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S
kin 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-
speci�c 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 arti�cial intelligence (AI) 
technology to improve melanoma detection and have the potential to 
aid PCPs in the evaluation of skin growths.6-8 E�orts 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 �ndings 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 bene�t 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 signi�cantly 
improved diagnostic sensitivity (10.6%, 
p=0.0085), management sensitivity (9.4%, 
p=0.003), and physician con�dence, indicating 
its potential to enhance PCP skin cancer 
diagnosis and con�dence 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 
con�dence in managing these cases. Here, 
we describe the �ndings 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 con�rmed 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 classi�es 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 classi�ed 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 con�dence 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 
con�dence assessment. A series of 10 questions 
were included at the end of the study to assess 
physician perceptions of the device and its 
bene�ts. 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-certi�ed 
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 certi�cation 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 e�ectiveness 
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 e�ectiveness population) were reviewed 
by a panel of three independent physicians (one 
dermatologist and two PCPs) to con�rm quality 
eligibility for the reader study by con�rming 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 signi�cantly 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-veri�ed 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-con�rmed 
melanoma only compared to unaided sensitivity 
for referral decisions; and (3) noninferiority of 
device-aided PCP speci�city compared to unaided 
speci�city for referral decisions.

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

RESULTS
Study physicians. Overall, 118 participants 

included board-certi�ed 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 re�ective 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 �at (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 certi�cation 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 quali�ed 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% con�dence 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 
signi�cantly higher than the unaided AUROC 
(absolute di�erence 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. Speci�city 

did not decrease signi�cantly, as demonstrated 
through the noninferiority test (Table 4).

Physician con�dence 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 signi�cant di�erence 
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, con�dence 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 con�dence 
levels. When evaluating con�dence 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 speci�city 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 con�dence 
in their unaided assessments (242 lesions), 
the unaided sensitivity was 77.3% and aided 
sensitivity was 88.0%, a di�erence of 10.7%. For 
low con�dence benign lesions (276), the unaided 
speci�city was 33.0% and aided speci�city was 
31.9%, a di�erence of –1.1%.

Diagnostic sensitivity and speci�city. 
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 
speci�city 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 speci�city 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.

Speci�city was observed to be lower across 
benign lesion subgroups when comparing PCP-
aided speci�city to unaided speci�city. Speci�city 
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, 
speci�city 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, 
speci�city 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 bene�t, 14.4% were neutral, while 81.4% 
either agreed (47.5%) or strongly agreed (33.9%) 
that there was a bene�t. In addition, 93.2% of 
respondents also agreed or strongly agreed that 

TABLE 4. Secondary outcomes of average reader sensitivity and speci�city

TEST SENSITIVITY
AIDED

SENSITIVITY
UNAIDED

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

SENSITIVITY
AIDED

SENSITIVITY
UNAIDED

AIDED-UNAIDED DIFFERENCE

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

Reader speci�city 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 H

0
: Se

Aided
 – Se

Unaided 
≤ 0.05.

6 p-value for superiority hypothesis H
0
: Se

Aided 
– Se

Unaided
 ≤ 0.

7 p-value for noninferiority hypothesis H
0
: Sp

Aided
 – Sp

Unaided
 ≤ 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 speci�city)
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they would bene�t 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 speci�city 
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 bene�ts 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 
con�dence in their clinical assessments and 
management decisions. Only 1% of respondents 
said they would not expect any bene�t 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 identi�cation was also 

noninferior and superior to unaided sensitivity. 
While the speci�city decreased by 5.6 to 38.6% 
aided, this was noninferior to the speci�city 
endpoint. Diagnostic sensitivity also increased 
from 59.8 to 62.1% with the availability of 
device output, and speci�city 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 speci�city of 10%, high device cost and 
work�ow 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 �rst study demonstrating the potential of 
the device to signi�cantly 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 di�erent 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 speci�city 
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 
�at 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 �ndings of a reader study 
assessing the referral performance of PCPs when 
evaluating lesions suggestive of melanoma 
with and without the ESS result. The device 
signi�cantly improved physicians' accuracy in 
managing lesions suggestive of melanoma, 
with signi�cant increases in sensitivity for 
all skin cancers and melanoma, while not 
signi�cantly raising the rate of unnecessary 
referrals. Moreover, the physicians reported 
increased con�dence in their assessments with 
the availability of the device result. As such, the 
device can improve PCP decision making and 
con�dence when managing lesions suggestive 
of melanoma. 

By enhancing PCP management accuracy 
and con�dence, 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 
signi�cant impact in skin cancer detection in the 
primary care setting.
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