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Abstract

VivaScope® 1500 and 3000 systems for detecting and
monitoring skin lesions: a systematic review and economic
evaluation

Steven J Edwards,* Ifigeneia Mavranezouli, George Osei-Assibey,
Gemma Marceniuk, Victoria Wakefield and Charlotta Karner

BMJ Technology Assessment Group, London, UK
*Corresponding author sedwards@bmj.com

Background: Skin cancer is one of the most common cancers in the UK. The main risk factor is exposure
to ultraviolet radiation from sunlight or the use of sunbeds. Patients with suspicious skin lesions are first
examined with a dermoscope. After examination, those with non-cancerous lesions are discharged, but
lesions that are still considered clinically suspicious are surgically removed. VivaScope® is a non-invasive
technology designed to be used in conjunction with dermoscopy to provide a more accurate diagnosis,
leading to fewer biopsies of benign lesions or to provide more accurate presurgical margins reducing the
risk of cancer recurrence.

Objectives: To evaluate the clinical effectiveness and cost-effectiveness of VivaScope® 1500 (Caliber
Imaging and Diagnostics, Rochester, NY, USA; Lucid Inc., Rochester, NY, USA,; or Lucid Inc., MAVIG GmbH,
Munich, Germany) and VivaScope® 3000 (Caliber Imaging and Diagnostics, Rochester, NY, USA) in the
diagnosis of equivocal skin lesions, and VivaScope 3000 in lesion margin delineation prior to surgical
excision of lesions.

Data sources: Databases (MEDLINE, EMBASE and The Cochrane Library) were searched on 14 October
2014, reference lists of included papers were assessed and clinical experts were contacted for additional
information on published and unpublished studies.

Methods: A systematic review was carried out to identify randomised controlled trials (RCTs) or
observational studies evaluating dermoscopy plus VivaScope, or VivaScope alone, with histopathology as
the reference test. A probabilistic de novo economic model was developed to synthesise the available data
on costs and clinical outcomes from the UK NHS perspective. All costs were expressed as 2014 prices.

Results: Sixteen studies were included in the review, but they were too heterogeneous to be combined in
a meta-analysis. One of two diagnostic studies that were deemed most representative of UK clinical
practice reported that dermoscopy plus VivaScope 1500 was significantly more sensitive than dermoscopy
alone in the diagnosis of melanoma (97.8% vs. 94.6%; p = 0.043) and significantly more specific than
dermoscopy alone in the diagnosis of non-melanoma (92.4% vs. 26.74%; p < 0.000001). The results of
another study suggest 100% [95% confidence interval (Cl) 86.16% to 100%] sensitivity for dermoscopy
plus VivaScope 1500 versus 100% (95% Cl 91.51% to 100%) for dermoscopy alone. Specificity varied
from 51.77% to 80.2% depending on the analysis set used. In terms of margin delineation with
VivaScope, one study found that 17 out of 29 patients with visible lentigo maligna (LM) had subclinical
disease of >5mm beyond the dermoscopically identified margin. Using "optimistic’ diagnostic data, the
economic model resulted in an incremental cost-effectiveness ratio (ICER) of £8877 per quality-adjusted
life-year (QALY) (£9362 per QALY), while the ‘less favourable’ diagnostic data resulted in an ICER of
£19,095 per QALY (£25,453 per QALY) in the diagnosis of suspected melanomas. VivaScope was also
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shown to be a dominant strategy when used for the diagnostic assessment of suspected basal cell
carcinoma (BCC). Regarding margin delineation of LM, mapping with VivaScope was cost-effective,
with an ICER of £10,241 per QALY (£11,651 per QALY). However, when VivaScope was used for
diagnosis as well as mapping of LM, then the intervention cost was reduced and VivaScope became a
dominant strategy.

Limitations: There is an absence of UK data in the included studies and, therefore, generalisability of the
results to the UK population is unclear.

Conclusions: The use of VivaScope appears to be a cost-effective strategy in the diagnostic assessment of
equivocal melanomas and BCCs, and in margin delineation of LM prior to surgical treatment.

Future work: High-quality RCTs are required in a UK population to assess the diagnostic accuracy of
VivaScope in people with equivocal lesions.

Study registration: This study is registered as PROSPERO CRD42014014433.

Funding: The National Institute for Health Research Health Technology Assessment programme.
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Plain English summary

kin cancer is one of the most common cancers in the UK. The main risk factor is exposure to ultraviolet

radiation from sunlight or the use of sunbeds. People with suspicious skin lesions may be sent to
hospital for expert examination by a dermatologist. At hospital, the lesion is first examined with a
hand-held device called a dermoscope. After examination, those people with non-cancer lesions are sent
home but lesions that are still clinically suspicious are booked in for surgical removal.

VivaScope® is a non-invasive stationary device designed to be used in addition to dermoscopy to provide a
more accurate diagnosis. This prevents the unnecessary removal of harmless lesions and enables the area
of skin to be removed surgically to be accurately defined, preventing unnecessarily large scars for skin
cancers and reducing the risk of the lesion recurring.

The aim of this project was to look at the clinical benefits of VivaScope and assess whether or not the use
of VivaScope in addition to dermoscopy is better value for money than dermoscopy alone.

The results showed that the use of VivaScope in addition to dermoscopy was more likely to correctly
diagnose skin cancer (melanoma and basal cell carcinoma) and correctly define the area for surgical
removal, and represents good value for money compared with the use of dermoscopy alone.
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Scientific summary

Background

Skin cancer is one of the most common cancers in the UK. It is commonly classified into melanoma skin
cancer (or malignant melanoma), which develops from pigmented cells in the epidermis, and
non-melanoma skin cancer, which develops from cells that produce keratin. Non-melanoma skin cancer
can be further divided into squamous cell carcinoma (SCC) and basal cell carcinoma (BCC). Malignant
melanoma, SCC and BCC make up > 95% of all skin cancers.

The main risk factor for developing skin cancer is exposure to ultraviolet radiation in the form of sunlight
or from the use of sunbeds. Other factors include age, sex, ethnicity, occupation, and personal and family
history of skin cancer.

According to clinical experts, when patients with suspicious skin lesions present at secondary care, they are
first examined with a dermoscope, and those with benign lesions are discharged. However, if the results of
dermoscopy and/or the clinical features give rise to concern, the lesions are surgically excised. Therefore,
the importance of identifying truly positive lesions while curtailing the number of unnecessary biopsies
cannot be overemphasised.

The VivaScope® imaging system is a non-invasive reflectance confocal microscopy (RCM) technology that is
designed to capture highly magnified images. It is used in conjunction with dermoscopy to provide more
accurate diagnosis, leading to fewer biopsies of benign lesions and earlier detection of skin cancers. It may
also be used as a guide to surgery to provide more accurate presurgical margins, preventing unnecessarily
large scars for skin cancers in anatomical areas where tissue preservation is of importance (e.g. face,
hands, feet and genitals), and reducing the risk of recurrence.

Objectives

The following questions are addressed in the clinical effectiveness section of the diagnostic
assessment report:

® What is the clinical effectiveness and cost-effectiveness of the VivaScope® 1500 (Caliber Imaging and
Diagnostics, Rochester, NY, USA; Lucid Inc., Rochester, NY, USA; or Lucid Inc., MAVIG GmbH, Munich,
Germany) and VivaScope® 3000 (Caliber Imaging and Diagnostics, Rochester, NY, USA) in diagnosing
suspicious skin lesions?

® What is the clinical effectiveness and cost-effectiveness of VivaScope 3000 in defining the margins of
dermoscopically equivocal skin lesions?

Although this report is mainly aimed at the current versions of VivaScope (1500 and 3000), VivaScope®
1000 (Lucid Inc., Rochester, NY, USA, or Lucid Inc., MAVIG GmbH, Munich, Germany) and 2500 (Caliber
Imaging and Diagnostics, Rochester, NY, USA), which are earlier models of VivaScope 1500 and 3000,
respectively, were also considered, as they may provide additional information on the current versions.

The eligible reference standard for the assessment of diagnostic accuracy and margin delineation was
histopathology of the biopsy of the excised skin lesion.
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SCIENTIFIC SUMMARY

Methods

This assessment comprises a systematic review of clinical effectiveness and cost-effectiveness studies,
and the development of three de novo economic models.

Clinical effectiveness systematic review

Evidence for the clinical effectiveness of the interventions was identified by searching electronic databases
(MEDLINE, EMBASE, and The Cochrane Library) from inception to 14 October 2014 and updated on

11 February 2015. The search strategy combined terms capturing the interventions and comparators of
interest, and the target condition.

Randomised controlled trials and observational studies evaluating VivaScope were eligible for inclusion.
Two reviewers independently screened all titles and abstracts according to the inclusion criteria. Two
reviewers extracted data from included studies using a standardised data extraction form, and the two
extractions were validated. The quality of included studies was assessed using the quality assessment of
diagnostic accuracy studies tool, according to the Cochrane handbook for diagnostic test accuracy reviews
[Diagnostic Test Accuracy Working Group. Handbook for DTA Reviews. The Cochrane Collaboration; 2013.
URL: www.srdta.cochrane.org/handbook-dta-reviews (accessed 13 January 2015)].

Review methods

Extracted data from included studies and quality assessment for each study were presented in structured
tables and as a narrative summary. Evidence on the following outcome measures was considered:
diagnostic accuracy; number of biopsies performed and repeat biopsies (lesion diagnosis only); morbidity
associated with biopsy or excision surgery; recurrence rate (lesion margin delineation only); adverse events
from biopsy including infections; and health-related quality of life (HRQoL).

Assessment of cost-effectiveness

Evidence for the cost-effectiveness of the VivaScope in the diagnostic assessment of suspected skin lesions
was identified by searching electronic databases (MEDLINE and EMBASE), from inception to October 2014.
The Health Technology Assessment database and NHS Economic Evaluation Database were also searched
for economic evaluations addressing the review question. The search strategy combined terms capturing
the interventions and comparators of interest, and the target condition.

In addition, a de novo economic model was constructed in Microsoft Excel® 2010 (Microsoft Corporation,
Redmond, WA, USA) to estimate the cost-effectiveness of VivaScope 1500 and 3000 in lesion diagnosis
and margin delineation. According to the study populations that were identified as most relevant for the
economic evaluation of VivaScope, three separate ‘part’ economic models were developed:

1. use of VivaScope in the diagnosis of equivocal lesions suspicious of melanoma

2. use of VivaScope in the diagnosis of suspected BCC lesions following a positive or equivocal finding
on dermoscopy

3. use of VivaScope for the margin delineation of lentigo maligna (LM) prior to surgical therapy.

The analysis adopted the perspective of the NHS and Personal Social Services. Costs consisted of
intervention costs of VivaScope (including purchase and maintenance costs, costs of parts and
consumables, staff training and staff time required for the examination), costs associated with the
comparators of the analysis (such as costs of biopsy, histological examination and monitoring), costs of
management of skin lesions following diagnosis, as well as costs incurred following the presurgical
mapping of malignant skin lesions. All costs were expressed in 2014 prices.
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The outcome measure of the economic analysis was the quality-adjusted life-year (QALY). The impact of
the intervention and its comparators on people’s HRQoL was associated with the potential distress from
excision and/or diagnostic biopsy of a lesion, the anxiety while waiting for the diagnostic results, the
unnecessary treatment of people with false-positive (FP) lesions, the progression of the disease in people
with false-negative (FN) lesions and the permanent disutility because of scarring following surgical
intervention of skin lesions on head or neck. Costs and outcomes were discounted at an annual rate

of 3.5%.

Utility data were taken from a systematic review of the literature. The company (MAVIG GmbH, Munich,
Germany) provided the costs associated with the intervention (VivaScope 1500 and 3000 imaging system),
including the purchase price of the equipment and parts and maintenance costs.

Each of the part’ models consisted of a decision tree, followed by a Markov model, which followed patients
and measured future consequences (costs and outcomes) over their lifetime. Deterministic and probabilistic
analyses of all three-part models were undertaken. All input parameters were tested in one-way sensitivity
analyses; additional one-way sensitivity analyses were undertaken to estimate the impact of alternative
scenarios and model assumptions on the results. Finally, two-way sensitivity analyses were carried out to
test the impact of concurrently varying sensitivity and specificity of VivaScope in the diagnostic assessment
of eligible skin lesions suspicious of melanoma or BCC on the cost-effectiveness results.

Results

Clinical effectiveness systematic review

Sixteen studies (13 from electronic databases and three from contacting clinical experts) met the inclusion
criteria. Thirteen of the studies investigated VivaScope in diagnosing suspected or equivocal lesions, and
three studies investigated VivaScope in lesion margin delineation.

Of the 13 studies on lesion diagnosis, six used VivaScope 1500 and one used VivaScope 1500 or 3000.
For earlier versions of VivaScope, three studies used VivaScope 1000, and two studies used both VivaScope
1000 and VivaScope 1500. Only one study used VivaScope 2500.

The majority of the 16 included studies had a low risk of bias and low applicability concerns in patient
selection, conduct of the index test and reference standard. However, concerning flow and timing, the risk
of bias in the majority of the studies was unclear because of poor reporting and/or insufficient data.

The included studies were heterogeneous in terms of study design (e.g. RCM alone or RCM after
dermoscopy), patient population (e.g. different prior history of melanoma) or reporting of results
(e.g. patient based or lesion based). Thus, it was considered unfeasible to combined their results in a
meta-analysis.

Diagnostic accuracy

Diagnostic accuracy was the most commonly reported outcome, reported as sensitivity, specificity, positive
predictive value or negative predictive value. Other diagnostic accuracy data, such as FP, FN and true
negative (TN) rates, were rarely reported and had to be estimated/calculated using other reported
diagnostic data where possible.

Two studies that investigated the use of VivaScope for lesion diagnosis were deemed to be the most
representative of clinical practice in the UK setting. These were validated by clinical experts and, therefore,
formed the basis of the health economic analysis for diagnosis of malignant melanoma.
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One of the two studies assessed the impact of VivaScope 1500 on dermoscopically equivocal lesions.

Of the 343 lesions subjected to VivaScope examination, only 264 were excised (the remaining 79 lesions
were followed up for 1 year but no melanoma was diagnosed). Based on the 264 excised lesions,
dermoscopy plus VivaScope 1500 was significantly more sensitive than dermoscopy alone in the diagnosis
of melanoma (97.8% vs. 94.6%; p =0.043) and significantly more specific than dermoscopy alone in the
diagnosis of non-melanoma (92.4% vs. 26.74%; p < 0.000001). Alternatively, assuming that the 79
lesions followed up were TNs, the sensitivities (RCM 97.8% vs. dermoscopy 93.5%) were similar, while the
specificity for VivaScope was higher (RCM 94.8% vs. dermoscopy 49.0%).

The second study prospectively assessed the potential impact of VivaScope 1500 in a routine melanoma
workflow. At the dermoscopy, patients were referred to one of the following pathways:

no further examination
referral to RCM

RCM documentation (lesions with consistent suspicious clinical/dermoscopic criteria, already
qualified and scheduled for surgical excision)

RCM consultation (equivocal, or moderately suspicious, lesions in which RCM diagnosis would
determine the lesion-definite outcome, i.e. either excision or digital follow-up).

Of 491 lesions, 183 were referred for RCM documentation and 308 for RCM consultation. In the RCM
documentation group, histopathology confirmed 110 RCM positives (23 melanomas, 19 BCCs and
68 benign lesions) and 73 RCM negatives (73 benign lesions).

In the RCM consultation group, RCM identified 81 positives (lesions diagnosed by RCM to be malignant)
and 227 negatives (lesions diagnosed by RCM to be non-malignant). Of the 81 RCM positives, excision
confirmed six melanomas, 19 BCCs and 56 benign lesions. Of the 227 RCM negatives followed up for
3-12 months, 28 showed significant changes but excision confirmed no malignancy, 178 showed no
changes and 21 were lost to follow-up but checks at the local tumour registry identified no excision.

Based on the assumption that all the 21 RCM negatives lost to follow-up in the RCM consultation group
were TNs, the sensitivity (RCM documentation 100% vs. RCM consultation 100%) and specificity (RCM
documentation 51.77% vs. RCM consultation 78.6%) were calculated. However, when the 21 RCM
negatives lost to follow-up were excluded, the sensitivity was 100% and specificity was 80.2% for

RCM consultation.

One study that investigated the use of VivaScope 1500 in margin delineation was also deemed to be the
most representative of clinical practice in the UK setting. Our clinical experts validated this and this trial
formed the basis for the health economic analysis of VivaScope-assisted margin delineation.

This study analysed LM and LM melanoma (LMM) cases to determine whether or not VivaScope 1500
mapping might alter patient care and management. Out of 60 positive sites for LM confirmed by
histopathology, 55 (FN = 5) had been confirmed by VivaScope 1500 and 21 (FN = 39) by dermoscopy, and,
out of 125 LM sites confirmed as negative by histopathology, 121 (FP =4) had been confirmed by
VivaScope 1500 and 122 (FP = 3) by dermoscopy. Histopathology also showed that 17 out of 29 patients
with visible lesions had evidence of subclinical > 5 mm beyond the edge of the dermoscopically identified
margin. In addition, both the length and width of the dermoscopically visible area of the lesion were, on
average, 60% smaller than that determined by VivaScope 1500.
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Cost-effectiveness results

The systematic review on cost-effectiveness identified only one economic evaluation. The study estimated
the impact of VivaScope use on the number of benign lesions needed to excise a malignant melanoma.
The results indicated that VivaScope reduces the number needed to excise of skin lesions suspicious of
melanoma and results in cost savings to the hospital. As the study was conducted in Italy, its findings may
not be generalisable to the UK setting.

The results of primary economic modelling indicate that the cost-effectiveness of VivaScope in the
diagnostic assessment of suspected melanomas was affected by the diagnostic accuracy data utilised in the
model. Using the more ‘optimistic’ diagnostic data from Alarcon et al. (Alarcon |, Carrera C, Palou J,

Alos L, Malvehy J, Puig S, et al. Impact of in vivo reflectance confocal microscopy on the number needed to
treat melanoma in doubtful lesions. Br J Dermatol 2014;170:802-8) resulted in a deterministic incremental
cost-effectiveness ratio (ICER) of £8877 per QALY (£9362 per QALY in probabilistic analysis), while the ‘less
favourable’ diagnostic data from Pellacani et al. (Pellacani G, Pepe P, Casari A, Longo C. Reflectance
confocal microscopy as a second-level examination in skin oncology improves diagnostic accuracy and
saves unnecessary excisions: a longitudinal prospective study. Br J Dermatol 2014;171:1044-51) resulted in
a deterministic ICER of £19,095 per QALY (£25,453 per QALY in probabilistic analysis). VivaScope was also
shown to be a dominant strategy when used for the diagnostic assessment of suspected BCCs with a
positive or equivocal finding on dermoscopy.

Regarding margin delineation of LM, mapping with VivaScope was shown to be cost-effective, as indicated
by a deterministic ICER of £10,241 per QALY (£11,651 per QALY in probabilistic analysis). When
VivaScope was used for diagnosis as well as mapping of LM, then the intervention cost was reduced and it
became a dominant strategy.

One-way sensitivity analysis showed that the most influential parameters across all models were those
relating to permanent disutility as a result of scarring following surgical intervention of skin lesions on the
head or neck (such as the percentage of people experiencing permanent disutility as well as the value of
disutility itself) and the disutility because of anxiety while waiting for the results of biopsy.

Conclusion

VivaScope subsequent to dermoscopy may improve the diagnostic accuracy of equivocal skin lesions
compared with dermoscopy alone, particularly for malignant melanomas. In terms of margin delineation,
VivaScope 1500 mapping for LM and LMM may improve the accuracy in terms of complete excision of
lesions compared with dermoscopically determined margins.

In addition, the use of VivaScope appears to be a cost-effective strategy in the diagnostic assessment

of suspected skin cancer (more specifically, of suspected melanomas with an equivocal finding on
dermoscopy and suspected BCCs with a positive or equivocal finding on dermoscopy) and the margin
delineation of LM prior to surgical treatment, in particular when VivaScope is used for all three indications
considered in the economic analysis.

Limitations

First, UK data are lacking in the included studies and, therefore, generalisability of the results to the UK
population is unclear. This has implications for the NHS.

Second, apart from diagnostic accuracy and lesion recurrence rate (only reported by one study), none of
the outcomes specified in the protocol was reported in the included studies.
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Third, none of the included studies reported diagnostic accuracy results of SCC with VivaScope. This
confirms evidence in the literature that suggest SCCs can be difficult to view using imaging techniques
because their upper surface is often scaly, which can make it difficult to view detail at sufficient resolution.
Fourth, in some of the studies, there was a paucity of data and/or low quality of reported data on the
number of patients with positive and negative test results, making it impossible to construct a 2 x 2
contingency table to calculate sensitivity and specificity.

Further research is also needed on the impact of diagnostic imaging systems on HRQoL in order to
determine the cost-effectiveness of alternative diagnostic strategies in this area with higher certainty.

Study registration

This study is registered as PROSPERO CRD42014014433.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.

Xxviii

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hta20580 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 58

Chapter 1 Background

Conditions and aetiologies

Skin cancer is one of the most common cancers in the UK. In 2011, 13,300 cases of malignant melanoma
were diagnosed, and around 2200 people died from the disease." In 2010, around 100,000 people were
diagnosed with non-melanoma skin cancer, and in 2012 there were 638 deaths from non-melanoma

skin cancer.?

Skin cancer is commonly classified into melanoma skin cancer (also known as malignant melanoma), which
develops from pigmented cells (melanocytes) in the epidermis, and non-melanoma skin cancer, which
develops from cells that produce keratin (keratinocytes).’

Non-melanoma skin cancer can be further divided into squamous cell carcinoma (SCC) and basal cell
carcinoma (BCC). Malignant melanoma, SCC and BCC make up > 95% of all skin cancers. In addition,
there are other rare types of non-melanoma skin cancer including Merkel cell carcinoma, Kaposi sarcoma
and T-cell lymphoma of the skin.?

The main risk factor for developing most types of skin cancer is exposure to ultraviolet radiation in the
form of sunlight or from the use of sunbeds. Other factors that may influence the risk of developing
skin cancer include age and sex, ethnicity, occupation, personal and family history of skin cancer,
socioeconomic status and certain physical characteristics (light eyes or hair; fair skin that sunburns easily;
and having a lot of moles, unusually shaped or large moles or a lot of freckles).#4®

Melanoma

Malignant melanoma is the fifth most common cancer in the UK, accounting for 4% of all new cases.?

Like most cancers, skin cancer is more common with increasing age, but malignant melanoma rates are
disproportionately high in younger people.? Malignant melanoma is almost twice as common in young
women (up to age 34 years) as in young men, but more men die from it.2 Malignant melanoma incidence
rates have increased more than fivefold since the mid-1970s. People from more affluent areas are more likely
than those from more deprived areas to be diagnosed with malignant melanoma at an early stage. The most
common sites of melanoma in men are the trunk, head and neck, and arms, whereas in women they are
trunk, legs and arms.* Survival rates among patients with malignant melanoma have been improving for the
last 25 years and is now among the highest for any cancer. Five-year survival rate ranges from 100% among
patients diagnosed at the earliest stage to 8% (men) and 25% (women) among patients diagnosed once the
disease has spread. Around two-thirds of malignant melanoma cases are diagnosed at the earliest stage.?

There are several different types of melanoma:

1. Superficial spreading melanoma makes up approximately 70% of malignant melanomas. Initially this
type usually grows outwards with low risk of metastasis, but when it eventually starts to grow down
into the dermis it can acquire the capacity for invasion.*

2. Nodular melanoma is the most aggressive form of malignant melanoma. Fourteen per cent of all
melanomas are nodular, and these make up 37% of ultimately fatal lesions. They grow quickly
downwards into the skin, and are usually very dark with a raised area of skin, but may not necessarily
develop from an existing mole.”

3. Lentigo maligna melanoma (LMM) arises from lentigo maligna (LM) or Hutchinson’s freckle, which
present as macular-pigmented lesions. It most commonly appears on the face or other areas of the skin
that has high sun exposure. LM grows outwards very slowly, and it becomes malignant when it starts to
grow down into the deeper layers of the skin. Around 10% of malignant melanomas are LMM.*
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4. Acral lentiginous melanoma is a rare form of melanoma most commonly found on the palms of the
hand, the soles of the feet or under or around the nails. It is the most common type of melanoma in
people with dark skin.*

5. Amelanotic melanomas lack the dark colour of usual melanomas. They are usually non-pigmented
and may appear pink or red with light-brown or grey edges. They make up approximately 5% of
melanomas and are difficult to diagnose, as they can easily be mistaken for other skin conditions.*

Non-melanoma skin cancers

There is known under-recording of non-melanoma skin cancer incidence with an estimated 30-50% of BCC
and around 30% of SCC going unrecorded. This is partly because many cases are treated in primary care or
privately and are not notified to the cancer registries, and partly because most cancer registries record only
the first diagnosis of BCC or SCC.? As non-melanoma skin cancer registrations are known to be incomplete,
they are usually excluded from incidence totals for all cancers combined. Although non-melanoma

skin cancer is extremely common, in the vast majority of cases it is detected early and is not usually
life-threatening. However, around 590 people died from non-melanoma skin cancer in 2011 in the UK.2

Basal cell carcinoma

Basal cell carcinoma is the most common type of non-melanoma skin cancer, making up about 75% of
non-melanoma cases.® It develops on areas of the skin with a high sun exposure, such as the nose, forehead
and cheeks. BCC is slow-growing and rarely spreads or becomes fatal; however, it can invade other types of
tissue such as cartilage and bone in the nose or ears. BCCs can be divided into several subtypes based on
morphology and development including nodular, superficial, morphoeic and pigmented BCCs.

Basel cell carcinomas are more common in older people; people aged > 75 years are about five times more
likely to have a BCC than those people aged between 50 and 55 years.® BCCs are also more common in
males than females. In the UK, the recorded incidence between 2000 and 2010 was around 36% in males
and 32% in females.®

Squamous cell carcinoma

Squamous cell carcinoma is a more serious, but less common, type of non-melanoma skin cancer than
BCC, which has the potential to metastasise to other organs of the body.® Around 20% of diagnosed
non-melanoma skin cancers are SCCs.® The increase in incidence of SCCs from 2000-2 to 2008-10 was
34% in males and 39% in females.®

Squamous cell carcinoma lesions often develop on sun-exposed skin such as the head and neck, but they
can also develop in areas of the skin that have been ulcerated for a long time, in scars, burns or in
pre-existing lesions such as Bowen'’s disease. SCCs are usually crusty or scaly, but can also present as an
ulcer without keratinisation.

Description of technologies under assessment

The aim of skin cancer diagnosis is to identify truly positive lesions while curtailing the number of
unnecessary biopsies. Reflectance confocal microscopy (RCM) is a non-invasive technique that allows
examination of the epidermis and papillary dermis at cellular resolution.®

The VivaScope® imaging systems are non-invasive technologies designed to diagnose potentially malignant
skin lesions. They capture highly magnified images of the upper layer of the skin. They are designed for
use in conjunction with dermoscopy to investigate potentially malignant skin lesions, thus providing a
more accurate diagnosis, leading to fewer biopsies of benign lesions and earlier detection of skin cancers.
They may also be used as a guide to surgery to provide more accurate presurgical margins, preventing
unnecessarily large scars for skin cancers in anatomical areas where tissue preservation is of importance
(e.g. face, hands, feet and genitals), and reducing the risk of recurrence.
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A near-infrared light source is used to visualise skin structures at different horizontal levels within the
upper layer of the skin." The images produced are based on the reflection and scattering of light from
the examined tissue section. Different cell structures lead to different reflection patterns, which are seen
as shades of grey in the captured image. Melanin, haemoglobin, cellular microstructures and collagen
serve as ‘endogenous’ contrast agents. Melanocytic lesions could therefore be potentially well imaged
using VivaScope.

VivaScope® 1500

The stationary device of the VivaScope® 1500 (Caliber Imaging and Diagnostics, Rochester, NY, USA) is
designed for use on extremities such as the back of the hand or the back, chest, leg, arm, cheek or
forehead. The horizontal resolution is reported to be 1.25 pm and the vertical resolution (layer thickness)
is 3-5 um, which corresponds to the layer thickness of normal histological examinations. With the
VivaScope 1500 individual images are 500 x 500 um in size; however, in total, images of an area of
between 1 x 1 mm and 8 x 8 mm may be captured. The imaging depth includes the upper layers of the
reticular dermis.

VivaScope 1500 is a console-based unit. Examination using the VivaScope 1500 involves applying an
adhesive window on the stainless steel ring of the device, which is fixed on the skin over the lesion.
The VivaScope 1500 is positioned on the tissue ring and images can be recorded. The VivaScope 1500
also includes an integrated dermoscope.

VivaScope® 3000

The hand-held VivaScope® 3000 (Caliber Imaging and Diagnostics, Rochester, NY, USA) is designed to
access difficult-to-reach skin regions such as around the nose, ears and eyes, or between fingers. From the
technical specification, VivaScope 3000 can be used for diagnosis, as well as a guide to surgery to provide
presurgical margins of tumours. The resolution of the VivaScope 3000 is the same as that of the VivaScope
1500, but the individual images are 1000 x 1000 um for VivaScope 3000 and the image depth is reported
as up to 200 pm depending on the tissue type. The VivaScope 1500 and 3000 can be used as

stand-alone units or together.

Earlier versions of VivaScope include VivaScope® 1000 (Lucid Inc., Rochester, NY, USA, or Lucid Inc.,
MAVIG GmbH, Munich, Germany) and VivaScope® 2500 (Caliber Imaging and Diagnostics, Rochester, NY,
USA). VivaScope 1000 is a stationary laser microscope device capable of imaging living tissue at the cellular
level. The VivaScope 2500 surgical cellular confocal imager allows the capture cellular resolution images of
the skin and supporting stroma. These images are captured from bulk, excised tissue without the need for
lengthy staining and sectioning protocols.

Costs of the VivaScope 1500/3000 and training needs

The costs associated with examination of skin lesions with VivaScope comprise the purchase (capital) cost
of the VivaScope imaging system, maintenance costs, costs of equipment parts and other consumables
required for the examination, and costs of training staff in operating the system and in the assessment and
interpretation of the images obtained. They also include costs of staff time required for the examination
with VivaScope and subsequent assessment of skin lesions.

According to the company, the purchase price and annual maintenance costs of VivaScope 3000, as an
add-on device to VivaScope 1500, is lower than the respective costs of VivaScope 3000 as a stand-alone
device (Table 1).
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TABLE 1 Summary of cost of VivaScope provided in the briefing note by company

Indicative price of technology £90,224.00 for VivaScope System (dermoscopy + RCM integrated)®
Consumables £1.50/adhesive window per patient lesion

Service/maintenance cost and frequency £4380.00 per annum

Anticipated life span of technology 10 years

Average length of use per treatment 10-15 minutes per treatment

Average frequency of use 15-20 per day

Average cost per treatment” £120.00

Additional costs

Adhesive windows® 100 per box = £147.00 (for VivaScope only?)

Tissue ring® £55.00 (very durable steel ring, usually no replacement required unless loss)®
Crodamol™ oil £7.80

Mediware Alcotip®® £3.30 (usually already available in the hospital, or other disinfectant)®
Ultrasound gel® £3.20 (usually already available in the hospital)®

Cap for VivaScope 3000 £192 (two caps are provided with the device, only in case of loss)®

This price is for the VivaScope 1500 system. Price for a VivaScope 3000 as an add-on scan to a VivaScope 1500 system is
an additional £41,600. Price for a VivaScope 3000 stand-alone system (no VivaScope 1500) is £62,300; all prices plus
value-added tax price variable depending on euro-to-pound exchange rate, based at €1 =£0.84.

The average costs per treatment are estimated on the basis of the 2014 NHS reference costs' for dermatology
outpatient attendance, non-admitted, face-to-face consultant-led examination. This is £109 and is taken to include
dermoscopy. The additional time required for the VivaScope examination and the small additional consumable cost is
factored in to arrive at an estimate of the average cost per treatment for the dermoscopy plus VivaScope examination.

Training on the use of VivaScope consists of the following (information provided by the company,
supplemented by one of the clinical experts providing the training):

Introductory training: this is provided on-site for free with the purchase of VivaScope, lasts
approximately 1-2 days and involves mainly technical training but some basic clinical information is also
offered. The purpose of training is to give technicians and clinicians (i.e. consultant dermatologist,
consultant dermatological surgeon, technical assistant, pathologist and researcher) the ability to
properly use the machine and the software, provide them with an understanding of the anatomical
location of the image on the monitor and detect the most common and evident structures. Participants
are given information image acquisition, data management, operational precautions, etc. The training
course consists of presentations, the revision of manuals, discussion of imaging guidelines and
consideration of appropriate studies of interest.

Independent study with textbooks: this is complementary to the introductory training; VivaScope users
are expected to revise two sophisticated imaging textbooks.

Intensive expert training: this is also provided for free with the purchase of VivaScope and follows the
introductory training and independent study. It is a 3-day course currently offered four times a year at
the University of Modena and Reggio Emilia in Italy, but there are plans to expand it to referral centres
in Europe, including the UK. Four confocal experts who have been working with the VivaScope

for > 10 years provide the training in Italy. They guide the participants through the diagnosis of
melanocytic lesions, non-melanocytic lesions, inflammatory skin diseases, cosmetic applications and
others. It is considered an essential part of the training.

Online training course: provided for free with the purchase of VivaScope, this course consists of

100 cases with expert evaluation made available after student evaluation. It is considered part of the
intensive expert training and is available with the purchase of VivaScope. The aim of this course is to
establish the learning and test the trainee’s skills.
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Diagnosis using VivaScope
VivaScope can be used for diagnosis of different kinds of skin cancer by providing detailed images that
show the morphology of potentially cancerous cells.

According to the company, the main criteria for a diagnosis of malignant melanoma with VivaScope
include the absence of the normal epidermis architecture, lack of delineation of the papillae (non-edged
papillae), irregular nests of atypical melanocytes, and the presence of large and highly refractile cells with
prominent nuclei in higher epidermal layers."

VivaScope can also be used to diagnose BCCs. Five main criteria have been described by the company as
characteristic BCC changes that can be identified using the VivaScope: elongated and monomorphic
nuclei; polarisation of these cells along an axis; pronounced inflammatory infiltrate; increased as well as
dilated blood vessels; and loss of epidermal honeycomb structure.” In addition, tumour cell islands with
peripheral palisading, distinguishable from the dermis by a dark gap, are often identified in the dermis.
This optical gap formation corresponds histologically to the accumulation of mucin.

Sguamous cell carcinomas can be difficult to view using imaging techniques because their upper surface is
often scaly, which can make it difficult to obtain sufficient resolution detail.”

Relevant comparators

In clinical practice, lesions suspected of malignancy are assessed by visual examination of the lesion
followed by dermoscopy by an experienced diagnostic clinician [dermatologist, plastic surgeon, nurse
specialist, general practitioners (GPs)]. Decisions on tumour margin delineation prior to surgery are based
on guidelines by the British Association of Dermatology (BAD)." For example, all suspected melanomas are
excised with a 2.0-mm margin and then re-excision is based on the Breslow thickness. BCCs are generally
excised with a 3.0- to 4.0-mm margin unless they are being excised by Mohs surgery, and if they are
recurrent a 6.0-mm margin is sometimes used.?

Care pathways/current practice

According to clinical experts, patients with suspicious skin lesions are referred to secondary care by their
GP. After a dermoscopic examination, patients with benign lesions are discharged and those with
suspicious clinical and dermoscopic features go straight diagnostic excision biopsy.

Melanoma

Melanoma remains relatively uncommon in primary care settings and, therefore, the opportunities to
develop specific diagnostic skills are limited and all suspected melanoma lesions should therefore be
referred within 2 weeks to an appropriate core member of the local specialist multidisciplinary skin cancer
team, the Local Hospital Skin Cancer Multidisciplinary Team (LSMDT)."

The National Institute for Health and Care Excellence (NICE)™ has produced the following draft guideline
on the assessment and management of melanoma (Box 7).

In secondary care, assessment of suspected malignant lesions can be improved using dermoscopy.
According to the revised UK melanoma guidelines,' if malignancy cannot be excluded the lesion should be
photographed and then completely excised. The excision biopsy should include the whole tumour with a
clinical peripheral margin of 2.0 mm, with a cuff of underlying subdermal fat. Definitive diagnosis is then
made by histopathological review of the biopsy. If malignancy is confirmed, subsequent treatment options
are then based on the Breslow thickness of the tumour.
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BACKGROUND

BOX 1 National Institute for Health and Care Excellence' draft guidelines on the diagnosis and management
of melanoma

Dermoscopy and other visualisation techniques

e Dermoscopy should be used to assess all pigmented skin lesions referred for further assessment, by
health-care professionals trained in this technique.

e Confocal microscopy or computer-assisted diagnostic tools should not routinely be used to assess
pigmented lesions.

Photography

e For a clinically atypical melanocytic lesion that does not need excision at first presentation, baseline
photographic images (preferably dermoscopic) should be used to review the clinical appearance of the
lesion, 3 months after first presentation to identify early signs of melanoma.

Borderline and spitzoid melanocytic lesions

e All suspected atypical spitzoid lesions should be discussed at the specialist skin cancer multidisciplinary
team meeting.

e Diagnosis of a spitzoid tumour of unknown malignant potential should be made on the basis of the
histology, clinical features and behaviour.

e Spitzoid tumours of unknown malignant potential should be managed as melanoma.

Managing American Joint Committee on Cancer stages 0-1l melanoma
e Excision

o Excision with a clinical margin of >0.5 cm for people with in situ (stage 0) melanoma should
be considered.

o Further management should be discussed with the multidisciplinary team if an adequate histological
margin is not achieved after excision for in situ melanoma.

o Excision should be offered with a clinical margin of at least 1.0 cm to people with AJCC stage |
(Breslow thickness < 2.0 mm) melanoma.

o Excision should be offered with a clinical margin of at least 2.0 cm to people with AJCC stage |I
(Breslow thickness 2.0 mm or more) melanoma.

AJCC, American Joint Committee on Cancer.
Source: adapted from NICE. Melanoma: Assessment and Management of Melanoma. NICE Guideline.
London: NICE; 2015.™

In cases where it is not possible to diagnose a lesion as a melanoma or a benign melanocytic naevi

(the so-called ‘'melanocytic lesion of uncertain malignant potential’,'® the patient should be referred to a
specialist skin cancer multidisciplinary team (SSMDT) for clinical and pathological review.”™ A decision to
treat as a melanoma should be made by the SSMDT in discussion with the patient.

Incision or punch biopsy may be used for diagnosis of LM or acral melanoma. However, with LM there

is a risk of subclinical microinvasion, that is progression into an LMM, which may be missed because of
sampling errors when using incisional biopsies.
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Surgery is the only curative treatment for melanoma. Following excision biopsy for diagnosis, a wider and
deeper margin, based on Breslow thickness, may be needed to ensure complete removal of the primary
lesion and any micrometastases.” Recommended surgical excision margins are summarised in Table 2.
However, the final decision about the size of the margin should be made after discussion with the patient
and taking into consideration functional and cosmetic implications of the margin chosen.

For LM the aim is to excise the lesion completely with a clear histological margin, after which no further
treatment is then required. For large in situ LMMs, surgical margins of > 0.5 cm may be necessary to
achieve histologically negative margins.' There may also be clinical situations where treatment by other
methods, such as radiotherapy or observation only, may be appropriate.

Basal cell carcinoma

Lower-risk nodular BCC may be removed in primary care by suitably qualified GPs (only in low-risk sites,
below the head and neck, and < 2 ¢cm in diameter). However, if there is uncertainty around the diagnosis
or if the BCC is of any other high-risk subtype, it should be referred to a LSMDT." In most cases
dermatologists can make a confident diagnosis of BCC by visual examination of the lesion, which may be
helped by dermoscopy. If there is uncertainty around the BCC diagnosis or around the subtype of BCC,
which may influence prognosis or treatment selection, diagnosis should be confirmed by biopsy and
histology. The aim of treatment of BCC is to remove the tumour while resulting in a cosmetic outcome
that is acceptable to the patient.”

The treatment options for BCC depend on if the lesion is classified as having a low or high risk of
recurrence following treatment, which depends on a range of prognostic factors including:

tumour size (increasing size indicates a higher risk of recurrence)

tumour site (lesions on the central face, especially around the eyes, nose, lips and ears, are at higher
risk of recurrence)

definition of clinical margins (poorly defined lesions are at higher risk of recurrence)

histological subtype (certain subtypes leads to a higher risk of recurrence)

failure of previous treatment (recurrent lesions are at higher risk of further recurrence).

Techniques that do not allow histological confirmation of tumour clearance are generally used for only
low-risk BCC lesions. These include cryosurgery, curettage, radiotherapy, topical treatments such as
imiquimod (Aldara®, Meda Pharmaceuticals Ltd, Essex, UK) and photodynamic therapy. The exception is
radiotherapy and Mohs surgery, which are also used for high-risk BCCs. Surgical excision is widely used to
treat both low- and high-risk BCCs.™

TABLE 2 Recommended surgical excision margins

In situ 5.0mm
<1.00 1.0cm
1.01-2.00 1-2cm
2.10-4.00 2.0cm
>4.00 2-3cm'®"
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BACKGROUND

Squamous cell carcinoma
In common with all suspected melanoma, every SCC presenting in primary care should be referred, under
the 2-week rule, to the LSMDT, which will establish the diagnosis histologically.™

The majority of SCC tumours are at low risk of metastases, but it is essential to identify the estimated 5%
of SCC tumours that are high risk.® SCC tumours are deemed low or high risk based on several prognostic
factors that may influence their metastatic potential, including tumour site, size, thickness and level

of invasion; rate of growth; aetiology; presence of perineural or lymphovascular invasion; degree of
histological differentiation (subtype); and host immunosuppression.® However, the malignant behaviour

of SCC tumours varies greatly.

The aim of treatment is complete removal of the primary tumour and any metastases. The success of the
treatment is highly dependent on the definition of tumour margin. The gold standard for tumour margin
identification is histological assessment. However, determining tumour extent may be challenging,
particularly when the margins of the tumour are ill-defined or any metastases are discontinuous from the
primary tumour. Locally recurrent tumours may arise either because of the failure to treat the primary
tumour or from local metastases.’

Surgical excision (including Mohs micrographic surgery), a highly specialised surgical method for removing
high-risk skin tumours, is the primary treatment option for the majority of SCCs. The advantage of surgical
excision is that it provides tissue for histological examination, which allows assessment of the adequacy of
treatment and for further surgery if necessary. Other treatment options include curettage and cautery, and
cryosurgery for small, well-defined, low-risk tumours, and radiotherapy for non-resectable tumours with
ill-defined margins.®

Place of intervention in diagnosis and treatment pathway

VivaScope 1500 is intended as an add-on test to dermoscopy used in hospital settings to avoid biopsy for
potential malignant melanoma, LM, BCC or SCC skin lesions. It may also be used to diagnose skin cancer
in patients with equivocal melanocytic skin lesions who would otherwise have been biopsied. VivaScope
3000 can be used for both lesion diagnosis and to define the margins of melanoma, BCC, SCC and LM
skin lesions to guide surgical excision.

However, in the latest NICE™ guideline on assessment and management of melanoma, clinicians are
advised not to routinely use confocal microscopy (such as VivaScope) or computer-assisted diagnostic tools
to assess pigmented lesions in the diagnosis of melanoma.

Therefore, in reviewing the evidence on the use of VivaScope in the diagnosis of malignant melanoma or

defining margins of melanoma, this systematic review looks at the evidence beyond the scope of the
NICE™ and National Comprehensive Cancer Network draft guideline.'
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Chapter 2 Definition of the decision problem

Decision problem

Population
The VivaScope 1500 and 3000 imaging system was assessed in the diagnosis of skin cancer in the
following populations:

® people with suspected melanomas, who have equivocal lesions following dermoscopy
® people with suspected BCCs, whose lesions have a positive result on dermoscopy, to confirm diagnosis
as an alternative to diagnostic biopsy.

The above populations were considered to be the most relevant to undergo diagnostic assessment with
VivaScope, according to clinical experts to the Evidence Assessment Group (EAG). The NICE scope defines
the study population as ‘people with equivocal lesions following dermoscopy’; however, clinical experts
advised the EAG that suspected BCC lesions are rarely equivocal on dermoscopy and that the use of
VivaScope in suspected BCC would be mainly to confirm diagnosis in lesions that were found positive on
dermoscopy, as an alternative to diagnostic biopsy.

Equivocal lesions include any lesions that are suspected of being melanoma based on a number of
characteristics on dermoscopy, with the exception of clear-positive (cancerous) lesions that have all the
dermoscopic characteristics of melanoma and clear-negative (benign) lesions that show no features for
melanoma (no changes) on dermoscopy.

The risk of equivocal lesions being malignant is overall low. There are different degrees of ‘equivocalness’,
depending on the dermoscopic characteristics of the lesion and subjective experience and interpretation.

Clinical expert advice indicated that highly suspicious equivocal lesions are:

® lesions with at least two positive dermoscopic features, including one major criterion, or three minor
positive features suggestive of melanoma, and/or
lesions clearly changed after digital follow-up, and/or
new or growing lesions in an adult with at least one dermoscopic positive criterion, or papular/nodular
or pink or spitzoid lesions.

In all those cases, excision is prompted and examination with VivaScope does not represent a real
advantage as the risk to miss a melanoma remains too high.

Low or moderately suspicious equivocal lesions are:

® lesions with only one major dermoscopic positive feature or two minor features, and/or
® no clear history of minor changes.

In such cases, excision is possible but other options could be taken into account, such as digital follow-up,
especially in the case of flat lesions in patients with multiple moles; however, digital follow-up can delay a
melanoma diagnosis. The majority of low or moderately suspicious equivocal lesions that are excised are
benign and examination with VivaScope can play a major role in reducing this burden of unnecessary excisions.
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DEFINITION OF THE DECISION PROBLEM

Clinical experts advised that VivaScope is less suitable for the detection and assessment of skin lesions
suspected of being SCC, as this type of skin cancer is usually scaly because of severe hyperkeratosis. This
often limits the evaluation of SCC lesions, as it is more difficult to capture images of structures deeper in
the tissue. Moreover, no evidence on the diagnostic accuracy of VivaScope in this type of skin cancer was
identified in the systematic review of clinical evidence. Therefore, it was decided not to include people with
skin lesions suspected of being SCC in the diagnostic economic model.

Regarding margin delineation, VivaScope 3000 was assessed in the following population:

® patients with LM prior to surgical management.

According to clinical expert advice, margin delineation of melanomas with VivaScope is not useful in
clinical practice, as the margins of melanomas are clearly defined and can be completely excised following
BAD guidance;> consequently, VivaScope mapping of melanomas does not offer any clinical utility and,

therefore, was not considered further for economic modelling.

Clinical experts advised that margin delineation of BCCs using VivaScope may be difficult, as BCCs may be
too deep so their margins may not be accurately mapped with VivaScope.

VivaScope is not appropriate for the assessment of SCC lesion margins; in addition to the scaly nature of
the lesion, it may be too deep and/or the margin may be poorly defined.

Setting
Secondary care.

Intervention and comparator

Interventions

® Diagnosis Assessment of the lesion by dermoscopy plus VivaScope or VivaScope alone by an
experienced skin cancer specialist.

® Delineation of lesion margins Assessment of the lesion by dermoscopy plus VivaScope or VivaScope
alone by an experienced skin cancer specialist.

Although this report is mainly aimed at the current versions of VivaScope (1500 and 3000), earlier versions

such as VivaScope 1000 and 2500 were also considered, as they may provide additional potential

information on the current versions.

Comparators

® The comparator eligible for inclusion for the assessment of both diagnostic accuracy and delineation of
lesion margins was visual assessment of the lesion followed by dermoscopy and clinical judgement by
an experienced skin cancer specialist.

Reference standard

® The eligible reference standard for the assessment of diagnostic accuracy and margin delineation was
histopathology or biopsy of the excised skin lesion.
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Outcomes
The following outcomes were considered subject to available evidence from included studies:

® Diagnosis

diagnostic accuracy

time to test result

test failure rate, for example imaging failure

number of biopsies performed and repeat biopsies

morbidity associated with biopsy such as pain and swelling

extent of scarring and associated psychological impact

adverse events from biopsy including infections

adverse events from false test results including patient distress and sequelae
health-related quality of life (HRQoL)

cost-effectiveness

O 0OO0OO0OOOOOODO

® Delineation of lesion margins

diagnostic accuracy

time to result

imaging failure rate

number of surgical procedures/surgical stages

morbidity associated with excision surgery such as pain and swelling
recurrence rates

extent of scarring and associated psychological impact

adverse events from false test results including patient distress and sequelae
adverse events from surgery including infections

HRQoL

cost-effectiveness.

O 0OO0OO0O0OOOOOOO

Overall aims and objectives of assessment

To evaluate the clinical effectiveness and cost-effectiveness of the non-invasive RCM VivaScope 1500 and
3000 imaging systems, to avoid unnecessary biopsy of equivocal skin lesions suspected to be malignant
melanoma, LM, BCC or SCC, relative to current practice.

To evaluate the clinical effectiveness and cost-effectiveness of the non-invasive RCM VivaScope 3000
imaging system in defining the margins of melanoma, BCC, SCC and LM skin lesions, relative to
current practice.
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Chapter 3 Assessment of clinical effectiveness

Methods for reviewing clinical effectiveness

A systematic review was conducted to summarise the evidence on the clinical effectiveness of VivaScope
1500 for lesion diagnosis and VivaScope 3000 for margin delineation. However, the scope was broadened
to include previous or earlier versions, such as VivaScope 1000 and 2500, in order to capture data that
may be missing by including only the current versions.

The systematic review methods followed the principles outlined in the Centre for Reviews and
Dissemination guidance for undertaking reviews in health care?® and in the NICE Diagnostic Assessment
Programme manual.?’

Inclusion and exclusion criteria
Inclusion and exclusion criteria in terms of population, interventions and comparators, reference standard
test and outcome measures have been described in Chapter 2.

Study design
The following types of studies were eligible for inclusion:

® randomised controlled trials (RCTs) or observational studies, in which participants are assigned to
dermoscopy plus VivaScope or VivaScope alone for diagnosis or skin lesion delineation, and where
outcomes are compared at follow-up

® test accuracy studies assessing the test accuracy of dermoscopy plus VivaScope or VivaScope alone with
histology of biopsy as the reference standard.

The following study/publication types were excluded:

® preclinical and animal studies
® reviews, editorials and opinion pieces
® case reports.

Search strategy

The searches combined terms for the condition and terms for the technology being assessed. For the
technology we used both generic terms (e.g. RCM) and terms for the specific product (e.g. VivaScope).
The search strategy was refined by scanning key papers identified during the review, through discussion
with the review team, clinical experts and information specialists.

Electronic sources including MEDLINE, EMBASE and The Cochrane Library were searched. In addition,
systematic reviews from the Cochrane Database of Systematic Reviews, the Database of Abstracts of
Reviews of Effects, the Health Technology Assessment Database and Cochrane Central Register of
Controlled Trials were searched as sources of other relevant references or studies

Electronic databases were searched from database inception on 14 October 2014 and results uploaded
into EndNote (version 7.2; Thomson Reuters, CA, USA) and deduplicated. Full details of the terms used in
the searches are presented in Appendix 1. The searches were updated on 11 February 2015.
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ASSESSMENT OF CLINICAL EFFECTIVENESS

Two reviewers independently screened all titles and abstracts according to the inclusion criteria. Full-text
manuscripts of any titles/abstracts of potential relevance were obtained and assessed independently by two
reviewers. Authors of papers for which insufficient details were available to allow data extraction and/or
critical appraisal of study quality were contacted. Discrepancies between the two reviewers were resolved
by consensus, with involvement of a third reviewer when necessary.

Potentially important ongoing and unpublished UK-based studies were also searched using:
clinicaltrials.gov, controlled-trials.com, clinicaltrialsregister.eu. Reference lists of included papers were
assessed for additional relevant studies, and clinical experts were also contacted for additional information
on published and unpublished studies.

Relevant reviews and guidelines were identified through searching additional resources, including Clinical
Evidence, the NICE website, National Institute for Health Research Health Technology Assessment
programme, NHS Evidence, National Library of Guidelines, Scottish Intercollegiate Guidelines Network
Guidelines and the Guidelines International Network website.

In addition, abstracts from the following key conference proceedings were searched for relevant studies
from 2012:

annual meeting of the BAD

annual meeting of the British Society of Dermapathology
congress of European Association of Dermato-Oncology
annual meeting of the American Academy of Dermatology
annual meeting of the American Society of Dermapathology.

No limits relating to language of publication were applied to the searches.

Inclusion screening and data extraction

Data were extracted using a standardised data extraction form by one reviewer, and checked by a second
reviewer after the pilot of six studies, which was done in duplicate. Information extracted included details
of the study’s design and methodology, intervention and comparator tests, reference standard, baseline
characteristics of participants and outcome measures, including clinical outcome efficacy and any adverse
events. Discrepancies between the two data extractors were resolved by discussion, with involvement of a
third reviewer if necessary or contact with study authors for clarification.

Quality assessment

Two reviewers assessed the quality of included studies and the two extractions were compared. Any
disagreements were resolved by consensus and, if necessary, a third reviewer was consulted. The quality of
diagnostic studies was assessed using the quality assessment of diagnostic accuracy studies (QUADAS-2)
tool,* according to recommendations by the Cochrane Handbook for diagnostic test accuracy reviews.??

If clinical effectiveness studies that met the eligibility criteria were identified, we assessed their quality
according to the study design. The quality of RCTs was assessed in accordance with the recommendations
of the Centre for Reviews and Dissemination and the Cochrane Handbook for Systematic Reviews of
Interventions®*?> and recorded using the Cochrane risk-of-bias tool.2® When suitable for inclusion, the
quality of cohort studies was assessed using the Newcastle-Ottawa Scale.?’

Methods of analysis/synthesis
Details of test accuracy, clinical effectiveness and quality assessment for each included study are presented

in structured tables and as a narrative summary.

For test accuracy data, results of sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) are presented in this report. Where these are not reported, absolute numbers of
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true-positive (TP), false-negative (FN), false-positive (FP) and true-negative (TN) test results were used to
calculate sensitivity and specificity values.

Where results could be combined, we intended to use absolute numbers of effect or aggregate data
(means) with standard deviations (SDs) in standard frequentist meta-analyses to produce forest plots of
pooled data. Heterogeneity was to be assessed by doing a sensitivity analysis regardless of the [>-statistic.

We also planned to analyse accuracy data using patient-level data and not lesion-level data because of the
difficulty in estimating within-study variance.?® Estimates of sensitivity and specificity and their confidence
intervals (Cls) were to be plotted in forest plots to explore heterogeneity in the first instance. A
random-effects meta-analysis was planned to fit the bivariate summary receiver operating characteristics
curve model with the within-study variance fitted as binomial.*

Results of the assessment of clinical effectiveness
Quantity and quality of research available

Included studies
A total of 7446 records were identified from clinical effectiveness searches in electronic databases. After
deduplication, 5122 records were screened for eligibility based on title and abstract (Fiqure 7).

Full publications of 347 references were ordered and, after screening for eligibility, 11 studies®*“*° met the
inclusion criteria. The database searches were updated from October 2014 to February 2015, and a further
two studies*#? that met the inclusion criteria were identified. Three additional studies**** were obtained
by hand-searching and contacting clinical experts in the field. Thus, in total, 16%°*'437¢ studies were
identified that met the inclusion criteria for the review. No study was identified from conference
proceedings that met the inclusion criteria.

Figure 1 shows the flow diagram for included and excluded studies of clinical effectiveness. A list of
excluded references (with reason for exclusion) is presented in Appendix 2, and Appendix 3 shows a list
of ongoing trials identified from searching trial registers.

Study characteristics

Study indication
Out of the 16 included studies, 1330-343638-40.4346 indicated the use of VivaScope or RCM in diagnosing
suspected or equivocal lesions and three®*?74! were indicated in lesion margin delineation.

Population

There were different inclusion criteria for all the included studies. Patients in the 13 studies on lesion
diagnosis had suspicious lesions®*3°4%¢ or dermoscopically equivocal lesions (melanoma, BCC) 3034384345
The three studies indicated for lesion margin diagnosis enrolled patients with LM lesions > 5 cm (that
would require complex reconstructive surgery) or recurrent LM,*® or patients with clinically suggestive
BCC? or surgically removed BCCs.*'

Only three studies specified exclusion criteria.***®4? Reasons for exclusion included LM and lesions of
the soles and palms,** lesions not amenable to RCM (i.e. physically inaccessible site), and if patients
had a previous diagnostic biopsy done on the lesion® or clinical and/or dermoscopic clear-cut
epithelial tumours.*
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Records identified from electronic
databases (total )
e EMBASE,
e MEDLINE,
¢ The Cochrane Library,

Deduplication |
A 4

Records screened for eligibility
based on title and abstract

Records excluded based
on title and abstract

\ 4
Full-text articles assessed
for eligibility
Full-text papers excluded with
reasons (total )
e Intervention/comparator, .
¢ Review/editorial, Articles identified from
e Patient/lesion characteristics, P updated database searches
e Setting (primary care), on 11 February 2014
Articles identified by
I hand-searching and
contacting experts
A 4
Articles meeting inclusion criteria (total )

¢ Lesion diagnosis,
¢ Lesion margin delineation,

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for studies included
and excluded from the clinical effectiveness review.

For the 13 studies on lesion diagnosis, the number of participants enrolled ranged from 423 to 423,%
while the number of participants in studies for lesion margin delineation ranged from 10* to 74.%'
However, the unit of analysis in the included studies was patient-level data,?****¢* lesion-level

data®® 3338394243 or the number of positive or negative sites.33”*" The reported median age ranged from
47% 1o 62 years,”® and mean age ranged from 44.2%¢ to 71 years.®

Study design

In 10 out of the 13 studies on lesion diagnosis, consecutive patients were enrolled prospectively from
settings including melanoma or dermatology clinics in tertiary or university hospitals,*323436:38-40,42,43
whereas other studies retrospectively selected images of previously imaged sets of lesions® or excised
lesions.**> Of the three studies on lesion margin diagnosis, one retrospectively assessed and interpreted
lesion images in patients previously enrolled in two university-based clinics/hospitals® and two
prospectively recruited patients/lesions randomly from a dermatology department®” or Mohs surgery unit.*'
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Intervention and comparator

Of the 13 studies on lesion diagnosis, two used VivaScope 1500 with dermoscopy as a comparator,%42
four used VivaScope 1500 without dermoscopy as a comparator®'2%4%4> and one study used VivaScope
1500 or VivaScope 3000 with dermoscopy as a comparator.* Owing to the lack of data, we included
additional studies without dermoscopy as a comparator.

For earlier versions of VivaScope, one study used VivaScope 1000 with dermoscopy as a comparator,®® two
used VivaScope 1000 without a comparator®3* and two studies used both VivaScope 1000 and VivaScope
1500, with one study?* using dermoscopy as a comparator and the other having no comparator.® Only
one study*' used VivaScope 2500.

Two of the studies on lesion margin diagnosis used VivaScope 1500 with®* or without dermoscopy as a
comparator®” and one used VivaScope 2500.*

The VivaScope used in the included studies were from two companies: VivaScope 1500, 2500 and 3000
(Caliber Imaging and Diagnostics, Rochester, NY, USA) and VivaScope 1000 and VivaScope 1500 (Lucid
Inc., Rochester, NY, USA, or Lucid Inc., MAVIG GmbH, Munich, Germany). The source of light in the
VivaScope was an 830-nm near-infrared laser beam with a power of either > 35 mW or <35 mW.

Assessors who reviewed and interpreted images obtained from VivaScope were trained in the RCM
technology. All the studies except four®’>°424> reported qualitative and/or quantitative diagnostic thresholds
using morphological features or algorithms validated in previous published studies.

Dermoscopy, used as a comparator test in some studies, utilised either a dermoscope (DermLite Photo;
3Gen LLC, Dana Point, CA, USA) or a dermoscopic camera attached to a VivaScope 3034363942

Histopathological assessment of excised lesions (biopsy) was used as reference standard in all of the
included studies before3344! or after the use of VivaScope.3%3"#*394243.45 \Where histopathology was done
before the use of VivaScope, assessors of the results of the histopathology were blinded to the results of
the VivaScope. Details regarding histopathological analysis were described in only one study.?

Characteristics of the studies included in the review are given in Table 3.

Outcomes

The outcomes of interest to this review that were reported in the included studies are listed in Table 3.
The most commonly reported outcome specified in the methods section is diagnostic accuracy, which was
reported as sensitivity, specificity, PPV and NPV. Other diagnostic accuracy data such as FP, FN and TN
were rarely reported and had to be estimated/calculated using other reported diagnostic data

where possible.

Therefore, because of the absence of more clinical data as specified in the protocol, additional clinical
outcomes not specified in the methods section but deemed clinically relevant are reported in Table 4.
These included misdiagnosis or misclassification of lesions, and change in management of lesions after
confirmation or final diagnosis with histopathology.

Table 4 shows outcomes of interest reported in included studies.
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Quality assessment of studies included in clinical effectiveness review

The QUADAS-2, which separates the evaluation of study quality into two main areas — (1) risk of bias and
(2) concerns regarding applicability of patient selection, index test, reference standard and flow of timing —
was used to assess quality of included studies.

A summary of the results of the quality assessment of the included studies is shown in Appendix 4. The
majority of the included studies had a low risk of bias and low applicability concerns in patient selection (e.g.
less concern that included patients did not match the review question),303273436384045 conduct of the index
test (e.g. the index test, its conduct or interpretation did not differ from the review question)30-3436-384041.43-45
and reference standard.'2¢3840"%> However, concerning flow and timing, the risk of bias in the majority of
the studies was unclear (i.e. it was unclear if patient flow did not introduce any bias or also if there was an
appropriate interval between the index test and reference standard)®>333> as a result of poor reporting
and/or insufficient data.

Figure 2 shows a summary of risk of bias and applicability concerns of included studies.
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FIGURE 2 Summary of risk of bias and applicability concerns of included studies.
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Lesion diagnosis

Dermoscopy plus VivaScope 1500 versus dermoscopy
Three studies®*#*#* compared dermoscopy with VivaScope 1500 following dermoscopy.

Alarcon et al.*® assessed the impact of RCM analysis on dermoscopically equivocal pigmented lesions.

Of the 343 lesions that underwent RCM examination, only 264 were excised (79 lesions were followed up
for 1 year without any melanoma diagnosed). Of the 92 melanomas diagnosed using dermoscopy alone,
histopathology proved that there were six FNs and in those diagnosed with dermoscopy plus VivaScope
1500 there were two FNs.

Based on the 264 excised lesions, combined use of dermoscopy and VivaScope was more likely than
dermoscopy alone to diagnose melanoma (sensitivity 97.8% vs. 94.6%; p =0.043), and more likely to
diagnose those without melanoma (non-melanoma) (specificity 92.4% vs. 26.74%; p < 0.000001). Similar
results were obtained when the analysis was based on all 343 patients who underwent RCM, assuming
that all the 79 patients/lesions who were followed up were TNs (Table 5).

Pellacani et al.** prospectively assessed the potential impact of RCM when implemented in a routine
melanoma workflow. At dermoscopy, patients were referred to one of the following pathways:

no further examination
referral to RCM

RCM documentatio