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1 DermaSensor: A case study in SLA market authoriza-
tion

The DermaSensor De Novo authorization (DEN230008) represents the first AI-enabled skin
cancer detection device cleared by FDA for use by primary care physicians. (Venkatesh et al.
2024, 1) This section examines DermaSensor’s regulatory path, clinical validation strategy,
and post-market requirements, drawing from the FDA decision summary, published clinical
studies, and regulatory analysis. (De Novo Classification Request for DermaSensor 2024b)

1.1 Regulatory pathway and timeline

DermaSensor received Breakthrough Device Designation from FDA on May 11, 2021, en-
abling more intensive FDA engagement during development. The company submitted its De
Novo request (DEN230008) on February 3, 2023, and FDA granted the De Novo on January
12, 2024, establishing 21 CFR 878.1830 and product code QZS. (De Novo Classification
Request for DermaSensor 2024a, 1)
The De Novo indications for use are:

The DermaSensor device is indicated for use to evaluate skin lesions suggestive
of melanoma, basal cell carcinoma, and/or squamous cell carcinoma in patients
aged 40 and above to assist in the decision regarding referral of the patient to a
dermatologist. The DermaSensor device should be used in conjunction with the
totality of clinically relevant information from the clinical assessment, including
visual analysis of the lesion, by physicians who are not dermatologists. The
device should be used on lesions already assessed as suspicious for skin cancer
and not as a screening tool. The device should not be used as the sole diagnostic
criterion nor to confirm clinical diagnosis of skin cancer.

The device uses elastic scattering spectroscopy (ESS) to analyze optical properties of skin
lesions rather than image-based analysis.

1.2 Summary of clinical evidence

Table 1 summarizes the clinical studies supporting DermaSensor’s regulatory authorization
and subsequent validation. The studies illustrate a strategy of prospective data collection
followed by retrospective reader studies, enabling multiple analyses from shared datasets.
The DERM-SUCCESS pivotal study enrolled patients prospectively with histopathology
ground truth, establishing a foundation of well-characterized cases. Three retrospective
MRMC reader studies then used cases from DERM-SUCCESS and earlier data collections,
maximizing the analytical value from each enrolled patient. The reader studies used either
randomized crossover designs (comparing aided vs. unaided reads) or sequential read designs
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Table 1: Clinical studies described in the FDA decision summary (DEN230008) as supporting the De Novo
authorization. The FDA noted that eight studies were conducted during development, but only these four
used the final version of the device and algorithm. MRMC = multi-reader multi-case.

Study (FDA name) Type Readers Cases Publication

DERM-SUCCESS Prospective 30 PCPs 1,005 patients
1,579 lesions

Merry et al. 2025

DERM-SUCCESS initial reader
study

MRMC 108 PCPs 50 lesions
(25 malig, 25
benign)

Ferris et al. 2025

DERM-SUCCESS pigmented
lesion reader study

MRMC 77 PCPs 136 lesions
(69 malig, 67
benign)

—

DERM-ASSESS III reader
study

MRMC 118 PCPs 100 lesions
(50 malig, 50
benign)

Seiverling et al.
2025

(unaided assessment followed by device-aided revision). Notably, the pivotal study and
all reader studies used board-certified primary care physicians, matching the intended use
population.

1.3 The DERM-SUCCESS pivotal study

The DERM-SUCCESS study (DERM-Spectroscopy Utilization for Clinical Characteriza-
tion of Evaluation of Suspicious Skin) served as the pivotal clinical trial supporting FDA
authorization. (Merry et al. 2025)

1.3.1 Study design

The study was an international, multicenter, prospective, blinded clinical study conducted
at 22 primary care centers (18 in the US, 4 in Australia) by 30 primary care physicians.
The study enrolled 1,005 patients with 1,579 lesions suggestive of melanoma, BCC, or SCC.
All enrolled lesions were biopsied, and pathology findings were validated by 2–5 central
dermatopathologists.
Each enrolled lesion was scanned with the device, but investigators and subjects were blinded
to the device results. Clinical management was provided per standard of care.
The co-primary endpoints were met: device sensitivity (95.5%) was superior to PCP sensi-
tivity (83.0%), and sensitivity + specificity exceeded 1. (De Novo Classification Request for
DermaSensor 2024b, 18) The relatively low specificity (20.7%) was clinically justified be-
cause the device is intended to aid referral decisions rather than rule out malignancy. A high
sensitivity, low specificity profile is appropriate for a triage device. This specificity-sensitivity
tradeoff has been a persistent challenge for AI-enabled dermatology devices, contributing to
the discontinuation of earlier devices like MelaFind. (Venkatesh et al. 2024, 2)
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1.4 MRMC reader studies

In addition to the pivotal DERM-SUCCESS trial, three multi-reader multi-case (MRMC)
studies demonstrated that the device improves PCP referral decisions.

1.4.1 DERM-SUCCESS initial reader study

This study used a randomized crossover design: 108 board-certified PCPs each assessed 50
lesion cases (25 malignant, 25 benign) twice, once with device output and once without, in
random order. Device-aided sensitivity improved from 82.0% (unaided) to 91.4% (aided).
(De Novo Classification Request for DermaSensor 2024b, 20; Ferris et al. 2025)

1.4.2 DERM-SUCCESS pigmented lesion reader study

This study used a sequential read design: 77 PCPs first assessed lesions unaided, then
revised their decision after seeing device output. The study evaluated 136 lesion cases (69
malignant, 67 benign) enriched for pigmented lesions. Device-aided sensitivity improved
from 80.5% to 86.3%. Melanoma sensitivity specifically improved from 68.8% to 75.4%. (De
Novo Classification Request for DermaSensor 2024b, 21–22)

1.4.3 DERM-ASSESS III reader study

This study also used a sequential read design, evaluating 118 PCPs assessing 100 lesion cases
(50 malignant, 50 benign) enriched for melanoma (68% of malignant cases). The cases were
drawn from the DERM-ASSESS III prospective study conducted at dermatology centers.
(Hartman et al. 2024) Device-aided sensitivity improved from 73.7% to 81.8%. Melanoma
sensitivity improved from 70.2% to 79.1%. (De Novo Classification Request for DermaSensor
2024b, 22–23; Seiverling et al. 2025)

1.5 Post-market requirements and limitations

The DermaSensor authorization included notable post-market requirements and acknowl-
edged limitations.

1.5.1 FDA-mandated post-market surveillance

A key special control for 21 CFR 878.1830 requires post-market surveillance unless FDA
determines it is not necessary. (De Novo Classification Request for DermaSensor 2024a,
3) In DermaSensor’s case, FDA specifically required post-market performance testing in
underrepresented populations, with enrollment targets including Fitzpatrick skin phototypes
IV, V, and VI. (De Novo Classification Request for DermaSensor 2024a, 4–5)
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1.5.2 Diversity limitations in the pivotal trial

The DERM-SUCCESS trial enrolled a patient population with limited diversity: 97.1% of
patients were White, and while 27.5% were from Fitzpatrick skin types IV–VI, only 12.7%
were from the most pigmented categories (V and VI). (De Novo Classification Request for
DermaSensor 2024b; Venkatesh et al. 2024, 2)
FDA determined that the pivotal data was insufficient to fully characterize device perfor-
mance across all skin phototypes and required DermaSensor to conduct additional studies in
Fitzpatrick IV–VI populations post-market. (De Novo Classification Request for DermaSen-
sor 2024a, 4) This concern about algorithmic bias in AI dermatology devices has been raised
more broadly in the literature. (Lee and Tung 2024, 122; Motavaf et al. 2025, 2)

1.5.3 Post-market evidence generation

Since authorization, investigator-initiated studies have continued to evaluate DermaSensor
performance in clinical practice. A prospective study at three dermatology clinics evaluated
the device on patient-identified lesions, demonstrating 100% sensitivity (22/22 malignancies
detected) with an AUC of 0.79, consistent with the primary care validation results. (Jaklitsch
et al. 2025)

2 Indications for use

To leverage the DermaSensor predicate, Legit.Health should adopt the following indications
for use for Legit.Health Plus:

The Legit.Health Plus device is indicated for use to evaluate skin lesions sugges-
tive of melanoma, basal cell carcinoma, and/or squamous cell carcinoma in pa-
tients aged 40 and above to assist in the decision regarding referral of the patient
to a dermatologist. The Legit.Health Plus device should be used in conjunction
with the totality of clinically relevant information from the clinical assessment,
including visual analysis of the lesion, by physicians who are not dermatologists.
The device should be used on lesions already assessed as suspicious for skin cancer
and not as a screening tool. The device should not be used as the sole diagnostic
criterion nor to confirm clinical diagnosis of skin cancer.

These indications are intentionally identical to DermaSensor’s to maximize the strength of
the predicate relationship for the 510(k) submission.

3 Client Questions

The following questions were raised during our engagement and are addressed in the context
of the DermaSensor precedent. These answers assume that Legit.Health will be submitting
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a pre-submission to the FDA about their proposed study design.

3.1 Prospective versus retrospective study designs

DermaSensor utilized active recruitment to build its dataset. Given that we
aim to evaluate the same endpoints, does the FDA require us to replicate their
prospective design, or would a retrospective MRMC study using an existing image
library be sufficient for a 510(k) submission?

Response:
A retrospective study using an existing image library could be acceptable for Legit.Health’s
510(k) submission, and there are strong arguments for this approach given Legit.Health
Plus’s technological characteristics.
The key distinction between Legit.Health Plus and DermaSensor is the data modality. Der-
maSensor uses a proprietary elastic scattering spectroscopy (ESS) sensor to analyze optical
properties of skin lesions. Before DermaSensor conducted its prospective studies, no retro-
spective dataset of ESS readings existed, so prospective data collection was the only option.
In contrast, Legit.Health Plus analyzes standard clinical images from commonly available
capture devices such as smartphone cameras. Because these image modalities already exist
and have been used in clinical practice and research for years, retrospective image datasets
with histopathology-confirmed ground truth are available and could potentially serve as
validation data.
For a retrospective study to provide meaningful validation, the following considerations are
important:

1. Well-established ground truth: Histopathology confirmation for malignant lesions
and appropriate follow-up or expert consensus for benign lesions

2. Representative case mix: Adequate representation across skin phototypes, lesion
types, and anatomic locations relevant to the intended use population

3. Independent validation data: Separation of validation data from training data to
avoid overfitting

Prospective data collection is generally considered stronger evidence, particularly for ma-
chine learning devices, because it addresses concerns about shortcut learning, dataset shift,
selection bias, and, critically, data independence. When validation data is collected prospec-
tively from sites that were not used for training, independence is inherent. With retrospective
data, demonstrating this independence requires rigorous documentation and controls. FDA
routinely accepts retrospective validation studies when the data quality, representativeness,
and independence from training data are adequately established.
A retrospective validation study using a well-truthed image library is a viable approach
for the clinical validation component of Legit.Health’s 510(k). The pre-submission should
address:
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1. The source and quality of the retrospective dataset, including ground truth methodol-
ogy

2. How the dataset represents the US intended use population (demographics, skin pho-
totypes, lesion types)

3. Independence of validation data from training data
4. Any supplemental prospective data collection planned to address population represen-

tativeness gaps

3.2 Hybrid study models

If prospective recruitment is mandatory, is a hybrid model (partial prospective
recruitment supplemented by retrospective analysis) viable, or must we mirror
the predicate’s methodology exactly?

Response:
As discussed above, I do not believe that prospective recruitment will be mandatory in this
case.

3.3 Image capture device compatibility

Recalling our past conversations, you mentioned that the specific device used
for image capture (iPhone, Android, etc.) could be crucial for the FDA. We
have already conducted usability studies in Europe. Do you believe this data is
sufficient, or should the usability study be conducted in the US? If a US-based
study is required, could we leverage the prospective clinical trial to collect this
data (hardware/camera performance) simultaneously?

Response:
The concern about the specific device used for image capture is not a usability concern. Ma-
chine learning algorithms can be susceptible to differences in image acquisition technologies.
FDA’s presumption is that they are susceptible until data demonstrates that they are not.
If the device will be labeled for use with the iPhone, significant validation data with the
iPhone will be needed. If the device will be labeled for use with particular makes and
models of Android phones, the same will be needed.
If retrospective datasets are available that address this, that’s one approach. Another ap-
proach might be prospective collection of matched images of individual lesions from a variety
of makes and models of phones. Showing high agreement between the algorithm’s responses
to images of the same lesions across different phones, lighting conditions, etc., can address
FDA’s questions about whether the machine learning technologies in play are susceptible to
image acquisition conditions.
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Usability is likely to be a much more trivial concern relative to this. I have not reviewed the
European usability study, but it is likely that it is at least somewhat valuable. Prospective
data collection using phones as discussed here could also help to address FDA’s usability
questions.

3.4 AI model validation with geographic data considerations

Our current AI performance testing was conducted primarily using European
datasets. To ensure the FDA accepts the training and validation of our algorithm
for the US market, do you believe we need to reinforce our validation with data
from the US? Specifically, could we maintain our core training on European data
but use the data collected in the US clinical study as part of the independent
clinical validation of the models?

Response:
Yes, Legit.Health will almost certainly need to collect clinical validation data in the United
States, ideally from three or more sites.
FDA has issued guidance on the acceptance of clinical data from studies conducted outside
the United States. (Acceptance of Clinical Data to Support Medical Device Applications
and Submissions 2018) While data collected outside the US can be used to support device
authorizations, in practice it is often difficult to justify, and FDA can be reluctant to accept
it. The guidance establishes that OUS data should be applicable to the US population and
US medical practice.
The DermaSensor clinical validation studies (DERM-SUCCESS, DERM-ASSESS III) were
conducted in the US and Australia.
The approach Legit.Health describes (training on European data and validating on US data)
is scientifically sound. A model trained on European data that performs well on US validation
data demonstrates geographic generalizability, and using US data exclusively for validation
clearly establishes independence between training and validation datasets.
Two additional considerations are important regardless of where the image data originates:

1. MRMC readers must be US clinicians: The readers in any MRMC study must
reflect the US intended user population. If Legit.Health Plus is intended for primary
care physicians, the MRMC study should use US-based, board-certified primary care
physicians. DermaSensor’s reader studies used 77–118 US PCPs each. This require-
ment is independent of where the lesion images were collected.

2. OUS ground truth requires justification: If histopathology or other reference
standard determinations were performed outside the US, Legit.Health must justify why
this ground truth is applicable to US clinical practice. FDA guidance states that spon-
sors “should justify why non-U.S. data reflect what is expected for a U.S. population
with respect to disease occurrence, characteristics, practice of medicine, and clinician
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competency.” (Clinical Performance Assessment 2022, 14) Pathology practices and
diagnostic criteria may vary between countries; Legit.Health should be prepared to
demonstrate that the pathology methods and classifications used are consistent with
US standards.
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4 Summary Recommendations

DermaSensor’s regulatory pathway involved multiple studies, including both a crossover
design (DERM-SUCCESS initial reader study) and sequential second-read designs (DERM-
SUCCESS pigmented lesion reader study and DERM-ASSESS III reader study). This com-
plexity may reflect evolving decisions about indications for use during their development
process. Legit.Health can take a more direct route by adopting DermaSensor’s authorized
indications from the outset.
The recommended clinical evidence strategy involves three studies:

1. Retrospective standalone performance study (algorithm performance independent
of clinician interaction)

2. Retrospective MRMC second-read study (primary clinical evidence)
3. Prospective precision/repeatability study (to address multiple phone models and

image acquisition variability)

4.1 Retrospective Data Collection

DermaSensor required prospective data collection because elastic scattering spectroscopy
readings cannot be retrospectively assigned to lesions that were never measured with the de-
vice. In contrast, Legit.Health Plus can retrospectively assign algorithm outputs to images
collected in the past. The primary challenge will be demonstrating that any retrospective im-
age dataset is completely independent from images used to train, tune, or otherwise develop
the device. If retrospective data is used, Legit.Health should be prepared to demonstrate:

• Controls to ensure the data used for testing is sequestered from the development process
and from model developers

• A data access log tracking each time the data is accessed
• Clear separation between development and FDA clinical validation datasets, ideally

with test data from sites different from those used in development

These recommendations are consistent with FDA’s draft guidance on AI-enabled device
software functions, which includes additional information on data management that will
be valuable for Legit.Health’s submission. (Artificial Intelligence-Enabled Device Software
Functions 2025, 19, 22)
This approach can address questions about the performance of the device and its impact on
clinical decisions (the standalone performance study and the MRMC second-read study). If
a well-truthed and independent dataset exists with multiple images of the same lesion from
multiple phones or cameras, the precision/repeatability study could also use retrospective
data collection. However, such a dataset is unlikely to exist. Therefore, Legit.Health should
plan to collect precision/repeatability data prospectively (see Section 4.4).
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4.2 Standalone Performance Assessment

The standalone performance study characterizes the algorithm’s intrinsic performance inde-
pendent of clinician interaction. This study should include a large number of cases to provide
precise estimates of sensitivity, specificity, and performance across subgroups. A subset of
this dataset can then be used for the MRMC study, which evaluates the device’s impact on
reader decisions.
The standalone study is designed to satisfy the special control requirement that “[t]esting
must demonstrate at least 90% sensitivity of the device output for lesions with high
metastatic potential, or an alternative clinical consideration must be provided to justify
lower sensitivity. Clinical justification must be provided for the reported specificity.” This
establishes an absolute performance threshold for the algorithm itself, independent of how
it affects reader decisions.
A power analysis will be needed to determine study size, informed by anticipated device
performance and the need for subgroup analyses across lesion types, skin phototypes, and
anatomic locations. DermaSensor’s standalone performance was assessed in the DERM-
SUCCESS pivotal study, which enrolled 1,005 participants with 1,579 lesions across 22 clin-
ical sites. (De Novo Classification Request for DermaSensor 2024b, 12) Even so, this study
did not provide sufficient data to support authorization for individuals under age 40, and
FDA required post-market data collection for individuals with Fitzpatrick skin phototypes
IV–VI due to underrepresentation in the pivotal study. (De Novo Classification Request for
DermaSensor 2024b, 4–5) Legit.Health should plan for a comparable sample size to support
the required subgroup analyses, and should consider whether enrichment with datasets for
underrepresented populations may reduce the risk of similar limitations.

4.3 MRMC Second-Read Study Design

The MRMC study evaluates the device’s impact on clinician decision-making using a subset
of the cases from the standalone performance dataset. This study is designed to satisfy the
special control requirement that “[d]ata must demonstrate superior accuracy of device-aided
users’ diagnostic characterization of the indicated lesions compared to the accuracy of un-
aided users.” Therefore, the co-primary endpoints should be sensitivity improvement (aided
vs. unaided) and AUC improvement, not absolute thresholds, but demonstrated superiority
over unaided performance. While FDA’s MRMC guidance was developed for radiology CADe
devices, the scientific question is the same: does access to the device output improve clinician
diagnostic accuracy? (Clinical Performance Assessment 2022)
To generate ROC curves and calculate AUC, the study must collect more than binary referral
decisions. In the DermaSensor MRMC studies, clinicians provided three responses for each
lesion: a binary diagnosis (malignant or benign), a binary management decision (refer or not),
and a confidence rating on their management decision using a 1–10 scale. The ROC curves
were then constructed by combining the referral decisions with the confidence levels, enabling
AUC analysis at multiple thresholds. (Ferris et al. 2025) This approach demonstrated
statistically significant improvement in diagnostic performance with device assistance: in
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the DERM-SUCCESS initial reader study, AUC improved from 0.708 (unaided) to 0.762
(aided), and in the DERM-ASSESS III reader study, AUC improved from 0.630 to 0.671.
(Ferris et al. 2025; Seiverling et al. 2025) Legit.Health should adopt a similar methodology,
collecting confidence ratings both before and after the device output is displayed.
Specificity should be a secondary endpoint with a pre-specified noninferiority margin. Some
reduction in specificity may be acceptable: DermaSensor’s clinical utility data showed speci-
ficity decreased from 44.2% to 32.4% when using the device, but this was offset by the
significant improvement in sensitivity and reduction in false negatives. (Ferris et al. 2025)
The specificity endpoint must be carefully pre-specified, including any noninferiority margin.
A power analysis will be needed to determine study size, informed by prior estimates of the
device’s sensitivity and specificity. DermaSensor’s pivotal MRMC study (DERM-SUCCESS
initial reader study) used 108 primary care physicians evaluating 50 lesion cases. (Ferris et
al. 2025)
The case set should be enriched to ensure sufficient pigmented lesions (melanoma, pigmented
nevi) are present for meaningful subgroup analysis. DermaSensor conducted a separate
MRMC study (DERM-SUCCESS pigmented lesion reader study) specifically to demonstrate
performance on pigmented lesions; Legit.Health can address this by ensuring the primary
MRMC dataset includes enough pigmented cases to power a pre-specified subgroup analysis.
Because Legit.Health Plus functions as a second-read device, a sequential reading design is
appropriate. In clinical practice, a primary care provider will not photograph a skin lesion
unless they already have clinical suspicion about it. The “first read” occurs in the exami-
nation room when the clinician visually assesses the lesion and decides it warrants further
evaluation. Only then does the clinician capture an image and submit it to Legit.Health
Plus for a “second read.” The device output informs the clinician’s referral decision, but it
does not replace or precede the initial clinical assessment.
FDA guidance describes this sequential design as follows: “A conventional reading by the
readers without the CADe device (reader alone)” followed by “a second-read by the readers
in which the CADe output is displayed immediately after conducting a conventional inter-
pretation.” (Clinical Performance Assessment 2022, 11) Because Legit.Health is pursuing
indications for use that match DermaSensor’s (evaluation of lesions “already assessed as
suspicious for skin cancer”), this sequential design is appropriate.

4.3.1 Telemedicine Considerations

The sequential design described above assumes the intended use case where a clinician has
physically examined the patient. This clinical workflow differs from a telemedicine scenario
in which a dermatologist receives images without having examined the patient. In that use
case, the physician’s first encounter with the lesion would be the image itself. Depending
on how the device is integrated into the workflow, the device output could be available
concurrently with or even before the physician’s assessment, or it could still function as a
second-read tool if the physician reviews the image before seeing the device output. The
appropriate study design would depend on the intended clinical workflow for that use case.

CONFIDENTIAL Draft Version 2026-01-27 13:58 Page 13 of 96



Legit.Health DRAFT

4.4 Precision/Repeatability Study

A separate, smaller prospective study should be conducted in a dermatology setting to assess
device precision across image acquisition systems. Dermatologists would capture images of
skin lesions using multiple smartphone models (e.g., the ten most popular devices in the US
market).
This study addresses a unique challenge for image-based AI devices that did not apply
to DermaSensor. Machine learning algorithms can be susceptible to differences in image
acquisition technologies, and FDA’s presumption is that they are susceptible until data
demonstrates otherwise.
The goal of this study is to gather extensive data on a relatively small number of lesions.
Each lesion should be photographed with every device under multiple conditions, generating
many images per lesion. The lesion set should represent the full spectrum of lesion types
the device will encounter in clinical use (melanoma, BCC, SCC, and benign lesions across
skin phototypes and anatomic locations), but a large total number of lesions is not required.
The focus is on demonstrating consistency of device output across acquisition systems, not
on establishing diagnostic accuracy (which is addressed by the MRMC study).
A dermatology setting is appropriate for this study because dermatology clinics are naturally
enriched with the malignant and suspicious lesion types that would be difficult to efficiently
capture in primary care. To ensure benign lesions are adequately represented, dermatologists
can also capture images of non-suspicious moles and other benign findings during the study.
Study design considerations:

• Matched image capture: Each lesion photographed with all devices under similar
conditions

• Primary endpoint: Agreement in algorithm output across acquisition systems
• Secondary endpoints: Sensitivity and specificity by phone model, agreement in

underlying algorithm score using an appropriate metric such as ICC
• Environmental factors: Consider also varying lighting conditions to further demon-

strate robustness1

This study design can form the basis for a predetermined change control plan (PCCP) that
would enable Legit.Health to add additional image acquisition systems over time without
requiring a new 510(k) submission for each device, provided the new systems demonstrate
comparable performance using the same methodology and do not require additional training
or tuning of the algorithm.

1Only one variable should be changed at a time. If, for example, you intend to demonstrate that the
technology works for 10 acquisition systems under both bright and dim conditions, you might need 20 images
of each lesion to do this (one for each acquisition system and lighting condition).
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4.5 Reference Standard

The reference standard methodology used in DermaSensor’s clinical studies provides a model
for Legit.Health’s validation approach. In the DERM-SUCCESS pivotal study, all enrolled
lesions were biopsied, and device output was compared to histopathology findings validated
by two to five central study dermatopathologists (depending on histological severity and
discordance). (De Novo Classification Request for DermaSensor 2024b, 12) This design
eliminated verification bias by ensuring 100% of lesions had pathology-confirmed ground
truth.
For the retrospective MRMC reader studies, lesion cases were drawn from these prospectively
collected, histopathology-confirmed datasets. The ground truth for each case was established
before the reader study, and readers in the MRMC studies were not involved in the original
truthing process.
Any retrospective image dataset used for Legit.Health’s FDA clinical validation should have
comparable reference standard characteristics:

• Histopathology confirmation for all malignant lesions (melanoma, BCC, SCC)
• Central pathology review with a defined consensus process for discordant cases
• Separation of truthers from readers: Clinicians who established ground truth

should not participate in the MRMC reader study (Computer-Assisted Detection De-
vices Applied to Radiology Images and Radiology Device Data - Premarket Notification
[510(k)] Submissions 2022)

For benign lesions that were not biopsied, an expert consensus panel or clinical follow-up
may be acceptable, but this approach should be discussed with FDA in the pre-submission.

4.6 Pre-Submission

A pre-submission to FDA is essential to confirm these study designs before data collection
begins. Key topics to address in the pre-submission include:

1. Acceptability of retrospective data and the independence of FDA clinical validation
data from training data

2. Proposed MRMC study design, including reader population, case mix, and endpoints
3. Statistical analysis plan, including power calculations and noninferiority margins for

specificity
4. Approach to demonstrating device performance across image acquisition systems
5. Representativeness of the study population for the US intended use population (demo-

graphics, skin phototypes, lesion types)
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DermaSensor De Novo Decision Summary (DEN230008)

DE NOVO CLASSIFICATION REQUEST FOR 
DERMASENSOR 

REGULATORY INFORMATION 

FDA identifies this generic type of device as: 

Software-aided adjunctive diagnostic device for use by physicians on lesions 
suspicious for skin cancer. A software-aided adjunctive diagnostic device for use by 
physicians on lesions suspicious for skin cancer is a prescription device that uses a 
software algorithm to analyze optical or other physical properties of a skin lesion and 
returns a classification of the skin lesion. The device is intended for use by a physician 
not trained in the clinical diagnosis and management of skin cancer as an adjunctive 
second-read device following identification of a suspicious skin lesion. It is not for use as 
a standalone diagnostic and is not for use to confirm a clinical diagnosis. 

NEW REGULATION NUMBER:  21 CFR 878.1830 

CLASSIFICATION:  Class II 

PRODUCT CODE:  QZS 

BACKGROUND  

DEVICE NAME:  DermaSensor 

SUBMISSION NUMBER:  DEN230008 

DATE DE Novo RECEIVED:  February 2,2023 

SPONSOR INFORMATION:  DermaSensor, Inc. 
80 SW 8th Street #2000 
Miami, Florida 33130 USA 

INDICATIONS FOR USE 

The DermaSensor device is indicated for use to evaluate skin lesions suggestive of 
melanoma, basal cell carcinoma, and/or squamous cell carcinoma in patients aged 40 and 
above to assist in the decision regarding referral of the patient to a dermatologist. The 
DermaSensor device should be used in conjunction with the totality of clinically relevant 
information from the clinical assessment, including visual analysis of the lesion, by 
physicians who are not dermatologists. The device should be used on lesions already 
assessed as suspicious for skin cancer and not as a screening tool. The device should not 
be used as the sole diagnostic criterion nor to confirm clinical diagnosis of skin cancer. 
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LIMITATIONS 

The performance of the device has not been specifically evaluated in patients with 
increased risk for skin cancer, e.g., inherited or drug-induced photosensitivity; genetic 
predisposition to melanoma or basal cell carcinoma (BCC); immune compromise; or 
other medical conditions that increase the risk of skin cancer or its metastasis. 

The device is intended to assist in clinical decisions related only to the skin malignancies 
melanoma (including severely atypical nevi), squamous cell carcinoma (SCC), and BCC. 
It has been tested on each of these three common skin cancer types but has not been 
tested on rare skin cancer types; thus, it should not be used for lesions that are suggestive 
of malignancies other than melanoma, BCC and/or SCC. 

The device is intended for use on primary lesions only and has not been tested on lesions 
that are previously biopsied, recurrent, or metastatic; on scars, tattoos, sunburned skin, or 
within a hairy area; or which are located on palms, soles, mucosal surfaces, genitals, ears, 
within 1 cm of the eye, or under nails. 

Consistent with the lower prevalence of skin cancer in Fitzpatrick skin phototypes IV-VI, 
less data is available for sensitivity of the DermaSensor device for melanoma in these 
patients. The decision to refer patients with suspicious pigmented lesions in this group 
should be primarily based on clinical concern. 

The sale, distribution, and use of the DermaSensor are restricted to prescription use in 
accordance with 21 CFR 801.109. 

The device is not intended to be used as a stand-alone diagnostic device. 

The device is not intended to replace biopsy. 

The device is not intended to replace clinical decision making. 

PLEASE REFER TO THE LABELING FOR A MORE COMPLETE LIST OF 
CONTRAINDICATIONS, WARNINGS AND PRECAUTIONS. 

DEVICE DESCRIPTION 

The DermaSensor device (hereinafter referred to as 'DermaSensor', or the 'DermaSensor device'; 
Figure 1) utilizes optical spectroscopy and an artificial intelligence/machine learning (Al/ML) 
based software algorithm to analyze an intact skin lesion to which the device is non-invasively 
applied. 
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Figure 1: DermaSensor Device 

The device is a combination of a handheld unit and a base unit. The handheld unit contains a xenon 
arc lamp and a fiber-optic probe tip which together transmit broadband white light to a lesion 
surface. Samples of the backscattered light from the tissue are collected by an adjacent detection 
optical fiber, also within the probe tip, and are conveyed to a microspectrometer, yielding Elastic 
Scattering Spectroscopy (ESS) spectral recordings. The handheld unit is operated using a touch-
screen interface with step-by-step guidance. The small fiber-optic tip is the only component that 
contacts the patient. The handheld unit remains in the base when not actively being applied to a 
lesion and its battery is recharged by the base's wireless charging mechanism. The base unit also 
contains calibration material that is accessible to the handheld unit. 

In the DermaSensor device, analysis of the optical recordings of backscattered light over the range 
of wavelengths is carried out using a proprietary ML-derived classifier algorithm. The spectrum 
of scattered intensity vs. wavelength is a pattern, which is analyzed by a proprietary classifier 
algorithm in the device's built-in microprocessor to assess for the potential presence of melanoma, 
squamous cell carcinoma, or basal cell carcinoma. An internal microprocessor and classifier 
algorithm analyze the recording and provide results to the user at the point of care. Results are 
provided as "Monitor," for a negative result, or "Investigate Further" for a positive result. For 
positive output ("Investigate Further") the DermaSensor additionally displays a Similarity Score 
of 1-10, with higher scores representing greater similarity to signals seen in malignant lesions. 

SUMMARY OF NONCLINICAL/BENCH STUDIES 

BIOCOMPATIBILITY/MATERIALS 

DermaSensor does not contain substances that are intended to be introduced into the human 
body nor absorbed by or locally dispersed in the human body. The patient contacting 
materials are comprised of a stainless-steel tip encapsulating silica core fiber optics and 
synthetic polymer. The device tip is a surface-contacting device intended to contact intact 
skin for less than 3 minutes, and the user remains gloved during operation; therefore, 
meeting the requirements of <24 hours for only limited (e.g., transient) use. The risk 
assessment of the materials, manufacturing process, nature of contact and duration 
determined that only cytotoxicity, sensitization, and irritation testing were applicable to be 
performed. These tests were conducted according to the following applicable standards and 
guidance: 
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• ISO 10993-1 Fifth edition 2018-08 - Biological evaluation of medical devices -- Part 
1: Evaluation and testing within a risk management process. 

• ISO 10993-5: 2009/revised 2014, Biological evaluation of medical devices — Part 5: 
Tests for in vitro cytotoxicity. 

• ISO 10993-10: 2010/revised 2014, Biological evaluation of medical devices —Part 10: 
Tests for irritation and skin sensitization. 

• ISO 10993-12: 2012, Biological evaluation of medical devices — Part 12: Sample 
preparation and reference materials. 

• FDA guidance: Use of International Standard ISO 10993-1: 2016, "Biological 
evaluation of medical devices - Part 1: Evaluation and testing within a risk 
management process" - Guidance for Industry and Food and Drug Administration Staff 

The results are provided in Table 1. The device passed the tests and the results demonstrate 
mitigation of the risk of adverse tissue reactions and infections for the patient. 

Table 1: Summary of biocompatibility test methods and results 

Endpoint Test Method Findings 

Cytotoxicity MEM Elution Assay Method 
(ISO 10993-5:2009) 

No evidence of cell lysis or toxicity 

Sensitization Guinea Pig Maximization 
Sensitization Test 
(ISO 10993-10:2010) 

Test article met the requirements at 
24, 48 and 72 hrs. 

Irritation Intracutaneous Irritation Test 
(ISO 10993-10:2010) 

No erythema or edema observed at 
24, 48 or 72 hrs. 

CLEANING AND DISINFECTION 

Cleaning and disinfection validations were conducted to validate the cleaning and 
disinfecting instructions for the reusable device components of the DermaSensor device. 
Cleaning and disinfection validation was performed in accordance with FDA guidance 
Reprocessing Medical Devices in Health Care Settings: Validation Methods and Labeling 
— Guidance for Industry and Food and Drug Administration Staff (March 17,2015), AAMI 
TIR12:2010, and AAMI TIR30:2011 (R2016). The cleaning procedure per the instructions 
for use was performed and the bio load reduction and cytotoxicity (MEM Elution) were 
evaluated. All testing and results were considered to be adequate and met the above 
standards. 
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SHELF LIFE/STERILITY 

The DermaSensor device is provided non-sterile and is not intended for sterilization by the 
end user. The use life of the DermaSensor device is a minimum of three years. Product use-
life testing was performed for the device and the results were considered to be adequate. 

ELECTROMAGNETIC COMPATIBILITY (EMC) & ELECTRICAL SAFETY 

The following Electrical Safety and Electromagnetic Compatibility testing has been 
performed: 

• ETSI EN 301 489 -17 V3.2.2 (2019-12) and V3.2.3 (2019-11); ElectroMagnetic 
Compatibility (EMC) standard for radio equipment and services; Part 17: Specific 
conditions for Broadband Data Transmission Systems; Harmonized Standard for 
ElectroMagnetic Compatibility 

• IEC 60601-1-2:2014 Medical Electrical Equipment - Part 1-2: General requirements 
for basic safety and essential performance - Collateral Standard: Electromagnetic 
disturbances - Requirements and tests 

• IEC 60601-1:2005 + A1:2012 Medical electrical equipment - Part 1: General 
requirements for basic safety and essential performance 

• IEC 62133-2:2017 Secondary cells and batteries containing alkaline or other non-acid 
electrolytes - requirements for portable sealed secondary cells, and for batteries made 
from them, for use in portable applications-Part 2: Lithium systems 

• IEC 62471:2006 Photobiological safety of lamps and lamp systems. According to the 
standard, the pulsed light lamp has been considered as a non-general lighting lamp 
(non-GLS) 

• IEC 60601-1-6: 2010 + A1:2013 Medical electrical equipment - Part 1-6: General 
requirements for basic safety and essential performance - Collateral standard: 
Usability 

• IEC 60601-2-57:2011 Medical electrical equipment - Part 2-57: Particular 
requirements for the basic safety and essential performance of non-laser light source 
equipment intended for therapeutic, diagnostic, monitoring and cosmetic/aesthetic use 

DermaSensor passed all relevant portions of the testing, and the testing and results were 
considered to be adequate. 
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SOFTWARE/CYBERSECURITY 

All components of the device are controlled/monitored by software, which is responsible 
for the functionality, user interface, safety checks and performance accuracy. The software 
was developed and tested according to the following FDA guidance documents and 
standards: 

• FDA guidance, Guidance for the Content of Premarket Submission for Software 
Contained in Medical Devices (May 11, 2005) 

• FDA guidance, Content of Premarket Submissions for Management of Cybersecurity 
in Medical Devices (October 2, 2014) 

• FDA guidance, Cybersecurity in Medical Devices: Quality System Considerations 
and Content of Premarket Submissions (September 2023) 

• IEC 62304: 2006 Medical device software - Software life-cycle processes 

• ISO 14971:2019 Medical devices - Application of risk management to medical 
devices 

Software documentation and testing, including cybersecurity information , demonstrates 
that the software will operate in a manner described in the specifications. The hazard 
analysis characterized software and cybersecurity risks, including device malfunction, 
measurement-related errors, sensor, cable and other hardware failures, and unauthorized 
access by malicious end users. The submission describes verification and validation testing 
to address the potential hazards with satisfactory results. The cybersecurity documentation 
included a cybersecurity hazard analysis and mitigation information, an upgrade and 
maintenance plan, other information for safeguarding the device during manufacturing and 
upon commercial distribution, and warning and precaution information in the product 
labeling. 

Overall, the software documentation contains sufficient detail to provide reasonable 
assurance that the software will operate in a manner described in the specifications. 
Software security information demonstrated the device is protected from cyber 
vulnerability threats. All testing and results were considered to be adequate and met the 
above standards. 

Algorithm Development 
Initial work on the ESS technology identified the optimal wavelength range and spectral 
features relevant to skin cancer detection. Clinical development began with a blinded, 
multicenter clinical study through an initial ML retrospective algorithm, for which the 
algorithm was developed and tested on the same data set to evaluate the ability of ESS to 
differentiate malignant from benign melanocytic lesions. A subsequent blinded, 
multicenter clinical study investigated the performance of an algorithm using ESS and ML 
for the most common types of skin cancers (Rodriguez-Diaz et al. Photochem, Photobiol. 
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2019;95(6):1441-1445). The training dataset contained 950 lesions contributing -4,200 
spectra while the testing dataset included 361 lesions, for a total of 1,311 skin lesions. The 
training and testing datasets were independent and were chosen randomly. This study 
dataset was later used entirely for algorithm training. 

The algorithm was trained in the spectral range of 360 to 810 nm, selected due to the low 
signal-to-noise ratio in this range. Forty-seven wavelengths were chosen within this range 
to reduce dimensionality. Tuning sensitivity estimates were 96.5% (221/229). Specificity 
for physician-biopsied lesions was 20.6% (28/136). The estimated specificity for 
physician-selected un-biopsied lesions was 33.0% (128/388). When pooling lesions across 
the tuning datasets, there was high sensitivity (i.e., at or above 90%) for each of the three 
individual cancers. The high sensitivity observed in tuning provided the basis for further 
clinical studies. The associated specificity of 20.6% was clinically accepted because it was 
paired with the high sensitivity and was supported by the greater benefit of identifying skin 
cancer than the risk of excess referrals. 

The patient demographics for the lesions used to train and tune the dataset are summarized 
in Table 2. The training and tuning data included a majority of older patients (age 60-79), 
Fitzpatrick phototype I-III, and individuals who self-identified as White. This pattern 
reflects the greater incidence of skin cancer in these populations, particularly considering 
that lesions on the palms, soles, and under the nails were specifically excluded from the 
study. 

Table 2: Summary of patient demographics in algorithm training and tuning datasets 

 

Training Dataset Tuning Dataset 
Age Sample Size Percent (°/0) Sample Size Percent (%) 
20-39 81 7.6% 62 14.2% 
40-59 87 8.2% 87 19.9% 
60-79 604 56.6% 216 49.3% 
80+ 45 4.2% 73 16.7% 
Unknown 250 23.4% 0 0.0% 

Fitzpatrick Phototype Sample Size Percent (°/0) Sample Size Percent (/0) 
I 67 6.3% 64 14.6% 
II 332 31.1% 160 36.5% 
III 244 22.9% 91 20.8% 
IV 46 4.3% 50 11.4% 
V 8 0.7% 54 12.3% 
VI 3 0.3% 16 3.7% 
Unknown 367 34.4% 3 0.7% 

Ethnicity/Race Sample Size Percent (%) Sample Size Percent (%) 
White 784 73.5% 402 91.8% 
Black or Afiican 
American 

5 0.5% 15 3.4% 

Asian 9 0.8% 5 1.1% 
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Multiracial 2 0.2% 1 0.2% 
Native Hawaiian or 
Other 

17 1.6% 15 3.4% 

Unknown 250 23.4% 0 0.0% 
Gender Sample Size Percent (%) Sample Size i Percent CVO 

Male 424 39.7% 169 38.6% 
Female 265 24.8% 195 44.5% 
Unknown 378 35.4% 74 16.9% 

The anatomical locations of the lesions used to train and tune the dataset are 
summarized in Table 3. Lesions on the head and neck constituted the majority of 
lesions in the training and tuning data set. This pattern is consistent with the relatively 
higher rate of skin cancer on the head and neck, particularly of SCC and BCC, due to 
greater sun exposure. 

Table 3: Summary of anatomical location of lesions in algorithm training and tuning 
datasets 

 

Training Dataset Tuning Dataset 
Body site Sample Size Percent (/0) Sample Size Percent (%) 
Sun-exposed 

    

Head/neck 136 5.9% 192 15.6% 
Chest/Upper back 75 3.3% 140 11.4% 
Forearms/hands 80 3.5% 120 9.7% 
Lower legs 33 1.4% 44 3.6% 
Other 25 1.1% 41 3.3% 

Unexposed 

    

Buttocks/hips 2 0.1% 5 0.4% 
Upper legs 25 1.1% 40 3.2% 
Lower trunk 16 0.7% 39 3.2% 
Other 1 0.0% 2 0.2% 

Unknown 1900 82.9% 610 49.5% 

The diagnoses for the lesions used to train and tune the dataset are summarized in 
Table 4. The greatest number of lesions were BCC, followed by SCC, and then 
melanoma (including highly atypical nevi). This pattern is consistent with the 
relatively higher rate of BCC than SCC than atypical pigmented lesions in the US 
population. Additional lesions were included as mimics of melanoma, SCC, and BCC 
to support sensitivity and specificity assessments. 

Table 4: Summary of lesion diagnoses in algorithm training and tuning datasets 

Training Dataset Tuning Dataset 
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Diagnosis Distribution Sample Size Percent (%) Sample Size Percent (cY0) 
Melanoma and severely 

dysplastic nevi 
187 8.2% 38 3.1% 

SCC 207 9.0% 83 6.7% 
BCC 294 12.8% 107 8.7% 
Mixed Malignant 2 0.1% 1 0.1% 
Melanoma mimic 

    

SK (brown) 158 6.9% 209 17.0% 
Benign Nevi 631 27.5% 367 29.8% 
Spitz Nevi 0 0.0% 0 0.0% 
Lentigo 98 4.3% 41 3.3% 
Angioma 15 0.7% 12 1.0% 
Dermatofibroma 4 0.2% 9 0.7% 
Tattoo/foreign objects 0 0.0% 0 0.0% 

SCC Mimics 

    

AK 172 7.5% 145 11.8% 
Wart 14 0.6% 4 0.3% 
Dermatitis 0 0.0% 0 0.0% 
SK (nonbrown) 75 3.3% 104 8.4% 

BCC Mimics 

    

Acne/rosacea 0 0.0% 0 0.0% 
Sebaceous hyperplasia/cyst 3 0.1% 4 0.3% 
Other benign tumors 0 0.0% 0 0.0% 
Insect bite 0 0.0% 0 0.0% 
Xanthoma/ xanthelasma 0 0.0% 0 0.0% 

Other malignant lesions 6 0.3% 1 0.1% 
Other benign lesions 427 18.6% 109 8.8% 

NON-CLINICAL PERFORMANCE TESTING - BENCH 

Bench testing was conducted to demonstrate that the DermaSensor device performs 
as expected under the anticipated conditions of use. Table 5 describes the bench 
testing conducted to demonstrate the device performance characteristics. 

Table 5: Summary of testing and description/acceptance criteria 

Test Description/Acceptance Criteria 

Dimensional 
The tolerance stack for 1) optical design components and the 
2) wireless charging circuit is acceptable. 

Battery Performance 
Testing was conducted to IEC 62133, IEC 62471, ETSI EN 
301 489-17, IEC 60601-1-2, IEC 60601-1, IEC 60601-2-57, 
and 60601-1-6 and passed. All batteries tested surpassed the 
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use life target and the review of data showed the batteries were 
not adversely impacted by the stress of the testing. 

Lamp Reliability 

All the test articles registered sample counts and demonstrated 
stability within the range specified in the acceptance criteria, 
indicating that the lamp life is stable over the simulated use life 
days. 

Optical and Lamp 
Performance 

Lamp engine testing was conducted to IEC 62471 and found to 
be exempt. Testing was conducted to ETSI EN 301 489-17, 
IEC 60601-1-2, IEC 60601-1, IEC 60601-2-57, and 60601-1-6 
and passed. The optical configuration provided the maximum 
captured light from the lamp back to the microspectrometer. 

WiFi connectivity 

Testing was conducted to ETSI EN 301 489-17, IEC 60601-1- 
2, IEC 60601-1, IEC 60601-2-57, and 60601-1-6 and passed. 
IP address assigned demonstrating that the device connection 
is successful. 

Calibrator Configuration 
The peak signal of a calibration recording achieved the 
necessary dynamic range and demonstrated that the calibration 
is successful. 

Wireless Charging 

Testing was conducted to ETSI EN 301 489-17, IEC 60601-1-
2, IEC 60601-1, IEC 60601-2-57, and 60601-1-6 and passed. 
The Handheld Unit charged while placed in the Base at 120v 
and 240v. The Handheld Unit remained functional while 
placed in and removed from the Base. 

Label Validation All text content is legible. 

Estimation of Useful Life 
The device functioned beyond useful life and simulated use 
days. 

PCBA functional 
verification 

Testing was conducted to ETSI EN 301 489-17, IEC 60601-1-
2, IEC 60601-1, IEC 60601-2-57, and 60601-1-6 and passed. 
Testing of the device operations performed as intended 
indicating the PCBAs function as intended. 

System Packaging and 
Distribution 

Testing was conducted to ASTM D4169 and passed. 

Manual Cleaning, 
Disinfection, Sensitization, 
Cytotoxicity, Irritation 

Testing was conducted to AAMI TIR12, AAMI TIR30, EN 
ISO 10993-1, EN ISO 10993-5, EN ISO 10993-10, EN ISO 
10993-12 and results passed. 

HUMAN FACTORS/USABILITY 

Human factors testing was successfully completed with formative and summative 
validation studies, summarized below (Table 6). 

Table 6: Summary of Human Factors Testing 
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Study Summary 

Human Factors After formative testing, summative human factors validation testing 
Validation Testing evaluated user tasks through simulated-use to assess the use-related 

hazards of the device. Key attributes of the intended users, uses, and use 
environments were considered and sufficiently simulated to demonstrate 
safe and effective operation of the device under actual conditions of use. 

 

Two (2) user groups participated in the testing: 15 primary care 
physicians (PCPs) representing a range of clinical experiences working 
in primary care, and 15 mid-level practitioners that included Physician 

 

Assistants (PAs), Nurse Practitioners (NPs), and Registered Nurses 

 

(RNs). Participant performance during the simulated use scenarios, 
responses to knowledge/comprehension questions, and any participant 
comments on performed user tasks and the device-user interfaces were 
reviewed. 

 

All 30 participants were able to identify the indications for use and all 
contraindications for use, and that this device should not be used for the 
sole diagnosis of skin cancer. Use difficulties, close calls, and use errors 
were analyzed to determine their likely root cause(s) and were 
adequately mitigated. The results demonstrated that participating PCPs 
were able to independently and appropriately take recordings from mock 
lesions with acceptable levels of residual risk. 

REPEATABILITY/REPRODUCIBILITY 

A repeatability study was conducted across two study sites, each with three PCP 
investigators. At least two investigators completed the full recording process four times for 
each enrolled lesion, twice with one device (Device A) and twice with a second device 
(Device B). Analyses included Intraclass Correlation (ICC) and Fleiss's Kappa 
(reproducibility with multiple raters); Positive Percent Agreement (PPA) between two runs 
and Negative Percent Agreement (NPA) for repeatability; and Average Positive Agreement 
(APA) between three physicians with Device A and Average Negative Agreement (ANA) 
between three physicians with Device A for reproducibility. 

Secondary endpoints included a repeat of the primary analysis, separately for all malignant 
and all high-risk lesions using biopsy results as the gold standard. The malignant lesion 
analysis included all malignant lesions but did not include highly atypical melanocytic nevi 
since this pathology was not considered malignant and since there is a high rate of 
discordance for it among dermatopathologists. 

The device agreement between device scans (i.e., repeatability) for all 64 lesions was 
84.2% (95% CI 78.2-89.1%) and between physicians (i.e., reproducibility) was 87.8% 
(95% CI: 82.2-92.1%). For lesions that were high risk, the agreement was 97.1% (95% CI: 
89.9-99.6%) for repeatability and 97.1% (95% CI: 89.9- 99.6%) for reproducibility. The 
PPA and NPA for repeatability were 94.8% (95% CI: 92.1-97.1%) and 46.0% (95% CI: 
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32.1-60.0%) respectively. The APA and ANA for reproducibility were 91.6% (95% CI: 
86.8-95.7%) and 44.8% (95% CI: 20.8-63.3%) respectively. 

The device agreement of the spectral score (1-10) between device scans (i.e., repeatability) 
was assessed. The repeatability percentage of scores 1-8 is below 37.5%, score 9 is 50.0%, 
and score 10 is 62.5%. The device agreement of the underlying continuous model output 
between device scans (repeatability) was also assessed. 

Overall, the device shows low repeatability and reproducibility of negative binary 
decisions (NPA and ANA), low repeatability of the reported spectral similarity score, and 
high variability of the underlying continuous model output. The device shows repeatability 
and reproducibility of positive binary decisions (PPA and APA) greater than 90%. The 
repeatability and reproducibility information was considered acceptable within the context 
of the clinical performance testing and is included in the labeling. 

CLINICAL PERFORMANCE TESTING 

Eight clinical studies were conducted to assess performance of the DermaSensor device and 
algorithm during development. The final version of the device and algorithm were tested with 
lesions from the intended lesion types in four of these studies. The results of those four studies 
provide the basis for determination of safety and effectiveness of the device when used as intended 
to evaluate skin lesions that a primary care physician has identified as suggestive of melanoma, 
squamous cell carcinoma (SCC), and/or basal cell carcinoma (BCC). 

Standalone Algorithm Performance Evaluation  
The standalone performance of the device was assessed in the DERM-SUCCESS pivotal 
clinical study. The study was designed to identify the sensitivity and specificity of the 
device output compared to ground truth diagnosis (biopsy). The study also assessed the 
sensitivity and specificity of primary care physicians (PCPs) on the same lesion set. The 
study was an international, multicenter, prospective, blinded clinical study conducted at 22 
study sites including 18 locations in the United States, with a range of sun exposure patterns 
(Arizona, California, Florida, Kansas, Minnesota, Pennsylvania, Rhode Island, Tennessee, 
Texas, Utah, Virginia), and four in Australia. The investigators were 30 primary care 
physicians, and the study enrolled a total of 1,005 participants with 1,579 lesions. The study 
enrolled participants with skin lesions suggestive of melanoma, BCC, and/or SCC. Each 
enrolled lesion was scanned with the device. Investigators and subjects were blinded to the 
device results, and clinical management was provided per standard of care. All enrolled 
lesions were biopsied. DermaSensor device output (binary classification of a negative 
result, "Monitor," or a positive result, "Investigate Further") was compared to pathology 
findings that were validated by two to five central study dermatopathologists depending on 
the histological severity and discordance for the diagnoses. 

Patient inclusion/exclusion 
The study enrolled men or women of any ethnic group aged 22 and older with a primary 
skin lesion(s) suggestive of melanoma, BCC, or SCC. Participants were recruited in 
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primary care offices where physicians performed their own clinical assessments, used the 
DermaSensor device, and performed biopsies of the lesions. 

Patients were excluded from enrollment in the study if they met any of the following 
exclusion criteria: 

Lesion < 2.5mm in diameter or > 15mm in diameter 
Lesion surface not accessible (e.g. inside ears, under nails, completely 
covered by a crust or scale) 
Lesion on area of crust, psoriasis, eczema, or similar skin condition 
Lesion has erosion and/or ulceration with no area >2.5mm intact 
Lesion has foreign matter (e.g. tattoo, splinter, dermoscopy oils, or other 
medicated or non-medicated topical solutions) 
Lesion in which the device tip cannot be placed entirely within the border of 
the targeted area 
Lesion located on acral skin (e.g. sole or palms) 
Lesion located within 1 cm of the eye 
Lesion on or adjacent to scars, areas previously biopsied, or areas subjected 
to any past surgical intervention 
Lesion located on mucosal surfaces (e.g. genitals, lips) 
Lesion located on acute sunburn 
Six (6) or more lesions suggestive of melanoma, basal cell carcinoma, and/or 
squamous cell carcinoma requiring biopsy to assess risk of malignancy 

See Table 7 and Figure 2, for additional summary information regarding the number of 
participants and inclusion/exclusion of participants in this study. 

Table 7: Participant accountability 

 

Participants 
n(%) 

Lesions 
n(%) 

Enrolled 1,021 1,598 
ITT Safety Population 1,013 (99.2%) 1,591 (99.6%) 
Excluded from ITT Population 8 (0.8%) 7 (0.4%) 
mITT Effectiveness Population 1,005 (98.4%) 1,579 (98.8%) 
Excluded from mITT Population 8 (0.8%) 12 (0.8%) 
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Figure 2: Inclusion/Exclusion diagram for all recruited participants and lesions 

22 Sites 
18 US 4 AUS 

Recruited  
1,028 Subjects 
1,598 Lesions 

Subject 

7 Screen Failures 

Enrolled 
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1,598 Lesions  

Ex elusion s 
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6 Device deficiencies 

> 1 Improper consent 
1 Patient-elected withdraw 

5 Device deficiencies 
2 Improper consent 

  

  

   

ITT 
1,013 Subjects 
1,591 Lesions 

1 
mITT 

1,005 Subjects 
1,579 Lesions 

 

5 Pathology consensus not reached 
1 Study procedure deviation 
1 Lesion had iodine 
1 Lesion too large 

5 Pathology consensus not reached 
2 Lesion too small 
1 Biopsy not performed 
1 Study procedure deviation 
1 Lesion had iodine 
1 Lesion too large 

Insufficient lesion sample for pathologk 

 

Table 8 summarizes the demographics of participants in the study. The participants in the 
DERM-SUCCESS pivotal study included a majority of older patients (age 60-79), 
Fitzpatrick phototype I-III, and individuals who self-identified as White. This pattern 
reflects the greater incidence of skin cancer in these populations, particularly considering 
that lesions on the palms, soles, and under the nails were specifically excluded from the 
study. 

Table 8: Participant characteristics in DERM-SUCCESS pivotal study (mITT, n=1,005) 

Characteristics n (%) 
Sex 

 

Male 487 (48.5%) 
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Female 518 (51.5%) 
Age 

  

Mean (STD) 58.5 (15.1) 
Median (Q1-Q3) 60.0 (49.0-69.0) 
Min-Max 

 

22-95 
Ethnicity 

  

Hispanic or Latino 79 (7.9%) 
Not Hispanic or Latino 913 (90.8%) 
Unknown 13 (1.3%) 

Race 

  

White 976 (97.1%) 
Native Hawaiian or Other Pacific Islander 3 (0.3%) 
Asian 9 (0.9%) 
Black or African American 7 (0.7%) 
Other/Multiracial 10 (1.0%) 

Fitzpatrick Phototype 

  

I - Always burns, never tans 99 (9.9%) 
II - Always burns, tans minimally 278 (27.7%) 
III - Sometimes mild burn, tans uniformly 352 (35.0%) 
IV - Burns minimally, always tans well 148 (14.7%) 
V - Very rarely burns, tans very easily 110 (10.9%) 
VI - Never burns 18 (1.8%) 

Risk Factors 

  

Ultraviolet light exposure (natural or tanning bed) 455 (45.3%) 
Weakened immune system 32 (3.2%) 
Family history of skin cancer 332 (33.0%) 
Xeroderma Pigmentosum 1 (0.1%) 
Fair skin; freckling; light hair 362 (36.0%) 
Many moles and/or dysplastic nevi 331(32.9%) 
Personal history of skin cancer 233 (23.2%) 
New or changing lesion(s) 725 (72.1%) 
None of the above 29 (2.9%) 

Number of Eligible Lesions per subject Enrolled 

  

1 657 (65.4%) 
2 207 (20.6%) 
3 78 (7.8%) 
4 41 (4.1%) 
5 22 (2.2%) 
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Table 9 summarizes the lesion characteristics of patients in the study. In the DERM-
SUCCESS pivotal study, lesions on the trunk constituted the majority of lesions, 
followed by lesions on the arms and head. 

Table 9: Lesion characteristics in DERM-SUCCESS pivotal study (mITT, n=1,579) 

Anatomic Location n 
% Anatomic 

Location 
°A Total 

Head 247 

 

15.6% 
Scalp 50 20.2% 3.2% 
Forehead 59 23.9% 3.7% 

Cheek or nose 85 34.4% 5.4% 
Chin 8 3.2% 0.5% 
Other 45 18.2% 2.8% 

Arm 299 

 

18.9% 
Upper Arm 108 36.1% 6.8% 
Elbow 11 3.7% 0.7% 
Forearm 121 40.5% 7.7% 
Hand 26 8.7% 1.6% 
Other 33 11.0% 2.1% 

Leg 207 

 

13.1% 
Upper Leg 66 31.9% 4.2% 
Lower Leg 116 56.0% 7.3% 
Knee 10 4.8% 0.6% 
Foot 7 3.4% 0.4% 
Other 8 3.9% 0.5% 

Trunk 826 

 

523% 
Neck 63 7.6% 4.0% 
Chest 128 15.5% 8.1% 
Upper Back 361 43.7% 22.9% 
Lower Back 149 18.0% 9.4% 
Abdomen 64 7.7% 4.1% 
Pubic, Inguinal 5 0.6% 0.3% 
Buttocks 9 1.1% 0.6% 
Other 47 5.7% 3.0% 

Table 10 summarizes the diagnoses of the lesions included in the study according to 
dermatopathology. The final pathology results were "high risk lesions" (high risk 
melanocytic lesions (melanoma and highly atypical nevi), SCC, and BCC). Consistent 
with the known occurrence rate, BCC was the most common lesion, with a slightly smaller 
number of SCC, and approximately one half the number of high risk melanocytic lesions. 
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Table 10: Final dermatopatholog.N diagnoses in DEFtM-SUCCESS pivotal study (mITT, 
n=1,579) 

Parent Pathology or Diagnosis n (%) 
High Risk Lesions 224 (14.2%) 

Melanoma and severely atypical nevi 48 (3.0%) 
Squamous Cell Carcinoma (SCC) 86 (5.4%) 
Basal Cell Carcinoma (BCC) 90 (5.7%) 

Low Risk Lesions 1355 (85.8%) 
Benign melanocytic nevus 500(36.9%) 
Seborrheic keratosis 490(36.2%) 
Actinic Keratosis (AK) 71(5.2%) 
Lentigo 65 (4.8%) 
Other 53 (3.9%) 
Verruca/Wart 48(3.5%) 
Dermatofibroma 42 (3.1%) 
Lichenoid keratosis 29 (2.1%) 
Angioma or vascular lesion 20 (1.5%) 
Categories with <20 lesions 37 (2.3%) 

Sebaceous hyperplasia 9 (0.7%) 
Acrochordon 8 (0.6%) 
Scar 6(0.4%) 
Epidermal cyst 5 (0.4%) 
Folliculitis 3 (0.2%) 
Angiofibroma 2 (0.1%) 
Rosacea 1(0.1%) 
Excoriation 1 (0.1%) 
Solar elastosis 1(0.1%) 
Angiokeratoma 1 (0.1%) 

Study endpoints  
The co-primary endpoints of the DERM-SUCCESS study were: DermaSensor sensitivity 
compared to that of the study physicians (primary care physicians); and a sensitivity + 
specificity > 1. The endpoint of sensitivity compared to the primary care physicians was 
selected to determine if the device provides superior sensitivity compared to primary care 
physicians. The second co-primary endpoint was selected to confirm that the performance 
was non-random. The secondary endpoint of the DERM-SUCCESS study was 
DermaSensor sensitivity compared to a performance goal of 90%. This endpoint was 
selected to compare the sensitivity of the DermaSensor device to that of the current gold 
standard for skin lesion evaluation, i.e., dermatologist evaluation, which literature review 
indicated is approximately 90%. 

Results of DERM-SUCCESS pivotal study  
The DERM-SUCCESS pivotal study demonstrated an overall sensitivity of 95.5% when 
assessed over all ages and Fitzpatrick skin phototypes for identification of melanoma, SCC, 
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or BCC. The first co-primary endpoint was met, as the device sensitivity for high-risk 
lesions, defined as the three target malignancies of melanoma (including highly atypical 
nevi), SCC, and BCC, across all ages and Fitzpatrick skin phototypes was 95.5%, which 
was superior to the sensitivity of PCPs for the same population (83.0%, p-value <0.0001) 
as shown in Table 11. Specificity for all high-risk lesions was 20.7% (18.5%-23.1%), 
lower than the PCP specificity of 54.2% (50.7-57.6%). The second co-primary endpoint 
was met with sensitivity (95.5%) + specificity (20.7%) > 1. The secondary endpoint was 
met, with overall sensitivity >90% (<0.001). The specificity of 20.7% was deemed 
clinically acceptable when paired with the high overall sensitivity (95.5%) due to the 
significantly greater risk of a false negative, particularly for melanoma, than a false 
positive. The low specificity is also mitigated by the intended use of the device as one 
component/adjunctive information in the decision of the provider. 

Table 11: Summary of DERM-SUCCESS study sensitivity and specificity results 

Sensitivity CVO and 95% Confidence Interval' 

 

# Lesions Device PCP P-value2 

All malignant lesions - 224 95.5% 83.0% <0.001 
sensitivity 

 

(91.7%-97.6%) (77.7%-87.3%) 

 

Benign lesions - specificity 1355 20.7% 54.2% N/A 

  

(18.5%-23.1%) (50.7-57.6%) 

 

1  95% Confidence Interval calculated accounting for within-subject correlations using Wilson method 

2  P-value obtained using the method of moments for clustered paired data 

The performance of the DermaSensor device across age groupings is presented in Table 12. 
Table 12: Device performance across age groupings 

Age 
Group 

Device 
Sensitivity 

Device 
Specificity 

PCP Unaided 
Sensitivity 

PCP Aided 
Sensitivity 

Difference 

40-49* 100% (9/9) 22.9% (39/170) 83.1%* 91.8%* 8.7%* 
50-59 95.6% (43/45) 24.1% (72/299) 77.7-83.6% 90.3-94.4% 6.8-16.8% 
60-69 93.9% 62/66 22.0% 89/405 72.9-84.9% 82.0-91.0% 6.2-9.2% 
70-79 98.3% (59/60) 12.6% (27/214) 84.6-90.7% 87.4-98.6% 2.8-7.9% 
80-89 97.3% (36/37) 10.8% (7/67) 79.6-93.9% 98.9-99.1% 5.0-19.4% 
* Only DERM-SUCCESS Pigmented Reader Study results are available. 

The area under the receiver operating characteristic (ROC) curve (AUROC) for the device 
was 0.7896. This was greater than the AUROC for PCPs, which was 0.7404 for all lesions. 
Device AUROC was also greater than the AUROC for the PCPs when limited to study 
lesions for which they reported low confidence in their clinical diagnosis, which was 
0.5555. When using the ROC curves to interpolate the PCPs' specificity at the same level 
of sensitivity as the device (i.e., 95.5%), the corresponding specificity of the device is 
20.7% while the PCP specificity is 9.0%. 
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Spectral similarity score evaluation  
For positive output ("Investigate Further") the DermaSensor displays a Similarity Score of 
1-10, with higher scores representing greater similarity to signals seen in malignant lesions. 
Standalone performance testing demonstrated that higher scores were associated with a 
higher positive predictive value (PPV), as calculated relative to the frequency of the score 
among all spectral scores displayed (total 1,288 scores; Table 13). The PPVs for each 
score, when assessed alone, are impacted by prevalence (frequency) of each score within 
the lesions of the pivotal study, which varied from 4.8% to 16.5%. Prevalence of skin 
cancer in lesions assessed for skin cancer may be different in real world use, and this would 
change the PPV. Therefore, this assessment was intended to show a correlation between 
higher scores and greater likelihood of malignancy, and not to predict PPV of the score in 
clinical use outside of the DERM-SUCCESS pivotal study. 

Table 13: Summary of positive predictive values by spectral similarity score output 

Spectral Score Positive Total PPV (Frequency) Lower and upper bounds 
1 13 / 202 6.4% (15.7%) 3.7- 10.9% 
2 7 / 213 3.3% (16.5%) 1.5 - 7% 
3 15 / 177 8.5% (13.7%) 4.9 - 14.2% 
4 14 / 132 10.6% (10.2%) 6.2- 17.5% 
5 12/ 103 11.7% (8%) 6.6- 19.7% 
6 25 / 104 24% (8.1%) 16.7- 33.2% 
7 33 / 117 28.2% (9.1%) 20.5 - 37.5% 
8 26/ 101 25.7% (7.8%) 18.1 -35.2% 
9 31 / 77 40.3% (6%) 30.3 - 51.1% 
10 38 / 62 61.3% (4.8%) 48.3 - 72.9% 

Standalone Algorithm Performance Testing Conclusions  
The DERM-SUCCESS pivotal study demonstrated an overall sensitivity for malignancy 
of 95.5%. The first co-primary endpoint was met, as the device sensitivity for all 
malignancies was superior to the sensitivity of PCPs, 83.0%, for the same population. 
Specificity for benign lesions was 20.7%, meeting the second co-primary endpoint of 
sensitivity + specificity > 1. The secondary endpoint was met, with overall sensitivity 
>90%. A correlation was observed between the magnitude of the similarity score and 
positive predictive value, thereby meeting the second co-primary endpoint. 

Safety 
No adverse events were observed during the DERM-SUCCESS pivotal study. False 
negative and false positive device outcomes were not considered adverse events as part of 
the study due to the non-interventional design. However, false negatives would be 
considered adverse events during real world use of the device. 

Adjunctive Use Performance Testing 

Three studies were completed to assess performance of the device as an aid to PCPs. The 
first study was conducted with all lesions suggestive of skin cancer, per the indications for 
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use, to demonstrate superior performance of the device-aided PCP compared to unaided 
PCPs. However, melanoma poses the highest risk of the three lesion types assessed due to 
a higher metastatic potential, higher morbidity, and higher mortality compared with SCC 
or BCC. Therefore, two additional reader studies were performed to ensure the device does 
not negatively impact the clinical decision of readers specifically in case sets enriched for 
pigmented lesions. Both studies were performed in a sequential read design to mimic the 
intended use of the device as a second read device. 

DERM-SUCCESS initial reader study: "A Multi-Reader, Multi-Case (MRMC)  
Companion Study to the DERM-SUCCESS Clinical Study"  
The DERM-SUCCESS initial reader study was intended to assess superiority of device-
aided PCPs over unaided PCPs across all skin cancers (melanoma, SCC, and BCC). The 
study included 108 readers trained in internal medicine or family practice who evaluated 
25 malignant (20% melanoma, 40% SCC, 40% BCC) and 25 benign lesions. Readers were 
shown images of the lesions either with or without the device output in random order. All 
lesions were viewed twice during the study, once without device output and once with 
device output. After each lesion, the readers were asked to provide a management decision 
of "Refer" or "Do not refer." The co-primary endpoints were aided sensitivity superiority 
to unaided sensitivity, and aided sensitivity + specificity >1. The study demonstrated that: 

• device-aided PCPs had a higher sensitivity of 91.4% (95% CI: 85.7-97.1%) 
compared with unaided PCP sensitivity 82.0% (95% CI: 76.4-87.6%; p=0.0027); 
and 

• sensitivity + specificity of PCPs aided by the device was greater than 1 (Odds Ratio 
6.8, CI: 4.7 to 9.8, p<0.001). 

The co-primary endpoints were therefore met. 

Additional analyses showed that: 
• device-aided PCPs had a lower specificity of 32.4% (95% CI: 20.7-44.1%) 

compared with unaided PCP specificity 44.2% (95% CI: 36.0-52.4%); and 
• when assessed for overall performance of aided vs. unaided reader performance, 

the area under the receiver operating characteristic curve (AUROC) increased 5.4% 
from 0.708 to 0.762. 

The data in this study, in which DermaSensor output was provided concurrently with the 
image of the lesion, demonstrated that PCPs performed better when viewing images with 
the device output than when viewing the image alone. However, the increased sensitivity 
was associated with reduced specificity. The specificity of the device-aided PCP was 
higher in this study than the specificity of the device alone, as quantified in the standalone 
performance testing, indicating that adjunctive use by PCPs may, to some extent, mitigate 
the risk associated with the low specificity of the device alone. Nonetheless, use of the 
device is still expected to result in higher referral of both true positives and false positives. 
The demonstrated increase in AUROC, which reflects both sensitivity and specificity, 
indicates that overall accuracy was greater in aided reads than in unaided reads. 
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DERM-SUCCESS pigmented lesion reader study: "A Multi-Reader, Multi-Case  
(MRMC) Study for Evaluating the Impact of the DermaSensor Device on Primary Care 
Physicians' Assessment of Pigmented Lesions"  
The DERM-SUCCESS pigmented lesion reader study was intended to demonstrate non-
inferiority of PCPs aided by the device compared to unaided PCPs for pigmented lesions 
suggestive of skin cancer. Seventy-seven PCP readers were shown an image of a lesion 
and entered an initial management decision of "Refer" or "Do not refer." The device output 
was then revealed, and the readers entered a second management decision. The lesions 
included 69 malignant lesions (36% melanoma, 26% SCC, 36% BCC) and 67 benign 
lesions (59 pigmented, 10 non-pigmented). The primary endpoint was aided AUROC non-
inferiority for all skin cancers. When the device result was shown the aided PCP AUROC 
was found to be greater than the unaided PCP AUROC by 1.5%, with statistically 
significant non-inferiority (p<0.001). The primary endpoint was therefore met. 

Secondary endpoints were aided reader sensitivity non-inferiority for all skin cancers, 
aided reader sensitivity non-inferiority for melanoma, and specificity non-inferiority 
margin of 20%. Analysis of secondary endpoints showed: 

• aided PCP sensitivity for all skin cancers increased from 80.5% (95% CI: 75.1-
85.9%) to 86.3% (95% CI: 65.3-85.6%) with statistically significant superiority 
(p<0.001); 

• aided PCP sensitivity for melanoma increased from 68.8% (95% CI: 59.6-78.1%) 
to 75.4% (95% CI: 65.3-85.6%) with statistically significant non-inferiority 
(p<0.001); and 

• aided PCP specificity for all skin cancers decreased from 45.7% (95% CI: 39.2-
52.2%) to 35.1% (95% CI: 27.4-42.9%) with statistically significant non-inferiority 
(p=0.003). 

This second-read design study demonstrated that PCPs improved their initial management 
decision when provided with the device output and were able to revise the management 
decision. Use of the device as a second read improved the sensitivity of the study PCPs for 
skin cancers overall and did not decrease sensitivity for lesions with the highest metastatic 
potential (i.e., melanoma). However, the increased sensitivity was associated with reduced 
specificity, which may result in higher referral of both true positives and false positives. 
AUROC, which reflects both sensitivity and specificity, indicated that the device led to 
improvement in overall accuracy based on the point-estimate; the statistically significant 
non-inferiority of AUROC supports that in a study enriched with pigmented lesions, PCP 
accuracy does not decrease for lesions with high metastatic potential, mitigating the risk of 
false negatives in this high-risk patient population. 

The results are summarized in Table 14. 

Table 14: PCP Management AUROC and Sensitivity Without and With Device 

 

Lesion 
Assessments 

Estimate (95% Confidence Interval) 

 

Without Device With Device P-value 
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AUROC n=20,944 0.702 
(0.653-0.751) 

0.717 
(0.661-0.773) 

<0.001 

Sensitivity n=10,626 80.5% 
(75.1-85.9%) 

86.3% 
(81.1-91.5%) 

<0.001* 

Sensitivity for 
Melanoma 

n=3,850 68.8% 
(59.6-78.1%) 

75.4% 
(65.3-85.6%) 

0.029* 

Specificity n=10,318 45.7% 
(39.2-52.2%) 

35.1% 
(27.4-42.9%) 

0.003 

*p-value for superiority, otherwise p-value is for non-inferiority 

DERM-ASSESS III reader study: "A Multi-Reader, Multi-Case (MRMC) Study for 
Evaluating the Impact of the DermaSensor Device on Primary Care Physicians' 
Assessment of Lesions Suggestive of Melanoma"  
The DERM-ASSESS III reader study for lesions suggestive of melanoma was intended to 
demonstrate non-inferiority of PCPs aided by the device compared to unaided PCPs, for 
lesions suggestive of melanoma. The readers, 118 PCPs, were shown an image of a lesion 
and entered an initial management decision of "Refer" or "Do not refer." The device output 
was then revealed, and the readers entered a second management decision. The lesions 
included 50 malignant lesions (68% melanoma, 16% SCC, 16% BCC) and 50 benign 
lesions. The primary endpoint was aided AUROC non-inferiority for all skin cancers. 
When the device result was shown the aided read AUROC was found to be greater than 
the unaided AUROC by 4.1%, with statistically significant non-inferiority (p<0.001) and 
superiority (p=0.036). The primary endpoint was therefore met. Secondary endpoints 
aided reader sensitivity non-inferiority for all skin cancers, aided sensitivity non-inferiority 
for melanoma, and specificity non-inferiority margin of 20%, were also met. The results 
are summarized in Table 15. 

This study also demonstrated that use of the device as a second read source of information 
improved the sensitivity of the PCPs in the study. The increase in sensitivity was 
associated with lower specificity. This is anticipated to result in higher referral of both true 
positives and false positives. AUROC, which reflects both sensitivity and specificity, was 
improved when the device output was provided, indicating that the device led to 
improvement in overall accuracy based on the point-estimate; the statistically significant 
non-inferiority of AUROC supports that in a study enriched with pigmented lesions, PCP 
accuracy does not decrease for lesions with high metastatic potential, mitigating the risk of 
false negatives in this high-risk patient population. 

Table 15: PCP Management AUROC and Sensitivity Without and With Device 

 

Lesion 
Assessments 

Estimate (95% Confidence Interval) 

 

Without Device With Device P-value 
AUROC n=11,800 0.630 

(0.582-0.678) 
0.671 

(0.611-0.732) 
0.036* 

Sensitivity n=5,900 73.7% 
(67.7-79.6%) 

81.8% 
(76.0-87.6%) 

<0.001* 
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Sensitivity for 
Melanoma 

n=3,850 70.2% 
(62.9-77.6%) 

79.1% 
(72.4-85.7%) 

<0.001* 

Specificity n=5,900 44.2% 
(38.1-50.2%) 

38.6% 
(30.9-46.2%) 

<0.001 

*p-value for superiority, otherwise p-value is for non-inferiority 

Clinical Performance Results Analysis by Skin Cancer Type 

Melanoma, SCC, and BCC are all skin cancers, but they are three distinct diseases, with 
different natural histories, risk of metastasis, urgency of diagnosis and treatment, and 
mortality rates. Device standalone performance was assessed for each lesion type and is 
summarized below (Table 16). Device standalone performance and the performance of the 
device in aiding PCP performance was further assessed by patient age and Fitzpatrick skin 
phototypes; this is also summarized below by each lesion type. 

Table 16 (a, b): Standalone device sensitivity and specificity by skin cancer subtype (based 
on binary output correlation with final histological diagnosis) 

a. All participants 

Final Diagnosis n 
True Positives or 
True Negatives' 

Sensitivity or 
Specificity (%)2 

High risk lesions 224 214 95.5% (91.7%-97.6%) 
Melanoma and severely atypical nevi 48 42 87.5% (76.4%-93.8%) 

Melanoma 29 24 82.8% (64.2%-94.2%) 
Highly Atypical Nevus 19 18 94.7% (91.9%-96.6%) 

Squamous Cell Carcinoma (SCC) 86 84 97.7% (91.1%-99.4%) 
Basal Cell Carcinoma (BCC) 90 88 97.8% (91.3%-99.5%) 

Low risk lesions 1355 281 20.7% (18.5%-23.1%) 

b. Participants age 40+ (Intended use population) 

Final Diagnosis n 
True Positives or 
True Negatives' 

Sensitivity or 
Specificity (%)2 

High risk lesions 217 209 96.3% (92.9-98.4%) 
Melanoma and severely atypical nevi 41 37 90.2% (76.9-97.3%) 
Squamous Cell Carcinoma (SCC) 86 84 97.7% (91.1%-99.4%) 
Basal Cell Carcinoma (BCC) 90 88 97.8% (91.3%-99.5%) 

Low risk lesions 1155 234 20.3% (18.0-22.7%) 
'True positives for high risk lesions and true negatives for low risk lesions 
295% CI calculated accounting for within-subject correlations using Wilson method. 

Melanoma (including severely/highly atypical nevi): 
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Standalone device sensitivity for melanoma was highest in Fitzpatrick skin phototypes I 
and 11 (100% and 91.7%, respectively for the full population; 100% and 90.9%, for age 
40+). The study included Fitzpatrick skin phototypes VI, V, and VI with a relatively small 
number of lesions per phototype (5, 6, and 1), consistent with the lower incidence of 
melanoma in Fitzpatrick skin phototypes IV-VI. Standalone device sensitivity was high in 
participants aged 40-59 (92.9%) and 60-79 (91.7%) but relatively lower in participants 
under age 40 (71.4%) and participants aged over 80 (66.7%). 

When used as a second read device for adjunctive use in clinical decision support, the 
DermaSensor device improved performance of PCPs for participants ages 40 and older and 
with Fitzpatrick skin phototypes I-VI. Table 17 and Table 18 below summarize device 
standalone sensitivity and specificity and degree of effect on readers by subgroup by 
Fitzpatrick skin phototype and age group. We note that melanoma patients with Fitzpatrick 
skin phototypes IV-VI, were less represented in the studies consistent with their lower 
incidence in the US population. To assess safety in this patient subgroup, the performance 
of the device was compared to the PCP performance for the 12 melanomas enrolled in this 
subgroup in the DERM-SUCCESS standalone performance test study. The unaided PCP 
melanoma sensitivity was 66.7% (8/12), compared to the device sensitivity of 83.3% 
(10/12) for the same lesions. Thus, the data are suggestive of a margin of safety between 
the device sensitivity and PCP sensitivity for melanoma patients in this subgroup. 

Table 17 (a,b): Summary of Device Melanoma Performance and PCP Melanoma 
Performance Based on Fitzpatrick Skin Phototypes 

a. All participants 

Fitzpatrick 
Phototype 

DERM-SUCCESS 
Standalone device performance 

DERM-SUCCESS 
Pigmented lesion reader study - sensitivity 

Sensitivity Specificity 
No. 

Lesions 
PCP 

Unaided 
PCP 

Aided 
% Change 
for Aided 

Overall 87.5% (42/48) 23.7% (216/913) 25 68.8% 75.4% 6.6% 
I 100.0%(10/10) 19.3%(16/83) 4 74.0% 81.2% 7.1% 
II 91.7% (11/12) 24.4% (50/205) 9 80.7% 86.1% 5.5% 
III 78.6% (11/14) 21.4%(65/304) 7 59.6% 75.1% 15.6% 
IV 80.0% (4/5) 26.2% (43/164) 2 72.7% 57.8% -14.9% 
V 83.3%(5/6) 26.1%(37/142) 3 45.5% 48.1% 2.6% 
VI 100.0%(1/1) 33.3%(5/15) 0 N/A N/A N/A 

b. Participants age 40+ (Intended use population) 

Fitzpatrick 
Phototype 

DERM-SUCCESS 
Standalone device performance 

DERM-SUCCESS 
Pigmented lesion reader study - sensitivity 

Sensitivity Specificity 
No. 

Lesions 
PCP 

Unaided 
PCP 

Aided 
% Change 
for Aided 

Overall 90.2% (37/41) 23.0% (171/742) 21 69.9% 78.4% 8.5% 
I 100% (9/9) 20.9% (14/67) 3 72.7% 82.7% 10.0% 
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II 90.9% (10/11) 25.3% (45/178) 8 79.4% 86.4% 7.0% 
HI 81.8%(9/11) 20.0%(48/240) 6 59.1% 76.4% 17.3% 
IV 80.0% (4/5) 26.2% (43/164) 2 72.7% 57.8% -14.9% 
V 100%(4/4) 26.7%(31/116) 2 57.1% 66.2% 9.1% 
VI 100.0%(1/1) 33.3%(5/15) 0 N/A N/A N/A 

Table 18: Summary of Device Melanoma Performance and PCP Melanoma Performance 
Based on Age Group 

Age Group 

DERM-SUCCESS 
Standalone device performance 

DERM-SUCCESS 
Pigmented Lesion reader study - sensitivity 

Device 
Sensitivity 

Device 
Specificity 

No. 
Lesions 

PCP 
Unaided 

. 
PCP Aided 

% Change 
for Aided 

Age 20-40 71.4% (5/7) 25.3% (46/182) 4 63.3% 60.1% -3.20% 
Age 41-60 92.9% (13/14) 27.4% (57/208) 8 75.8% 79.2% 3.40% 
Age 61-80 91.7% (22/24) 28.3% (30/106) 13 66.2% 77.8% 11.60% 
Age 81+ 66.7% (2/3) 0.0% (0/4) 0 NA NA NA 
Overall 87.5% (42/48) 23.7% (216/913) 25 68.8% 75.4% 6.6% 

Ages 40+ 90.2% (37/41) 23.0% (171/742) 21 69.9% 78.4% 8.5% 

The DERM-SUCCESS pigmented lesion reader study was analyzed to determine whether 
the improvement in sensitivity in the context of reduced specificity had a net positive 
change in referral decision. The analysis demonstrated that the ratio of readers' 
management decisions that were correctly changed from unaided "Do not refer" to aided 
"Refer" (resulting in correction of a potential missed diagnosis), compared to management 
decisions that were incorrectly changed from unaided "Refer" to aided "Do not refer 
(resulting in a missed diagnosis) was 248:49, indicating that the device was more likely to 
correct user management decision than to harm management decision by a factor of 5, 
indicating an overall benefit as an aid in second reading of pigmented lesions suspicious 
for melanoma (Table 19). 

Table 19: Summary of converted reader decisions. 

Total melanoma 
reads 

1925 

Unaided reads Aided reads converted 
False negative 
600 

After device true positive 
248 (43% conversion rate) 

True positive 
1325 

After device false negative 
49 (3.7% conversion rate) 

Number of reads = number of melanomas x number of readers 

Squamous Cell Carcinoma (SCC):  
Overall standalone device sensitivity for SCC detection was 97.7%, with specificity of 
17.3% for non-melanocytic lesions. There was insufficient support (number of lesions 
studied) for participants aged below 40 to confirm that benefit outweighed risk. The table 
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below summarizes performance by clinically-relevant subgroups from the DERM-
SUCCESS standalone performance study and DERM-SUCCESS pigmented lesion reader 
study for SCC lesions. 

When used as a second read device for adjunctive use in clinical decision support, the 
DermaSensor device improved performance of PCPs for participants aged 40 and over. 
Table 20 and Table 21 below summarize device standalone sensitivity and specificity by 
Fitzpatrick skin phototype and age group. 

Table 20: Summary of Device SCC Performance for All Patients Based on Fitzpatrick Skin 
Photot pes 

Fitzpatrick 
Phototype 

DERM-SUCCESS 
Standalone device performance 

Sensitivity Specificity 

I 90.0%(9/10) 16.2% (11/68) 
H 100% (28/28) 19.5% (46/236) 

III 100% (19/19) 10.8% (29/269) 
IV 100%(18/18) 20.4%(31/152) 
V 90.0%(9/10) 23.3% (27/116) 
VI 1 00% (1/1) 28.6%(4/14) 

Table 21: Summary of Device SCC Performance and PCP SCC Performance for All 
Patients Based on Age Group 

Age 
(years) 

DERM-SUCCESS 
Standalone device performance 

DERM-SUCCESS 
Pigmented Lesion reader study — 

sensitivity 

Sensitivity Specificity 
Unaided 
Reader 

Aided 
Reader 

% Change 
for Aided 

20-40 100% (1/1) 22.0% (9/41) 84.40% 93.50% 9.10% 
41-60 100% (10/10) 21.1% (57/270) 88.30% 95.70% 7.40% 
61-80 96.7% (58/60) 15.4% (77/500) 76.80% 81.70% 4.90% 
81+ 100% (15/15) 11.4% (5/44) 94.50% 99.70% 5.20% 

IA total of 77 PCP readers performed evaluations of these cases. 

Basal Cell Carcinoma (BCC):  
Overall standalone device sensitivity for BCC detection was 97.8% with specificity of 
17.3% for non-melanocytic lesions. Table 22 and Table 23 below summarize performance 
by clinically-relevant subgroups from the DERM-SUCCESS clinical study and DERM-
SUCCESS pigmented reader study for BCC lesions. 

When used as a second read device for adjunctive use in clinical decision support, the 
DermaSensor device improved performance of PCPs for patients aged 40 and older. The 
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tabulated results below summarize device standalone sensitivity and specificity and degree 
of effect on readers by subgroup by Fitzpatrick skin phototype and age group. 

Table 22: Summary of Device BCC Performance for All Patients Based on Fitzpatrick Skin 
Phototypes 

Fitzpatrick 
Phototype 

DERM-SUCCESS 
Standalone device performance 

Sensitivity Specificity 

I 100%(7/7) 16.2% (11/68) 
II 97.4%(37/38) 19.5%(46/236) 
III 100% (35/35) 10.8% (29/269) 
IV 100% (2/2) 20.4% (31/152) 
V 85.7%(6/7) 23.3%(27/116) 
VI 100%(1/1) 28.6%(4/14) 

Table 23: Summary of Device BCC Performance and PCP BCC Performance for All 
Patients Based on Age Group 

Age 
(years) 

DERM-SUCCESS 
Standalone device performance 

DERM-SUCCESS 
Pigmented Lesion reader study — 

sensitivity 

Sensitivity Specificity 
Unaided 
Reader 

Aided 
Reader 

% Change 
for Aided 

20-40 100%(1/1) 22%(9/41) NA NA NA 
41-60 94.4% (34/36) 21.1% (57/270) 87.20% 92.60% 5.40% 
61-80 100% (39/39) 15.4% (77/500) 92.60% 97.80% 5.20% 
81+ 100% (14/14) 11.4% (5/44) 92.90% 97.40% 4.50% 

Summary of Clinical Information  
Overall, the data presented demonstrate increased sensitivity of melanoma, SCC, and BCC 
detection when PCPs use the DermaSensor device in the intended use population as a 
second-read device for adjunctive use, and that adjunctive use, to some extent, mitigates 
the risk of increased referrals for benign lesions associated with a relatively low specificity 
of the device. 

POSTMARKET SURVEILLANCE 

In order to satisfy special control (1) below, DermaSensor must collect and report post-market 
surveillance data acquired under anticipated conditions of use to demonstrate that the device 
performs as intended when used to analyze data from the intended patient population. Specifically, 
the sponsor must conduct post-market clinical validation performance testing of the DermaSensor 
device in patients from demographic groups representative of the U.S. population, to include 
populations for whom uncertainty remains in the data provided due to lower representation in the 
mITT population (i.e, Fitzpatrick skin phototypes with lower prevalence of skin cancer). 
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FDA expects that the post-market clinical validation performance testing will include a statistically 
justified study sample size to confirm that performance of the device in post-market use is not 
inferior to the performance observed in the pre-market study for the studied subgroup(s) or the 
overall population. The study should enroll a representative range of subjects with 
overrepresentation of patients who have Fitzpatrick skin phototypes with lower prevalence of skin 
cancer (e.g., Fitzpatrick skin phototypes IV, V, and VI). The study should record age, sex, 
socioeconomic status, race, and risk factors for skin cancer development and progression, and 
assess their impact on the device's effectiveness as measured by sensitivity, specificity, and/or 
improvement of the user's management decision. 

LABELING 

Device labeling includes the product labels on the device and instructions for use labeling. The 
instructions for use include a description of the device components and outputs, device technical 
parameters, instructions for use of the device, electromagnetic compatibility information, shelf 
life, and device reprocessing and disposal instructions. The instructions for use also contain 
relevant information about the patients in the algorithm development and training datasets, and 
findings from the standalone and adjunctive use clinical studies with the performance 
characteristics of the device when used as intended. The document also states the shelf life for any 
sterile components as well as the necessary measures to properly dispose of any single use items 
and clean the reusable components of the device. The sale, distribution, and use of DermaSensor 
device are restricted to prescription use in accordance with 21 CFR 801.109. 

Labeling also includes the following: 
• A description of performance measures, including sensitivity and specificity, and 

statistical confidence intervals, as well as performance of the device for all clinically 
relevant subgroups within the intended use population 

• A statement that the device is not intended for use as a standalone diagnostic. 
• A statement that performance of the device has not been specifically evaluated in patients 

with increased risk for skin cancer, e.g., inherited or drug-induced photosensitivity; 
genetic predisposition to melanoma or basal cell carcinoma (BCC); immune compromise; 
or other medical conditions that increase the risk of skin cancer or its metastasis. 

• A statement that the device should not be used for lesions that are suggestive of 
malignancies other than melanoma, BCC and/or SCC. 

• A statement that the device is intended for use on primary lesions only and has not been 
tested on lesions that are previously biopsied, recurrent, or metastatic; on scars, tattoos, 
sunburned skin, or within a hairy area; or which are located on palms, soles, mucosal 
surfaces, genitals, ears, within 1 cm of the eye, or under nails. 

• A statement that, consistent with the lower prevalence of skin cancer in Fitzpatrick skin 
phototypes IV-VI, less data is available for sensitivity of the DermaSensor device for 
melanoma in these patients. The decision to refer patients with suspicious pigmented 
lesions in this group should be primarily based on clinical concern. 

Labeling will be updated in accordance with data collected via post-market surveillance to 
provide updated clinical performance data and effectiveness data of the device. 
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RISKS TO HEALTH 

The table below identifies the risks to health that may be associated with use of a software-aided 
adjunctive diagnostic device for use by physicians on lesions suspicious for skin cancer and the 
measures necessary to mitigate these risks. 

Identified Risks to Health Mitigation Measures 
False negative results, leading to 
failure to treat cancer and cancer 
progression, or false positive results, 
leading to unnecessary referrals and/or 
medical procedures 

Clinical performance testing 
Postmarket surveillance 
Non-clinical performance testing 
Labeling 

False results or failure to generate a 
result due to use error or improper 
device use 

Precision testing 
Human factors testing 
Labeling 

False results or failure to generate a 
result due to device failure or 
malfunction 

Non-clinical performance testing 
Precision testing 
Software verification, validation, and hazard analysis 
Labeling 

Electrical, thermal, mechanical, or 
light exposure-related injury 

Electrical, mechanical, and thermal safety testing 
Software verification, validation, and hazard analysis 
Labeling 

Interference with other devices Electromagnetic compatibility testing 
Adverse tissue reaction Biocompatibility evaluation 
Infection and cross contamination Cleaning and disinfection validation 

Labeling 

SPECIAL CONTROLS 

In combination with the general controls of the FD&C Act, the software-aided adjunctive 
diagnostic device for use by physicians on lesions suspicious for skin cancer are subject to the 
following special controls: 

(1) Data obtained from premarket clinical performance validation testing and post-market 
surveillance acquired under anticipated conditions of use must demonstrate that the 
device performs as intended in the intended patient population, unless FDA determines 
based on the totality of the information provided for premarket review that data from 
post-market surveillance is not required. 
(i) Data must demonstrate superior accuracy of device-aided users' diagnostic 

characterization of the indicated lesions compared to the accuracy of un-aided 
users. 

(ii) Clinical testing must evaluate patients across a range of skin phototypes, risk 
factors, and anatomic areas that represents the intended use population. 

(iii) Standalone device performance testing must demonstrate the accuracy of the 
device output relative to ground truth, including the following: 
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(A) Testing must demonstrate at least 90% sensitivity of the device output for 
lesions with high metastatic potential, or an alternative clinical 
consideration must be provided to justify lower sensitivity. Clinical 
justification must be provided for the reported specificity. 

(B) Lesions must be selected by representative users and include a justified 
quantity and range of mimic lesions per diagnosis. 

(C) Justification must be provided for the determination of ground truth. 
(D) Testing must include a representative range of individuals with diverse risk 

factors (including age, body site, and skin phototype, and other clinical 
factors), and analysis of standalone performance must include subgroup 
analysis by relevant risk factors. 

(2) Non-clinical performance testing must demonstrate that the device performs as 
intended under anticipated conditions of use, including compatibility testing of the 
device software with specific signal or image acquisition hardware. Testing must 
include a description of compatible hardware and processes, pre-specified 
compatibility testing protocols and dataset(s). 

(3) Performance testing must demonstrate device precision, including repeatability and 
reproducibility of device performance, across operators and challenging use 
conditions. 

(4) Performance testing must demonstrate the electrical safety, mechanical safety, thermal 
safety, and electromagnetic compatibility of any electrical components of the device. 

(5) Performance testing must validate reprocessing instructions for reusable components of 
the device. 

(6) The patient-contacting components of the device must be demonstrated to be 
biocompatible. 

(7) Software verification, validation, and hazard analysis must be performed. 

(8) Human factors assessment must demonstrate that the device can be safely and correctly 
used by intended users. 

(9) Labeling must include: 
(i) A summary of standalone and clinical performance testing conducted with the 

device. The summary must describe performance measures, including sensitivity 
and specificity, and statistical confidence intervals, as well as performance of the 
device for all clinically relevant subgroups within the intended use population; 

(ii) A description of the patient population that was used in development or training 
of the device algorithm; 

(iii) Device limitations or subpopulations for which the device may not perform as 
expected or for whom the device has not been validated; 
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(iv) Information for interpretation of the device outputs detailing the risks associated 
with misinterpretation of the device outputs; 

(v) Warnings to avoid unsafe exposure to any energy-emitting components of the 
device, e.g., excluding lesions close to the eye; 

(vi) A statement that the device is not intended for use as a standalone diagnostic; 
and 

(vii) Instructions for device maintenance and validated methods and instructions for 
reprocessing of any reusable components. 

BENEFIT-RISK DETERMINATION 

Risks and Other Factors  
The risks of the device are based on nonclinical laboratory studies as well as data collected in the 
clinical studies described above. 

No device or procedure related adverse events (AEs), serious adverse events (SAEs), or 
unanticipated adverse device effects (UADEs) were observed in the DERM-SUCCESS pivotal 
study. 

The main risks of the DermaSensor device are false negative output and false positive output. 
False negative output may cause a provider to monitor rather than refer a lesion, which could 
result in delayed diagnosis of melanoma, SCC, or BCC. False positive output may result in 
referral of a benign lesion for dermatology evaluation. This may result in patient anxiety and 
potentially increase the probability of biopsy. These risks are mitigated by the high standalone 
device sensitivity in the intended use population (>90%); by the PCP's use of the device output 
as a second read and in addition to all available clinical information and examination; and by the 
final management decision by the dermatologist to whom the patient is referred. 

Benefits  
The probable benefits of the device are based on nonclinical laboratory studies as well as data 
collected in the clinical studies described above. 

The main benefit of the DermaSensor device is the demonstrated ability to improve the 
management decision of PCPs in the intended use population. In participants aged 40 and older 
with melanoma (including severely/highly atypical nevi), SCC, or BCC lesion(s), this benefit 
was indicated by high standalone device sensitivity (>90%), in a pivotal study that included a 
large number of participants and lesions (>1000 each) across 22 clinical sites and Fitzpatrick 
phototypes I-VI. Three reader studies demonstrated that use of the DermaSensor resulted in 
superiority of the aided PCP sensitivity over the unaided sensitivity of the same PCP and that the 
device led to a greater increase in true positive aided referral decisions than false negative aided 
referral decisions. 

The clinical performance testing, including standalone device sensitivity and demonstrated aid in 
reader studies, supports the benefit of the DermaSensor device as a second-read adjunctive aid to 
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primary care physicians in correct referral decisions for individuals aged 40 and over with 
melanoma (including highly atypical nevi), SCC, and BCC. 

Uncertainty  
The performance of the device has not been specifically evaluated in patients with increased risk 
for skin cancer, e.g., inherited or drug-induced photosensitivity; genetic predisposition to 
melanoma or BCC; immune compromise; or other medical conditions that increase the risk of 
skin cancer or its metastasis. Device-aided user performance may differ compared with the 
premarket studies provided, due to, for example, differences in reliance on the device in the real 
world compared to in the retrospective studies provided. Sensitivity of the DermaSensor device 
in participants under the age of 40 was less than 90%. Algorithm training and clinical testing had 
limited representation of patients with Fitzpatrick skin phototypes IV, V, and VI, reflective of the 
relative incidence of skin cancer in these patient subpopulations. This uncertainty is mitigated by 
the post-market surveillance special control and labeling which includes a precaution stating that 
limited data is available regarding the safety and effectiveness of the DermaSensor device for 
patients with Fitzpatrick skin phototypes IV, V, and VI and those at increased risk for skin 
cancer, e.g., inherited or drug-induced photosensitivity; genetic predisposition to melanoma or 
BCC; immune compromise; or other medical conditions that increase the risk of skin cancer or 
its metastasis. 

Patient Perspectives  
This submission did not include specific information on patient perspectives for this device. 

Benefit/Risk Conclusion 

In conclusion, given the available information above, the data support that for the following 
indication statement: 

The DermaSensor device is indicated for use to evaluate skin lesions suggestive of 
melanoma, basal cell carcinoma, and/or squamous cell carcinoma in patients aged 40 and 
above to assist in the decision regarding referral of the patient to a dermatologist. The 
DermaSensor device should be used in conjunction with the totality of clinically relevant 
information from the clinical assessment, including visual analysis of the lesion, by 
physicians who are not dermatologists. The device should be used on lesions already 
assessed as suspicious for skin cancer and not as a screening tool. The device should not 
be used as the sole diagnostic criterion nor to confirm clinical diagnosis of skin cancer. 

The probable benefits outweigh the probable risks for the DermaSensor device. The device 
provides benefits, and the risks can be mitigated by the use of general controls and the identified 
special controls. 

CONCLUSION 
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The De Novo request for the DermaSensor is granted, and the device is classified as follows: 

Product Code: QZS 
Device Type: Software-aided adjunctive diagnostic device for use by physicians on 

lesions suspicious for skin cancer. 
Regulation Number: 21 CFR 878.1830 
Class: II 
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Original Research

Introduction

Skin cancer is the most common malignancy in the U.S.1 
The most common skin cancers are basal cell carcinomas 
(BCC) and squamous cell carcinomas (SCC), which arise 
from keratinocytes in the epidermis and are collectively 
referred to as keratinocyte carcinomas (KCs); approximately 

5.4 million are diagnosed in the U.S. each year.2,3 Melanoma, 
the next most common type of skin cancer, has lower inci-
dence but higher risk of mortality than KCs; in 2023, an esti-
mated 186 680 new cases are expected to be diagnosed in the 
U.S.1,2 In the U.S., approximately 7990 people die from 
melanoma and 8000 die from KCs each year.1,4,5 Most skin 
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Abstract
Background: Elastic Scattering Spectroscopy (ESS), an optical tissue sampling technique, distinguishes between benign 
and malignant tissue in vivo without the need to perform a surgical biopsy. A handheld device that employs ESS enabled 
with an artificial intelligence algorithm was developed as an objective tool to aid primary care physicians (PCPs) in their 
management of lesions suspicious for skin cancer. The aim of this study was to assess and compare the diagnostic and 
management performance of PCPs with and without the use of the ESS device in detecting skin cancer.
Methods: In this clinical utility study, 108 PCPs evaluated 100 skin lesion cases (50 aided with the device output and 50 
unaided by the device). For each case, PCPs provided a diagnosis, management decision, and level of confidence in that 
decision initially without, and then subsequently with, device output. Sensitivity, specificity, AUC, and confidence in their 
assessment prior to, and then with, device output were compared.
Results: With visual assessment assisted by device output, diagnostic sensitivity increased significantly from 71.1% to 81.7% 
(P = .0085) and referral sensitivity increased significantly from 82.0% to 91.4% (P = .0027) compared to visual assessment 
only. Device-aided diagnostic specificity decreased from 60.9% to 54.7% (P = .1896), and referral specificity decreased from 
44.2% to 32.4% (P = .0256). Overall management performance (ie, AUC) also increased from 0.708 to 0.762, and increased 
from 0.567 to 0.682 for lesions which physicians reported low confidence in their unassisted management decision. 
Physicians reporting high confidence in their management assessment increased from 36.8% to 53.4%.
Conclusion: Use of the ESS device output by PCPs significantly improved their diagnostic and management sensitivities as 
well as their overall management performance. The findings suggest the ESS device can improve PCP skin cancer detection 
and confidence in their skin lesion evaluation and management.
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melanoma, squamous cell carcinoma, basal cell carcinoma, artificial intelligence, machine learning, skin cancer, technology, 
diagnostic tools, elastic scattering spectroscopy
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cancers are treated surgically, and treatment of more 
advanced melanoma and KCs often result in significant sur-
gical morbidity to sensitive areas.

Access to a dermatologist for diagnosis and management 
of cutaneous malignancies is challenging. Patients experi-
ence long waits for dermatology appointments, with 40% of 
Americans facing scarce dermatological services, and only 
15% of high-risk Americans have ever been screened for 
skin cancer.6-8 This underscores the pivotal role of primary 
care physicians (PCPs) in promptly detecting cutaneous 
malignancies. However, differentiating malignant from 
benign skin lesions can be challenging for physicians, par-
ticularly non-dermatologists. The “ABCDE” (asymmetry, 
border irregularity, color changes, diameter, evolution) cri-
teria for the evaluation of a melanocytic growth are helpful 
for detecting superficial spreading melanomas; however, 
these criteria result in variable performance and do not aid 
in detection of KCs.9

To address this need, various non-invasive approaches 
have been developed to aid clinicians, including imaging 
algorithms, electrical impedance spectroscopy, radiation-
based photometric analysis, optical coherence tomography, 
and dermoscopy. For many of these technologies, research-
ers have developed algorithms using artificial intelligence 
that are applied to the lesion data to provide an automated 
cancer risk assessment.10-15 While promising, many face 
challenges to their widespread implementation, including 
narrow clinical scope (ie, only 1 type of skin cancer 
assessed), high cost, slow speed, and/or complicated output 
requiring extensive training.14,15 Algorithm-based skin 
lesion imaging devices have shown potential to improve 
physician cancer detection, but further testing and improve-
ments are needed, as commercially-available melanoma 
smartphone applications have a mean sensitivity of only 
28%. Until recently, no skin cancer detection devices nor 
AI-based algorithms have been approved by the US Food 
and Drug Administration (FDA) for use by PCPs nor 
patients.15,16

Elastic Scattering Spectroscopy (ESS), an optical tissue 
sampling technique, captures sub-cellular information to 
distinguish between benign and malignant tissue in vivo 

without the need to remove tissue.17 A handheld device 
employing ESS and an AI-powered algorithm was devel-
oped as an objective tool for PCPs to aid in their manage-
ment of lesions suspicious for skin cancer. The device has 
shown promise in several clinical studies to date.18-22 The 
algorithm was developed to be highly sensitive in discern-
ing malignant skin lesions (melanoma, BCC, and SCC) 
from benign skin lesions of concern to PCPs, the sensitivity 
across studies ranged from 90% to 96% and specificity 
ranged from 21% to 61%, depending on lesion selection cri-
teria. This is the first technology to be cleared by the FDA 
to provide PCPs with an immediate, objective report of the 
skin cancer risk of a lesion; it is also the first technology to 
ever be cleared or approved for any user for all 3 common 
types of skin cancer.

In this study, PCPs actively practicing in the U.S. were 
presented with lesion cases (lesion images with patient and 
lesion clinical information) enrolled during the DERM-
SUCCESS clinical validation study.23 The purpose of the 
study was to evaluate the impact of the device results on 
PCPs decision-making regarding skin lesion evaluations. 
The DERM-SUCCESS study analyzed device performance 
on 1579 lesions from 1005 enrolled patients across 22 pri-
mary care study sites, and this companion study evaluated 
the device’s ability to impact and improve upon PCP skin 
cancer diagnostic and management performance compared 
to current practice without use of the device.

Methods

Study Overview

This multi-reader multi-case (MRMC) study was designed 
to assess and compare the sensitivity and specificity of 
PCPs in their clinical assessment of lesions suggestive of 
skin cancer with and without knowledge of the device 
result. This study was reviewed and approved by an ethical 
approval granting committee and an IRB-approved written 
informed consent was used and obtained for all study par-
ticipants prior to participation in the DERM-SUCCESS 
clinical study.
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Device Information

The ESS device (DermaSensor™ device, manufactured by 
DermaSensor Inc., Miami, FL, USA) has been described 
previously was cleared by the FDA for use by non-derma-
tology expert physicians in January 2024.21,23 Briefly, this 
device emits light pulses dispersed over isolated areas of the 
lesion, with backscattered optical reflectance representing 
its architecture (eg, nuclear and chromatic characteristics). 
The ESS device was trained and validated with >20 000 
spectral scans from >4500 lesions including histologically-
confirmed melanoma, BCC, SCC, and benign lesions as 
well as unbiopsied benign lesions diagnosed by board-certi-
fied dermatologists from 6 clinical studies conducted in pri-
mary care and dermatology settings.23-27

In accordance with FDA requirements, the AI algorithm 
was locked prospectively; thus, algorithm development 
occurred with neither knowledge of the device data nor 
device results. The device classifies lesions as “Investigate 
Further” or “Monitor” based on similarity of their scanned 
properties to malignant or benign lesions. For “Investigate 
Further” lesions, a 1 to 10 score reflects the degree of spec-
tral similarity to malignant lesions from prior studies. The 
likelihood of malignancy (positive predictive value) in the 
DERM-SUCCESS study ranged from 6% for a spectral 
score of “1” to 61% for a score of “10.”

Study Design

This study was conducted in 2 phases. In each phase, PCP 
study participants reviewed high-resolution digital images 
and clinical information for 50 skin lesion cases, which 
included 25 malignant cases, independently and in random 
order. These prospectively-collected lesion cases were a 
randomly selected subset of lesions from the DERM-
SUCCESS clinical study and were all biopsied as suspi-
cious for melanoma, BCC, and/or SCC by primary care 
physicians. All were subsequently diagnosed by 2 to 5 der-
matopathologists depending on pathology type and discor-
dance; thus, all lesions are representative of the pathologies 
of common primary care lesions suspicious for skin cancer. 
This selection process also ensured the device performance 
was reflective of that in the clinical study. Additionally, a 
standardized photograph protocol was implemented in the 
clinical study where captured images were reviewed by a 
panel of physicians (including both dermatologists and 
PCPs) for image quality and consistency prior to inclusion.

Physicians were recruited for participation via a survey 
platform (Sermo, Inc., United States) and were compen-
sated for their time per the platform’s standards. In the first 
phase, each physician evaluated the 50 skin lesion cases 
based on their assessment alone, without the device output. 
In the second phase, following a break of at least 2 h, physi-
cians evaluated the same lesions in a different randomized 

order, based on the same clinical information provided for 
each case but with the addition of the device output. For 
both phases and every lesion case, physicians completed a 
questionnaire about their diagnosis (malignant or benign), 
their recommended management decision (further evaluate 
or not), and their confidence level on their management 
decision (1-10 scale, where 1 = no confidence and 10 = high 
confidence). Physicians were blinded to the proportion of 
benign versus malignant lesions included in the study. A 
power calculation predicted 93% power with 100 readers 
for 25 malignant lesions, assuming a 10% increase in diag-
nostic sensitivity (a measurement of PCPs’ ability to detect 
malignant lesions).

One hundred and eighteen (118) board-certified PCPs 
completed at least 1 lesion case in the study, and 108 PCPs 
completed all 100 lesion case assessments and were 
included in effectiveness analysis. Physician referral sensi-
tivity, a measurement of PCPs’ ability to appropriately refer 
malignant cases, was a primary endpoint to assess improve-
ments in skin cancer management decisions. To ensure PCP 
performance with the device was better than random chance, 
a second co-primary endpoint was evaluated (whether 
sensitivity + specificity > 1).

Statistical Analyses

Co-primary endpoint 1 was referral sensitivity of the physi-
cians using biopsy results as the reference standard, which 
was defined as the number of true positive cancers that were 
referred for further evaluation and tested at a 1-sided .025 
level of significance. The second co-primary endpoint was 
referral sensitivity and specificity of the physicians with 
knowledge of device result using biopsy results as the refer-
ence standard, tested at a 1-sided .025 level of significance.

Additionally, physicians’ diagnostic sensitivity was ana-
lyzed with and without device result knowledge. The 
hypotheses compared the true diagnostic sensitivity for 
physicians with and without device result knowledge. The 
Area Under the Curve (AUC) of the Receiver Operating 
Curve (ROC) was calculated based on physicians’ referral 
decisions and confidence levels, using histopathology diag-
nosis as the reference. PCP referral and diagnostic specific-
ity with and without device result knowledge were 
evaluated, including a confidence interval of the difference 
between the 2 specificities, calculated using the Obuchowski 
and Rockette ANOVA approach. All analyses were con-
ducted using SAS Version 9.4 and using R.

Results

Of the 108 U.S. board certified physicians included, 48.1% 
(n = 52) were Internal Medicine physicians and 51.9% 
(n = 56) were Family Medicine physicians (Supplemental 
Table S1). There were 65.7% (n = 71) male and 34.3% 
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(n = 37) female physicians. Years in practice varied with 
most physicians reporting 21+ years in practice (31.5%), 
followed by 1 to 5 years (19.4%,) 11 to 15 years (17.6%), 6 
to 10 years (17.6%), and 16 to 20 years (13.9%). The major-
ity of physicians reported practicing in various types of 
non-academic settings, with 13.9% (n = 15) practicing in an 
academic center. Among this group, 40.7% (n = 44) reported 
referring patients with skin lesions to a dermatologist “most 
of the time” and 49.1% (n = 53) reported referring “some-
times”; no physicians in the study reported doing so “never” 
or “always.” The majority, 56.5% (n = 61), rated themselves 
as having “intermediate” competency in skin lesion 
assessment.

Patient cases (n = 50) had a median age of 59 years, were 
100% of White race, and the majority had Fitzpatrick skin 
type of 2 (36.0%, n = 18) or 3 (32.0%, n = 16; Supplemental 
Table S2). Half of lesions included were characterized as 
high risk (50%, n = 25), with the same clinical study pro-
portions for basal cell carcinoma (40%, n = 10), squamous 
cell carcinoma (36.0%, n = 9), melanoma (16%, n = 4), and 
severely dysplastic nevi (8.0%, n = 2); half were low risk 
(50%, n = 25), which included benign melanocytic nevi 
(36.0%, n = 9), seborrheic keratosis (36.0%, n = 9), and 
benign other (28.%, n = 7; see footnote; Supplemental 
Table S3). Other characteristics of the patients and lesions 
are shown in Supplemental Tables S2 and S3, including 
risk factors such as new/changing lesions, ultraviolet light 
exposure, and family history. Patient characteristics in the 
lesion cases sample set were very similar to those of the 
DERM-SUCCESS clinical study.23 In both studies, there 
were no clinically meaningful differences between the 
selected lesion cases and the clinical study cases for any 
lesion characteristics, including location, pigmentation, 
texture, or size.

In accordance with the study protocol, the prevalence of 
malignant lesions in this study was 50%, which was higher 
than the 14.2% prevalence (224 malignant lesions of 1579 
total lesions) in the clinical study (Supplemental Table S3). 
The device sensitivity for the 25 malignant lesions in this 
study was 96.0% (compared to 95.5% in the clinical study), 

and the device specificity for the 25 benign lesions was 
20.0% (compared to 20.7% in the clinical study). Within 
those 2 groups of 25 cases each, the lesion pathology break-
down was also similar to the clinical study pathology.

The 25 malignant and 25 benign lesions were assessed 
by each of the 108 PCPs, yielding 2700 lesion assessments 
of each type without the device result and 2700 of each type 
with the device result, totaling 5400 assessments for malig-
nant lesions and 5400 for benign lesions. The management 
sensitivity of physicians with the device result was signifi-
cantly higher than that without the device result (91.4% vs 
82.0%, P = .0027); thus, the physicians’ false negative rate 
decreased by more than half, from 18.0% to 8.6% (Table 1). 
The diagnostic sensitivity for PCPs with the device result of 
81.7% (95% CI: 72.4%-90.9%) was also significantly 
higher compared to their sensitivity without the device 
result of 71.1% (95% CI: 63.4%-78.8%; P = .0085; Table 1).

For benign lesions, the associated management specific-
ity was 44.2% (95% CI: 36.0%-52.4%) without the device 
result and 32.4% (95% CI: 20.7%-44.1%) with the device 
result (P = .0256). Statistical significance testing for speci-
ficity was not planned but using the significance testing that 
was used for sensitivity (ie, a 1-sided .025 level of signifi-
cance), the specificity decrease was not significant. PCP 
diagnostic specificity for benign lesions was not signifi-
cantly different without the device output 60.9% (95% CI: 
52.5%-69.3%) as compared to specificity with the device 
output 54.7% (95% CI: 42.3%-67.1%; P = .1896). PCPs 
incorrectly referred an additional 319 of 2700 (11.8%) 
benign lesion cases when aided by the device output, but 
correctly referred an additional 254 of 2700 (9.4%) malig-
nant lesion cases when aided by the device output. For 
benign lesions that PCPs had referred unaided, 21.2% of 
these were not referred when aided by the device output.

The referral sensitivity of the PCPs with knowledge of 
the device result yielded a sensitivity of 91.4% (95% CI: 
85.7%-97.1%) and a specificity of 32.4% (95% CI: 20.7%-
44.1%). The PCPs with the device result were signifi-
cantly better at detecting malignant lesions than expected 
by chance, with an odds ratio of 6.8 (95% CI: 4.7-9.8; 

Table 1.  Management and Diagnostic Sensitivity With and Without the Device.c

Lesion 
assessmentsa

Estimate (%) and 95% confidence intervalb

P-valuebOutcome Without device With device

Management sensitivity 
(co-primary endpoint)

n = 5400 82.0% (76.4%-87.6%) 91.4% (85.7%-97.1%) .0027

Diagnostic sensitivity n = 5400 71.1% (63.4%-78.8%) 81.7% (72.4%-90.9%) .0085

aFor sensitivity analyses, only positive (malignant) lesion cases are included; for specificity analyses, only negative (benign) lesion cases are included.
bMRMC analysis of variance (ANOVA) method of Obuchowski and Rockette.28

cThe authors recognize that there is debate about the definition of melanoma and high-risk melanocytic lesions. The FDA required that severely 
dysplastic nevi should be considered positive for referral to dermatology. Thus, the DERM-SUCCESS clinical study and this study grouped highly 
dysplastic nevi, atypical junctional melanocytic lesions, melanoma in situ, and invasive melanoma as all “high risk” lesions.
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P < .0001). The 382 device true positive results changed 
PCP reads from incorrectly managed to correctly managed 
malignancies. By comparison, 81 device true positive 
results and 49 device false negative results (130 in total) 
changed PCP reads from correctly managed to incorrectly 
managed malignancies (Figure 1). Thus, device use impact 
on skin cancer management has a net 2.9× ratio of 
increased detection (382 positively impacted vs 130 nega-
tively impacted), supporting the device’s benefit/risk 
profile.

High confidence in the physician management decision 
(defined as a rating of 8-10) was reported for 43.2% of 
malignant lesions without the device result and 63.3% of 
malignant lesions with the device result. For all lesion 
assessments combined (n = 5400), the proportion of assess-
ments made with a high level of confidence in the physician 
management decision was 36.8% without the device result 
and 53.4% with the device result (Figure 2).

PCP management sensitivity for malignant lesions with 
device output information was higher for low-confidence 
referral decisions (81.9% [95% CI: 70.4%-93.3%]) when 
compared to corresponding decisions without the device 
output (76.8% [95% CI: 67.2%-86.4%]). For high-confi-
dence referral decisions, PCP management sensitivity for 
malignant lesions with device output was also higher 
(95.6% [95% CI: 91.7%-99.4%]) as compared to corre-
sponding decisions without device output (88.7% [95% CI: 
83.4%-94.0%]) as shown in Table 2. In addition, PCPs 
completed 58% more high confidence (ie, 8-10) referrals of 

malignant lesions with device output (n = 1635) than they 
completed without device output (n = 1034).

The PCPs’ observed AUC performance was 0.708 with-
out device output and improved to 0.762 with device use 
(Figure 3a, Supplemental Figure S1A). The device stand-
alone AUROC was 0.780 in the clinical study.18 As men-
tioned previously, the PCP management performance with 
use of the device output was 91.4% (95% CI: 85.7%-97.1%) 
for sensitivity (Figure 3b) and 32.4% (95% CI: 20.7%-
44.1%) for specificity. Fixing the PCP sensitivity of 91.4% 
on the ROC curve without use of the device, the interpo-
lated PCP specificity level was 23.2%. Therefore, for PCPs 
unaided by the device result, interpolated specificity would 
be approximately 23.2% instead of 32.4% to achieve the 

Figure 1.  Flow chart of PCP decision-making for lesion management and impact of device results.
Bolded values used to calculate ratio of increased detection.
aIndicates percent of initial PCP management decision total.

Figure 2.  Level of Confidence in management decision 
(n = 10 800).
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same level of skin cancer detection that was achieved with 
use of the device, a difference of 9.2%. Additional ROC and 
AUC analyses were performed for lesions in which PCPs 

had low confidence in their clinical assessment when 
unaided by the device output. For such low confidence 
lesions, the PCPs’ observed AUC was 0.567 without the 

Table 2.  Management Sensitivity and Specificity According to Confidence Levela (n = 10 800). 
A: Low/High Confidence.b

Level of confidence
#Malignant 
lesions

#Physician 
positive Sensitivity (95% CI)a

#Benign 
lesions

#Physician 
negative Specificity (95% CI)a

Without device n = 2700 n = 2700
Low 630 468 74.3% (67.6%-81.0%) 829 331 39.9% (32.7%-47.1%)
High 2070 1746 84.3% (78.4%-90.3%) 1871 863 46.1% (36.5%-55.7%)
With device n = 2700 n = 2700
Low 361 296 82.0% (75.7%-88.3%) 630 142 22.5% (15.6%-29.5%)
High 2339 2172 92.9% (87.6%-98.2%) 2070 733 35.4% (21.1%-49.7%)

Figure 3.  (a) Physician management ROC curves unaided and aided by device and (b) physician sensitivity values unaided and aided 
by device.
The Area Under the Curve (AUC) of the Receiver Operating Curve (ROC) was calculated based on physicians’ referral decisions, using histopathology 
diagnosis as the reference.

B: Low/Medium/High Confidence.c

Level of confidence
#Malignant 
lesions

#Physician 
positive Sensitivity (95% CI)a #Benign lesions

#Physician 
negative Specificity (95% CI)a

Without device n = 2700 n = 2700
Low 319 245 76.8% (67.2%-86.4%) 379 136 35.9% (26.4%-45.3%)
Medium 1215 935 77.0% (71.0%-82.9%) 1502 662 44.1% (36.2%-51.9%)
High 1166 1034 88.7% (83.4%-94.0%) 819 396 48.4% (36.6%-60.1%)
With device n = 2700 n = 2700
Low 182 149 81.9% (70.4%-93.3%) 301 67 22.3% (13.0%-31.6%)
Medium 807 684 84.8% (77.3%-92.3%) 1229 379 30.8% (21.2%-40.5%)
High 1711 1635 95.6% (91.7%-99.4%) 1170 429 36.7% (21.1%-52.2%)

aObuchowski and Rockette method for 95% confidence interval.
bTwo-level classified as: low (1-5) and high (6-10).
cThree-level classified as: low (1-4), medium (5-7), and high (8-10).
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device output and was 0.682 with the device output 
(Supplemental Figure S1B).

The DERM-SUCCESS clinical validation study and this 
companion clinical utility study were performed prior to 
FDA clearance, which resulted in device labeling for patients 
40 years and older. Subanalysis of our study for patients 
above age 40 years (22 malignant, 22 benign) found the 
management sensitivity of physicians with the device result 
(95.9%, 95% CI: 94.5%-97.2%) was significantly higher 
than it was without the device result (83.6%, 95% CI: 81.0%-
86.1%). Management specificity also decreased with device 
output (32.6%, 95% CI: 29.5%-35.9%) as compared to with-
out (41.5%, 95% CI: 37.8%-45.1%). Among this subgroup, 
the PCPs’ observed AUC performance improved to 0.800 
(95% CI: 0.787%-0.812%) with device use from 0.704 (95% 
CI: 0.686%-0.722%) without device output. PCP diagnostic 
sensitivity in patients over 40 also increased when aided by 
the device (88.3%, 95% CI: 86.1%-90.4%) as compared to 
without it (73.3%, 95% CI: 70.2%-76.4%), and diagnostic 
specificity minimally decreased with device output (53.1%, 
95% CI: 49.5%-56.7%) as compared to without it (58.1%, 
95% CI: 54.8%-61.4%).

At the end of the study, physician participants were asked 
a series of 7 questions relating to device applicability in clin-
ical practice. Only 1 of the 108 PCPs (<1%) reported no 
benefits from the device. Among the other PCPs, the most 
commonly-reported benefits of the ESS device were: “pro-
viding an immediate, objective result to inform your man-
agement of suspicious lesions” (82%), “detecting more skin 
cancer” (82%), and “providing you with greater confidence 
in your clinical assessments and management decisions” 
(81%). Also, 98% of PCPs agreed (81% strongly agreed and 
17% agreed) that skin cancer is a disease deserving of better 
surveillance in the primary care setting. The PCPs’ most 
commonly-reported estimate of their own sensitivity for cor-
rectly managing malignant lesions was 71% to 80%.

Discussion

We show that the availability of the AI-enabled, non-inva-
sive handheld ESS device output significantly increased the 
sensitivity of PCPs from 82.0%, when using only standard 
of care visual inspection and patient history, to 91.4% when 
they were also provided with the device result (P = .0027). 
Thus, availability of the device output halved the physi-
cians’ false negative rate from 18.0% to 8.6%. When com-
paring to the physicians’ clinical performance in the 
DERM-SUCCESS clinical study,23 the unaided, standard of 
care sensitivity of the physicians for both studies was simi-
lar, that is, 83.0% for the clinical study and 82.0% for this 
utility study. When comparing to the device’s performance 
in the clinical study, the PCPs’ aided sensitivity of 91.4% 
was lower but similar to that of the device algorithm’s 
standalone sensitivity of 96.0%.

The increases in sensitivity demonstrate the potential for 
a direct benefit to PCPs’ ability to correctly manage high 
risk, potentially cancerous lesions when aided by the device 
result. Increasing skin cancer detection by 9.4% (ie, 91.4% 
compared to 82.0%) is highly impactful, given that 5.6 mil-
lion cutaneous malignancies are diagnosed in the U.S. each 
year. Notably, while consensus among dermatologists and 
dermatopathologists has yet to be reached,29 any significant 
increase in detection must be weighed against concerns for 
the overdiagnosis of malignancy. For this study, 254 addi-
tional malignant lesions were correctly managed, while 319 
additional benign lesions were incorrectly referred with use 
of the device output.

To our knowledge, this is the first prospective clinical 
utility study completed for FDA clearance for any kind of 
skin cancer detection device for PCPs. Our results demon-
strate a significant improvement in both diagnostic and 
management sensitivity of physicians with device result 
availability, while maintaining acceptable levels of speci-
ficity for all patients and for those patients 40 years and 
above, suggesting that the integration of this AI-powered 
device into their practice is beneficial to PCP skin cancer 
evaluations. The significant 10.6% improvement in diag-
nostic sensitivity (15.0% for patients 40 years and above), 
coupled with an observed drop of 6.2% in specificity (5.0% 
for patients 40 years and above) that was not significant, 
further supports that use of the device may enable physi-
cians to evaluate skin lesions more confidently and cor-
rectly. We also found increasing physician performance as 
physician confidence increases, both with and without 
device use. Furthermore, device use increased physician 
confidence in management decisions and, notably, physi-
cian sensitivity was consistently higher with device use 
than without device use across different levels of physician 
confidence.

The observed physician AUC of 0.708 without device 
use was lower than the AUC of 0.762 with device use, and 
both were lower than standalone device AUC of 0.780. 
Physician management performance with use of the device 
was 91.4% sensitivity and 32.4% specificity. This differ-
ence in AUC with versus without the use of the device result 
was even more pronounced for lesions in which PCP man-
agement confidence was low (0.567 vs 0.682, respectively). 
Further, physicians reported increased confidence in their 
assessments with the availability of the device result. 
Results demonstrated consistent benefits of device use in 
terms of improved sensitivity across a wide range of physi-
cian, patient, and lesion characteristics.

Generally, PCPs are aware that they have room for 
improvement in their detection of skin cancer, as their most 
commonly self-reported estimate of sensitivity for correctly 
managing malignant lesions was 71% to 80%. Collectively, 
responses by the physician study participants show their 
strong agreement on the device benefits in clinical practice 
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and the need for improved skin cancer surveillance in pri-
mary care, which demonstrate (1) a strong unmet need for 
augmentation of PCPs’ clinical assessments and manage-
ment decisions in this context, and (2) that use of the ESS 
device could help meet that need for nearly all physicians 
that participated in this study.

This study has a few limitations of note. Due to ethical 
considerations since the device was experimental during 
the clinical studies, the DERM-SUCCESS Part 1 clinical 
validation study exclusively evaluated device performance 
compared to PCPs assessment and did not provide a device 
result to impact PCP lesion management. Thus, this com-
panion reader study evaluated the impact of the same 
device results on a randomized subset of the same PCP-
selected lesions, but it was not the same PCPs performing 
in-person lesion evaluations. Therefore, although patient 
and lesion clinical information and lesion tactile informa-
tion (eg, smooth or rough, elevated or flat) was provided, 
the individual clinician’s own tactile evaluation of the 
lesions was not possible; while this does not mimic true 
clinical practice, this is consistent with care provided via 
telemedicine. Also, recall bias could impact re-evaluation 
of lesions, and all lesions were from Caucasian patients 
with lighter skin types; relative performance with and 
without aid of the device output in darker skin types was 
not assessed. Inherent to the study design and endpoints, 
the ratio of benign to malignant lesions among the test pool 
was not reflective of primary clinical practice where the 
large majority of lesions that are encountered are benign, 
though this does not impact the reported performance 
results (ie, sensitivity, specificity, and AUC). However, the 
incorporation of KCs among the test pool is a strength that 
more accurately represents the distribution of malignant 
lesions encountered in primary care.

In conclusion, this study demonstrated that, when added 
to clinical information and lesion tactile information, PCP 
use of the AI-enabled ESS device was able to significantly 
improve skin cancer diagnosis and management sensitivity, 
as well as physician overall diagnostic accuracy (ie, AUC). 
The findings demonstrate that utilization of the ESS device 
output may improve physician performance in the manage-
ment of suspicious lesions and referral of skin cancer to 
ensure timely diagnosis. Future investigations may provide 
further evidence of device performance and/or impact on 
physician diagnosis and management on varied atypical 
lesion and skin types in clinical practice settings with vari-
able pre-test probability (patient-identified lesions, derma-
tology vs primary care).
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Multicenter prospective blinded
melanoma detection study with a

handheld elastic scattering
spectroscopy device

Rebecca I. Hartman, MD, MPH,a,b,c Nicole Trepanowski, MD,a,d Michael S. Chang, MD,a,b

Kelly Tepedino, MD,e Christopher Gianacas, MBiostat,f,g Jennifer M. McNiff, MD,h Maxwell Fung, MD,i

Naiara Fraga Braghiroli, MD, PhD,j and Jane M. Grant-Kels, MDk,l

Background: The elastic scattering spectroscopy (ESS) device (DermaSensor Inc., Miami, FL) is a
noninvasive, painless, adjunctive tool for skin cancer detection.

Objectives: To investigate the performance of the ESS device in the detection of melanoma.

Methods: A prospective, investigator-blinded, multicenter study was conducted at 8 United States (US) and
2 Australian sites. All eligible skin lesions were clinically concerning for melanoma, examined with the ESS
device, subsequently biopsied according to dermatologists’ standard of care, and evaluated with
histopathology. A total of 311 participants with 440 lesions were enrolled, including 44 melanomas
(63.6% in situ and 36.4% invasive) and 44 severely dysplastic nevi.

Results: The observed sensitivity of the ESS device for melanoma detection was 95.5% (95% CI, 84.5% to
98.8%, 42 of 44 melanomas), and the observed specificity was 32.5% (95% CI, 27.2% to 38.3%). The positive
and negative predictive values were 16.0% and 98.1%, respectively.

Limitations: The device was tested in a high-risk population with lesions selected for biopsy based on clinical
and dermoscopic assessments of board-certified dermatologists. Most enrolled lesions were pigmented.

Conclusion: The ESS device’s high sensitivity and NPV for the detection of melanoma suggest the device
may be a useful adjunctive, point-of-care tool for melanoma detection. ( JAAD Int 2024;15:24-31.)

Key words: AI; artificial intelligence; automated; biopsy; DermaSensor; DERM-ASSESS III; detection; elastic
scattering device; elastic scattering spectroscopy; ESS; handheld; melanoma; non-invasive; NPV; pigmented
lesion; PPV; sensitivity; skin cancer; specificity; spectroscopic; spectroscopy; technology.
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INTRODUCTION
Melanoma incidence has increased faster than

nearly all other cancers.1 Although representing less
than 5% of cutaneous malignancies, melanoma
accounts for most skin
cancer deaths.1 Novel ther-
apies approved since 2011
have improved survival for
late-stage melanomas but
are costly and have signi-
ficant side effects.2,3

Dermatologists utilize
tools to evaluate lesions
for melanoma including
dermoscopy, confocal mi-
croscopy, longitudinal
photography and digital
dermoscopy, gene expres-
sion testing, and artificial
intelligence (AI).4 Use of
these technologies varies
by training and access. The number of skin lesions
needed to biopsy (NNB) to diagnose 1 melanoma
varies from 14.8 for clinicians, 7.5 for dermatologists,
and 13.2 for US-based dermatologic practitioners
(including dermatologists and advanced practice
professionals).5 Biopsied benign lesions increase
morbidity and healthcare costs.

A handheld device (DermaSensor, DermaSensor
Inc) using elastic scattering spectroscopy (ESS) and AI
has been developed as an adjunctive tool for skin
cancer detection.6,7 ESS utilizes the spectral recording
of photons scattered back from refractive-index
gradients to gain information about cellular and
sub-cellular structures.8 Different tissue types and
histopathologic changes, such as malignancy, exhibit
specific optical signatures.8 In the primary care setting,
the ESS device has a sensitivity of 90.0% to 95.5% and a
specificity of 20.7% to 60.7% for detecting melanoma
and keratinocyte carcinomas.6,7 Our objective was to
investigate the real-world performance of the ESS
device for melanoma detection using skin lesions
identified as potential melanomas by board-certified
dermatologists.

METHODS
Ethical conduct

The study was approved by a central institutional
review board (IRB) and local IRBs or ethics
committees and was conducted in accordance with
the revised Declaration of Helsinki, Good Clinical
Practice guidelines, national and data protection
laws, and applicable regulatory requirements. The
study sponsor developed the trial protocol, provided

ESS devices and funding to carry out the study, and
engaged a contract research organization (CRO) to
oversee study operations and a biostatistics firm to
conduct data analyses. As the study was

noninterventional, clinical trial
registration was not required.

Study design and data
acquisition

The DERMaSensor Use in the
ASSESSment of Skin Lesions
Suggestive of Melanoma III
(DERM-ASSESS III) was a
blinded, prospective study per-
formed at 8 sites in the US and 2
sites in Australia fromDecember
2020 through October 2021.
One site was an academic insti-
tution (Brigham and Women’s
Hospital/Dana Farber Cancer
Institute); the remaining 9 sites

were high melanoma volume private practice
dermatology clinics. All 12 enrolling dermatologist-
investigators were board-certified. Potential
participants were screened according to inclusion
and exclusion criteria (Supplementary Table I,
available via Mendeley at https://data.mendeley.com/
datasets/fcgghmx8f4/1). All participants provided
written informed consent, and participation did not
impact treatment. Electronic case records recorded
participant demographics and melanoma risk factors.
All enrolled lesions were clinically suspicious for
melanoma. Dermatologist-investigators performed
dermoscopy assessments per their standard of care
and were asked to clinically predict histopathologic
diagnoses as benign, melanoma, or severely dysplastic
nevus (SDN).

Dermatologist-investigators and the sponsor were
blinded to device output. A CRO blinded case
records, ESS device measurements, and histopatho-
logic reports from the sponsor.

Histopathologic evaluation as the reference
standard

Biopsies were performed using dermatologist-
investigators’ standard of care and were assessed
with dermatopathology consensus review via a
primary and secondary consensus process. Each
lesion was independently assessed by a local
board-certified dermatopathologist and a subse-
quent dermatopathology over-read by a board-
certified dermatopathologist was performed
(primary consensus). For lesions diagnosed as
benign during primary consensus, no further review
was required. For lesions diagnosed as melanoma,

CAPSULE SUMMARY

d Novel technologies for melanoma
detection may improve diagnostic
performance, increase access, reduce
resource utilization, and decrease
healthcare costs.

d In this study, the high sensitivity and
negative predictive value of a
noninvasive and easy-to-use elastic
scattering spectroscopy device suggest
that this point-of-care tool may be a
useful adjunct for melanoma detection.
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SDN, moderately DN, or other potentially high-risk
or inconclusive diagnoses during primary
consensus, further blinded review was conducted
by 2 or 3 additional expert dermatopathologists
(secondary consensus). The histopathologic refer-
ence standard refers to the diagnosis after final
consensus was achieved. Only lesions with histo-
pathologic reference standard diagnoses were
included in the analysis population.

ESS Device
The ESS device is a noninvasive, point-and-click

spectrometer system weighing 1.9 kg in total, with
the wireless handheld piece weighing 0.3 kg
(Supplementary Fig 1, available via Mendeley at
https://data.mendeley.com/datasets/fcgghmx8f4/1).9

The unit assesses skin lesions $ 2.5 mm in diameter
in less than 30 seconds. The device emits light pulses
of hundreds of distinct wavelengths and receives and
analyzes spectral data from cellular and sub-cellular
structures. The unit captures 5 recordings to generate
a spectral reading which is analyzed by a locked
algorithm in the device’s software. The volume of
tissue that the device evaluates with each spectral
recording was estimated computationally with
Monte Carlo simulations to approximately 0.7 mm
(length) 3 0.4 mm (width) 3 0.5 mm (depth).10 The
device classifies lesions as ‘‘Investigate Further’’ or
‘‘Monitor,’’ with the ‘‘Investigate Further’’ results
accompanied by a spectral score of 1 to 10, with 10
being most similar to previously validated malignant
lesions.7 Lesions classified as ‘‘Monitor’’ do not
receive a spectral score. Lesions classified as
‘‘Investigate Further’’ by the ESS device are inter-
preted as high risk, that is high risk of malignancy,

whereas ‘‘Monitor’’ results are interpreted as low risk,
that is low risk of malignancy.8

Outcome measures
Primary endpoints were device performance for

distinguishing histopathologically benign lesions
from those histopathologically diagnosed as mela-
noma (excluding other malignant diagnoses, eg,
keratinocyte carcinomas and SDN) and the com-
bined outcome of melanoma and SDN.

Statistical analyses included concordance analyses
(sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV)) using dermato-
pathology with clustered confidence intervals (CIs)
based on Wilson score and subgroup analyses based
on participant and lesion clinical characteristics.11 Area
under the receiver operating characteristic curve
(AUROC) statistics for device and dermatologist-
investigators were used for comparative effectiveness
analyses. PPV analyses were conducted to assess
device performance across various spectral score
groupings, and Wald test P-values were presented.
NNB for melanoma detectionwas calculated using the
inverse of the PPV.12 P\ .05 and nonoverlapping CIs
were considered statistically significant. Analyseswere
performed using SAS 9.4 (SAS Institute), R version 4.2
(R Core Team), and STATA 17 (StataCorp).

RESULTS
Of 332 recruited subjects, the final study popula-

tion contained 311 subjects with 440 lesions suspi-
cious for melanoma (Supplementary Fig 2, available
via Mendeley at https://data.mendeley.com/
datasets/fcgghmx8f4/1). The average participant
was 62.06 15.4 years-old, and participants included
53.7% males and 46.3% females (Table I). Most
participants identified as non-Hispanic (96.1%) and
white (97.7%). Participants had an average of
1.4 6 0.8 lesions enrolled.

Lesions were located on the trunk (61.6%), head
and neck (15.5%), upper extremity (13.0%), and
lower extremity (10.0%) (Table II). The average
lesion size was 5.8 mm 3 4.7 mm. Lesions were
predominantly flat (83.6%), smooth (91.1%), and
pigmented (96.8%). Histopathologic diagnoses
included benign (74.1%), SDN (10.0%), melanoma
(10.0%), or malignant other (5.9%, basal cell carci-
noma, squamous cell carcinoma, and atypical fibrox-
anthoma) (Table III). Overall study cancer
prevalence was 15.9%, and NNB for melanoma
detection by dermatologist-investigators was 10.

The dichotomous outcome of the ESS device was
compared with the histopathologic reference stan-
dard. Sensitivity of the ESS device for detecting

Abbreviations used:

AI: artificial intelligence
AUROC: area under the receiver oper-

ating characteristic curve
BCC: basal cell carcinoma
CI: confidence interval
CRO: contract research organization
DERM-ASSESS III: DERMaSensor Use in the

ASSESSment of Skin Lesions
Suggestive of Melanoma III

ESS: elastic scattering spectroscopy
NNB: number needed to biopsy
NPV: negative predictive value
PPV: positive predictive value
SCC: squamous cell carcinoma
SD: standard deviation
SDN: severely dysplastic nevus
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melanoma was 95.5% (95% CI, 84.5% to 98.8%, 42 of
44 melanomas) (Table IV). Specificity of the ESS
device was 32.5% (95% CI, 27.2% to 38.3%), NPVwas
98.1% (95% CI, 91.8% to 99.6%), and PPV was 16.0%
(95% CI, 11.6% to 21.7%). The 2 device false negative
melanomas were a 10 mm3 6 mm flat, smooth, and
pigmented lesion on the trunk that was histopatho-
logically diagnosed as a ‘‘Level 2 superficial

spreading melanoma with 0.3 mm thickness’’
(Supplementary Fig 3, available via Mendeley at
https://data.mendeley.com/datasets/fcgghmx8f4/1)
and a 9 mm 3 4.6 mm flat, smooth, and pigmented
lesion on the lower extremity that was histopatho-
logically diagnosed as a ‘‘Level 1 superficial
spreading melanoma in situ’’ (Supplementary Fig 4,
available via Mendeley at https://data.mendeley.
com/datasets/fcgghmx8f4/1).

Comparatively, device performance for detecting
melanoma and SDN yielded a sensitivity of 90.9%
(95% CI, 83.1% to 95.3%), specificity of 32.5% (95%
CI, 27.2% to 38.3%), NPV of 93.0% (95% CI, 85.7% to
96.7%), and PPV of 26.7% (95% CI, 21.5% to 32.6%)
(Supplementary Table II, available via Mendeley at
https://data.mendeley.com/datasets/fcgghmx8f4/1).
The device yielded similar sensitivities with over-
lapping CIs for lesions that were clinically suspicious
for melanoma but were histopathologically diag-
nosed as other malignant diagnoses (Supplementary
Table III and IV, available via Mendeley at https://
data.mendeley.com/datasets/fcgghmx8f4/1).

Specificity of the device was higher for lesions
\6 mm (39.3%, 95% CI, 32.2% to 46.8%) than for
lesions $6 mm (19.6%, 95% CI, 13.2% to 28.2%)
(Supplementary Figs 5 and 6, available via
Mendeley at https://data.mendeley.com/datasets/
fcgghmx8f4/1). Sensitivity of the device by lesion
size could not be compared due to study sample size.

The PPV for melanoma detection for lesions with
spectral scores of 6-10 was 31.9% (95% CI, 20.2% to
46.4%), compared to 12.6% (95% CI, 8.4% to 18.4%)
for lesions with spectral scores of 1-5 (P \ .001,
Table V). The NNB to detect melanoma was 3.1 and

Table I. Participant characteristics

Characteristics

Participants with

eligible lesions

n = 311, n (%)

Age - years, Mean (SD) 62.0 (15.4)
Sex
Male 167 (53.7)
Female 144 (46.3)

Ethnicity
Hispanic or Latino 8 (2.6)
Not Hispanic or Latino 299 (96.1)
Unknown 4 (1.3)

Race
White 304 (97.7)
Other 3 (1.0)
Native Hawaiian or other Pacific
Islander

2 (0.6)

White, Native Hawaiian or other
Pacific Islander

1 (0.3)

Asian 1 (0.3)
Fitzpatrick skin type*
I - Always burns, never tans 32 (10.3)
II - Always burns, tans minimally 165 (53.1)
III - Sometimes mild burn, tans
uniformly

66 (21.2)

IV - Burns minimally, always tans
well

20 (6.4)

V - Very rarely burns, tans very
easily

20 (6.4)

VI - Never burns, never tans 8 (2.6)
Melanoma risk factorsy

Ultraviolet light exposure (natural
or tanning bed)

143 (46.0)

Personal history of skin cancer 119 (38.3)
Fair skin, freckling, light hair 107 (34.4)
Family history of skin cancer 70 (22.5)
Many moles and/or dysplastic nevi 58 (18.6)
New or changing lesion(s) 41 (13.2)
Weakened immune system 8 (2.6)
No risk factors reported 57 (18.3)

Person who discovered the lesion(s)
of concern

Health care provider 224 (72.0)
Patient 80 (25.7)
Family member/partner 7 (2.3)

SD, Standard deviation.

*Determined by clinical judgment or assessment.
yPercentages do not sum to 100% because participants may have

had more than 1 melanoma risk factor.

Table II. Lesion characteristics

Characteristics n = 440, n (%)

Anatomic location
Trunk 271 (61.6)
Head and neck 68 (15.5)
Upper extremity 57 (13.0)
Lower extremity 44 (10.0)

Length (mm), mean (SD) 5.8 (2.7)
Width (mm), mean (SD) 4.7 (2.0)
Flat or elevated
Flat 368 (83.6)
Elevated 72 (16.4)

Texture
Smooth 401 (91.1)
Rough 39 (8.9)

Pigmentation
Pigmented 426 (96.8)
Non-pigmented 14 (3.2)

mm, Millimeter; SD, standard deviation.
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7.9 for spectral scores of 6-10 and 1-5, respectively.
Spectral scores of 8-10 yielded a PPV of 47.4%
(95% CI, 24.9% to 69.8%) (P \ .001, scores 8-10 vs
scores 4-7), scores of 4-7 yielded a PPV of 20.5%
(95% CI, 12.7% to 31.5%) (P = .003, scores 4-7 vs
scores 1-3), and scores of 1-3 yielded a PPV of

10.3% (95% CI, 6.3% to 16.5%). For spectral scores
of 8-10, 4-7, and 1-3, the NNB to detect melanoma
was 2.1, 4.9, and 9.7, respectively. Findings were
similar for the combined outcome of melanoma and
SDN (Supplementary Table V, available via
Mendeley at https://data.mendeley.com/datasets/
fcgghmx8f4/1). Of the SDN classified by the device
as high risk (86.4%), 94.7% had a spectral score of
1-5.

AUROC comparisons for clinical predictions by
the device versus dermatologist-investigators
yielded similar results for the detection of melanoma
(AUROC 0.758 vs 0.747; P = .829) and for melanoma
and SDN (AUROC 0.652 vs 0.633; P = .700,
Supplementary Table VI, available via Mendeley at
https://data.mendeley.com/datasets/fcgghmx8f4/1).

DISCUSSION
The ESS device was highly sensitive with a high

NPV for detecting melanoma and the combined
outcome of melanoma and SDN. In real-world use,
a negative ESS device result may be useful in
reducing healthcare resource utilization and
morbidity. The previously reported sensitivity for
melanoma detection by referral centers/experts with
clinical examination (69%) and dermoscopy (87%) is
similar to the sensitivity of the ESS device for
melanoma detection in this study (95.5%), although
the values are not directly comparable due to
differences in study designs and populations.13 The
specificity of the ESS device for melanoma detection
in this study was lower (32.5%) than the reported

Table III. Clinical and histopathologic diagnoses of
lesions

Characteristics n = 440, n (%)

Dermatologist-investigator prediction
Benign 224 (50.9)
Severely dysplastic nevus 128 (29.1)
Melanoma 88 (20.0)

Dermatologist-investigator level of
confidence

High 319 (72.5)
Low 121 (27.5)

Histopathologic diagnosis
Benign, n = 326
Benign nevus 108 (24.5)
Mildly dysplastic nevus 88 (20.0)
Seborrheic keratosis 57 (13.0)
Solar lentigo 22 (5.0)
Actinic keratosis 12 (2.7)
Benign - discordant* 10 (2.3)
Moderately dysplastic nevus 8 (1.8)
Lichenoid keratosis 6 (1.4)
Benign othery 5 (1.1)
Simple lentigo 4 (0.9)
Blue nevus 3 (0.7)
Verruca 1 (0.2)
Epidermal cyst 1 (0.2)
Dermatofibroma 1 (0.2)

Severely dysplastic nevus, n = 44 44 (10.0)
Atypical melanocytic hyperplasia 30 (68.2)
Atypical melanocytic proliferation 14 (31.8)

Malignant, n = 70
Melanoma 44 (10.0)
Thickness, n = 44
In situ 28 (63.6)
#1.0 mm 12 (27.3)
[1.0-2.0 mm 1 (2.3)
[2.0-4.0 mm 2 (4.5)
[4.0 mm 1 (2.3)

Basal cell carcinoma 13 (3.0)
Squamous cell carcinoma 12 (2.7)
Malignant otherz 1 (0.2)

mm, Millimeter.

*Benign-discordant lesions were consistently considered benign/

low risk histopathologic diagnoses during review by the expert

dermatopathologists but received different benign diagnoses

during primary review and secondary review processes.
yBenign other diagnoses include poroma, post-inflammatory

pigmentary alternation, inflamed verrucoid keratosis, ochronosis,

and foreign body reaction.
zOther malignant diagnosis was atypical fibroxanthoma

(malignant fibrous histiocytoma).

Table IV. Concordance between ESS device* and
histopathologic reference standardy for detection
of melanoma

Histopathologic diagnosisy
ESS Device*

High risk low risk

Melanoma, n = 44, n (%) 42 (95.5) 2 (4.5)
Benign, n = 326, n (%) 220 (67.5) 106 (32.5)
Specificity (95% CIz) 0.325 (0.272-0.383)
Sensitivity (95% CIz) 0.955 (0.845-0.988)
NPV (95% CIz) 0.981 (0.918-0.996)
PPV (95% CIz) 0.160 (0.116-0.217)

CI, Confidence interval; ESS, elastic scattering spectroscopy; NPV,

negative predictive value; PPV, positive predictive value.

*Lesions that were classified by the ESS device as ‘‘Investigate

Further’’ were interpreted as high risk, whereas lesions classified as

‘‘Monitor’’ were interpreted as low risk.
ySeverely dysplastic nevus (n = 44) and other malignant diagnoses

[(basal cell carcinoma (n = 13), squamous cell carcinoma (n = 12),

and atypical fibroxanthoma (n = 1)] are excluded from this table.
z95% CIs were calculated accounting for the within-subject

correlation using the Wilson method.
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specificity of clinical examination (88%) and dermo-
scopy (91%) by referral centers/experts,13 but all
lesions in this study were preselected for biopsy by
dermatologist-investigators, and thus, these values
are not directly comparable as well. The AUROC is
an additional measure of diagnostic accuracy that
was similar in this study for the device and
dermatologist-investigators in the detection of mel-
anoma (AUROC 0.758 vs 0.747; P = .829).14

Our findings suggest that the ESS device is likely
best used when there is clinical suspicion for
melanoma, with a negative ESS result interpreted as
highly unlikely to be melanoma or SDN. ESS device
use may allow for prioritization of individuals with
high-risk skin lesions as classified by the device. The
device may also yield benefit as an adjunct in
teledermatology settings as dermatologists have
been found to have a sensitivity of 67.7% and
specificity of 38.6% for melanoma detection with
dermoscopic and clinical images alone.15 The ESS
device is handheld, portable, requires minimal
training, and does not require additional materials/
reagents.

The ESS device may be particularly useful in areas
that are cosmetically-sensitive or at risk for poor
wound healing and in patients with numerous
atypical-appearing lesions.16 Although the ESS de-
vice had a PPVof 16.0% and specificity of 32.5%, the
device correctly classified 32.5% of benign lesions
that were biopsied by dermatologist-investigators.
The PPVof 16.0% equates to a NNB of 6.3, compared
to a NNB of 10 for the dermatologist-investigators.
The device yielded a negative result of ‘‘Monitor’’ for

2 histopathologic melanomas (4.5%), and thus, bi-
opsy is warranted when there is sufficient clinical
and/or dermoscopic suspicion for melanoma.
Additionally, the ESS device does not account for
patient history and similarity to other lesions, which
are critical in clinical decision-making.17 Device
performance differed by lesion size, with a lower
specificity for detecting melanoma in lesions$6 mm
than for lesions\6 mm. This finding could be due to
higher variability between the 5 device recordings
during examination of larger lesions.

Although the PPV for melanoma detection with a
spectral score of 6-10 was 2.5 times higher than
those with a spectral score of 1-5, there were
histopathologic melanomas in the 1-5 spectral score
group. A spectral score of 8-10 exhibited a PPV
approaching 50%; such lesions should be triaged
quickly to biopsy. Further research is needed to
evaluate characteristics of melanomas that received a
lower spectral score to improve device performance.

Previously FDA-approved devices for melanoma
detection include Nevisense (SciBase AB) and
MelaFind (MELA Sciences Inc). The Nevisense sys-
tem uses similar spectroscopy technology, electrical
impedance spectroscopy, to detect melanoma and
has a sensitivity of 96.6% (one-sided 95% lower
confidence bound of 94.2%) and specificity of
34.4% (95% CI, 32.0% to 36.9%).17 MelaFind’s AI
multispectral camera system for melanoma detection
has a sensitivity of 98.4% (one-sided 95% lower
confidence bound of 95.6%) and specificity of 9.5%
(95% CI, 6.1% to 12.9%).18 Compared to these
devices, the ESS device is simple to use, requires

Table V. Spectral score* breakdown for detection of melanoma in lesions classified by the ESS device as high
risk

Spectral score* Benigny, n = 220, n (%) Melanomay, n = 42, n (%) PPV (95% CI)z NNB P-valuex

Group 1
1-5 188 (85.5) 27 (64.3) 0.126 (0.084-0.184) 7.9
6-10 32 (14.5) 15 (35.7) 0.319 (0.202-0.464) 3.1 \.001

Group 2
1-3 148 (67.3) 17 (40.5) 0.103 (0.063-0.165) 9.7
4-7 62 (28.2) 16 (38.1) 0.205 (0.127-0.315) 4.9 .003k

8-10 10 (4.5) 9 (21.4) 0.474 (0.249-0.698){ 2.1 \.001#

CI, Confidence interval; NNB, number needed to biopsy; PPV, positive predictive value.

*Lesions that were classified by the ESS device as ‘‘Investigate Further’’ were interpreted as high risk, whereas lesions classified as ‘‘Monitor’’

were interpreted as low risk. ‘‘Investigate Further’’ results are accompanied by a spectral score of 1 to 10, with 10 being most similar to

previously validated malignant lesions.
yHistopathologic diagnoses.
zThe PPV calculation only considers lesions classified by the device as high risk. 95% CIs were calculated accounting for the within-subject

correlation using the Wilson method.
xThe Wald method was used to compare PPVs.
kThe P-value compares PPVs for lesions with spectral scores of 1-3 vs 4-7.
{Where the sample size was too small to utilize the Wilson method for calculating CIs, the Wald method was used.
#The P-value compares PPVs for lesions with spectral scores of 4-7 vs 8-10.
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minimal training, and provides an immediate result.
Additionally, unlike Nevisense andMelaFind, the ESS
device was developed for detection of all common
skin cancer types, not melanoma specifically.17,18

Other AI technologies for melanoma detection
currently lack FDA approval. Moleanalyzer Pro
(Fotofinder Systems) uses a convolutional neural
network to classify skin lesions using dermoscopic
images.19 Moleanalyzer Pro has been shown to have
a comparable sensitivity (81.6%, 95% CI, 66.6% to
90.8%) and a higher specificity (88.9%, 95% CI, 83.7%
to 92.7%) for melanocytic lesions than dermatolo-
gists, including lesions in special sites (ie, acral,
nails).19 However, the time and effort required to
take and upload dermoscopic images may limit use
of this technology. Publicly available smartphone
and web-based dermatology apps using AI diagnos-
tics have an overall sensitivity of 28% (95% CI, 17% to
39%) and a specificity of 81% (95% CI, 71% to 91%).20

As these apps are publicly available, use may cause
false reassurance or alternatively, increased health-
care utilization.20

Limitations include study design, as this study was
conducted by dermatologists in high-volume mela-
noma dermatology clinics with a high cancer prev-
alence. Device performance in amelanotic
melanomas is unknown as the majority of lesions
included were pigmented. Lesions in nonaccessible
sites (eg, under nails), adjacent to or on scars/areas
of past surgical intervention, acral surfaces, mucosal
surfaces, or near the eye were not included; device
performance in these settings is unknown. All lesions
in this study were clinically suspicious for melanoma
per board-certified dermatologists and selected for
biopsy; therefore, the benign lesions in this study
were likely not representative of such lesions in the
general population. Due to study design, we lack
information about dermatologist-investigators’ false
negative rate and biopsy sensitivity as well as device
performance in lesions not selected for biopsy by
dermatologist-investigators. This may limit the
generalizability of the sensitivity and specificity in
this study with respect to the general population,
who may have lower skin cancer baseline risk and
may present with lower risk skin lesions.

CONCLUSION
The handheld, noninvasive ESS device reported

herein exhibited high sensitivity and negative pre-
dictive value for melanoma detection and had
AUROC comparable to that of dermatologist-
investigators. Coupled with skin examination find-
ings, this device may aid clinicians in melanoma
detection. The device may be particularly useful as a
triage tool for high-risk lesions, for lesions in

cosmetically sensitive locations or areas with poor
wound healing, in patients with numerous atypical-
appearing lesions, and as an adjunctive tool for
teledermatology.
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RESEARCH LETTER

Prospective evaluation of an 
AI-enabled elastic scattering 
spectroscopy device for triage of 
patient-identified skin lesions in 
dermatology clinics

To the Editor: Early detection of skin cancer holds 
promise for reducing mortality and surgical morbidity. 1 

However, wait time for suspicious lesions can be long, 
and although many patient-identified lesions are 
benign, initial skin cancer presentations are often first 
noticed by patients. 2,3 A highly sensitive Elastic 
Scattering Spectroscopy (ESS) device integrated with 
artificial intelligence (AI) utilizing spectral scans was 
cleared for adjunct usage in primary care and is the 
only FDA-cleared tool for evaluating all 3 common 
types of skin cancer (melanoma, basal cell carcinoma 
[BCC], and squamous cell carcinoma [SCC]).

This investigator-initiated, matched comparison 
study aims to evaluate device performance on 
patient-identified lesions in a dermatology setting to 
assess its utility for screening lesions appropriate for 
referral across clinical contexts. We prospectively 
evaluated 150 patients presenting with self-identified 
lesions of concern to 3 outpatient dermatology offices. 
Diagnostic accuracy of device readout (classifying 
lesions as either ‘‘Monitor,’’ alone, or ‘‘Investigate 
Further,’’ alongside a score of 1 to 10, indicating 
spectral similarity to malignant tissue) was compared 
to blinded dermatologist management decisions and 
histopathology.

The study included 150 lesions in 72 males and 78 
females, with a mean age of 59.6 years. Malignant 
lesions were identified in 14.7% of cases (22/150), with 
melanoma, BCC, and SCC accounting for 3, 9, and 10, 
respectively (Table I). The ESS device identified 138 
lesions as ‘‘Investigate Further’’ and 12 as ‘‘Monitor.’’ 
Sensitivity for detecting malignant lesions was 100%, 
negative predictive value (NPV) was 100%, specificity 
was 9.4%, and positive predictive value (PPV) was 
15.9%. For lesions with a spectral score of 7 to 10, 
sensitivity was 86.4%, NPV 96.6%, with specificity 
increasing to 67.2% and PPV to 31.1%. Compared to 
dermatologists’ decisions, sensitivity was 95.5%, NPV 
75%, specificity 10.7%, and PPV 45.7% (Table II). 
Overall AUC of the device compared to malignant 
lesions was 0.79 (Supplementary Fig 1, available via 
Mendeley at https://data.mendeley.com/datasets/ 
vpxw84996p/1), identical to a validation study in

primary care. 4 Frequency counts of benign and malig-

nant lesions compared to corresponding spectral score 
are also visualized (Supplementary Fig 2, available via 
Mendeley at https://data.mendeley.com/datasets/ 
vpxw84996p/1).

These results demonstrate that the ESS device 
maintains robust sensitivity and NPV for detecting 
malignant lesions, even in a dermatology setting with 
patient-identified lesions, and support its role as an 
adjunctive rule-out tool in skin cancer triage. Despite a 
relatively low specificity (9.4%) and PPV (15.9%), most 
false positive results (59.5%) were actively managed by 
dermatologists through biopsy or treatment. 
Furthermore, given dermatologist assessment was 
used as the gold standard, all unbiopsied lesions had 
a biased specificity of 100%. Spectral score was a 
reliable positive predictor of malignancy, with these 
results (using a threshold of spectral score 7 to 10 for

Table I. Patient demographics, research for 
concern, lesion location, classification, and 
dermatologist management decision

Patient demographics n (%)

Sex (male) 72 (48.0)

Sex (female) 78 (52.0)

Age (mean 6 SD; range) 59.6 6 17.5; 22-92

Reason for concern n (%)

Worry for skin cancer 120 (80.0)

Causes discomfort 15 (10.0)

Aesthetic concern 8 (5.3)

Other 7 (4.7)

Lesion location n (%)

Trunk 50 (33.3)

Head 42 (28.0)

Upper extremity 19 (12.7)

Lower extremity 23 (15.3)

Other 16 (10.7)

Lesion classification n (%)

Melanoma 3 (2.0)

Basal cell carcinoma 9 (6.0)

Squamous cell carcinoma 10 (6.7)

Actinic keratosis 15 (10.0)

Seborrheic keratosis 57 (38.0)

Dermatofibroma 5 (3.3)

Nevus 34 (22.6)

Other 17 (11.3)

Dermatologist management n (%)

Biopsy 66 (44.0)

Treat 31 (20.7)

Monitor 13 (8.7)

Reassurance 40 (26.7)

© 2025 The Author(s). Published by Elsevier Inc. on behalf of the 

American Academy of Dermatology, Inc. This is an open access 
article under the CC BY license (http://creativecommons.org/ 

licenses/by/4.0/).
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tissue of the highest similarity to malignant tissue) 
nearly identical to a prior study. 5

Though limited by sample size and a single 
dermatologist reference, this study is unique in 
including only patient-selected lesions, with out-

comes compared to dermatologists’ management 
decisions. This study suggests that the ESS device, 
as a complementary tool, may enhance triage and 
decision-making for patient-identified lesions to be 
employed by non-specialists in any clinical setting. 
Still, physicians using the device should utilize 
appropriate clinical context to minimize unnecessary 
interventions.
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Table II. Sensitivity, specificity, NPV, and PPV as compared to histopathology and dermatologist decision to 
biopsy

Compared to pathology 

(benign vs malignant, 

0 score negative)

Compared to pathology 

(1-2 score negative)

Compared to pathology 

(1-6 score negative)

Compared to derm 

decision to biopsy

Overall sensitivity 100% (22/22) 100% (22/22) 86.4% (19/22) 95.5% (63/66)

Melanoma sensitivity 100% (3/3) 100% (3/3) 66.7% (2/3)

BCC sensitivity 100% (9/9) 100% (9/9) 88.9% (8/9)

SCC sensitivity 100% (10/10) 100% (10/10) 90% (9/10)

Overall specificity 9.4% (12/128) 21.9% (28/128) 67.2% (86/128) 10.7% (9/84)

BMN specificity 8.8% (3/34) 26.5% (9/34) 79.4% (27/34)

SK specificity 14% (8/57) 28.1% (16/57) 68.4% (39/57)

Benign other specificity

(including AK) 
2.7% (1/37) 8.1% (3/37) 54.1% (20/37)

AK specificity 0% (0/15) 0% (0/15) 26.7% (4/15)

Benign other specificity

(excluding AK)

4.5% (1/22) 13.6% (3/22) 72.7% (16/22)

Overall NPV 100% (12/12) 100% (28/28) 96.6% (86/89) 75.0% (9/12)

Overall PPV 15.9% (22/138) 18% (22/122) 31.1% (19/61) 45.7% (63/138)
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NOTES & COMMENTS

Comment on ‘‘Use of an elastic-
scattering spectroscopy and
artificial intelligence device in the
assessment of lesions suggestive of
skin cancer: A comparative
effectiveness study’’

To the Editor: We read with great interest the article
by Manolakos et al,1 which assesses the performance
of an elastic-scattering spectroscopy (ESS) device to
evaluate lesions suggestive of skin cancer. The
authors used ESS to categorize clinically suspicious
skin lesions into ‘‘monitor’’ (negative result) or
‘‘investigate further’’ ( positive result) and compared
the results with gross and histopathologic diagnoses
by dermatologists and dermatopathologists. The
device achieved high sensitivity in predicting all
lesion types; however, the specificity was low across
all major outcomes. The article did not provide
information about the training data set used by the
ESS algorithm, but the discrepancy between sensi-
tivity and specificity suggests there might be some
class imbalance in the underlying data set, likely
skewed toward benign lesions. Imbalance data sets
are not uncommon in health care associated data,2

but it could limit the generalizability of a machine
learning model if class balance is significantly
different in the test data set. Because the study
participants in this article have a higher pretest
probability, the differences are not amenable to
posterior probability adjustment. This is confirmed
by the fact that the model specificity is higher in
unbiopsied benign lesions when compared with that
of biopsied lesions. Although high sensitivity, even at
the cost of lower specificity, is generally acceptable
for screening tools, it is instrumental to apply this
device algorithm on a patient population similar to
the one it was originally trained on to ensure the
suggested goal of prioritizing referrals and avoiding
unnecessary procedures. It is possible to leverage
the ‘‘spectral similarity score’’ to fine-tune cut-offs for
positive predictions based on patients’ pretest
probabilities.

In addition, representation of different skin types
also needs to be considered when applying the
device algorithm in the primary care setting. Of the
authors’ 383 patients across testing and cross-
validation groups, only one participant was non-
White. It is well-known that artificial intelligence

(AI) can perpetuate and exacerbate racial and
ethnic disparities.3 Health care professionals report
lower clinical confidence in managing skin condi-
tions in dark skin tones.4 Any device utilizing an AI
algorithm should be developed and cross-validated
with this in mind to avoid exacerbating known
disparities. Therefore, it is important to include
more skin of color patients in research studies given
that ESS patterns may vary across different skin
tones.

Altogether, we emphasize the importance of
applying AI algorithms to populations similar to the
training data set and class balance. We should also
make a concerted effort to address the underrepre-
sentation of darker skin types and non-White pop-
ulations in AI research to avoid inadvertently
propagating racial bias in health care.5
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Original Research

Introduction

The incidence of basal cell carcinoma (BCC), squamous 
cell carcinoma (SCC) (collectively, keratinocyte carcino-
mas [KC]), and malignant melanoma is increasing world-
wide. Skin cancer will be diagnosed in 1 of 5 Americans 
during their lifetime, making it the most common type of 
cancer in the US.1 In 2022, an estimated 5.4 million cases of 
KC were diagnosed in 3.3 million people, and an estimated 
2500 to 15 000 patients died of SCC.1-4 An estimated 99 780 
new cases of invasive melanoma and 97 920 cases of 

melanoma in situ were diagnosed in 2022, and 7650 people 
died of melanoma.1 Most skin cancer is curable if diagnosed 
early, including KC, melanoma in situ, and nonulcerated 
malignant melanoma with a Breslow depth less than 1 mm.1

Skin biopsy and subsequent histopathologic analysis is 
the standard for skin cancer diagnoses.5 The number needed 
to biopsy (NNB) ratio of total biopsies to identify 1 histo-
pathologic-confirmed skin cancer is commonly used to 
compare the diagnostic accuracy of providers who perform 
skin biopsy and is the inverse of positive predictive value 
(PPV).6 Training and experience in dermatologic care 
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Primary Care Physician Use of Elastic 
Scattering Spectroscopy on Skin Lesions 
Suggestive of Skin Cancer

Stephen P. Merry1 , Ivana T. Croghan2 , Kimberly A. Dukes3 ,  
Brian C. McCormick4 , Gerard T. Considine5 , Michelle J. Duvall1,  
Curtis T. Thompson6 , and David J. Leffell7

Abstract
Objectives: To evaluate the performance of noninvasive, elastic scattering spectroscopy, algorithm-powered device 
(DermaSensor) to detect melanoma and basal and squamous cell cancers in the primary care setting.
Patients & Methods: DERM-SUCCESS, a blinded, prospective, multicenter pivotal study, enrolled adult patients between 
August 17, 2020, and December 9, 2021, with lesions that their primary care physicians (PCPs) suspected of skin cancer 
at clinics in the US (n = 18) and Australia (n = 4). These lesions were assessed by PCPs and scanned with the DermaSensor 
device. Biopsy specimens were collected, and histopathologic analysis was performed by dermatopathologists. The 
diagnostic performance of the device, dermatopathologist discordance, and subgroup analyses of clinical interest were 
calculated.
Results: Of the 1579 skin lesions enrolled, dermatopathologic analysis identified 224 (14.2%) cancers. Device sensitivity 
was 95.5% (95% CI, 91.7%-97.6%) overall and 96.3% (92.9%-98.4%) for patients in the FDA-approved age group 40 years 
and older (90.2% for melanoma, 97.8% for basal cell carcinoma, and 97.7% for squamous cell carcinoma). Device specificity 
was 20.7%. The negative predictive value was 96.6%, and the positive predictive value was 16.6% (NNB 6). The device 
misclassified as “monitor” rather than “investigate further” 4 keratinocyte carcinomas and 4 melanomas in patients aged 
40 years or older (n = 8, 0.5% of lesions, 3.7% of cancers biopsied).
Conclusions: The DermaSensor device is an easy-to-use, point-of-care, hand-held skin cancer adjunctive diagnostic 
device with high sensitivity and NPV to help inform PCP decision-making about skin lesions suspicious for cancer that need 
further evaluation and those that may be monitored.
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basal cell carcinoma, DermaSensor, elastic scattering spectroscopy, melanoma, primary care, skin cancer, squamous cell 
carcinoma
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correlates inversely with NNB and directly with diagnostic 
specificity and PPV.6-8 One study at a large academic medi-
cal center found an NNB to find 1 melanoma of 14.33 for 
dermatologists, 27.80 for PCPs, and 53.56 for other primary 
care providers.8 And, PCP sensitivity for correctly manag-
ing (i.e., refer or biopsy) skin cancer by naked eye examina-
tion is well below that of dermatologists, ranging from 54% 
to 88%.9,10

With only 1 dermatologist for every 30 000 people in 
the US, early skin cancer detection cannot depend on der-
matologists. Improved PCP performance is necessary to 
improve detection and avoid unnecessary biopsies and 
referrals of benign lesions for biopsy.11 Dermoscopy train-
ing greatly improves PCP sensitivity and specificity;10,12-17 
however, the requirements for additional training and 
ongoing practice to maintain dermoscopy competency has 
limited its use in the US to only 8% of PCPs.18,19 Despite 
availability of a range of education and algorithm inter-
ventions to improve PCP diagnostic ability, outcomes are 
inconsistent, difficult to replicate, and challenging to 
maintain.20

The Nevisense system (Scibase) is an electrical imped-
ance spectroscopy device approved by the US Food and 
Drug Administration (FDA) for melanoma detection (sensi-
tivity, 96.6%; specificity, 34.4%). Its use is restricted to der-
matologists and only lesions concerning for melanoma.21 
Because seborrheic keratoses generate high electrical 
impedance scores, they must be excluded via prescreening.

Artificial intelligence-assisted smartphone applications 
that assess clinical and dermoscopic images of skin lesions 
are becoming increasingly available though none are autho-
rized for use by the FDA.22,23 Although such image-based 
software may eventually achieve dermatologist-level sensi-
tivity and specificity,23-26 current performance (early 2025) 
is below standard of care,27,28 increasing use of health care 
resources without added benefits.29,30 These applications 
are unable to evaluate cellular characteristics like ESS.

An affordable, automated point-of-care device is needed 
to improve PCP skin cancer detection and reduce unneces-
sary referrals for biopsy. Elastic scattering spectroscopy 
(ESS) is a noninvasive method for obtaining a spectral 
recording of photons scattered by chromophores in tissues, 

facilitating detection of cellular elements indicative of 
malignant neoplasms in skin31 and other tissues.32-36

Methods

Trial Design

The DermaSensor Study of Primary Care Physician Use of 
Elastic Scattering Spectroscopy (DERM-SUCCESS) was a 
prospective, blinded validation trial designed in collabora-
tion with the FDA for clearance of a novel ESS, algorithm-
powered device (DermaSensor device, manufactured by 
DermaSensor, Inc.) for evaluating lesions suggestive of 
skin cancer. The primary aim of the DERM-SUCCESS trial 
was to measure the performance of the device for lesions 
suggestive of melanoma, BCC, and/or SCC. The secondary 
aim was to compare device sensitivity to a performance 
goal of 90%, which is based on the published dermatologist 
sensitivity range of 81% to 96%.37-40

This study was reviewed and approved by the 3 
Institutional Review Boards, each overseeing separate sites. 
Written informed consent was obtained for all participants 
before enrollment. Study participants received a small 
stipend.

Setting

Participants were enrolled in a convenience sample of sub-
urban and rural family medicine and internal medicine 
practices, 18 in the US and 4 in Australia, of experienced 
PCPs who conduct a high volume of skin exams and per-
form their own skin biopsies from August 17, 2020, through 
December 9, 2021. Nine of the 22 study sites were in towns 
with populations under 15 000 people.

Participants

All patients seeing study PCPs during study enrollment 
with a suspicious lesion who met eligibility criteria, and 
were willing to participate were enrolled (Figure 1). 
Eligibility criteria included patients aged 22 years or older 
with a skin lesion(s) suggestive of melanoma, BCC, and/or 
SCC (based on visual inspection by PCP) requiring biopsy. 
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Figure 1.  Flow diagram of included and excluded study data. The ITT population comprised all patients and lesions that were 
included in the safety analysis, and the mITT population comprised all patients and lesions that were included in the effectiveness 
analysis.
Abbreviations: ITT, intent-to-treat; mITT, modified intent-to-treat.
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Excluded lesions included those less than 2.5 mm or greater 
than 15 mm in diameter (smaller lesions were excluded due 
to risk of the 2.5 mm probe tip placement on perilesional 
skin; larger lesions were excluded since the 5 recordings 
sample a limited volume of the lesional tissue); located on 
mucosal or acral skin, within 1 cm of the eye, at a previous 
biopsy or surgical site, or in acute sunburned skin; com-
pletely covered with thick crust, erosion, or ulceration 
(without a nonulcerated area ≥2.5 mm) or containing for-
eign matter. Dermoscopy was not used for lesion assess-
ment. After target numbers of KCs were reached (see 
protocol below), participating PCPs were instructed to con-
tinue to enroll patients with pigmented lesions until the 
number of melanomas required by the FDA for this trial 
were enrolled. Participant sex, age, ethnicity, and self-
reported race were recorded, and Fitzpatrick skin type was 
assessed by the patient and recorded by PCPs.

Device

The battery-operated, handheld DermaSensor device (Figure 2) 
emits pulses of light (200 microseconds/pulse) that span 
wavelengths from near-ultraviolet, through visible, to near-
infrared. Two optical fibers are enclosed in a biocompatible 
2.5-mm sterilizable fiberoptic tip that is placed in contact 
with the lesion surface. The volume of tissue evaluated with 
the device for each spectral recording was estimated compu-
tationally with Monte Carlo simulations to be approximately 
0.7 × 0.4 × 0.5 mm (length × width × depth). Five spectral 
scans at various points on the lesion can be performed in 
about 10 s total time per lesion to record light reflectance of 
tissue structure and architecture (e.g., nuclear and chromatin 
characteristics) with the algorithm, then comparing those 
spectral readings to lesions in the training data set.

The device AI developed algorithm was trained on more 
than 10 000 spectral scans and 2000 lesions. In accordance 
with requirements by the FDA for a pivotal study, the algo-
rithm was developed before study enrollment. The algo-
rithm was upgraded and then used for analysis of the 
blinded dataset based on data from 3 other clinical trials 
before study completion. The device output to which inves-
tigators and dermatopathologists were blinded is either 
monitor or investigate further, providing a spectral score of 
1 through 10 for the latter (see Figure 2). A higher spectral 
score indicates greater spectral similarity with that of 
malignant lesions.

Study Sequence

The PCPs electronically recorded a lesion(s) description. 
The lesion(s) was then scanned with the ESS device. Both 
PCPs and patients were blinded to the results. A biopsy spec-
imen was collected according to the PCP standard of care 
and provided to an independent dermatopathologic core 
laboratory for histopathologic analysis. As with the PCPs, 
the dermatopathologists were blinded to device output.

All specimens were analyzed by 2 dermatopathologists 
who had to independently reach diagnostic consensus using 
MPATH-Dx criteria for melanocytic lesions41 Discordance 
(benign or malignant) between the first 2 dermatopatholo-
gists was adjudicated by a third dermatopathologist and by 
2 additional dermatopathologists for lesions diagnosed by 
at least 2 of the initial dermatopathologists as highly atypi-
cal, with differing diagnoses (malignant, benign, or atypi-
cal) by each of the initial 3 dermatopathologists, and/or 
diagnosed as malignant by 1 dermatopathologist but not as 
malignant by the adjudicator. If the 2 additional dermatopa-
thologists disagreed, the lesion was excluded from analysis. 

Figure 2.  Elastic scattering spectroscopy device for analysis of suspected skin cancer lesions. An example patient number (#234-
1234), with a negative monitor or positive investigate further result, is shown. To investigate further results, a representative spectral 
score and corresponding definition are shown. (© 2023 DermaSensor, Inc; used with permission.).
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Patients’ participation in the study was complete after their 
enrolled lesion(s) was biopsied. All biopsy results were 
communicated to patients by their PCP and standard of care 
followed.

Data Analysis

Device sensitivity was tested with an α level of .025 and 
compared by using a method-of-moments approach for 
clustered matched-pair data41 to account for possible within-
patient correlation for patients with multiple lesions. The 
device’s ability to detect malignant lesions better than ran-
dom chance (sensitivity + specificity > 1) was tested with 
generalized estimating equations logistic regression with a 
noninferiority margin of 10% by using a 1-sided exact bino-
mial test with an α level of .025, with each patient treated as 
a random effect and assuming an exchangeable within-
patient correlation structure to account for multiple within-
patient lesions. The secondary hypothesis was tested for 
performance in comparison with a 90% threshold. Level of 
agreement between dermatopathologists was assessed with 
the Cohen κ statistic. For all other statistical inferences, 
2-sided Wilson or exact confidence intervals were deter-
mined as appropriate, and unless specified, P < .05 was 
considered statistically significant. All statistical analyses 
were performed with SAS software, v9.4 (SAS Institute 
Inc.).

Results

A total of 1028 patients (1598 lesions) consented to partici-
pate in the study (Figure 1), of whom 7 did not meet the 
inclusion criteria and 16 (19 lesions) were excluded because 
their lesions did not meet eligibility criteria, device defi-
ciencies, or a dermatopathologic consensus was not reached. 
The resulting 1005 patients (1579 lesions, 1451 in the US 
and 128 in Australia) were included in our analyses.

Slightly more than half of participants were women 
(51.5%), and the majority (97.1%) were White (Table 1). 
Mean (SD) participant age was 58.5 (15.1) years, and 138 
patients (13.7%) were younger than 40 years. Most partici-
pants (72.5%) had Fitzpatrick skin types I through III, with 
most (35.0%) having type III skin. Most patients had 1 
(65.4%) or 2 (20.6%) eligible lesions analyzed in the study. Of 
1579 lesions, 998 (63.2%) had darker pigmentation, and 581 
(36.8%) had lighter pigmentation. Nearly two-thirds (60.6%) 
of lesions were elevated or papular, and 67.8% were discov-
ered by the patient. Mean (SD) lesion size was 6.7 (2.9) mm 
in length and 5.2 (2.2) mm in width. All biopsy specimens 
collected were clinically suspicious for a malignant neoplasm. 
Histopathologic analysis by the dermatopathologists indi-
cated that 1355 lesions were benign. Of 224 malignant lesions, 
176 were KCs (90 BCC and 86 SCC) and 48 were melano-
cytic high-risk lesions (19 severely atypical nevi/atypical 

Table 1.  Patient (n = 1005) and Lesion (n = 1579) 
Characteristics.

Characteristic Valuea

Patient characteristics
  Sex
    Men 487 (48.5)
    Women 518 (51.5)
  Age, y 58.5 (15.1)
  Race
    Asian 9 (0.9)
    Black or African American 7 (0.7)
    Native Hawaiian or Other Pacific Islander 3 (0.3)
    White 976 (97.1)
    Other/multiracial 10 (1.0)
  Fitzpatrick skin type
    I (always burns, never tans) 99 (9.9)
    II (always burns, tans minimally) 278 (27.7)
    III (sometimes mild burn, tans uniformly) 352 (35.0)
    IV (burns minimally, always tans well) 148 (14.7)
    V (very rarely burns, tans very easily) 110 (10.9)
    VI (never burns) 18 (1.8)
  Risk factors
    Weakened immune system 32 (3.2)
    Family history of skin cancer 332 (33.0)
    Fair skin, freckling, light hair 362 (36.0)
    Many moles and/or dysplastic nevi 331 (32.9)
  Number of eligible lesions
    1 657 (65.4)
    2 207 (20.6)
    3 78 (7.8)
    4 41 (4.1)
    5 22 (2.2)
Lesion characteristics (n=1,579)
  Anatomic location
    Head 247 (15.6)
    Arm 299 (18.9)
    Leg 207 (13.1)
    Trunk 826 (52.3)
  Length, mm 6.7 (2.9)
  Width, mm 5.2 (2.2)
  Elevation
    Flat 622 (39.4)
    Elevated 957 (60.6)
  Surface texture
    Smooth 864 (54.7)
    Rough 715 (45.3)
  Pigmentation
    Lighter 581 (36.8)
    Darker 998 (63.2)
  Discovery
    Patient 1,070 (67.8)
    Family member/partner 79 (5.0)
    Health care clinician 430 (27.2)

aPatient age, lesion length, and lesion width summarized as mean (SD), 
and all other variables summarized as No. (%) of patients or lesions.
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junctional melanocytic proliferations and 29 invasive and in 
situ melanomas) (Table 2). Of the 48 melanocytic lesions, 7 
were on patients younger than 40 years. No KCs were identi-
fied for patients younger than 40 years. Severely atypical nevi, 
atypical junctional melanocytic, and melanoma in situ lesions 
were grouped in the analysis as high-risk melanocytic lesions 
with melanomas by FDA requirement to ensure referral to 
dermatology due to the close histopathological relationship 
and lack of reproducibility of diagnostic differentiation 
between them on histopathology.41,42

The level of agreement between the 2 core laboratory 
dermatopathologists was 81.3% (Cohen κ, –0.1; 95% CI, 
–0.2 to 0.0); they agreed that 39 of the 48 melanomas 
were melanoma (or its near-equivalent, e.g., severe 
atypia). One diagnosed 44 of 48 (91.7%) melanomas; the 
other diagnosed 43 of 48 (89.6%) melanomas. For patients 
40 years and older, the sensitivity of the 2 dermatopathol-
ogists was 90.2% (37 of 41 melanomas). Thus, the device 
sensitivity of 90.2% for melanoma was identical to that of 
both dermatopathologists (i.e., all 3 correctly diagnosed 
37 of 41 melanomas). Five lesions excluded from primary 
analysis because of a lack of consensus had various diag-
noses on the spectrum from compound melanocytic nevi 
to severely atypical nevi. Exclusion of these lesions was 
documented before study database lock and unblinding of 
the study results.

Overall sensitivity of the ESS device for detecting skin 
cancer was 95.5% (95% CI, 91.7%-97.6%) (Table 3). For 
the FDA-approved target group of patients aged 40 years 
and older, the device sensitivity for skin cancer was 96.3% 
(95% CI, 92.9%-98.4%), including 90.2% (95% CI, 
76.9%-97.3%) for melanoma, 97.8% (92.2-99.7%) for 
BCC, and 97.7% (91.9%-99.7%) for SCC. For all ages, 

device sensitivity was 87.5% (95% CI, 76.4%-93.8%) for 
melanoma. Patient-level sensitivity, defined as the propor-
tion of participants with skin cancer for whom the device 
correctly detected at least 1 malignant lesion was 97.4% 
(95% CI, 94.2%-99.2%) for all skin cancers and 95.1% 
(95% CI, 83.5%-99.4%) for melanoma for patients aged 
40 years and older (see Table 3). For patients aged 40 years 
and older, patient-level sensitivity was 97.4% (95% CI, 
94.2%-99.2%) for all skin cancers and 95.1% (95% CI, 
83.5%-99.4%) for melanoma for patients aged 40 years 
and older. When compared with the performance goal of 
90%, device sensitivity was both noninferior (P < .001) 
and superior (P = .002). The device also had significantly 
higher odds (odds ratio, 4.93; 95% CI, 2.84-8.56; P < .001) 
of detecting malignant lesions than random chance.

Monitor (i.e., negative) device results did not occur for 
any melanomas that exceeded 0.7 mm in depth (i.e., stage 
IA, T1a). The device misclassified 1 severely atypical 
nevus, 1 melanoma in situ, and 4 melanomas with 0.7 mm 
or less thickness although higher spectral scores provided 
by the device directly correlated with increased malignancy 
nearly reaching an investigate further (i.e., positive) result 
(See Table 4). Overall specificity of the ESS device was 
20.7% (95% CI, 18.5%-23.1%) for correctly classifying 
biopsied lesions as benign, and 20.3% (95% CI, 18.0%-
22.7%) for patients aged 40 and above.

Table 2.  Dermatopathologic Risk Classifications and Diagnoses 
(n = 1579).

Dermatopathologic classification 
or diagnosis No. (%)

Malignant lesions 224 (14.2)
  Melanomaa 48 (3.0)
  Basal cell carcinoma 90 (5.7)
  Squamous cell carcinoma 86 (5.4)
Benign lesions 1,355 (85.8)
  Benign melanocytic nevus 500 (31.7)
  Seborrheic keratosis 490 (31.0)
  Actinic keratosis 71 (4.5)
  Lentigo 65 (4.1)
  Other 229 (14.5)

aIncludes 29 melanomas (invasive and in situ) and 19 highly atypical 
lesions (atypical junctional melanocytic proliferations and severely 
atypical nevi).

Table 3.  Sensitivity of Device Using Dermatopathologic 
Diagnoses as Standard

Diagnosis Sensitivity, % (95% CI)a

All skin cancers 95.5 (91.7-97.6)
All skin cancers (patient level)b 97.0 (93.6-98.9)
All skin cancers (patients ≥40 years) 96.3
Melanomac 87.5 (76.4-93.8)
Melanoma (patient level)b 93.6 (82.5-98.7)
Melanoma (patients ≥40 years) 90.2 (76.9-97.3)
Melanoma (patients ≥40 years, 
patient level)b

95.1 (83.5-99.4)

BCCd 97.8 (91.3-99.5)
BCC (patient level)b 97.4 (90.9-99.7)
SCCd 97.7 (91.1-99.4)
SCC (patient level)b 98.7 (93.1-100.0)

Abbreviations: BCC, basal cell carcinoma; SCC, squamous cell 
carcinoma.
aValues for 95% CI calculated accounting for within-subject correlations 
by using the Wilson method described by Saha et al.43

bPatients with at least 1 positive device result were coded as device 
positive at the patient level.
cFor the device’s indicated use for patients aged 40 years and older, the 
device sensitivity was 90.2%.
dFor BCC and SCC, no malignant lesions were recorded for patients 
younger than 40 years; therefore, overall and patient-level sensitivity 
were unchanged for the indicated use population.
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Although the dataset included fewer patients with 
Fitzpatrick skin type IV through VI (27.5%), no meaningful 
differences in sensitivity and specificity were evident 
between patients with Fitzpatrick skin type I through III 
(sensitivity, 96.5%; 95% CI, 92.6%-98.7%; specificity, 
18.7%; 95% CI, 16.2%-21.5%) and IV through VI (sensi-
tivity, 92.2%; 95% CI, 81.1%-97.8%; specificity, 25.1%; 
95% CI, 20.9%-29.7%).

The AUROC curve for the device was calculated as 
0.7796 which would be classified as very good for diagnos-
tic devices.44

The overall NPV of the device was 96.6% (95% CI, 
93.5%-98.2%), which indicates that a lesion with a device 
result of monitor had a 3.4% chance of being malignant. 
Overall PPV of the device for skin cancer detection was 
16.6% (95% CI, 14.2%-19.3%), which indicates that a 
lesion with a device result of investigate further had a 
16.6% chance of being malignant (i.e., NNB of 6.0). For 
investigate further results, device PPV increased with 
increasing spectral score. Of further results, 37% of lesions 
had a spectral score of 1-3, which correlated with a 5.9% 
probability of malignancy, increasing to a PPV of 49.6% 
PPV with spectral scores of 9 to 10 (See Figure 3).

Discussion

The DermaSensor device’s 96.3% sensitivity for detecting 
skin cancer and 96.6% NPV classifies it a very good diag-
nostic device for risk stratifying suspicious skin lesions. 
The device was approved by the FDA in January 2024 
based on this data for skin cancer risk assessment for 
patients 40 years and older, making it the first such device 
available for use by PCPs.23

Since spectral scores are directly related to increasing 
malignancy risk, the device may find good utility for priori-
tizing timing of further care (e.g., urgency of referral to der-
matology). The NNB for all skin cancers in this data set 
skewed towards a high percentage of melanocytic lesions 

was 7.1 for PCPs and 6.0 for the device. If PCPs had been 
unblinded and device output used to inform biopsy deci-
sions, they would have decreased their biopsy frequency in 
the approved 40 years and older population by 18.4% (1288 
vs 1579 biopsies) and would have monitored rather than 
investigated further 3.7% of cancers (4 KCs and 4 melano-
mas or 0.5% of lesions). For the 37% of investigate further 
lesions with a low spectral score of 1 to 3 which represented 
a 5.9% likelihood of malignancy, PCPs may have further 
decreased unnecessary care by monitoring lesions that were 
also of low clinical concern (e.g., lesions not suggestive of 
melanoma and/or patients with limited risk factors).

The device correctly classified 90.2% of melanomas as 
investigate further for patients 40 years and older (87.5% of 
melanomas overall)—an accuracy very similar to the indi-
vidual dermatopathologists when compared to dermatopa-
thology consensus. Discordance for melanoma diagnoses 
between dermatopathologists is common as observed in a 
trial of 187 US dermatopathologists randomly assigned to 
interpret the same lesions months apart where intraobserver 
and interobserver concordance was under 50% for diagno-
ses ranging from moderately dysplastic nevi to early-inva-
sive melanoma, though higher for lesions at the ends of the 
spectrum—benign nevi and invasive melanoma.42

Patient-level device sensitivity was 95.1% for the device 
to read investigate further for at least 1 lesion in any given 
patient with melanoma. Two recently published studies of 
the same device and algorithm in dermatology practices 
reported similar high device sensitivity for both KC and 
melanoma and a NNB congruent with that of dermatolo-
gists.45,46 Another recently published small study using the 
same device and algorithm on lesions of concern to patients 
in 1 primary care practice found the device sensitivity to be 
90%, but a specificity for correctly classifying benign lesions 
of concern to patients of 60.7% overall and 76.9% for pig-
mented benign lesions.47 This study will need to be repeated 
in additional practices; but the device may be able to decrease 
unnecessary referrals for biopsy and prioritize referrals.

Table 4.  Clinical Characteristics and Histopathologic Findings for Missed Melanomas.

Clinical characteristics Device result Algorithm outputa Histopathologic findings Body location

Flat, smooth, dark, 4 × 4 mm Monitor 0.305 Lentiginous compound 
melanocytic nevus with highly 
atypical characteristics

Upper back

Elevated, smooth, dark, 5 × 4 mm Monitor 0.418 Melanoma in situ Upper back
Flat, smooth, dark, 10 × 6 mm Monitor 0.392 0.4-mm thickness melanoma Forearm
Flat, smooth, dark, 4 × 4 mm Monitor 0.412 0.4-mm thickness melanoma Shoulder
Flat, smooth, dark, 10 × 8 mm Monitor 0.442 0.6-mm thickness melanoma Face, cheek
Elevated, rough, dark, 7 × 7 mm Monitor 0.449 0.7-mm thickness melanoma Upper leg

aThe device algorithm internally generates a numeric value based on a spectral score between 0 and 1, which is then converted to the device output of 
either a negative result of monitor (i.e., 0) or positive result of investigate further with a corresponding confidence score (1-10). The algorithm cutpoint 
for a investigate further result is a numeric value of 0.450; thus, 4 melanomas were within 0.032 of being a true positive result, and the highly atypical 
lesion was the only lesion missed by a large margin.
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By analyzing ESS data from suspicious lesions, the 
device provides immediate risk information to the PCP to 
inform lesion management. This may improve referrals by 
PCPs and enhance referral adherence by patients. Pigmented 
lesions of concern for melanoma with a monitor result 
should still be monitored for changes, as should all concern-
ing skin lesions. Future studies will help clarify re-examina-
tion frequency and lesion selection criteria for device use 
and device impact on unnecessary referral rates from PCP 
practices.

Limitations

Our study was limited by the exclusion criteria (e.g., 
fully crusted lesions which may have excluded some 
squamous cell cancers and very small and large lesions) 
and included only lesions identified as concerning and 
warranting biopsy by PCPs who frequently perform 
biopsies for skin cancer and who were blinded to device 
results. Enrollment of only lesions suspicious for mela-
noma after achieving the target sample size for BCC and 
SCC resulted in a high proportion of melanocytic lesions 

(about 2/3) making overall comparisons of NNB to an 
average PCP practice inaccurate. Other limitations of our 
study included a patient population that was only 12.7% 
Fitzpatrick V-VI.

Conclusions

The DermaSensor device is an easy-to-use, point-of-care, 
hand-held, AI-developed, algorithm-powered skin cancer 
adjunctive diagnostic device with high sensitivity and NPV 
for use in the primary care setting. PCPs can use the device 
to prioritize skin lesions that merit further evaluation and 
those that may be monitored.
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T 
he rise of artificial intelligence (AI) in med

icine during the last decade has presented 

transformative enhancements to patient care 

and clinical workflows. Dermatology, a highly visual 

field relying on skin morphology, texture, and 

coloration to diagnose diseases, holds promise for 

implementing AI diagnostics.1

Despite the rapid pace of innovation, regulatory 

oversight mechanisms remain outdated. Many prod

ucts reach patients without regulatory approval, 

threatening patient safety. Addressing gaps in exist

ing post- and premarket regulatory frameworks is 

necessary for adoption.2

The Food and Drug Administration (FDA) 

currently classifies AI-augmented products under 3 

primary pathways: the 510(k) premarket notification, 

the de novo classification, and Premarket Approval 

(PMA) (Fig 1). Given the dynamic nature and volume 

of AI products, the same level of scrutiny cannot be 

broadly applied, and a risk-based framework may 

allow for efficient resource allocation.

Direct-to-consumer AI dermatology applications 

additionally present safety concerns. A cross-sectional 

study involving 41 dermatology-focused mobile 

applications found that only 15% had associated 

supporting peer-reviewed publications,3 among 

which only 1 was subject to a multicenter diagnostic 

clinical trial. These products may worsen patient 

outcomes by providing false reassurance and delay

ing timely consultation with board-certified 

dermatologists.

One product, DermaSensor, obtained de novo 

authorization following the DERM-SUCCESS clinical 

trial with >1000 participants, demonstrating 96% 

sensitivity in skin cancer detection,4 exemplifying 

the necessary rigor when regulating AI products. 

Rather than trying to fit products into specific FDA 

pathways, real-world validation must be prioritized as 

it determines clinical utility and success. Pre-launch 

testing standards should be representative of 

intended clinical use and include peer-reviewed 

publications and clinical trials.

Unlike traditional diagnostic algorithms and de

vices, AI/ML models are not static and are constantly 

evolving through retraining. However, FDA regula

tions ignore post-deployment model drift, leaving 

tools vulnerable to degradation in clinical settings, 

particularly in cases requiring differentiation be

tween rare melanoma variants or inflammatory 

diseases. Dynamic oversight is critical even in cases 

where a model is static, which can reveal unknown 

biases and catch deterioration that can occur when 

the model is used in changing clinical contexts, a 

process known as concept drift.3 Without careful 

oversight, AI tools risk reenforcing existing dispar

ities and deteriorate patient care.5

Moving forward, regulators must adopt a dynamic 

oversight framework by mandating the use of ‘‘sand

boxes’’ (constructed clinical environments) in the 
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premarket stage to ensure dynamic performance. 

Regulators must also enforce prospective, 

dermatologist-supervised trials that evaluate perfor

mance across features such as classification stratified 

by skin type, sensitivity (eg, melanoma vs SCC), and 

minimizing unwarranted biopsies. Additionally, 

detailed performance across Fitzpatrick skin types, 

Lesion type (eg, pigmented vs non-pigmented), 

clinical settings (primary care vs dermatology clinic 

vs telederm), and diagnostic tiering must be 

evaluated. Differentiating between benign edge 

cases (eg, seborrheic keratoses, dysplastic nevi) 

must also be considered. Trials also must address 

proprietary training datasets, which are a barrier to 

thorough independent assessment of bias and 

representativeness.

While artificial intelligence holds great potential 

for transforming dermatological care, regulatory 

frameworks must evolve to implement safeguards 

for equity, privacy, and accountability, as many 

eHealth apps fall outside of the Health Insurance 

Portability and Accountability Act’s protections and 

the legal question of liability remains unresolved.
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Skin cancer is the most common type of cancer in the United 
States (US), and, compared to basal cell and squamous cell 
cancers, melanoma has the highest mortality rate.1 Melanoma is 

projected to become the second most common cancer in the US by 2040 
with 219,000 cases.2 Early detection reduces the likelihood of disease-
specific morbidity and mortality.3 However, there are drastic shortages of 
dermatologists,4 and patients often seek care for dermatologic conditions 
in the primary care setting. 

While the American Academy of Family Physicians includes some skin 
cancer detection training as an important part of all family medicine 
resident training, access to training can be limited and many primary care 
physicians (PCPs) feel ill-equipped to evaluate skin growths.5

Recent advances have been made in artificial intelligence (AI) 
technology to improve melanoma detection and have the potential to 
aid PCPs in the evaluation of skin growths.6-8 Efforts to implement AI 

algorithms for melanoma detection have also been applied in primary 
cancer screening.9 One such AI-based tool that has been investigated 
and cleared by the US Food and Drug Administration (FDA) is the elastic 
scattering spectroscopy (ESS) device (DermaSensor, Inc.), a handheld, 
noninvasive, and painless assistive tool for skin cancer detection. In a 
prospective multicenter study, the ESS device exhibited a sensitivity of 
97.04% in detecting skin cancer lesions, including a sensitivity of 96.67% 
for melanoma, with sensitivity and accuracy (ie, area under the curve) 
found to be comparable to dermatologists' in-person performance, which 
holds promise for improving PCPs' ability to assess suspicious lesions 
and appropriately refer suspicious lesions to dermatologists.10 Results of 
the DermaSensor Use in the Assessment of Skin Lesions Suggestive of 
Melanoma III (DERM-ASSESS III) study, a prospective blinded melanoma 
validation study, demonstrated similar findings for device sensitivity and 
accuracy compared to dermatologists, reporting that the ESS device had a 
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melanoma sensitivity of 95.5% and a negative 
predictive value (NPV) of 98.1%, highlighting its 
potential benefit as a nonspecialist adjunctive 
tool for melanoma detection at the point of 
care.11 Finally, results from studies involving 
PCPs found the device sensitivity to be 95.5% 
and NPV to be 96.6% across all skin cancers,12 
with a companion utility study showing 
that PCPs' use of the ESS device significantly 
improved diagnostic sensitivity (10.6%, 
p=0.0085), management sensitivity (9.4%, 
p=0.003), and physician confidence, indicating 
its potential to enhance PCP skin cancer 
diagnosis and confidence in management.13 
Moreover, results from a study of the ESS device 
suggest that device use may improve PCP 
sensitivity for skin cancer from 83.0% to 95.5% 
for high-risk lesions, and could rule out 20.7% of 
suspicious lesions from further evaluation.14

Given the importance of PCP decision 
making regarding lesions suspicious of skin 
cancer, particularly melanoma, it is postulated 
that use of the ESS device may assist PCPs in 
referral decision making and enhance provider 
confidence in managing these cases. Here, 
we describe the findings of a multireader 
multicase (MRMC) study to assess the referral 
performance of PCPs when evaluating lesions 
suggestive of melanoma with and without the 
aid of the ESS device. Since previous studies 
were not adequately powered or designed to 
demonstrate the device impact on melanoma 
management, this study was accomplished with 
intentional inclusion of more melanoma cases.

METHODS
ESS device. This handheld, noninvasive 

tool uses ESS and machine learning (ML) to 
aid in evaluation of skin lesions. The device's 
algorithm has been trained on more than 10,000 
recordings from more than 2,000 skin lesions to 
distinguish malignant from benign skin lesions, 
including histologically confirmed melanoma and 
keratinocyte carcinoma, as well as unbiopsied 
benign lesions, diagnosed by dermatologists. 
None of the ESS spectral recordings used in the 
training process were employed in the lesion 
testing set used in this study.

For each lesion, the device classifies the 
observed spectral pattern as either a positive 
result of having malignant characteristics 
("investigate further") or a negative result of 
having benign characteristics ("monitor"). For 
lesions classified as "investigate further," a 

spectral similarity score from 1 to 10 is reported, 
with higher values corresponding to the amount 
of spectral similarity a lesion has to malignant 
lesions in prior studies used to develop the 
algorithm.10-12

Study design. This melanoma-focused reader 
study was a web-based, MRMC investigation 
using clinical information, digital images, and ESS 
device result data. PCPs were asked to perform 
200 reads for 100 skin lesion cases, each presented 
without and then with ESS device output.

The study examined two aspects of PCP 
decisions concerning skin evaluation using the 
device: (1) the impact of the device result on 
the PCPs' management decision on whether the 
lesion should be referred for further evaluation by 
a dermatologist, and (2) the device's impact on 
the PCP's diagnostic assessment of whether the 
lesion was malignant or benign. A study platform 
with traceability for each physician's responses 
was used to conduct this reader study. The study 
sponsor was blinded to the physician lesion case 
responses during study enrollment.

For every lesion case evaluation (both 
unaided and aided), physicians completed a 
questionnaire about their diagnosis of the lesion, 
their recommended management decision, and 
their confidence level in that decision. Physicians 
were instructed to maintain consistent evaluation 
criteria, based on their own clinical judgement, 
throughout the study, including for the 1 to 10 
confidence assessment. A series of 10 questions 
were included at the end of the study to assess 
physician perceptions of the device and its 
benefits. The questions were asked as a select 
multiple response or with a 5-point Likert scale 
assessment ranging from "strongly agree" to 
"strongly disagree."

Study physicians. PCP reader eligibility was 
limited to currently practicing, board-certified 
PCPs (family medicine or internal medicine); 
they could not have participated in any of the 
clinical studies pertaining to this device from 2020 
to 2022. Physicians with board certification in 
surgery or dermatology were excluded. A total of 
118 PCP readers, none of whom participated in 
prior studies pertaining to the device, completed 
the study and were eligible for the effectiveness 
analysis. The study began after IRB approval, 
and proper informed consent was obtained from 
patients relating to the cases acquired as part of 
the previous clinical study.

Lesion image selection. This study used a 
randomly selected subset of lesion images and 

accompanying clinical information (ie, lesion 
cases) that were acquired during a previous 
clinical study (DERM-ASSESS III clinical study).11 
Photos were acquired using a standardized 
approach via an iPad and clip-on handyscope.

The photography procedure and training 
provided to study sites were intended to produce 
high-quality lesion images that would be usable 
for reader studies. Study sites in the DERM-
ASSESS III clinical study were representative of 
the demographics of the patient population in 
the US for the device's intended use. The images 
and cases collected and used were therefore 
representative of those patients with evaluable 
lesions suggestive of melanoma. 

The lesion images and the accompanying 
clinical information that met the quality standards 
of the DERM-ASSESS III study protocol (ie, in the 
study effectiveness population) were reviewed 
by a panel of three independent physicians (one 
dermatologist and two PCPs) to confirm quality 
eligibility for the reader study by confirming that 
the lesion photos allowed for an assessment 
clinically comparable to a real-world clinical care 
assessment. In total, 100 high-resolution digital 
clinical lesion cases for 50 malignant lesions 
including melanoma and non-melanoma skin 
cancers [NMSC; ie, basal cell carcinoma [BCC] 
and squamous cell carcinoma [SCC]]), and 50 
benign lesions, all biopsy-proven, including 
nevi, seborrheic keratosis (SK), and other benign 
lesions that had passed evaluation by the 
physician panel were randomly selected. Given 
the limited number of BCC and SCC lesion cases 
enrolled for lesions suggestive of melanoma, 
an overrepresentation of BCCs and SCCs were 
included to limit physician bias toward melanoma 
diagnoses. To minimize bias, every physician 
reader had a unique, randomized order in which 
cases were reviewed. Case randomization was 
performed using an algorithm within the survey 
platform.

Study outcomes. The device was expected 
to significantly increase physician sensitivity and 
area under the receiver operating characteristic 
(AUROC) curve based on the results of prior 
reader studies.13,15 However, this study was 
conducted to provide supplemental evidence for 
regulatory purposes; thus, only noninferiority 
hypothesis tests were used as endpoints, but both 
noninferiority and superiority were tested for. 
The primary endpoint was to determine whether 
the AUROC of PCPs aided by knowledge of the 
ESS output was noninferior to the PCPs' unaided 
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AUROC, using biopsy-verified skin lesions as the 
reference standard.

The secondary endpoints were: (1) 
noninferiority of device-aided PCP sensitivity 
compared to unaided sensitivity for referral 
decisions for all malignancies included in 
the study; (2) noninferiority of device-aided 
PCP sensitivity for histopathology-confirmed 
melanoma only compared to unaided sensitivity 
for referral decisions; and (3) noninferiority of 
device-aided PCP specificity compared to unaided 
specificity for referral decisions.

All included lesions were biopsied and 
dermatopathology was used as the reference 
standard for sensitivity and specificity 
calculations. Further analyses included aided and 
unaided AUROC for melanoma, BCC, SCC, and 
NMSC (BCC and SCC collectively) and aided and 
unaided referral specificity for benign melanocytic 
nevi, seborrheic keratoses, and other benign 
lesions. In addition, physician confidence in their 
referral decisions was compared with and without 
the device output availability.

RESULTS
Study physicians. Overall, 118 participants 

included board-certified internal and family 
medicine physicians (49.2% and 50.8%, 
respectively) with a broad distribution of years 
in practice (range: 1-21+ years) (Table 1). There 
were 72.0% male and 28.0% female physicians. 
Years in practice varied with most physicians 
reporting 6 to 10 years and 21+ years in practice 
(27.1% and 31.4%, respectively), followed by 1 
to 5 years (20.3%), 11 to 15 years (16.9%), and 
16 to 20 years in practice (4.2%). Type of practice 
also varied, with most physicians reporting 
being employed in a multi-specialty group 
private practice (25.4%) or a hospital-owned 
practice (20.3%) and most commonly practicing 
in an urban area (66.9%). Physicians recruited 
from each state was reflective of US physician 
population numbers in each state, ranging from 
0.8–12.7% of physicians recruited, with most 
physicians recruited from California (12.7%). The 
frequency they reported evaluating patients with 
concerns regarding their skin lesions was most 
often reported as "always" (57.6%) followed 
by "usually" (27.1%). With regards to referring 
patients to dermatology, 57.6% of physicians 
reported "sometimes," followed by "most of the 
time" (39.8%) and "rarely" (2.5%). In accordance 
with the device indication for use and the study 
eligibility requirements, no physicians reported 

"never" or "always" referring patients for skin 
lesions. Self-rated competence in skin lesion 
assessment was most reported as "advanced" 
(49.2%) followed by "intermediate" (45.8%). Only 
5.1% of physicians self-reported being an "expert" 
in skin lesion assessment. Nearly one-third of 
physicians reported completing an elective 
rotation in dermatology (31.4%).

Subject and lesion demographics. The 
population of included images were from patients 
(n=100) that were 52.0% male and 48.0% female 
with a mean age of 62.3 (standard deviation [SD]: 
15.06). Over half of patients were aged between 
61-80 (52.0%). A total of 88 (88.0%) patients 
were of lighter skin types (ie, Fitzpatrick skin 
types I-III), with 59.0% designated as Fitzpatrick 
skin type II and 20.0% Fitzpatrick skin type III. 
For the subjects' most often reported risk factors, 
14.0% had a new or changing lesion, 57.0% had 
ultraviolet light exposure, 36.0% had lighter skin 
tone, freckling, and light hair, and 20.0% had 
many moles and/or dysplastic nevi. 

The reader study lesions (n=100) were mostly 
located on the trunk (61%), followed by head 
(18%), leg (11%), and arm (10%).  Half of the 100 
lesion cases were malignant (n=50). Among all 
lesions, 79% were flat (21% elevated), and 88% 

were smooth (12% rough). Among the malignant 
lesions, 68% were melanoma, with an equal 
proportion of BCC and SCC at 16% each. Among 
the histologically proven benign lesions, 62% 
were benign melanocytic nevi (BMN), and 20% 
were seborrheic keratosis (SK).  The average lesion 
width was 4.67 mm (SD: 1.875) (Table 2 and Table 
3).

TABLE 1. Physician characteristics

CHARACTERISTICS
ALL PHYSICIANS

(n=118)
Sex, n (%)

Male 85 (72.0)
Female 33 (28.0)

Area of board certification and active practce, n (%)
Internal medicine 58 (49.2)
Family medicine 60 (50.8)

Year practicing medicine, n (%)
1-5 years 24 (20.3)
6-10 years 32 (27.1)
11-15 years 20 (16.9)
16-20 years 5 (4.2)
21+ years 37 (31.4)

Geographic region of United States, n (%)
Midwest 24 (20.3)
Northeast 33 (28.0)
South 37 (31.4)
West 24 (20.3)

Type of area, n (%)
Urban area (population > 50,000) 79 (66.9)
Urban cluster (population 
between 2,500 and 50,000)

30 (25.4)

Rural (population <2,500) 9 (7.6)

TABLE 1, CONT. Physician characteristics

CHARACTERISTICS
ALL PHYSICIANS

(n=118)
Type of practice, n (%)

Independent primary care 
physician (PCP) - 
solo private practice

16 (13.6)

Owner in group private practice 
(primary care only)

8 (6.8)

Owner in group private practice 
(multi-specialty)

9 (7.6)

Employed in group private 
practice (primary care only)

18 (15.3)

Employed in group private 
practice (multi-specialty)

30 (25.4)

Hospital-owned practice 24 (20.3)

Federally qualified health center 3 (2.5)

Academic center 8 (6.8)

Locum tenens 1 (0.8)
Other, occupational health 
practice

1 (0.8)

Self-reported frequency of evaluating patients with 
concerns regarding their skin lesions, n (%)

Always 68 (57.6)
Usually 32 (27.1)
Sometimes 18 (15.3)
Rarely 0 (0.0)
Never 0 (0.0)

Referral of patients with skin lesions to dermatologist, 
n (%)

Always 0 (0.0)
Most of the time 47 (39.8)
Sometimes 68 (57.6)
Rarely 3 (2.5)
Never 0 (0.0)

Self-rated skin lesion assessment competence, n (%)
Expert 6 (5.1)
Advanced 58 (49.2)
Intermediate 54 (45.8)
Beginner 0 (0.0)
No competence 0 (0.0)

Completed elective rotation in dermatology, n (%)
Yes 37 (31.4)
No 81 (68.6)
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Primary outcome. A total of 50 malignant 
and 50 benign lesions were assessed by each 
of the 118 physicians, yielding 5,900 lesion 
assessments without the device and 5,900 with 
the ESS device result. The study met the primary 
endpoint; the AUROC for referral decisions 

regarding all lesions of the PCPs aided with the 
device was 0.671 (95% confidence interval [CI]: 
0.611-0.732) compared to the AUROC unaided by 
the device of 0.630 (95% CI: 0.582-0.678). The 
aided AUROC for referral decisions regarding all 
lesions was noninferior to the unaided AUROC 
(p<0.001). Furthermore, a statistical test for 
superiority found that the aided AUROC was 
significantly higher than the unaided AUROC 
(absolute difference of 0.041; p=0.036). See 
Figure 1 for physician sensitivity and AUROC 
distributions and Figure 2 for primary and second 
outcomes.

Secondary outcomes. Aided sensitivity of the 
PCPs was noninferior to unaided sensitivity across 
all skin cancer types, and superior to unaided 
assessments for melanoma detection. Specificity 

did not decrease significantly, as demonstrated 
through the noninferiority test (Table 4).

Physician confidence assessment. From 
unaided to aided assessments, the mean scores 
changed from 6.4±1.59 (range: 1-10) to 7.0±1.74 
(range: 1-10).  There was a significant difference 
in the mean score (0.67; 95% CI: 0.52-0.81; 
p<0.001) between aided and unaided equal. 
With the aid of the device result, confidence scores 
decreased in 16.0% (n=1890) of readings, while 
33.1% (n=3903) of scores stayed the same and 
50.9% (n=6007, p<0.001) of scores increased for 
all readings.

Sensitivity increased with increasing confidence 
levels. When evaluating confidence groupings 
into low (1-3), mid (4-7), and high (8-10) spectral 
scores, sensitivity increased with availability of a 
device result. For low device scores (1-3), PCPs' 
unaided sensitivity of 77.3% increased to 84.2% 
for aided assessments, while specificity decreased 
from an unaided value of 33.0% to 25.2% when 
PCPs were aided with the device. For malignant 
lesions in which the PCPs' had low confidence 
in their unaided assessments (242 lesions), 
the unaided sensitivity was 77.3% and aided 
sensitivity was 88.0%, a difference of 10.7%. For 
low confidence benign lesions (276), the unaided 
specificity was 33.0% and aided specificity was 
31.9%, a difference of –1.1%.

Diagnostic sensitivity and specificity. 
The diagnostic sensitivity for PCPs in detecting 
malignancies with the device result was 62.1% 
(95% CI: 54.0-70.2%), which was higher than 
sensitivity without the device result of 59.8% 
(95% CI: 52.7-66.9%). Physician diagnostic 
specificity for benign lesions with the device 
output available at 64.2% (95% CI: 57.1-71.3%) 
was also higher than without the device output 
available at 62.4% (95% CI: 56.3-68.6%). While 
use of the device to inform diagnostic assessments 
is not the device's indication for use, these results 
suggest that even if the device were used in this 
manner for lesions suggestive of melanoma, 
neither sensitivity nor specificity would decrease 
and that one or both may increase.

Subgroup analyses. While the present study 
was not powered to assess lesion subtypes and 
there was no formal hypothesis testing within 
subgroups, numerical increases in AUROC were 
seen and AUROC was noninferior for each cancer 
subtype. For example, when assessing sensitivity 
by cancer types (melanoma, BCC, SCC, NMSC), the 
study results demonstrated superior sensitivity 
for melanoma when aided by the device and 

TABLE 2. Reader study patient characteristics

CHARACTERISTICS
READER STUDY 
PARTICIPANTS 

(n=100)
Sex, n (%)

Male 52 (52.0)
Female 48 (48.0)

Age
Mean (standard deviation) 62.3 (15.06)
Median 65
Minimum, maximum 22, 86

Age (years), n (%)
<20 0 (0.0)
21-30 2 (2.0)
31-40 8 (8.0)
41-50 15 (15.0)
51-60 14 (14.0)
61-70 25 (25.0)
71-80 27 (27.0)
81-90 9 (9.0)
90+ 0 (0.0)

Race, n (%)
White 99 (99.0)
Non-white 1 (1.0)

Fitzpatrick skin type, n (%)
I. Always burns, never tans 9 (9.0)
II. Always burns, tans minimally 59 (59.0)
III. Sometimes mild burn, tans 
uniformly

20 (20.0)

IV. Burns minimally, always tans 
well

7 (7.0)

V. Very rarely burns, tans very 
easily

4 (4.0)

VI. Never burns 1 (1.0)
Risk factors, n (%)

New or changing lesion(s) 14 (14.0)
Ultraviolet light exposure 
(natural or tanning bed)

57 (57.0)

Lighter skin tone, freckling, light 
hair

36 (36.0)

Family history of skin cancer 22 (22.0)
Many moles and/or dysplastic 
nevi

20 (20.0)

Personal history of skin cancer 35 (35.0)
Weakened immune system 3 (3.0)

TABLE 3. Reader study lesion characteristics

CHARACTERISTICS
READER STUDY 

LESIONS 
(n=100)

Anatomic location, n (%)
Head 18 (18.0)
Arm 10 (10.0)
Leg 11 (11.0)
Trunk 61 (61.0)

Flat or elevated, n (%)
Flat 79 (79.0)
Elevated 21 (21.0)

Smooth or rough, n (%)
Smooth 88 (88.0)
Rough 12 (12.0)

Overall pathology, n (%)
Malignant 50 (50.0)
Benign 50 (50.0)

Malignant lesion pathology (n = 50), n (%)
Basal cell carcinoma (BCC) 8 (16.0)
Melanoma 34 (68.0)
Squamous cell carcinoma (SCC) 8 (16.0)

Benign lesion pathology (n = 50), n (%)
Benign melanocytic nevi (BMN) 31 (62.0)
Seborrheic keratosis (SK) 10 (20.0)
Other benign 9 (18.0)

Length (mm)
Mean (standard deviation) 6.13 (2.893)
Median 5.50
Minimum, maximum 2.5, 15.0

Width (mm)
Mean (standard deviation) 4.67 (1.875)
Median 4.00
Minimum, maximum 2.5, 11.0
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a meaningful sensitivity increase for NMSC. 
Average physician AUROC for melanoma unaided 
by the device (0.605, 95% CI: 0.548-0.661) was 
numerically higher when aided by device use 
(0.637, 95% CI: 0.570-0.703). Moreover, PCPs' 
sensitivity was observed to be higher for each 
malignant lesion subgroup when comparing 
their unaided sensitivity to aided sensitivity. 
Overall PCP sensitivity with device output for 
melanoma was 79.1% (95% CI: 72.4-85.7%), 
and for NMSC was 87.6% (95% CI: 77.2-97.9%). 
This was an increase from PCP sensitivity without 
device output of 70.2% (95% CI: 62.9- 77.6%) for 

melanoma and 80.9% (95% CI: 73.7-88.1%) for 
NMSC.

Specificity was observed to be lower across 
benign lesion subgroups when comparing PCP-
aided specificity to unaided specificity. Specificity 
for benign melanocytic nevi was 42.5% (95% CI: 
33.0-52.0%) with the device compared to 47.2% 
(95% CI: 40.5-53.8%) without the device. For SKs, 
specificity was 32.7% (95% CI: 17.5-47.9%) with 
device output and 35.6% (95% CI: 26.5-44.6%) 
without device output. For other benign lesions, 
specificity was 31.5% (95% CI: 18.0-44.9%) with 
device output and 43.4% (95% CI: 29.8-57.0%) 

without device output.
Physician perceptions of device. When 

asked about whether the device use would 
provide value to their decision making, 91.5% 
of respondents either agreed or strongly agreed, 
with 7.6% reporting neutral and 0.8% reporting 
they disagree or strongly disagree. When asked 
about the inclusion of the spectral score with the 
"investigate further" result, 4.2% disagreed there 
was a benefit, 14.4% were neutral, while 81.4% 
either agreed (47.5%) or strongly agreed (33.9%) 
that there was a benefit. In addition, 93.2% of 
respondents also agreed or strongly agreed that 

TABLE 4. Secondary outcomes of average reader sensitivity and specificity

TEST SENSITIVITYAIDED SENSITIVITYUNAIDED AIDED-UNAIDED DIFFERENCE

ESTIMATE 95% CI4 ESTIMATE 95% CI4 ESTIMATE 90% CI4 p-VALUE5 95% CI4 SUPER p-VALUE6

Reader sensitivity for referral by 
assessment type1

81.8% 76.0-87.6% 73.7% 67.7-79.6% 8.1% 4.2-12.0% <0.001 3.5-12.8% <0.001

Reader sensitivity for referral for
melanoma by assessment type2 79.1% 72.4-85.7% 70.2% 62.9-77.6% 8.8% 4.2-13.4% <0.001 3.4-14.3% <0.001

SENSITIVITYAIDED SENSITIVITYUNAIDED AIDED-UNAIDED DIFFERENCE

ESTIMATE 95% CI4 ESTIMATE 95% CI4 ESTIMATE 90% CI4 p-VALUE7 95% CI4 -

Reader specificity for referral by 
assessment type3 38.6% 30.9-46.2% 44.2% 38.1-50.1% –5.6% –10.7 to –0.6% <0.001 –11.6 to 0.4% -

1 Analysis includes 50 malignant lesions and 118 readers.
2 Analysis includes 34 malignant lesions and 118 readers.
3 Analysis includes 50 benign lesions and 118 readers.
4 Average reader sensitivity and standard errors obtained from iMRMC package from U-statistics approach.
5 p-value for noninferiority hypothesis H0: SeAided – SeUnaided ≤ 0.05.
6 p-value for superiority hypothesis H0: SeAided – SeUnaided ≤ 0.
7 p-value for noninferiority hypothesis H0: SpAided – SpUnaided ≤ 0.2 (20%).

FIGURE 1. Reader sensitivity and area under the receiver operating characteristic (AUROC) 
distribution. 
DA3: DERM-ASSESS III

FIGURE 2. Results for primary endpoint (overall area under the receiver operating 
characteristic [AUROC]) and secondary endpoints 1-3 (overall sensitivity, melanoma 
sensitivity, and overall specificity)
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they would benefit from having NPV and positive 
predictive value (PPV) available in instructional 
materials associated with the device. 

When asked about their own standard of 
care performance in assessing skin lesions, most 
respondents rated their unaided sensitivity 
between 61 to 80% (52.5%) and their specificity 
between 51 to 70% (39.8%). Respondents 
reported that the availability of the ESS device 
output would alter their behavior encouraging 
them to perform better quality skin lesion 
evaluations. Also, regarding expected benefits of 
the device in real-world care with their patients, 
81% of respondents agreed that the device would 
provide an immediate, objective result to help 
with management of suspicious skin lesions, 
75% agreed that they would detect more skin 
cancer, and 71% agreed they would have greater 
confidence in their clinical assessments and 
management decisions. Only 1% of respondents 
said they would not expect any benefit with the 
device. 

DISCUSSION
In this MRMC study, we found both a 

noninferior and superior increase in overall 
management sensitivity and in AUROC with 
physician use of the adjunctive device. Aided 
sensitivity of melanoma identification was also 

noninferior and superior to unaided sensitivity. 
While the specificity decreased by 5.6 to 38.6% 
aided, this was noninferior to the specificity 
endpoint. Diagnostic sensitivity also increased 
from 59.8 to 62.1% with the availability of 
device output, and specificity increased from 
62.4 to 64.2%. 

The only two AI tools to have been approved 
prior to this ESS device were MelaFind and 
Nevisense, and both were restricted for use to 
only dermatologists.16 Despite FDA approval 
in 2011, MelaFind was discontinued for sale 
and clinical use in 2017. The limitations of this 
device included unnecessary biopsies owing 
to low specificity of 10%, high device cost and 
workflow burden, and device use restricted 
to only pigmented lesions. Resembling prior 
studies of the ESS device, device use improves 
PCPs' evaluation and management decisions 
regarding all skin cancers. However, this is 
the first study demonstrating the potential of 
the device to significantly improve melanoma 
detection.

Clinical implications. PCP use of the ESS 
device may improve referral decisions. For 
example, correctly referred aided melanomas 
increased by 48.7% (n=582) for melanomas that 
would have been incorrectly managed if unaided. 
For each skin cancer subgroup, this trend was 

consistent and resulted in an overall increase in 
correctly aided referrals for melanoma as well as 
BCCs and SCCs (Table 5).

 There has been a rising incidence of skin 
cancer in the US amid the changing climate. A 2ºC 
increase in temperature due to global warming 
has been postulated to increase skin cancer 
incidence by 10% annually; this temperature rise 
is expected by 2050. Therefore, the ESS device may 
help meet the need for PCPs to diagnose these 
skin cancers and refer patients appropriately.17,18

Noninvasive, point-of-care tools for PCPs have 
the potential to aid in rapid skin cancer detection 
and earlier access to dermatologists while 
also reducing unnecessary referrals of benign 
lesions. When the tool is used as an adjunct to 
careful consideration of the clinical appearance 
and available clinical information (patient skin 
phototype, age, location on the body, risk factors, 
changes of the lesion reported by the patient), 
there is greater potential for more accurate triage 
of potential skin cancers.

This study was strengthened by the multireader 
design, which allowed for multiple physicians to 
assess lesions, each with a different randomized 
order of lesion cases, potentially reducing 
individual bias.  The study was also strengthened 
by its inclusion of a representative mix of common 
skin cancers, with two-thirds of cancerous 

TABLE 5. Overall shift in referral decisions from unaided-to-aided assessment

UNAIDED ASSESSMENT CORRECT UNAIDED ASSESSMENT INCORRECT

Aided DermaSensor Results for 
Malignant or Benign 

(% Based on Unaided Correct)

Aided DermaSensor Results Correct 
for Malignant or Benign 

(% Based on Unaided Correct)

LESION TYPE
TOTAL 

ASSESSMENTS1

Unaided, correct2

n (%)
Aided, correct3

n (%)
Aided, incorrect3 

n (%)
Unaided, correct2

n (%)
Aided, correct4 

n (%)
Aided, incorrect4 

n (%)

Malignant 5900
4346

(73.7)
4020

(92.5)
326

(7.5)
1554

(26.3)
805

(51.8)
749

(48.2)

Melanoma 4012
2818

(70.2)
2590

(91.9)
228

(8.1)
1194

(29.8)
582

(48.7)
612

(51.3)

NMSC (BCC or SCC) 1888
1528

(80.9)
1430

(93.6)
98

(6.4)
360

(19.1)
223

(61.9)
137

(38.1)
Basal cell 
carcinoma (BCC)

944
735

(77.9)
700

(95.2)
35

(4.8)
209 

(22.1)
140

(67.0)
69

(33.0)
Squamous cell 
carcinoma (SCC)

944
793

(84.0)
730

(92.1)
63

(7.9)
151

(16.0)
83

(55.0)
68

(45.0)

Benign 5900
2606

(44.2)
1671

(64.1)
935

(35.9)
3294

(55.8)
604

(18.3)
2690

(81.7)
1Total assessments from 118 primary care physician readers.
2Percentage of unaided assessments correct or incorrect out of total unaided assessments.
3Percentage of lesions with correct or incorrect aided assessments out of number of lesions with correct unaided assessments.
4Percentage of lesions with correct or incorrect aided assessments out of number of lesions with incorrect unaided assessments.
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lesions being melanoma. Limitations of our 
study impacted both sensitivity and specificity 
calculations. Limitations include the limited 
sample size in certain subgroups including those 
with Fitzpatrick skin type VI and I, limited sample 
size of patients ages 21-30, and limited sample of 
flat lesions. Additionally, this study was conducted 
in a theoretical setting, not direct patient care. 

CONCLUSION
Skin cancer is the most common type of 

cancer in the US, with projected increases in 
diagnoses anticipated. While less common 
than BCCs and SCCs, melanoma spreads more 
aggressively and is associated with decreased 
survival rates. As the primary entry point into 
the healthcare system, PCPs play a pivotal 
role in connecting patients with specialized 
dermatological care when warranted.

We present the findings of a reader study 
assessing the referral performance of PCPs when 
evaluating lesions suggestive of melanoma 
with and without the ESS result. The device 
significantly improved physicians' accuracy in 
managing lesions suggestive of melanoma, 
with significant increases in sensitivity for 
all skin cancers and melanoma, while not 
significantly raising the rate of unnecessary 
referrals. Moreover, the physicians reported 
increased confidence in their assessments with 
the availability of the device result. As such, the 
device can improve PCP decision making and 
confidence when managing lesions suggestive 
of melanoma. 

By enhancing PCP management accuracy 
and confidence, this FDA-approved device has 
the potential to optimize resource utilization 
by minimizing unnecessary referrals and 
biopsies, saving healthcare dollars, and reducing 
patient morbidity and concern, while helping 
to prioritize access for patients with high-risk 
lesions. Given the rising rates of skin cancer 
in the US and limited access to dermatologic 
care, this device has the potential to make a 
significant impact in skin cancer detection in the 
primary care setting.
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Learnings from the first AI-enabled skin
cancer device for primary care
authorized by FDA

Kaushik P. Venkatesh, Kushal T. Kadakia & Stephen Gilbert Check for updates

The U.S. Food and Drug Administration’s (FDA)
recent authorization of DermaSensor, an AI-
enabled device for skin cancer detection in primary
care, marks a pivotal moment in digital health
innovation. Clinically, the authorization of the first
AI-enabled device for use by non-specialists for
detecting skin cancer reinforces the feasibility of
digital health technologies to bridge gaps in access
and expertise inmedical practice. The authorization
alsoestablishesanew regulatory precedent for FDA
authorization of medical devices incorporating AI
and machine learning (ML) technologies within
dermatology. Together, this article uses the
DermaSensor authorization to examine the clinical
evidence and regulatory implications of emerging
AI-enabled technologies in dermatology.

On January 17, 2024, the U.S. Food and Drug Administration (FDA)
authorized DermaSensor, the first artificial intelligence (AI)-enabled med-
ical device intended for use in the primary care setting for skin cancer
detection1.Thedevice,whichwas alreadyauthorized foruse in theEuropean
Union and Australia, establishes a new regulatory precedent in the U.S. for
medical device innovation as the first AI-enabled dermatologic device
indicated for use by non-specialist. However, the approval also raises
questions about the need for continuous evidence generation and modern
approaches to regulation.

Clinical diagnosis in dermatology is highly reliant onvisual assessment.
Differentiating between “normal” and “abnormal” skin lesions—which in
turn determines the need for further diagnostic studies and intervention—
depends on a dermatologist’s pattern recognition skills, which compound
over the course of a clinical career. Performing nuanced visual analysis
requires years of training, posingboth a challenge fornon-specialists2 andan
opportunity for innovation throughAI/MLpattern recognition. Skin cancer
—including squamous cell carcinoma, basal cell carcinoma, andmelanoma
—is the most common malignancy worldwide3 and is primarily screened
through gross assessment and dermatoscopy prior to diagnosis by biopsy or
excision. Primary care physicians often screen patients for concerning
lesions prior to referral to dermatology2,3. With this context, DermaSensor
and similar PCP-targeted AI-enabled devices provide critical opportunities
to impact the broader healthcare system by bringing specialist care into the

primary care office. This article uses the DermaSensor authorization to
examine the clinical evidence and regulatory implications of emerging AI-
enabled technologies in dermatology.

Regulatory landscape and new horizons
FDA’s framework for medical device regulation was establishedwhenmost
products were hardware-based technologies. However, many devices today
incorporate some elements of software technology, including AI and
machine learning (ML), with 171 AI/ML devices authorized by FDA as of
October 2023. Some products, such as DermaSensor, are physical devices
that rely onAI/ML software for functionality, and are termed “Software in a
Medical Device” (SiMD)4,5. Other products, such Digital Diagnostic’s
autonomous diabetic retinopathy software6, are primarily software-based
products, and are termed “Software as a Medical Device” (SaMD)”4.

In a 2021 Action Plan, FDA clarified its intent to continue regulating
such devices using its existing review pathways, while also developing new
regulatory processes for issues unique to devices incorporating software
(e.g., change control planning,mitigationof algorithmic bias)7. These review
pathways consist of premarket clearance (510(k)), De Novo classification,
and premarket approval (PMA). Review pathways are selected based on the
potential risk posed by a device, which in turn determines requirements for
pre- and post-market evidence generation.

The first dermatology AI device to gain FDA authorization was
MelaFind (multispectral spectroscopy) approved in 2017 via the PMA
pathway (Table 1)8. This pathway is reserved for high-risk devices and
requires manufacturers submit clinical evidence of safety and effective-
ness (e.g., evidence generated from a clinical trial). MelaFind’s indication
for use was limited to dermatologists and melanoma detection (Table 2).
However, the device was discontinued due to low specificity (10%)
leading to unnecessary biopsies, narrow use cases, poor integrability into
workflow, and limited coverage9. The next dermatology AI device,
Nevisense (electrical impedance spectroscopy), was also authorized
under the PMA pathway in 2017 for use by dermatologists alone for
melanoma detection (sensitivity 96%, specificity 34%), and remains on
the market as of 202410.

In contrast to MelaFind and Nevisense, DermaSensor (elastic scat-
tering spectroscopy) was reviewed under FDA’s De Novo pathway. This
pathway is intended for novel devices of low-to-moderate risk for which the
manufacturer or FDA lack similar, authorized devices to compare to.
Consequently, in addition to enabling a new product (DermaSensor) to
progress to market, De Novo authorization also establishes a new product
classification code which future dermatology devices can use as regulatory
precedent to gain FDA authorization via the 510(k) pathway—a unique
regulatory development compared to the PMA approach of AI-enabled
dermatology devices to date (Table 2)11. While 510(k) is the predominant
route to market entry for all medical devices–including AI/ML-enabled
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devices—the pathway has raised concerns about the adequacy of its evi-
dentiary requirements for assessing the safety of new digital health tools12.

Examining the evidence for the DermaSensor authorization
FDA’s authorization of DermaSensor broke new clinical ground, as the
device is indicated for use by non-dermatologist physicians to evaluate skin
lesions raising concern for melanoma, basal cell carcinoma, and squamous
cell carcinoma in patients 40 years or older. Evidence supporting the
authorization was generated from three studies: a pivotal trial, a supple-
mental validation study for melanoma, and a clinical utility study13.

The pivotal study, titled DERM-SUCCESS, was conducted on 1579
lesions of 1005 patients from 22 primary care centers; the supplemental
validation study, DERM-ASSESS, included 311 patients with 440 lesions
evaluated by dermatologists from 10 sites. The device’s output was used in
addition to traditional clinical history and examination to decide whether
suspicious lesions should be monitored versus further evaluated (derma-
tologist referral and/or biopsy). DERM-SUCCESS reported 95.5% device
sensitivity compared with 83% for primary care physicians (PCPs), an NPV
(negative result by device confirmed by biopsy) of 96.6%, and non-inferiority
to dermatologist sensitivity of 90%. However, specificity was low at 20.7%.

Notably, FDA’s authorization specifies that DermaSensor is approved
for use by “physicians who are not dermatologists,” with the manufacturer
identifying PCPs as a target population14. The clinical utility study of 108
PCPs and >10,000 lesions showed that PCP device use increased manage-
ment sensitivity (91.4% vs. 82.0%) and diagnostic sensitivity (81.7% vs.

71.1%) and decreased false negative referrals by half (8.6% from 18%).
However, therewas a statistically significant decrease in specificity (44.2% to
32.4%) for referrals.

Taken together, the results from DermaSensor’s premarket clinical
studies demonstrate the device’s capability for sensitive detection and
application in the primary care setting. However, DermaSensor also, illus-
trates that issues with specificity (which affected MelaFind and Nevisense)
remain a challenge forAI-enabledmedical devices in dermatology, carrying
the risk of potentially unnecessary referrals that may result in biopsies and
further costs.

Clinical implications for access and quality
DermaSensor providesnewhorizons for dermatologic care by extending the
diagnostic capacity of PCPs for skin cancer; a key differentiator from pre-
vious FDA-authorized AI-enabled medical devices in dermatology. Using
DermaSensor could strengthen the diagnostic abilities of PCPs who nor-
mally refer such cases, and could therefore meaningfully address access
limitations in dermatology, which affectmore than a third of patients15 with
an average wait time of 35 days16.

There are analogous situations of the introduction of novel AI-based
diagnostic devices into primary care from other medical disciplines. For
example, FDA has authorized AI-enabled devices for autonomous diabetic
retinopathy screenings for use in primary care settings17. This technology-
enabled shift toward greater “specialist” diagnosis by PCPs raises important
questions about the expanding scope of generalist clinical practice. For

Table 1 | Comparison of pathways to FDA authorization for medical devices, including AI-enabled dermatology devices

Category PMA De Novo 510(k)

AI-enabled
dermatology device

NeviSense & MelaFind DermaSensor None

Risk classification High risk Low-moderate risk Low-moderate risk

Qualifications for
pathway

Novel, life-sustaining without predicate Novel device without predicate Substantially equivalent predicate device

Required data to
submit to FDA

Both non-clinical and clinical evidence
of safety and effectiveness

Non-clinical and sometimes clinical
data demonstrating the device’s safety
and effectiveness

Demonstration that the new device is similar to a
previously-authorized device; primarily relies on non-
clinical evidence of device performance, but may in some
cases include clinical data of safety and effectiveness

Review time and cost Slower (<180 days) andmore expensive
due to requirement for clinical data

Generally faster (<150 days) Fastest review (<90 days)

Post-market Often required to complete a post-
approval study, with requirements for
regular data reports for FDA

May be subject to requirements for
postmarket evidence generation

Rarely subjected to formal postmarket surveillance

Table 2 | Comparison of pivotal study sizes and primary endpoints among FDA-authorized AI-enabledmedical devices for skin
cancer detection

Device Imaging technology Indication Patient n
(Lesions n)

Sensitivity Specificity Lesionsof Fitzpatrick
V/VI (%)

Melafind21 Multispectral
spectroscopy

Disease: Melanoma
User: Dermatologist

1383 (1631) 98.3% 9.9% 9 (0.6%)

NeviSense22 Electrical impedance
spectroscopy

Disease: Melanoma
User: Dermatologist

1951 (2416) 97.0% 31.3% 29 (1.6%)

DermaSensor13 Elastic scattering
spectroscopy

Disease: Melanoma, squamous cell carcinoma,
and basal cell carcinoma in patients >40 years
User: Primary care physician

1005 (1579) 96.6% 21.0% 128 (12.7%)a

aPublicly-available FDA documents for DermaSensor report data by patients rather than lesions.
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DermaSensor, an important question is whether the device will improve
PCP diagnostic performance enough to warrant deferral of dermatologist
evaluation. Additionally, realizing the aspiration of improved diagnostic
access is also dependent on the uptake of new technologies among PCPs
serving the populations with the greatest needs. For example, rural patients
face the longest wait-times and greatest shortages of dermatologists18;
however, only 5% of PCPs in DERM-SUCCESS were considered rural.
Device deployment among providers in medically underserved areas war-
rants further postmarket research.

DermaSensor’s authorization also comes with notable regulatory
conditions. FDA has imposed requirements for post-market performance
testing in underrepresented populations, as notably 97.1% of patients in the
pivotal DERM-SUCCESS trial were ofWhite race and only 13% were from
the most pigmented skin types (Fitzpatrick V/VI). While improving
clinical trial diversity is a priority across all FDA-regulated products, the
implications are particularly salient in dermatology, where the lack of
darker skin tones in images used to train AI models have resulted in poorer
diagnostic performance on darker skin phenotypes19. The lack of repre-
sentation risks re-entrenching diagnostic biases for patients who are
already systematically and historically marginalized in dermatology care20.
In addition to investigating equitable performance across patient popula-
tions, FDA should also monitor DermaSensor’s real-world performance
with particular attention to diagnostic specificity and the risk of triggering
unnecessary care cascades through false positives; an issue that contributed
to the discontinuation of MelaFind.

The path forward. DermaSensor’s authorization is the latest in the
ongoingwave of AI-enabledmedical devices to gain regulatory approval in
the U.S. and beyond. Understanding the opportunities and limitations of
these technologies is critical to their safe and effective deployment in real-
world clinical practice. The approach taken by FDA is notable for its
equity-focused lens to ensure alignment between new product develop-
ment and population health needs via post-market evidence generation.
This approach should be proactively implemented in the regulatory
approach to AI-enabled devices more broadly, and ideally at the pre-
market stage. Taken together, while the short-term impact of Derma-
Sensor’s authorization is the addition of a new AI-enabled specialty tool in
the primary care toolkit, the device’s long-term legacy may be a milestone
for the regulation of AI-enabled medical devices.

Reporting summary. Further information on research design is available
in the Nature Research Reporting Summary linked to this article.
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