recurrence.

We consider the current evidence inadequate to fully address the decision problem. Current evidence for both DERM
and Moleanalyzer Pro is lacking with regard to the diagnostic accuracy of the whole diagnostic pathway (i.e. inclusive of
subsequent steps). Availability of these data is essential to understanding the likelihood of missed cases which cannot
be inferred from the partial data currently available. Similarly, comparable diagnostic accuracy data describing current
service provision is lacking, particularly for the teledermatology pathway.
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Conclusions

Impact on practice

The diagnostic accuracy of DERM suggests that it has potential for use within a post-primary care referral setting. This
could be either alongside assessment by dermatologists or as an autonomous tool within the post-referral pathway
within a subset of patients. However, the practical impact and clinical benefit of using DERM in a post-referral setting is
currently unclear. In particular, the impact on referrals and secondary care appointments, the burden on clinicians and
the subsequent clinical impact on patients are largely unclear. Although Moleanalyzer Pro shows promising accuracy for
diagnosing melanoma, its evidence base is currently too limited to fully assess its clinical value.

Evidence on the diagnostic accuracy and clinical value of Al in people with darker skin tones or with lesions that are
more difficult to assess (such as when versions are large, or obscured by scarring, tattooing or hair) was largely absent.
Only a small number of people with darker skin tones were recruited to the included studies, and people with hard-to-
assess lesions were often excluded. This raises concerns as to whether Al could be used in these people.

Current economic evidence supporting the cost-effectiveness of DERM is limited, and it is unclear whether the
plausible advantages of DERM represent value for money relative to other strategies. Company-sponsored analyses
suggested that DERM used autonomously and with a second read could be highly cost-effective compared to current
2-week wait diagnostic models. However, much of this value is generated through potentially optimistic assumptions
around the diagnostic accuracy of comparators, and of the surrounding pathway (confidential information has been
removed). Notably, the magnitude of uncaptured non-cash-releasing benefits remains unquantified.

There is currently no economic evidence supporting the use of Moleanalyzer Pro, but assuming a similar use case
to DERM and appropriate data collection, the value of Moleanalyzer Pro could be assessed using the conceptual
framework presented by the EAG.

Future research needs

The diagnostic accuracy of Al in a post-primary care referral pathway is uncertain and requires further evaluation. A
lack of key comparative data on diagnostic accuracy means the relative clinical and cost-effectiveness of pathways
incorporating Al technologies and teledermatology remains highly uncertain. Assessments of diagnostic accuracy of Al
in people with darker skin tones or with hard-to-assess lesions are urgently needed.

Directly comparable evidence on the diagnostic accuracy of Al technologies and teledermatology in a post-referral
setting compared with unassisted teledermatology is required to assess the potential value of Al technologies. This
would require studies comparing Al with dermatologists’ assessments, recruiting a representative population and
case-mix, use of up-to-date versions of Al and dermoscopy, and with a robust independent reference standard for all
patients.

A better understanding of the clinical benefits and resource implications associated with the implementation of Al
technologies will also require further research to set up Al and teledermatology services in the NHS. Further research
must also be undertaken to quantify the benefits to population health within skin cancer and other dermatological
indications associated with any release of NHS consultant dermatologist resource, and understand the effects of these
technologies on waiting times for final diagnosis.

This could potentially be achieved through continuations and extensions of existing ongoing pilot studies of DERM, but
truly comparative evidence may also be required. Moleanalyzer Pro requires evaluation within a UK teledermatology
setting.

The substantial resistance from both patients and clinicians to using Al without any human dermatological assessment
means that if Al is to be used to direct discharge autonomously, more evidence is needed to demonstrate that it has
clear benefits to patients, without sacrificing accuracy.
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Chapter 1 Background and definition of the decision
problem

Purpose of the decision to be made

The purpose of this assessment was to investigate the use of artificial intelligence (Al) technologies for the analysis

of skin lesions suspicious of cancer following a referral on the urgent suspected skin cancer pathway. The assessment
considered the use of two technologies: Deep Ensemble for Recognition of Malignancy (DERM) (Skin Analytics) and
Moleanalyzer Pro (FotoFinder systems). The assessment considered existing evidence and identified potential evidence
gaps on whether these technologies have the potential to be clinically useful and cost-effective to the NHS.

Interventions

The Evidence Assessment Group (EAG) evaluated whether two Al technologies, DERM and Moleanalyzer Pro, represent
an effective and reliable means of triaging cancer from benign skin lesions, alongside current clinical practice.

Deep Ensemble for Recognition of Malignancy (DERM) (Skin Analytics)

DERM (Skin Analytics) is a UKCA class lla Al-based skin lesion analysis technology intended for screening, triage and
assessment of suspicious skin lesions. It is indicated for use on dermoscopic images of skin lesions where skin cancer is
suspected in patients aged 18 years or over.

DERM uses Al-based algorithms to provide a suspected diagnosis of a given lesion and, where applicable, a referral
recommendation (e.g. discharge and give safety netting advice or urgent referral for suspected cancer). DERM can
classify lesions as: melanoma, squamous cell carcinoma (SCC), basal cell carcinoma (BCC), intra-epidermal carcinoma
(IEC), actinic keratosis (AK), atypical nevus or benign lesions (this includes benign vascular lesion, seborrheic keratosis,
dermatofibroma, solar lentigo and melanocytic benign nevus). If a lesion exhibits features of more than one lesion type,
DERM uses a risk hierarchy to return the more severe suspected diagnosis. The algorithm was trained on both historical
(retrospectively) and prospectively collected images from populations in the UK, USA and Italy. DERM uses a fixed
algorithm and does not update itself automatically.

The technology has been deployed in the NHS since April 2020, including as a triage tool following a primary care
referral. Over 51,000 patients have been assessed following a general practitioner (GP) referral on the urgent suspected
skin cancer pathway, to identify patients with benign lesions who can be discharged from the pathway without requiring
specialist input from secondary care. People with suspicious lesions after DERM assessment have then been referred to
a teledermatology review by a secondary care specialist.

Moleanalyzer Pro (FotoFinder systems)

Moleanalyzer Pro (FotoFinder systems) is a class lla CE marked Al-based technology intended to be used by a medical
professional for non-invasive visual documentation of skin lesions and aims to help the recognition of melanoma
lesions. The technology is not intended to be used to confirm a clinical diagnosis of melanoma, and it can be used for
any age group. The target population is people with skin lesions, moles or multiple nevus syndrome. Lesions can be
between 2 mm and 20 mm and should be on intact skin without additional psoriasis, eczema, acute sunburn or on
hair-covered parts of the body.

Moleanalyzer Pro is used with the FotoFinder Universe software platform. The system requires a dermoscopic image for
the Al score analysis. The software can only be used with the FotoFinder dermatoscopes: Dermlite Handyscope (this is
compatible with any smartphone or tablet) and with Medicam 1000.

Copyright © 2026 Walton et al. This work was produced by Walton et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an 1
Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any

medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source - NIHR

Journals Library, and the DOI of the publication must be cited.



BACKGROUND AND DEFINITION OF THE DECISION PROBLEM

FotoFinder provides two options: online Al where the algorithm is updated continuously and offline Al in which the
algorithm can be updated annually. This Al score is based on comparisons with images of malignant skin tumours such
as: melanoma, BCC, lentigo maligna (LM), SCC, AK, and many others. The score indicates how similar a lesion is to these
comparison images; therefore, it is only meant to provide a statistical estimate of the similarity to the malignant lesion
images. A score between 0 and 0.2 indicates the lesion is inconspicuous, 0.21-0.49 indicates further clarification is
necessary, and 0.50-1.0 indicates a conspicuous lesion which should be observed with great attention. Moleanalyzer
Pro is already in use in some NHS centres.

Populations and relevant subgroups

The population of interest was people with skin lesions suspicious of cancer, who have been referred from primary care
for further evaluation. The particular setting of interest was patients undergoing teledermatology assessments, but all
settings after primary care referral were considered.

Subgroups relevant to this appraisal were according to skin colour and type, and socioeconomic status.

Place of the intervention in the treatment pathway

In the UK, dermatology services receive about 1.2 million referrals a year and about 60% of these are suspected skin
cancer pathway referrals, but only about 6% are converted to a confirmed case of skin cancer.! A significant proportion
of people referred by GPs may not require face-to-face appointments in dermatology departments. The Getting It
Right First Time report on dermatology highlighted that there are shortages in the workforce leading to delays in the
diagnosis and treatment of skin cancer.? Furthermore, experts in dermatology mentioned there is a low threshold for
referral because GPs do not receive in-depth dermatology training and many do not have access to dermatoscopes,
which are essential for confidently identifying both benign skin lesions and skin cancer.

Types of skin cancer
This assessment covers all types of skin cancer. This includes three main types of skin cancer: melanoma, SCC and BCC,
as well as other, rarer, forms of skin cancer.

Melanoma

A melanoma is a malignant tumour arising from melanocytes in the skin and is usually seen as a pigmented lesion on
the skin. Melanoma is the fifth most common cancer in the UK, accounting for around 4% of all new cancer cases and
more cancer deaths than all other skin cancers combined. On average, between 2016 and 2018, 16,744 new cases of
melanoma were diagnosed each year in the UK [National Institute for Health and Care Excellence (NICE), 2022].%4 The
incidence of melanoma is projected to increase by 7% in the UK between 2014 and 2035.

Prognosis is highly dependent on the stage at diagnosis. For people with stage 1 melanoma (thickness is 2 mm or
less, no sign that it has spread), the 5-year survival rate is almost 100%, compared with 30% for people with stage 4
melanoma (spread to distant lymph nodes or other parts of the body).

A weighted 7-point checklist is used to assess pigmented skin lesions and determine the need for referral. A pigmented
lesion scoring of 3 or more on the weighted 7-point checklist is referred to the suspected cancer referral pathway.”

Weighted 7-point checklist:
e Major features of the lesions (scoring 2 points each):
o change in size
o irregular shape
o irregular colour.
e Minor features of the lesion (scoring 1 point each):
o largest diameter 7 mm or more
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o inflammation
o 00zing
o change in sensation.

Squamous cell carcinoma

Squamous cell carcinoma is the second most common type of non-melanoma skin cancer. It starts in the cells lining the
top of the epidermis (outermost layer of the skin) and accounts for about 20 in every 100 skin cancers (NHS, 2020).6
Approximately 28,000 SCCs of the skin are diagnosed in England each year.*

There is a small risk (up to 5%) of SCC spreading to other parts of the body, such as the lymph nodes (NHS, 2020). The
risk of spread with SCCs is greater than with BCCs, especially for people who are immunosuppressed. Death from SCC
is rare.

Actinic keratoses are dry, scaly patches of skin caused by damage from sun exposure. There is a small risk that the
patches could develop into SCC if untreated (NHS, 2020).¢

Basal cell carcinoma
Basal cell carcinoma is the most common form of skin cancer and accounts for about 75 in every 100 skin cancers.
Approximately 92,000 BCC of the skin are diagnosed in England each year.*”

Basal cell carcinoma does not usually spread to other parts of the body, but if left untreated for a long time, they may
get larger and grow deep into the skin and destroy skin, tissue and bone. In rare cases, BCC can spread to other parts of
the body and sometimes become life-threatening (NHS, 2020).¢ Death from BCC is exceptionally rare.

Other rare skin cancers

There are 45 other types of non-melanoma skin cancers. Merkel cell carcinoma is rarer and more aggressive than
melanoma cancer. It is usually found in the head and neck region. Other types of rare non-melanoma skin cancers can
be found in Appendix 1 of the NICE CSG8 guideline.

Current diagnostic pathway

The initial assessment of a person presenting with a skin condition occurs at the primary care level to determine the
appropriate referral pathway. Traditionally, GPs directly referred everyone with suspicious skin lesions to secondary care
through the urgent suspected skin cancer referral pathway where all referrals required people to attend a secondary
care dermatology department for a face-to-face appointment with a consultant dermatologist. This pathway continues
to exist where other clinical pathways are unsuitable or unavailable and is particularly well suited for people with
multiple suspicious lesions, a history of skin cancer and other risk factors. Figure 1 summarises the diagnostic pathway
for suspected lesions from the NICE scope.

Urgent suspected skin cancer referral pathway

A person on the urgent suspected skin cancer referral pathway should receive a diagnosis or ruling out of cancer within
28 days of being referred urgently by their GP. For further details, see NHS England’s web page on faster diagnosis of
cancer.® Section 1.7 of the NG12 guideline describes the criteria for an urgent referral for skin cancers (melanoma, SCC
and BCC) to the urgent suspected skin cancer referral pathway.’ These are summarised below.

Sections 1.7.1-1.7.3 of NICE guideline NG12 recommend that urgent referral using a suspected cancer pathway for
melanoma should be arranged for people if:

e they have a suspicious pigmented lesion with a weighted 7-point checklist score of 3 or more
e dermoscopy suggests melanoma
e they have a pigmented or non-pigmented skin lesion that suggests nodular melanoma.
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FIGURE 1 Current diagnostic pathway for suspect skin lesions (from NICE scope). A&G, advice and guidance; F2F, face-to-face.

Additional criteria’®-'2 also recommend urgent referral if:

any new persistent skin lesion, especially if growing, pigmented, or vascular in appearance and the diagnosis

is unclear

e anew pigmented line in the nail (especially if there is associated damage to the nail), or a lesion growing under
the nail

e there is any doubt about the lesion, or there is a history of recent change

e a biopsy has confirmed the diagnosis of malignant melanoma. Note: if a lesion is suspected to be melanoma, an
urgent referral to a dermatologist or other suitable specialist with experience of melanoma diagnosis should be
made, and excision in primary care should be avoided

e apigmented or non-pigmented skin lesion suggests nodular melanoma

e any major features in the 7-point checklist, or any features of the ABCDE system.

Section 1.7.4 of NICE guidelines NG12 recommends a person is referred to an urgent suspected cancer pathway if they
present with a skin lesion that raises the suspicion of SCC. Section 1.7.5-1.7.6 of NICE guidelines NG12 recommend

a routine referral for people if they have a skin lesion that raises the suspicion of a BCC. An urgent suspected cancer
pathway referral should only be considered for a lesion that raises suspicion of BCC if there is a particular concern that
a delay may have a significant impact, because of factors such as lesion site or size.

As shown in Figure 1, a referral to the urgent suspected skin cancer pathway results in either an urgent virtual
teledermatology review or an urgent face-to-face appointment in secondary care. If a primary care centre does not have
a virtual teledermatology pathway available, the urgent face-to-face appointment pathway is used.
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Teledermatology service

Teledermatology refers to the use of static digital images and relevant patient information to triage, diagnose, monitor
or assess skin conditions remotely. If a person is referred through the urgent suspected skin cancer referral pathway,
clinical information along with a high-quality macroscopic image and dermoscopic images of the skin lesion are required.
Images should be taken by a healthcare professional trained in medical photography. Images can be taken:

e in a GP surgery
e at a community diagnostic centre (CDC) close to a person’s home
e at ateledermatology clinic based at a hospital.

Images are sent to be assessed by a consultant dermatologist using the teledermatology service and stored in the
person’s record. The person can be:

e booked directly for surgery
e discharged back to their GP
o referred for a routine or urgent referral to the appropriate specialty or service.

Virtual teledermatology cannot be used for lesions on difficult sites such as palms, soles, scalp and intimate areas, or for
people with multiple lesions. Virtual teledermatology is not used for children.

Teledermatology hubs, also referred to as Community Hubs, have been rolled out in a minority of Trusts in the UK.
Patients with a GP referral for a suspicious skin lesions are sent to attend a centre in the community where a clinical
photographer or healthcare assistant (CP/HCA) captures standardised photographic images of their lesion(s).

Potential positioning of artificial intelligence technologies in the pathway
Artificial intelligence technologies to detect skin cancer could be used at various points in the diagnostic pathway:

By individuals concerned about suspect lesions, prior to consulting a GP.

As an adjunctive diagnostic in primary care settings (e.g. by a GP or nurse), to identify lesions that need referral.
As an autonomous post-referral assessment between primary and secondary care settings.

As an adjunctive diagnostic between primary and secondary care settings (e.g. teledermatology triage settings).
As an adjunctive diagnostic in a secondary care setting (e.g. by specialist dermatologists at face-to-face consulta-
tions).

nhowbe

This report focuses on settings 3 and 4 but considered evidence from other settings where it informed understanding.
This aligns with where DERM is currently being used in a pilot to triage suspicious skin lesions after they have been
referred by their GP on the urgent suspected skin cancer referral pathway. Figure 2 shows a possible pathway for

Al use in post-referral that aligns with the current use of DERM. This post-referral assessment is used to identify
those with benign lesions to be discharged from the urgent suspected skin cancer referral pathway. People identified
with suspicious lesions (cases that contain at least one atypical, pre-malignant or malignant classification) from an Al
assessment go on to a review by a specialist in secondary care.

Adjunctive use of artificial intelligence with dermatologist assessment

Artificial intelligence technologies could be used with a dermatologist review. After the Al assessment, a dermatologist
will review the results. This is done through virtual teledermatology with the aim of minimising false-negative (FN)
results (i.e. cancerous lesions missed by the Al technology).

If the lesion is confirmed to be benign by the dermatologist, the patient is discharged from the pathway. The results
are communicated to the patient and primary care referring clinician with safety net information to seek further
medical advice if the lesion changes. If the dermatologist is uncertain about the diagnosis or if the Al suggests possible
malignancy (whether the Al is used autonomously or not), the images are reviewed by a Trust dermatologist and
triaged appropriately.
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This ‘second read’ dermatology review is currently in place for evaluation and safety, but the long-term plan is to
remove this and for Al technologies to work autonomously, maximising efficient use of specialist dermatologist’s time
(see below).

Autonomous use of artificial intelligence

If Al technologies are used autonomously, a lesion classified as benign by the Al technology can be discharged without
review by a dermatologist. The patient is discharged from the pathway and the results are communicated to the patient
and primary care referring clinician with safety net information to seek further medical advice if the lesion changes.
Lesions with suspected malignancy will be transferred to a dermatologist for teledermatology or face-to-face review.

Treatment of confirmed skin cancer

Treatment of skin cancer follows NICE guidance and British Association of Dermatologists guidelines.'>*# In brief, early-
stage melanoma is usually treated by surgical excision; later-stage melanoma may also require lymph node resection,
radiotherapy or chemotherapy. SCC and BCC are usually treated by surgical excision, but other treatments, including
radiotherapy or chemotherapy, may occasionally be used.

Relevant comparators

The comparator for this assessment was clinical assessment and triage of suspicious lesions through the existing diagnostic
pathway without use of Al. This can include assessment by specialist dermatologists either remotely or in person.

Key outcomes addressed as part of the assessment

Outcomes fall into four main areas:

Diagnostic accuracy.

Implementation, resource use, and practicality.
Clinical impact and patient benefit.

Costs.

Diagnostic accuracy
Diagnostic outcomes are:

e Diagnostic test accuracy [sensitivity and specificity, area under receiver operating characteristic (ROC) curve].
o Where available, separately for each type of skin cancer (melanoma, BCC, SCC, rare skin cancers).

e Proportion of cancers missed and detected.
e Proportion of benign lesions missed and detected.
e Proportion of referrals confirmed to be skin cancer [positive predictive value (PPV)].

Implementation, resource use and practicality
Key outcomes relate to resource use and timing:

e Proportion of urgent cancer referrals:
o needing a face-to-face hospital appointment with a specialist for review of lesion
o converted to routine referral pathway
o resulting in a diagnostic biopsy
o booked for surgical procedure
o discharged back to GP.
e Time to:
o diagnosis
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o discharge
o face-to-face consultant appointment
o treatment (surgery).

e Cancer stage at detection.

e Ease of use/acceptability of Al software by healthcare professionals.

e Number of people consenting to use the technology.

e Test failure rates (with reasons, e.g. image capture issues).

e Proportion of suspicious skin lesions/patients excluded (with reasons, e.g. due to lesion location or scarring).

Clinical impact and patient benefit

o Clinical morbidities.
o Including distant metastases and adverse outcomes of treatment.
e Mortality.
e Health-related quality of life (HRQoL).
e Non-clinical benefits to patients.
o Reassurance that lesion is not cancerous.
o Anxiety associated with waiting for a diagnosis.
o Acceptability of Al technologies or processes

Costs
Costs were considered from an NHS and Personal Social Services (PSS) perspective. Costs for consideration include:

Cost of annual subscription for Al software.

Cost of training healthcare professionals to take images and to interpret Al software results.

Cost of consultant dermatologist face-to-face appointments.

Cost of staff time to upload images to Al software platforms and to interpret the results.

e Costs related to missed cancers.

e Costs of consultant dermatology triage team.

o Costs of teledermatology.

e Costs of new services required to support Al technologies (such as establishing new teledermatology services and
setting up image capture).

Objectives

The aim of the project was to investigate the clinical and cost-effectiveness of Al technologies as decision aids to
triage and diagnose suspicious skin lesions, specifically the two technologies (DERM and Moleanalyzer Pro) described
in Interventions.

To achieve this, the following objectives were proposed:
Clinical effectiveness

e To perform a rapid systematic review, and if feasible a meta-analysis, of the diagnostic accuracy of the included
Al technologies.

e To perform a rapid systematic review with a narrative synthesis of the clinical impact and practical implementation of
the Al technologies.

e Based on the results of the rapid review, to identify evidence gaps and formulate recommendations for
future research.
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Cost-effectiveness

e To perform a rapid systematic review of published cost-effectiveness studies of alternative diagnostic strategies used
to aid the diagnosis of skin cancer. This will focus on the included Al technologies but will also include alternative
strategies if no evidence is identified for the included technologies.

e To develop a conceptual model that will identify likely drivers of health benefit, harms and cost associated with
implementing the included Al technologies in the NHS.

e |f evidence and time allows: to develop a budget impact model capturing the direct resource implications of
implementing the included Al technologies in the NHS. This may additionally include threshold analysis to explore
how health effects or indirect costs may impact cost-effectiveness.
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METHODS

Chapter 2 Methods

his report contains reference to confidential information provided as part of the NICE Diagnostic Assessment
process. This information has been removed from the report and the results, discussions and conclusions of the
report do not include the confidential information. These sections are clearly marked in the report.

Systematic review methods

The systematic reviews were conducted following the general principles recommended in Centre for Reviews and
Dissemination’s guidance and reported in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement'>1¢ and its diagnostic test extension.”

The review was conducted as a rapid review, aimed at scoping the relevant literature and synthesise studies of key
relevance to the UK health setting.

Search strategy
The aim of the literature search was to identify published and unpublished primary studies relating to the use of the
proposed Al technologies (DERM and Moleanalyzer Pro) for identifying skin cancer.

An Information Specialist designed the search strategy in Ovid MEDLINE in consultation with the research team. The
MEDLINE search strategy was checked by a second information specialist using aspects of the PRESS checklist.*®
This initial search strategy was then divided into two searches so that records highly likely to be about DERM or
Moleanalyzer Pro could be identified and screened first. Search 1 contained terms for the two specific technologies
and their company names. Search 2 consisted of search terms for skin cancer (in line with those types of skin cancer
specified in the NICE scope document) combined with terms for Al and dermoscopy. Both searches were limited to
records from 2015 onwards, reflecting the recent development of these technologies.

We note one minor spelling error in the MEDLINE strategy (line 24: ‘acitinic’ should read ‘actinic’). However, this is very
unlikely to have led to studies being missed.

Bibliographic databases were prioritised for searching, based upon relevance to the topic area of the assessment. The
MEDLINE strategies were adapted to run on all the databases and resources specified in the protocol. The searches were
run in October 2023 on the following databases and trial registries: MEDLINE ALL (Ovid), EMBASE (Ovid), Cochrane
Central Register of Controlled Trials (CENTRAL, Wiley), the Association for Computing Machinery (ACM) Digital Library,
ClinicalTrials.gov and the WHO International Clinical Trials Registry Platform (WHO ICTRP). Records from the searches
were imported into EndNote 21 [Clarivate Analytics (formerly Thomson Reuters), Philadelphia, PA, USA] for deduplication.

Additionally, company websites were searched to identify relevant publications and other materials relating to the
technology. The companies were contacted (via NICE) to provide details of all studies (completed or ongoing) that they
have conducted. The search strategies are reported in Appendix 1.

Study selection

Titles and abstracts were screened by one reviewer (NU, AL or MS) and random spot checks were performed by a
second reviewer to streamline the screening process. Records were prioritised for screening in EPPI Reviewer 6 to
assist accurate screening. A cautious and inclusive approach was taken, with all abstracts of uncertain inclusion status
checked by a second reviewer. Papers that examined Al technologies but where the technology used was unclear were
identified, but did not proceed to full-text assessment.

Full papers of any records that were relevant were obtained and independently screened by two reviewers according
to the inclusion criteria listed below. Any disagreements were resolved through discussion and, where necessary,
consultation with a third reviewer.
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A two-phase scoping process identified relevant studies. At the first phase, all relevant studies (according to the
inclusion criteria in Inclusion criteria) were identified. A scoping process was then used to identify studies of highest
quality and most relevance to the decision problem for full data extraction and synthesis (see Data extraction and
Methods of analysis and synthesis).

Inclusion criteria

Population

People with skin lesions suspicious of cancer, presenting in primary care, local in-person diagnostic clinics,
teledermatology, or secondary care settings. The applicability of populations and settings to the NICE scope was
assessed and accounted for.

Interventions

DERM (Skin Analytics) and Moleanalyzer Pro (FotoFinder systems) used either alone or in combination with clinical
judgement. All versions of the technologies were considered, and their applicability to current NHS practice was
assessed and accounted for.

Comparators

Clinical judgement and triage of suspect skin lesions as part of the current diagnostic pathway, without Al use.

This included, but was not restricted to, urgent teledermatology services and urgent face-to-face secondary care
appointments. The applicability of comparators to the NICE scope was assessed and accounted for. Studies without a
comparator were also eligible.

Reference standard

Histological confirmation or rejection of malignancy from a biopsy of the suspect lesion. For unbiopsied lesions,
confirmation of non-malignancy by specialist dermatologists, or ground truth as established by panels of dermatologists,
was accepted.

Outcomes
See Key outcomes addressed as part of the assessment for a full list of intended outcomes.

Study designs

All studies that included adult patients with skin lesions suspicious of cancer, of any design, were eligible for inclusion.
Priority was given to studies with prospective recruitment of participants over retrospective reviews. Proof-of-concept,
simulations and algorithm training studies were excluded.

Data extraction

A data extraction form was developed and piloted. For the initial scoping process data on intervention, study location
and size, setting, type of outcomes reported, design and key quality indicators (randomisation, whether studies are
comparative, prospective vs. retrospective design etc.) were extracted by one reviewer and independently checked by a
second reviewer.

For studies selected for full data extraction and synthesis, full data on the intervention, patient characteristics and all
reported outcomes were extracted by one reviewer and independently checked by a second reviewer. Discrepancies
were resolved by discussion, with involvement of a third reviewer where necessary. Where feasible, data were
electronically extracted from figures and tables presented in publications using WebPlotDigitizer software (https:/
automeris.io/).

Data from relevant studies with multiple publications were extracted and reported as a single study. The most recent
or most complete publications were used in situations where we could not exclude the possibility of overlapping
populations. Where there was evidence that an Al technology has developed or changed over time, only the most
recent and complete studies were included. Studies reported as conference abstracts only were excluded.
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METHODS

Quality assessment
At the scoping phase, all studies were assessed for broad quality using the hierarchy presented in Table 1.

Prioritised diagnostic accuracy studies that reported sensitivity and specificity were assessed using the quality
assessment of diagnostic accuracy studies-2 (QUADAS-2) tool* and comparative diagnostic accuracy studies (i.e. with
more than one index test) were assessed using the quality assessment of diagnostic accuracy studies-comparative
(QUADAS-C) tool, which include items on the quality and applicability of studies.?® The review team ensured signalling
questions for QUADAS-2 and QUADAS-C were relevant to the review question, and input from an experienced clinical
dermatologist was sought as appropriate to ensure relevant signalling questions were interpreted appropriately and
consistently across assessments. Included studies were assessed by at least one reviewer and checked by a second.

Methods of analysis and synthesis

Scoping review

Initially a scoping process was used to classify identified studies for relevance to the decision problem, based on study
quality, setting, outcomes reported and relevance to the NHS and population in the NICE scope (people referred on
the urgent suspected skin cancer pathway). The priority hierarchy for the quality of diagnostic accuracy and clinical
evidence studies that was used is presented in Table 1.

For each included Al technology only, the studies at highest priority level for that technology were taken forward

for full data extraction and narrative synthesis. For example, if there are randomised controlled trials (RCTs) of a
technology, non-randomised studies were not considered further. Studies at lower priority levels were taken forward
if they were of particular relevance to the NHS and the population in scope or report outcomes were not presented in
higher-quality studies.

Studies conducted in teledermatology settings, or equivalent early diagnostic clinics, were preferred for full data
extraction and synthesis. However, given variation in diagnostic processes in different countries, other settings,
including primary care and specialist dermatology clinics, in studies outside of the UK were considered where no
evidence in the preferred settings is available.

Narrative synthesis

For studies taken forward from the scoping phase for full synthesis, a narrative synthesis approach was used following
appropriate guidance.?! The results of data extraction for each outcome were presented in structured tables and
figures as appropriate, with a text summary. Studies were grouped by population and intervention characteristics.
Tabulated results were then compared across studies, interventions and outcomes to identify the broader evidence

of effectiveness. Evidence was summarised for specified subgroups (skin colour, skin type and socioeconomic status)
where available.

Meta-analysis

Where sufficient data on diagnostic accuracy were available, the EAG had planned to pool data relating to sensitivity
and specificity by Al technology using bivariate meta-analytic techniques. As data were insufficient for this, separate
meta-analyses of sensitivity and specificity were performed instead, using standard random-effects methods. Subgroup

TABLE 1 Study priority hierarchy for scoping review

Priority level Diagnostic accuracy Clinical and implementation evidence
1 (highest) Prospective cohort comparative studies Randomised controlled trials

2 Prospective cohorts of Al technology only Non-randomised cohort studies

3 (lowest) Retrospective and case-control studies Retrospective and case-control studies

Patient or clinician surveys
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analyses were intended for relevant subgroups (skin colour, skin type and socioeconomic status), but no suitable data
were available. Heterogeneity was investigated by examining data plots and ROC curve plots.

Methods for synthesising evidence of cost-effectiveness

Relevant cost-effectiveness evidence on the use of Al technologies with class lla designation (DERM, Moleanalyzer
Pro) for early detection of benign skin lesions were identified and narratively summarised. The aim of the review was

to examine existing decision-analytic models used to assess the cost-effectiveness of the named Al software options
against any comparator, in order to inform parameterisation of a conceptual model to identify key issues, evidence gaps
and areas of uncertainty to help direct future data collection and research.

Identifying and reviewing published cost-effectiveness studies

The searches described in Search strategy were used to identify relevant economic evaluations of named Al technologies
in people with suspicious skin lesions in any setting. Study designs included in the review were budget impact models,
return on investment analysis, and other cost-only analyses, as well as full economic evaluations considering both costs
and consequences (including cost-effectiveness, cost-utility and cost-benefit analyses).

It was anticipated that no relevant studies would be identified for the named technologies; therefore, additional
searches were conducted to identify studies looking at any technology used to aid diagnosis of skin cancer in an NHS
setting. The search strategy combined terms for skin cancer with terms for economic evaluations. A search filter was
applied to limit retrieval to UK studies,???® along with date limit of 2013 onwards and a limit to studies published in
English. MEDLINE (Ovid) and EMBASE (Ovid) were searched on 6 November 2023.

Identified economic models were reviewed and discussed in detail, with the aim of informing the design and
parameterisation of conceptual model. Material provided by submitting stakeholders pertaining to the value case for
their product was also reviewed.

We aimed to answer the following decision questions on the basis of the identified published evidence, and material
submitted by the developers of the included technologies:

1. What are the cost and resource use implications of the use of Al technologies following an urgent suspected skin
cancer referral to identify benign skin lesions?

2.  What would a health economic model to estimate the cost-effectiveness of Al technologies to identify benign skin
lesions in this setting look like, and what are the key evidence requirements necessary to populate such a model?

Development of a conceptual cost-effectiveness model

The structure of a conceptual model for Al tools will be necessarily pragmatic and flexible in terms of the number of
different diagnostic and care pathways included, and the two potential use cases for Al technologies in a post-referral
setting. The EAG is also clear on the structural limitations of a model of this design, which, while based on precedent,
may not be able to provide a granular representation of the diagnostic accuracy and outcomes for the many indications
included under the skin cancer umbrella, and may not fully represent the impact of these technologies upon consultant
capacity and waiting times, among other important motivating factors for the present assessment.

The conceptual model described comprises an overview of the structure of a cost-utility model for the assessment of
Al technologies for the triage of suspected cancer cases referred on the 2-week wait (2WW) pathway. The structure of
the conceptual model was designed considering the strengths and limitations of previously published diagnostic models
for skin cancer in an NHS setting, and evidence submitted by stakeholders. The exercise sought to identify key inputs
necessary for the linkage of short-term diagnostic accuracy metrics with long-term outcome.

The conceptual model was developed in alignment with the NICE reference case and is described in full in Chapter é.
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Handling information from the companies

All information submitted by the companies received by the EAG in October 2023 was fully assessed. Information
supplied during November 2023 was subject to a more limited assessment. All material supplied was assessed to
determine whether it met the inclusion criteria for the reviews. Included studies were data extracted in accordance with

the procedures outlined in this protocol.
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Chapter 3 Results: diagnostic accuracy and clinical
impact

Search results

Figure 3 presents an overview of the study selection process in a PRISMA flow diagram. A first bibliographic search
with named Al technology terms was complemented by a second search with no named technologies, references
from company submission and hand-searching. A total of 1946 unique records were retrieved and screened. After
title and abstract screening, 86 references were retrieved for full-text selection. Six studies, including four evaluations
of DERM,?*-?7 and two studies of Moleanalyzer Pro,?®?? were included in the review. In addition, 13 unique studies,
including 11 studies of Moleanalyzer Pro,*°-%° and 2 studies of DERM#*'42 that were considered lower priority were
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FIGURE 3 Study selection process (PRISMA diagram).

Copyright © 2026 Walton et al. This work was produced by Walton et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an 15
Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any

medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source - NIHR

Journals Library, and the DOI of the publication must be cited.



RESULTS: DIAGNOSTIC ACCURACY AND CLINICAL IMPACT

included in an evidence map only, and were not fully synthesised. These studies were classed as lower priority because
they either were conducted outside of clinical practice (e.g. retrospective design on selected sample of images) or
evaluated an older or outdated version of an Al technology. A list of studies excluded at full-text screening stage is
reported in Appendix 2. The publications identified from database searches corresponded with those listed on the
company website. The submissions from Skin Analytics and FotoFinder did not include any additional eligible studies,
although they provided further details from relevant studies not contained in published material.

DERM

Summary of DERM studies

Table 2 summarises the six studies of DERM included in the evidence map. Two studies evaluated an early algorithm
version to test the accuracy of DERM for melanoma detection. Phillips (2020)*? used a retrospective design to train an Al
algorithm to detect melanoma from a selected sample of lesions including histologically confirmed melanoma and benign
pigmented lesions, along with a meta-analysis of naked-eye examination with or without dermoscopy. Phillips (2019)*! was
a diagnostic cohort where images of suspicious and control skin lesions were collected prospectively in UK hospitals on

TABLE 2 Summary of DERM studies identified

Design
N patients
(lesions)

Outcomes

Period reported

Diagnostic (index) tests

Linked material

Included in the review

DERM-003 Marsden*? Prosp. DA Hospital June 2020- DERM v3.0 DA
(NCT04116983)>*  Austin** cohort February 2022 (confidential information has
N = 544 (585) been removed)
Dermatol.
DERM-005 Kawsar 20234 Prosp. DA Hospital February DERM (confidential informa- DA
Chelsea and DERM 2023_Q3% cohort 2020-August  tion has been removed) Referrals
Westminster Skin Analytics N =617 (782) 2021 Dermatol (TD) Patient views
(NCT04123678)*  2023% Economic
UHBFT and Andrew?® Prosp. DA Hospital/TD  July 2021- DERM version A (confiden- DA
WSFT?¢ DERM 2023_Q3% cohort hub’ October 2022  tial information has been
Skin Analytics N =NR (8571) removed)
2023% DERM version ‘B’ (confiden-
Jenkins (undated)°® tial information has been
removed)
UHL? Baker 20231 Confidential Confidential  Confidential DERM (version NR) confidential
Skin Analytics information information  information information
2023* has been has been has been has been
Baker (undated)>? removed removed removed? removed®
Included in evidence map only
Phillips 20194 NA Algorithm Hospital September DERMe DA
training and 2018- (pre-August 2019)
prosp./retros. February 2019
DA cohort
N =501 (551)
Phillips 202042 NA Algorithm NA NR NR DA
training + MA
N =NR(7102)

DA, diagnostic accuracy; Dermatol., dermatologist assessment; MA, meta-analysis; NR, not reported; prosp., prospective; retros.,
retrospective; TD, teledermatology; UHBFT, University Hospital Birmingham Foundation Trust; UHL, University Hospital Leicestershire;

WSFT, West Suffolk Foundation Trust.
a AITD introduced in March 2022.

b Referrals, procedure duration, waiting time.
c ‘Earlier version’ than DERM v3, only for melanoma, pre-August 2019 update.
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three different cameras, and retrospectively analysed. Both studies were excluded from the main review as they evaluated
an earlier version of DERM for the detection of melanoma only, in a selected sample of histologically diagnosed lesions.

A further four studies were identified, including three prospective diagnostic cohorts,?*2¢ and a before-and-after
study.>* All evaluated a more recent version of DERM in a post-referral setting in England. Two studies reported

being conducted in a ‘teledermatology hub’ for triage within the 2WW referral pathway.?¢?” These studies included
patients with a suspicious skin lesions with a GP referral to attend a teledermatology hub where a CP/HCA captured
standardised photographic images of their lesion(s). Following DERM assessment, lesions classed as high risk were
triaged to urgent virtual review by a hospital dermatologist. Lesions classed as low risk were sent for remote review by
a second reader (consultant dermatologist), who would either discharge the patient if in agreement with Al or overturn
the Al risk assessment and proceed with an urgent referral to a hospital dermatologist.

Three studies evaluated sensitivity and specificity of DERM alone against a reference standard that combined
histopathology and/or clinical assessment (for non-excised lesions);?*-2¢ of those, two compared the accuracy of DERM
against dermatologist assessment alone concurrently.?#2> One unpublished study only reported sensitivity estimates
for lesions with histopathological diagnosis;?” however, the study was included in the review as it also reported clinical
output outcomes, and clinician and patient views.

Based on clinical trial registration, two completed or ongoing studies with no published results were identified.>*%> Both
are outside the UK, so may be of less relevance to this assessment. These are summarised in Appendix 3, Table 22.

A number of evaluations are being carried out across the UK in the post-urgent suspected cancer referral setting, as
well as in the pre-referral community setting. The company reported in their November 2023 submission to NICE
that outcome data for a number of these evaluations were expected in the fourth quarter of 2024. Further details are
presented in Appendix 3, Tables 23 and 24.

Characteristics of studies

Table 3 summarises the characteristics of participants of DERM studies included in the review. Further participant
selection criteria are summarised in Appendix 4, Table 25. Where reported, the large majority of participants were white
and very few patients had darker skin (Fitzpatrick types IV-VI). Lesions were most often located on the face and scalp,
followed by the chest/back. The proportion of lesions with melanoma was lower in DERM 005, and SCC and BCC rates
were higher in DERM 003. No participant characteristic details were reported for the Leicestershire study.?”

Risk of bias

Results of the quality and applicability assessment are reported in Table 4. All studies were at high risk of selection bias
due to the exclusion of a significant proportion of participants (15.6-27.4% where reported) that would have otherwise
been eligible for assessment in clinical practice.?¢ The performance of Al is likely to be significantly improved by the
exclusion of some of these lesions (e.g. images with body hair, tattoos, subungual lesions).

Two studies (DERM-005 and Thomas 2023)%>2¢ reported separate results for pre-specified thresholds and post hoc
thresholds; therefore, the risk of bias was low and high for these respectively. As is standard practice, a significant
proportion of lesions did not undergo histology. However, the risk of bias regarding the reference standard was
considered to be low in studies that confirmed the absence of cancer using expert consensus and sufficient follow-up.
One study (DERM-003)? did not report sufficient details on the conduct of the reference standard and was at unclear
risk of bias for this domain. There were no significant concerns regarding flow and timing.

All studies raised concerns with regard to the applicability of their populations; the high rate of exclusion of participants
with suspected lesions that would normally be seen in practice is a significant limitation. In response to a clarification
request, the company noted that the versions of DERM used in all three studies [DERM v3.0 and (confidential
information has been removed)] were older than the current version used in the UK (confidential information has been
removed) which, among other elements, includes a different set of thresholds for sensitivity and specificity. Therefore,
the applicability of the diagnostic accuracy results for DERM to current practice is uncertain. The teledermoscopy
devices used in two studies [Dermlite DL1 Basic (DermLite LLC) system]?*?> were considered out of date following
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TABLE 3 Participant characteristics of DERM studies included in the review

N patients Fitzpatrick Ethnicity Cancerous
(lesions) Age (range) % female skin type (%) (%) Lesion location (%) lesions (%)?
DERM-003%* 544 (585)° Median 73 50 I: 21 White: 94 Face/scalp: 46 Melanoma: 2.7
(18-97) I1: 57 Black: O Posterior chest and SCC:7.5
I1I: 20 Asian: 1 back: 15 BCC: 33.7
V:1 Other: 0 Arms: 14 Other: 0.3
V-VI: 1 Missing/ Legs: 12
NR: 4 NR/missing: 13
DERM-005 Confidential  Confidential Confidential Confidential  Confidential Confidential Confidential
Chelsea and information  information has information has information information  information has been information
Westminster? has been been removed been removed has been has been removed has been
removed removed removed removed
UHBFT and 7625 (8571) NR(18-93) NR 1: 8 NR NR Melanoma: 2.9
WSFT?¢ II: 25 SCC: 3
Il: 18 BCC:7.2
IV: 3 Other: 0.2
V-VI: 1
NR: 44

NR, not reported; UHBFT, University Hospital Birmingham Foundation Trust; WSFT, West Suffolk Foundation Trust.

a Expressed as % of all lesions with confirmed diagnosis.

b Patient/lesions with DERM assessment and confirmed diagnosis.

¢ Participants/lesions received DERM assessment with confirmed diagnosis following referral to trust (and second read for lesions classed
by DERM as low risk).

clinical advice and therefore raised concern about their applicability to current practice. There were no concerns
regarding the applicability of reference standards.

Diagnostic accuracy data from publications

The three fully included studies all reported diagnostic accuracy data for DERM. Studies reported diagnostic accuracy
for all melanomas combined and by melanoma type. In all studies, the diagnostic accuracy reported was for autonomous
use of DERM, without additional assessment by dermatologists.

TABLE 4 Quality assessment of DERM diagnostic accuracy studies

Risk of bias Applicability concerns

P P R
DERM 003 DERM X v ? v X ? v
DERM 005 DERM X /X 4 v X ? v
Thomas (2023) DERM X v /X° v v X ? v
DERM 003 Dermato. v/ v ? v/ X X v
DERM 005 TD v v v 4 X X 4
DERM 003 DERM vs. dermato. v/ v ? v/ N/A N/A N/A
DERM 005 DERM vs. TD v /X v/ v N/A N/A N/A

Dermato., dermatologist assessment; FT, flow and timing; |, index test; N/A, not applicable; P, patient selection; R, reference standard; TD.

teledermatologist assessment.

v, indicates low risk; X, indicates high risk; ?, indicates unclear risk.

a Low risk for the main analyses (pre-specified thresholds for sensitivity and specificity), and high risk for the results of post hoc analyses
where the target sensitivity estimates for melanoma, SCC and BCC were amended to match the DERM algorithm to other settings in
‘live development’.

b Low for version A (pre-algorithm change), high for version B (post-algorithm change). The algorithm was changed during the study to
improve specificity.

)
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DERM-0032%* reported diagnostic accuracy for three different smartphone cameras when used to take images of lesions
(iPhone 11, iPhone 6s, Samsung 10). The EAG have chosen to only report results for the iPhonel1, as this was the most
recently released phone considered. It should be noted that there were variations in diagnostic accuracy according to
phone used. It also reported diagnostic accuracy for dermatologists without Al use.

Thomas (2023) [University Hospital Birmingham Foundation Trust (UHBFT) and West Suffolk Foundation Trust
(WSFT)]? reported results separately for Birmingham and West Suffolk centres. It also reported results for two versions
of DERM: DERM-VA (used July 2021-April 2022) and DERM-vB (used April-October 2022). As DERM-vB appears to
have superseded DERM-vA we only report results for the more recent DERM-vB for this study.

Results for DERM-005 were extracted from a preprint manuscript by Marsden et al.?> This compared DERM to standard
of care (dermatologists without Al). (confidential information has been removed). Data were extracted from Figure 2 of
this preprint, which reported the full categorisation of lesions by true diagnosis and test result, from which sensitivity
and specificity estimates were calculated.

Figure 4 summarises the diagnostic accuracy from the three included studies.

Meta-analyses of sensitivity and specificity were performed where two or three studies reported data. These were
separate, univariate analyses as data were too limited for bivariate meta-analysis. The meta-analysis results are
presented in Table 5. These results suggest a high sensitivity when using DERM autonomously without assessment

by a dermatologist is achievable, and may be higher than achievable using a standard diagnostic pathway without
DERM. However, some malignant lesions will still be missed. The specificity of DERM is lower than for dermatologists.
In particular, specificity was much lower for detecting SCC and BCC, suggesting that DERM has some difficulty in
distinguishing these types of cancer from benign lesions.

In DERM-003, for detecting benign lesions, the sensitivity of DERM was significantly lower compared with face-to-face
dermatologist assessment {DERM: 43.9% [95% confidence interval (Cl) 37.4 to 50.6]}; dermatologist: 73.9% (95% Cl
67.6 to 79.4)], although it had comparable specificity [DERM: 93.3% (95% CI 90.0 to 95.6); dermatologist: 93.7% (95%
Cl 90.5 to 95.9)]. Hence, around 56% of benign lesions were classified as not benign by DERM, compared with 26% for
dermatologists, and approximately 7% and 6% of non-benign (but mostly pre-malignant) lesions were misclassified as
benign by DERM and dermatologists, respectively.

Further diagnostic accuracy results from studies of DERM are reported in Appendix 4, Table 26.

Subgroup data by skin type

Two studies reported separate diagnostic data for Fitzpatrick skin types V and VI. In Thomas (2023), of 159 lesions
assessed, 94 lesions had a final diagnosis, including BCC (n = 1) and IEC (n = 1), and AK (n = 1), all correctly referred by
DERM (vA or vB).?¢ Three atypical nevi were pending face-to-face assessment, and the remainder were benign with a
benign specificity of 44.3% (39/88). DERM 003 found no Fitzpatrick skin types V and VI.2*

TABLE 5 Meta-analysis of diagnostic accuracy from DERM publications

Cancer Studies Sensitivity 95% Cl Specificity 95% CI
DERM Any All Confidential Confidential Confidential Confidential informa-
malignancy information has been information has been information has been tion has been removed
removed removed removed
DERM Melanoma All Confidential Confidential Confidential Confidential informa-
information has been information has been information has been tion has been removed
removed removed removed
Dermatologists  Any DERM- Confidential Confidential Confidential Confidential informa-
malignancy 003 and information has been information has been information has been tion has been removed
DERM-005 removed removed removed
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Diagnostic accuracy from unpublished data

In addition to data in published and unpublished papers, Skin Analytics also provided some original data from the
Birmingham and Chelsea and Westminster study centres. These data reported all lesions assessed in those centres from
April 2022 up to end of September 2023. These data therefore overlap with the data from publications but appear more
up to date. The EAG assumes that all patients were assessed using DERM-vB, given the initiation date. We assume that
these data include all DERM-vB data from the UHBFT and WSFT study up to October 2022, as reported in Thomas
(2023). We assume this includes some patients from DERM-005, although the overlap is unclear.

The supplied data also reported detailed numbers of patients by both DERM results and ‘ground truth’ diagnosis,
enabling a more thorough analysis of the diagnostic accuracy of autonomous use of DERM than was possible using
published data. Diagnostic accuracy was calculated for these data in two ways. The ‘Exact’ analysis considered a
DERM result to be a true positive (TP) only if it matched exactly the ground truth diagnosis (i.e. a melanoma diagnosed
by DERM was a melanoma; a SCC diagnosed by DERM was a SCC). An ‘All malignant’ analysis considered a DERM
result to be a TP if a malignant lesion was diagnosed as malignant even if not in the correct category (i.e. if a SCC was
diagnosed by DERM as a melanoma, or vice versa). This ‘All malignant’ analysis approximately matched that performed
by the company.

Diagnostic accuracy results from combining the Birmingham and Chelsea and Westminster centres are summarised in
Figure 5, and results for the two centres separately are given in Figure 6.

These results show a high sensitivity of DERM for detecting malignant lesions when using the ‘all malignant’
classification. For example, detecting any malignant lesion had a sensitivity of 96.1% (95% Cl 95.4 to 96.8), and
sensitivities were 95% or higher for all types of cancer. Sensitivities were similar in Birmingham and London. The
specificity for detecting any malignancy was 65.4% (95% Cl 64.7 to 66.1). Specificities varied by type of cancer and
were slightly lower in Birmingham than in London, but were generally between 60% and 70%. These results are broadly
similar to those extracted from publications.
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FIGURE 5 Diagnostic accuracy of DERM from pooled Birmingham and London data. Note: The ‘All malignant’ category considered a DERM
result to be a TP if a malignant lesion was diagnosed as malignant even if not in the correct cancer category. The ‘Exact’ category considered
a DERM result to be a TP only if it matched exactly the ground truth diagnosis.
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FIGURE 6 Diagnostic accuracy of DERM from separated Birmingham and London data. Note: The ‘All malignant’ category considered a
DERM result to be a TP if a malignant lesion was diagnosed as malignant even if not in the correct cancer category. The ‘Exact’ category
considered a DERM result to be a TP only if it matched exactly the ground truth diagnosis.

When using the ‘Exact’ classification, there is a decrease in accuracy. For melanoma, the sensitivity remains at near
95%, but for SCC and BCC, the sensitivity declines substantially. This suggests that both SCC and BCC lesions may be
misclassified as more serious malignancies by DERM (i.e. SCC as melanoma and BCC as SCC or melanoma).

For the detection of explicitly benign lesions, the sensitivity was 71.5% (95% Cl 70.7 to 72.3) for a specificity of 86.2%
(95% CI 85.4 to 87.0). Hence, around 28% of benign lesions were classified as not benign by DERM, and 14% of non-
benign (but mostly non-malignant) lesions were misclassified as benign.

It should be noted that the reference standard in this analysis was usually a ‘ground truth’ diagnosis made by
dermatologists where the lesion was judged to be non-malignant. Therefore, the diagnostic accuracy of DERM may be
slightly incorrect as some genuinely malignant lesions may have been incorrectly classified as benign by dermatologists.
This also means that estimates of the diagnostic accuracy of dermatologists without DERM may not be reliable.

Diagnostic accuracy of full teledermatology pathway
Diagnostic accuracy reported in publications and in the original trial data provided relates only to autonomous use of
DERM, and not to the full teledermatology pathway, with or without DERM.

Diagnostic accuracy of the full pathway is largely unknown. Data on assessments by dermatologists after DERM
assessment were not reported in publications. In all studies, patients who were discharged by a dermatologist were not
tested further, so there was no diagnostic reference standard applied.

The unpublished Edge Health report?” on the Leicestershire study included some data on dermatologist assessment
of lesions after the DERM assessment. A summary of these data is given in Table 6. This suggests that a ‘second
read’ of lesions classed as benign by DERM (confidential information has been removed) when compared to using
autonomous DERM.
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TABLE 6 Results of ‘second read’ assessment in the Leicestershire study

After ‘second

After final
assessment by Trust

Number of lesions

read’
Benign Benign
Benign Possibly malignant
Benign Possibly malignant
Malignant (Not used)
Malignant (Not used)

dermatologist

(Not used)

Benign

Possibly malignant

Benign

Possibly malignant

Confidential information has been
removed

Confidential information has been
removed

Confidential information has been
removed

Confidential information has been
removed

Confidential information has been
removed

Number of malignant lesions

Confidential information has been
removed?

Confidential information has been
removed?

Confidential information has been
removed

Confidential information has been
removed?

Confidential information has been
removed

a No reference standard applied; dermatologist assessment assumed correct.

This suggests that using a ‘second read’ for lesions classed as benign by DERM could (confidential information has
been removed). After a final teledermatology assessment, this would (confidential information has been removed).
The sensitivity is uncertain because of the lack of a perfect reference standard. However, if the sensitivity of

autonomous DERM is 95%, then use of a ‘second read’ could (confidential information has been removed) based on the

Leicestershire data.

Referral status

As the supplied data included full data on number of malignancies, it was possible to estimate how autonomous use
of DERM (without a ‘second read’ by a dermatologist) would impact on onward referrals and discharge rates. For this
analysis, it is assumed that all melanoma, SCC or other-non-BCC malignancy cases should receive an urgent referral;
BCC and Bowen'’s disease should receive a routine referral, and all other case should be discharged or treated locally
without referral. We note that this may not be exactly what might happen in practice. The results are summarised in

Table 7.

The results of this analysis suggest that autonomous use of DERM could approximately halve the number of referrals to
a dermatologist (among lesions that can be assessed by DERM). However, a small number of lesions, slightly under 1%,
would be both malignant and incorrectly discharged (FN). Most of those incorrect discharges would be BCC cases and
only 0.2% of lesions would be melanomas or SCC and also discharged.

Most referrals would be false positives (FPs), with around 64% of all referrals being benign lesions. Among urgent
referrals, the substantial majority (around 85%) would be FPs. Routine referral would be uncommon (around 9%). This is
partly due to a substantial overdiagnosis of BCC cases as being SCC or melanoma.

Implementation, resource use and related outcomes
One study reported data on referral and exclusion rates.?¢

Two studies of DERM reported data that related to implementation outcomes (as listed in Implementation, resource use,
and practicality).?¢?” Data on these outcomes were mostly taken from the unpublished Edge Health report of patients
in Leicestershire.?” Two studies of DERM reported data on cancer stages as diagnosed by a reference standard. Most
melanoma had superficial spreading and had Breslow thickness < 1.0 mm. Most SCC identified were stage 1. Further
details are reported in Appendix 4, Tables 27 and 28.

No evidence, published or unpublished, was identified for numbers of patients transferred to surgery, or test
failure rates.
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TABLE 7 Percentages of patients by referral status with autonomous DERM use

Group Percentage of total DERM population 95% CI
Urgent referrals 39.0 38.3t0 39.6
Correct urgent referrals (melanoma or SCC, TP) 58 55t06.2
Needless urgent referral (FP) 33.1 32.5t033.8
Missed urgent referral (FN) 0.3 0.2t0 0.4
Underdiagnoses (urgent referral classified as routine) 0.1 0.1t00.2
Routine referrals 8.7 8.3t09.1
Correct routine referrals (TP) 3.8 3.5t04.0
Needless routine referral (FP) 4.9 4.6to05.2
Missed routine referral (FN) 0.6 0.5t0 0.7
Overdiagnoses (routine referral classified as urgent) 7.4 71t07.8
All referrals (urgent and routine) 47.7 47.0 to 48.4
Correct referrals (urgent and routine) (TP) 171 16.6to 17.6
Needless referral (FP) 30.6 299 to 31.2
Missed referral (FN) 0.8 0.7 to 0.9
Discharged or treated locally 52.3 51.6 to 53.0
Correct discharge (TN) 51.5 50.8to 52.2
Incorrect discharge (FN) 0.8 0.7 to 0.9

TN, true negative.

Referral and exclusion rates
Thomas (2023)? reported data on the diagnostic pathway for patients assessed with DERM-vB. This is summarised in
Table 8 and Appendix 4, Table 29.

There were some differences between the two locations in terms of rate of use of DERM and referral rates, suggesting

that use of DERM may vary by location. A notable issue was the substantial number of lesions that could not be
assessed using DERM.

TABLE 8 Diagnostic pathway for patients in Thomas (2023) when using DERM-vB

Birmingham West Suffolk

Not assessed using DERM 25% 17%
Referred to dermatologist by DERM Total 44% 62%
Malignant lesions 7.5% 9.7%
Judged non-malignant by DERM Total 31% 21.6%
Discharged at second read 18.7% 10.7%
Discharged after referral 4.8% 2.7%
Malignant lesions 0 0
Note

All % are out of total n of cases/patients, including those not assessed by DERM.
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With DERM vB, between 64% and 76% of lesions eligible for Al assessment and judged non-malignant by DERM
were subsequently discharged after second read or referral: none of these lesions that were subsequently biopsied
were malignant.

Impact on resource use
In the Leicestershire study resource use data was reported but has not been published (confidential information has
been removed).

Timings
In the Leicestershire study timing data was reported but has not been published (confidential information has
been removed).

No other data on waiting times, including time to discharge and time to treatment, were reported for any of the
DERM studies.

Cancer stage
No evidence on cancer stages at times of diagnosis was identified.

Acceptability to healthcare professionals
One study of DERM (versions not reported) collected feedback from healthcare professionals on benefits and
limitations of the tool.?”

In the study conducted across Leicestershire community hubs, clinicians shared their views on their confidence with
DERM, its impact on the trust and on patients. Response rates were not reported. Confidence in DERM was limited
among consultants: 33% reported they felt confident when reviewing images of skin lesions taken at the Community
Hub, 17% felt confident that Al could reliably distinguish benign and malignant reasons, and 17% agreed that there was
no need for a dermatologist (from Skin Analytics) to review lesions classed as benign. A minority of consultants agreed
that Al brings benefits for the trust (33%) and for patients (17%).

(confidential information has been removed)
Clinical impact and patient benefit

Clinical morbidities and mortality
The included studies did not report medium- or long-term data on clinical morbidities such as metastases or adverse
outcomes of cancer treatment, nor were data on mortality reported.

Health-related quality of life
No data identified in the included studies.

Non-clinical benefits to patients

Two studies of DERM (versions not reported) collected feedback from patients on benefits and limitations of the
tool.7* A total of 266 respondents (38.2% response rate) completed questions on their experience with DERM as part
of the DERM-005 study.

Reassurance that lesion is not cancerous

In the DERM-005 study, patients expressed confidence in DERM being used on a visual analogue scale from 0 to 100,
with higher scores indicating a higher level of agreement. Participants generally responded positively when considering
Al as a tool to help doctors, but more cautiously when considering the use of Al to replace a dermatologist. Median
levels of agreement with interquartile range (IQR) are illustrated in Figure 7.
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FIGURE 7 Summary of responses DERM-005 relating to confidence in Al diagnosis. Figure created by EAG based on Kawsar (2023),* Table
3. VAS, visual analogue scale.

Waiting for a diagnosis and associated anxiety

In the DERM-005 study, the photography service was generally considered an efficient use of patients’ time, and
respondents agreed that a computer assessing the photographs saves time compared to face-to-face consultation
(Figure 8). No respondents felt the time needed to take photographs was too long (median score 0), and most would
rather have their lesion assessed by a computer than waiting weeks to see an in-person dermatologist.*>

Of the patient responses in the Leicestershire study, (confidential information has been removed).

Acceptability of Al technologies or processes

In the DERM-005 study, patients generally indicated they felt comfortable with the use of Al and the dermoscopic
images required, but there was a mixed response to a statement on preference for a face-to-face dermatologist
appointment. No participants found it embarrassing to have photos taken (median score 0, IQR 0-5) (Figure 9).

In the Leicestershire study, (confidential information has been removed).

Moleanalyzer Pro

Summary of Moleanalyzer Pro studies
A total of 13 distinct studies of Moleanalyzer Pro were identified, in 2 prospective, cross-sectional diagnostic accuracy
cohort studies,?®?? and 11 retrospective reviews of image data sets.30-4°

The two prospective cohorts were multicentre studies conducted in a post-referral, secondary care setting; Winkler
(2023)? was conducted in Germany, and MacLellan (2021)? in Canada. Winkler (2023) evaluated the accuracy of
Moleanalyzer Pro for detecting melanoma against dermatologist assessment with and without Moleanalyzer Pro in
patients with suspected melanocytic lesions; final diagnosis was confirmed by biopsy (in 55% of patients) or clinical
follow-up and/or expert consensus. In addition to diagnostic accuracy, the study reported the number of unnecessary
excisions, and acceptability of the Al-tool from dermatologists and patients. MacLellan (2021) evaluated the diagnostic
accuracy of Moleanalyzer Pro for detecting malignancies against: a dermatologist face-to-face assessment, remote
dermatologist assessment, and other non-invasive technologies beyond the scope of this assessment. Clinical
management decisions were recorded, and all suspected lesions were excised regardless of the clinical decision or

Al output.

Eleven studies performed a retrospective review of existing image data sets to test the diagnostic accuracy of an
Al-algorithm against a reference standard test. They are summarised in Table 9. Where reported, the Moleanalyzer
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FIGURE 8 Summary of responses DERM-005 relating to waiting for a diagnosis. Figure created by EAG based on Kawsar (2023), Table 3.
VAS, visual analogue scale.
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FIGURE 9 Summary of responses DERM-005 relating to acceptability. Figure created by EAG based on Kawsar (2023), Table 3. VAS, visual
analogue scale.

algorithm in these studies was based on a modified version of Google’s Inception v4 convolutional neural network
(CNN) architecture. The reference standard in these studies included histopathology, dermatologist consensus and/or
clinical follow-up; four studies analysed only or nearly only excised lesions.3%323338 Five studies compared the accuracy
of Al-algorithm against dermatologists’ assessment.®°-334% and three were compared against other Al tools.?8344° Due to
the lack of prospective evaluation in a clinical setting, 11 studies were excluded from the main review,*-4° and 2 studies
were retained for full data extraction, quality assessment and synthesis.?®2?

Characteristics of Moleanalyzer Pro studies

Table 10 summarises the characteristics of participants included in MacLellan?® and Winkler (2023).2° Further participant
selection criteria are summarised in Appendix 4, Table 25. The large majority of patients had lighter skin colours
(Fitzpatrick types Il-111). Where reported, lesions were most often located on the trunk, followed by extremities. The
prevalence of melanoma (respectively 28.2% and 16.7%) was high in both studies compared with an urgent referral
population in the UK.

Risk of bias
Results of the quality and applicability assessment are reported in Table 11.
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TABLE 9 Summary of Moleanalyzer Pro (FotoFinder) studies included in the evidence map

N participants

(lesions)

Diagnostic (index) tests

Outcomes

Fink 2020%°

Haenssle 20183

Haenssle 2020%

Kommoss
202383336

MacLellan
2021%

Sies 2020*

Sies 20213
Sies 2022%
Winkler 2020%
Winkler 202138
Winkler 2021%
Winkler
20224057

Winkler 2023%°

Retrospective review

Retrospective review

Retrospective review

Retrospective review

Prospective cohort

Retrospective review

Retrospective review
Retrospective review
Retrospective review

Retrospective review

Retrospective review

Retrospective review

Prospective cohort

72(72)

NR (300)

100 (100)

100 (100)

184 (209)

435 (1981)

108 (233)

465 (1549)
180 (780)
30(30)

NR (130)
59 (236)

188 (228)

Moleanalyzer Pro
Dermatologists

Moleanalyzer Pro
Dermatologists

Moleanalyzer Pro
Dermatologists

Moleanalyzer Pro
Dermatologists

Moleanalyzer Pro
Dermatologist (with/without
dermatoscope)
Teledermatologists

Various TD-Al tools?

Moleanalyzer Pro
Moleanalyzer Dynamole

Moleanalyzer Pro
Moleanalyzer Pro
Moleanalyzer Pro

Moleanalyzer Pro
Dermatologists

Moleanalyzer Pro

Moleanalyzer Pro
Dermatologists
Other Al-tool®

Moleanalyzer Pro
Dermatologists
Both combined

Diagnostic accuracy
Diagnostic accuracy
Diagnostic accuracy
Diagnostic accuracy Clinical

management decisions

Diagnostic accuracy Clinical
management decisions

Diagnostic accuracy

Diagnostic accuracy
Diagnostic accuracy
Diagnostic accuracy

Diagnostic accuracy

Diagnostic accuracy

Diagnostic accuracy

Diagnostic accuracy
Unnecessary excisions
Dermatologist and patient
acceptability

NR, not reported; TD, teledermatologist assessment.
a Teledermoscopy DermEngine, MetaOptima, MelaFind, Verisante Aura.
b Based on resnet34 architecture trained with images from the HAM10000 database.

Both studies were at high risk of selection bias due to the exclusion of participants who would have otherwise been
eligible for assessment in clinical practice, including non-melanocytic lesions, and for MacLellan (2023), Fitzpatrick
skin types higher than lll. The threshold for a positive diagnosis with Al was not reported in MacLellan (2023);
therefore, the index test domain was at unclear risk of bias. The reference standard tests were at low risk of bias. As
with DERM studies, excision and histology were not performed in all participants in Winkler (2023). However, the risk
of bias regarding the reference standard was low, due to the use of clinical follow-up data and expert consensus for
non-excised lesions. There was insufficient information from the study to assess the flow of study participants and
exclusions from analysis; therefore, this domain was at unclear risk of bias.

Study exclusions in both studies (notably non-melanocytic lesions), the high prevalence of melanoma, and the inclusion
of lesions deemed ‘challenging’ by a dermatologist in MacLellan (2023) limit the applicability of both studies to an
urgent referral population. The model of dermatoscope used was not reported in Winkler (2023), and it was out of date
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TABLE 10 Participant characteristics of the Moleanalyzer Pro studies included in the review

Fitzpatrick skin type Melanoma lesions
Mean age (range) % female (%) Ethnicity (%) Lesion location (%) (%)
Maclellan 20212 52 (31-86) 46 1:3 NR Head/neck: 242 28.2
1l: 60 Trunk: 422
1l: 36 Extremities: 312
IV-VI: <1 Acral: 3°
Winkler 2023% 53(19-91) 48 I:3 NR Head/neck: 8 16.7
1l: 34 Trunk: 65
1l: 56 Upper extremities:
IV: 6 10
V-VI: 1 Lower extremities:
15
Acral: 1
Nail: 1

NR, not reported.
a Only reported for lesions confirmed as melanoma.

TABLE 11 Quality assessment of Moleanalyzer Pro diagnostic accuracy studies

Risk of bias Applicability concerns

P I R P 1 R
MaclLellan 2021 Moleanalyzer X ? v ? X v v
Winkler 2023 Moleanalyzer X v v ? X v v
MacLellan 2021 Dermato. X v v ? X X v
Winkler 2023 Dermato. X v v ? X ? v
Maclellan Teledermato. X v v ? X X v
Maclellan Moleanalyzer vs. dermato. and teledermato. X ? v ? N/A N/A N/A
Winkler Moleanalyzer vs. dermato. X v v ? N/A N/A N/A

Dermato., face-to-face dermatologist assessment; FT, flow and timing; |, index test; N/A, not application; P, patient selection; R, reference
standard; teledermato., remote dermatologist assessment on images. v/, indicates low risk; X, indicates high risk; ?, indicates unclear risk.

in MacLellan (2023), which limited the applicability of dermatologist assessments. There were no concerns regarding the
applicability of reference standards.

Diagnostic accuracy

Winkler (2023) reported the diagnostic accuracy of using Moleanalyzer Pro both with and without clinical input;
MacLellan reported results for Moleanalyzer Pro, face-to-face dermatology and remote dermatologist diagnosis alone.
The results presented were for the diagnosis of melanoma only; no data were reported for other types of skin cancer or
for premalignant and benign lesions. Results for Winkler (2023) and MacLellan (2021) are presented in Tables 12 and 13
respectively. Winkler (2023) also reported ROC curves of diagnostic performance. These are reproduced, in a simplified
form, in Figure 10. PPV and negative predictive value (NPV) were not reported.

A meta-analysis of the two studies found that Moleanalyzer Pro alone had a sensitivity of 84.4% (95% Cl 73.9 to
91.0) and a specificity of 84.5% (95% Cl 72.0 to 92.1) to detect melanoma. In both studies, Moleanalyzer Pro had
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TABLE 12 Diagnostic accuracy in Winkler (2023)

Sensitivity? Specificity? Accuracy?
Moleanalyzer Pro alone 81.6 (66.6 to 90.8) 88.9 (83.7t0 92.7) 87.7 (82.8 to 91.4)
Dermatologist alone 84.2 (69.9 to 92.6) 72.1 (65.3 to 78.0) 74.1 (68.1to 79.4)
Dermatologist with Moleanalyzer Pro 100.0 (90.8 to 100.0) 83.7 (77.8 to 88.3) 86.4 (81.3 to 90.3)

a Results expressed as % and 95% ClI.

TABLE 13 Diagnostic accuracy in MacLellan (2021)?

Sensitivity? Specificity?
Moleanalyzer Pro alone 88.1(79.4 to 96.9) 78.8 (71.5 to 86.2)
Dermatologist alone 96.6(91.9 to 100) 32.2(18.4 to 46.0)
Teledermatologist alone 89.8 (79.6 to0 96.2) 66.0 (57.8to 73.5)
a Results expressed as % and 95% CI.
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FIGURE 10 Receiver operating characteristic curves for Moleanalyzer Pro for melanoma diagnosis (adapted from Winkler 2023).
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somewhat poorer sensitivity, but higher specificity for detecting melanoma than face-to-face dermatologists. Compared
with teledermatology, Moleanalyzer Pro had slightly lower sensitivity and higher specificity in MacLellan (2021).
Combining Moleanalyzer Pro with dermatologist assessment had higher sensitivity and specificity than assessment

by dermatologists alone. The estimated sensitivity is lower than observed for DERM, but the ROC curve in Figure 10
suggests that Moleanalyzer Pro could achieve a specificity of around 60-75% at a sensitivity of over 95%, which is
similar to that observed for DERM (see e.g. Figure 5).

The EAG did not identify any evidence on the diagnostic accuracy of Moleanalyzer Pro for the detection of SCC, BCC or
malignant lesions in general.

Implementation, resource use and related outcomes

Referral rates

One study of Moleanalyzer Pro evaluated referral decisions with face-to-face dermatology alone and following the
integration of Al into decision-making. In Winkler (2023),? dermatologists originally recommended the excision of
104 of 190 (54.7%) benign nevi. After reviewing and integrating Moleanalyzer Pro results into decision-making, the
estimated rate of unnecessary excisions was reduced by 19.2% from 104 to 84 nevi (p < 0.001), while the rate of
excision of malignant lesions was not significantly changed (p > 0.99). The percentage of nevi managed by follow-up
examinations was increased with the integration of Moleanalyzer Pro results into decision-making (from 37.9% to
44.7%, p = 0.053).

The EAG did not identify any other evidence from Moleanalyzer Pro studies included in the synthesis on
implementation, resource use and related outcomes.

Acceptability to healthcare professionals

Winkler (2023) reported on feedback from dermatologists.?? Dermatologists were asked after every assessment of

a lesion whether or not they judged the CNN scores to be helpful and/or reassuring. For 205 out of 228 lesions,
dermatologists completed the evaluation. Out of 205 replies, 159 indicated CNN scores were reassuring (77.6%) and
173 CNN scores were perceived to be helpful (84.4%).

Clinical impact and patient benefit
The EAG did not identify any evidence on Moleanalyzer Pro, published or unpublished, on any clinical outcomes.

Non-clinical benefits to patients

Patients recruited to Winkler (2023)% were provided with a questionnaire including 10 statements, based on the

‘trust in medical technology’ instrument. For each item, response categories indicated the level of agreement with a
statement, from very high to none, and undecided. Results are summarised below, pragmatically grouped by categories
referring to the outcomes of interest for this report (reassurance, waiting for diagnosis, acceptability), although several
items could be considered to contribute to multiple outcomes.

Reassurance that lesion is not cancerous

Responses indicated that patients generally trusted the CNN results (76% very high/high agreement) (Figure 11). CNN
results were considered trustworthy by 81.5% of respondents (very high/high agreement) and the CNN exam provided
a feeling of increased safety for 88.5% of respondents (very high/high agreement). The same level of reassurance was
not found when considering autonomous use of Moleanalyzer Pro. When asked whether the Al tool may offer a higher
diagnostic quality than a physician, 41.1% of respondents indicated low or no agreement. The overwhelming majority of
respondents indicated that they would like the opinion of an expert physician besides an Al-assisted diagnosis (97.8%
very high/high agreement).

Waiting for a diagnosis and associated anxiety
Patients were asked whether they would accept longer examination times for an additional CNN-assisted diagnosis, and
33% expressed very high or high agreement with this statement.
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I would like the opinion of an expert physician besides
a CNN-assisted diagnosis

|

| believe that CNN may sometimes offer a higher
diagnostic quality than a physician

22 318 25 16.1

I would generally trust the results of a CNN-assisted

diagnosis 18

| believe that CNN support may improve the

performance of a physician 88 11

I

| consider CNN results trustworthy

Examination with CNN support gave me a feeling of .
increased safety —_

0% 20% 40% 60% 80% 100%

B Very high/high ~ ® Moderate Low None Undecided

FIGURE 11 Reassurance offered by Moleanalyzer Pro results, percentage agreement. Figure was created by the EAG based on data from
Figure $2.40

Acceptability of Al technologies or processes

Three questionnaire items related to acceptability of using Moleanalyzer Pro in the diagnostic process (Figure 12).
Respondents generally did not believe that a CNN may completely replace the examination by a physician (26%
moderate agreement, 23% low agreement, 28% no agreement). However, responses relating to the use of Al to assist
the diagnosis made by a clinician were more favourable, with patients generally indicating they accepted the use of the
tool by clinicians (85% no agreement with statement that CNN should not be used).

In my everyday life | trust automated devices that are
intended to increase my personal safety (e.g. smoke
detector, lane keeping assist system)

| believe that a CNN should not be used in the context of
healthcare applications 85

| believe that a CNN may completely replace the

examination by a physician 229 28
I T T T T T
0 20 40 60 80 100
M Very high or high agreement ~ ® Moderate agreement Low agreement No agreement Undecided

FIGURE 12 Acceptability of Moleanalyze