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TO THE EDITOR
The accuracy and generalizability of
machine-learning models for diag-
nosing neoplastic skin lesions depend
heavily on the composition of the
training dataset. Although deep
learning has achieved accuracy levels
comparable with those of human ex-
perts, its performance often deteriorates
in settings that differ from those of the
original training conditions (Combalia
et al, 2022). This underperformance is
particularly prominent in cases
involving rare diseases or atypical pre-
sentations of common conditions. For
instance, in melanoma detection, un-
derrepresented cases include non-
pigmented lesions, pediatric
melanomas, melanomas in patients
with skin of color (Chang et al, 2024;
Groh et al, 2024), and melanomas on
specific anatomical sites. Acral mela-
nomas are particularly important
because they occur across all ethnic-
ities but are underrepresented in data-
bases such as the International Skin
Imaging Collaboration archive (Braun
et al, 2013; Saida et al, 2022).

To address this gap, we present a
dermatoscopic image dataset that fo-
cuses on acral lesions (Müller et al,
2024). Our dataset comprised 666
retrospectively collected dermato-
scopic images of acral lesions from 643
patients collected from 7 academic
centers in Austria, Greece, France, Italy,
and Japan, featuring 144 acral mela-
nomas and 522 acral nevi. The images
were obtained from 2 sources: the
original BRAAFF checklist development

dataset (Lallas et al, 2015), which con-
sisted of 603 lesions (472 nevi and 131
melanomas), and a newer set from a
validation study with 74 lesions (61
nevi and 13 melanomas). Images of 11
nevi were excluded because of poor
quality (n ¼ 8), incorrect location (n ¼
2), or postexcision photography (n ¼ 1).
All images featured lesions on glabrous
skin, specifically on the palms or soles.
The majority of the lesions were located
on the soles (n ¼ 544), with only 66 on
the palms; the exact location was un-
available for the remaining images. The
patient were of European (n ¼ 381) and
Asian (n ¼ 285) ethnicities, although
skin tone was not documented. The
mean age of the patients was 43 years
(SD ¼ 22 years), and 61.1% of the le-
sions (n ¼ 407) were from females. All
the melanomas were excised and his-
topathologically examined. Of the 144
melanomas, 33.3% (n ¼ 48) were in
situ, and the rest were invasive, with a
median invasion depth of 1.65 mm
(range ¼ 0.2e14.5 mm). Among the
522 nevi, 193 were excised; the
remainder showed typical morphology
or were monitored for at least 1 year to
confirm their benign status. Because no
interventions were conducted on the
patients and only anonymized image
data were utilized, patient consent was
not necessary, as confirmed by the
approval of the local ethics board.

The original images were manually
cropped and resized to 600 � 450
pixels, saved in JPG format, and pseu-
donymized, with identifiable features
removed if necessary. In some cases,

the surrounding skin areas were blurred
to obscure unique patterns, such as skin
ridges, to prevent reidentification.
Metadata included age (in 5-year in-
tervals), sex, and diagnosis. Melanomas
have additional data on their in situ
status and invasion thickness. Metadata
not deemed relevant for research and
educational purposes were removed to
comply with privacy regulations and
data protection requirements.

Annotations were collected through
an online reader study designed to re-
evaluate the BRAAFF checklist for diag-
nosing acral melanoma. The raters were
recruited through social media an-
nouncements made by the International
Dermoscopy Society. The study received
ethical approval from the Medical Uni-
versity of Vienna’s Ethics Committee
(EK1220/2022), and all participants
provided informed consent for the
anonymous use of their annotations in
the research by agreeing to the terms of
use on the Dermonaut website during
registration. The study itself was con-
ducted on the ’Dermachallenge’ plat-
form (a subsite of the Dermonaut
website) and engaged 409 participants,
including board-certified dermatologists
(n ¼ 114), dermatology residents (n ¼
195), general practitioners (n ¼ 58),
medical students (n ¼ 9), and other
healthcare professionals (n ¼ 30). Der-
matoscopy experience varied, with par-
ticipants categorized as low-experience
(n ¼ 20), intermediate-experience (n ¼
310), or high-experience readers (n ¼
79). In each round, readers assessed
batches of 10 lesions, identifying the
presence or absence of the 6 BRAAFF
checklist features and providing a mel-
anoma or nevus diagnosis on the basis
of pattern recognition.

The BRAAFF checklist includes 6
criteria: 4 malignant features (irregular
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Figure 1. Top 5 examples with highest agreement for parallel lines patterns. Top 5 examples with the highest agreement for the parallel ridge pattern (top row),

fibrillar pattern (middle row), and parallel furrow pattern (bottom row) are presented.

Figure 2. Main characteristics of the BRAAFF-annotated acral lesions dataset. (a) Relative frequencies of BRAAFF feature presence stratified by diagnosis type

(MEL ¼melanoma, NV ¼ nevus). Each feature was identified through majority voting among the readers. The bars represent the percentage of lesions exhibiting

each BRAAFF feature. (b) ROC curve for the consensus BRAAFF score derived by majority voting. The green area represents the 95% confidence interval, and

the red dots indicate the optimal cutoff score. Gray dots represent individual sensitivityespecificity pairs for readers (n ¼ 409) based on pattern recognition

diagnosis. (c) UMAP visualization of 666 acral lesions (144 melanomas and 522 nevi) based on BRAAFF feature annotations. Each point corresponds to a single

lesion with spatial proximity, reflecting the similarity in BRAAFF features. Distinct clustering highlights the differential BRAAFF feature profiles of acral nevi and

melanomas. (d) Distribution of 6 BRAAFF features within the UMAP plot in panel c. Each subplot corresponds to a specific BRAAFF feature, with red indicating

the presence and gray indicating the absence of the feature, as determined by majority voting. ROC, receiver operating characteristic; UMAP, Uniform Manifold

Approximation and Projection.
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blotch, parallel ridge pattern, asymme-
try of structures, and asymmetry of
colors) and 2 benign features (parallel
furrow pattern, including lattice-like
and fibrillar patterns) (Lallas et al,
2015). The BRAAFF score was calcu-
lated by adding points for malignant
features (3 points for the parallel ridge
pattern and 1 point for each other ma-
lignant feature) and subtracting 1 point
for each benign feature. A score of 1 or
higher suggests melanoma. The
BRAAFF score was calculated auto-
matically in the background but was
not displayed to the readers. The rounds
with incomplete data (n ¼ 240) or
below-chance accuracy (n ¼ 16) were
excluded. In total, 409 participants
contributed 15751 valid readings, with
a median of 16 readings per lesion
(range ¼ 3e128).

For each lesion, annotations included
the number of readings and the abso-
lute and relative counts for the BRAAFF
features. Figure 1 highlights the top 5
examples with the highest consensus
for the parallel ridge, fibrillar, and par-
allel furrow patterns. A majority-based
annotation was generated for each
feature, considering it present if over
50% of the readers indicated it.
Figure 2a shows the relative pro-
portions of the majority consensus for
the 6 features by diagnosis. The
consensus-based BRAAFF score ach-
ieved a sensitivity of 92.4% (95% con-
fidence interval ¼ 87.5e96.0%) and a
specificity of 89.1% (95% confidence
interval ¼ 86.2e91.8%), with an area
under the curve of 0.96 (95% confi-
dence interval ¼ 0.94e0.97)
(Figure 2b). The Uniform Manifold
Approximation and Projection visuali-
zation in Figure 2c shows distinct
clustering patterns in the feature distri-
bution, where the acral melanomas
formed separate regions from the nevi.
This demonstrates the utility of
consensus annotations and BRAAFF
features in distinguishing acral mela-
nomas from nevi. These clusters were
based on the relative frequency of the
BRAAFF feature, as indicated by mul-
tiple reader assessments (Figure 2d).

This annotated dataset offers a
benchmark for human performance in
differentiating acral melanomas from
nevi in dermatoscopic images and

provides a resource for training and
validating machine learning algorithms
(Daneshjou and Kittler, 2024). Notably,
minimal overlap exists with the HAM
10000 dataset, which is frequently used
in algorithm training and should be
considered by users (Tschandl et al,
2018). Limitations include the exclu-
sive use of dermatoscopic images,
absence of clinical close-ups, and lack
of representation of patients with very
dark skin tones, which may limit gener-
alizability (Groh et al, 2024).
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TO THE EDITOR
Immunosuppression is a known risk
factor for skin cancer and is well-
documented for solid organ transplant
(SOT) recipients (Euvrard et al, 2003;
Hartevelt et al, 1990; Jensen et al, 1999),
for whom skin cancer surveillance rec-
ommendations and risk prediction tools
(ie, SUNTRAC) are well-established
(Jambusaria-Pahlajani et al, 2019).

Allogeneic hematopoietic stem cell
transplant (HSCT) recipients are also re-
ported to have increased risks of skin
cancer,with some studies suggesting risk
comparable with that of renal SOT re-
cipients (Herr et al, 2020; Omland et al,
2016;Rizzoet al, 2006; Scott et al, 2020;
Wu et al, 2019). However, studies on
skin cancer risk in allogeneic HSCT re-
cipients are fewer than in SOTrecipients
and, in the United States, are typically
single institution cohorts and report
relative rather than absolute risks (Herr
et al, 2020; Scott et al, 2020; Wu et al,
2019). We used a large commercial
claims database to report the absolute
and relative risks of skin cancers in
allogeneic HSCT recipients.

We performed a retrospective cohort
study using Optum’s deidentified Clin-
formatics Data Mart Database (Clinfor-
matics) from January 2007 to March

2022, with approximately 7.7 million
patients with commercial health insur-
ance. We included patients allogeneic
HSCT procedure codes (Supplementary
Table S1). As comparator groups, we
included patients with SOT procedure
codes (larger and more established
high-risk group) (Supplementary
Table S2) and patients with diagnosis
codes for seborrheic keratosis (SK)
(general population group with
decreased potential for surveillance
bias) (Supplementary Table S3). Patients
had at least 1 year between dataset
entry and the first allogeneic HSCT,
SOT, or SK code and were aged �18
years. This study used deidentified data
and, as such, does not require written
informed consent (MD Anderson Insti-
tutional Review Board 2019-0966).

Our primary outcome was the first
surgically treated skin cancer, including
keratinocyte carcinoma (KC) (squamous
and basal cell carcinomas) or mela-
noma (including all melanoma sub-
types), identified using diagnosis codes
and same-day treatment codes
(Supplementary Tables S4 and S5) (Eide
et al, 2010). Secondary outcomes
included the first surgically treated KC
or melanoma separately (if patients had
KC, they were still followed for

melanoma and vice versa). Follow-up
started 31 days after allogeneic HSCT,
SOT, or SK code.

We calculated the absolute risks of
skin cancer overall and of KC and mel-
anoma in allogeneic HSCT recipients
overall and stratified by race (non-His-
panic White and non-White recipients)
using cumulative incidence curves. We
compared the skin cancer risk in allo-
geneic HSCT recipients with that in SOT
recipients and patients with SK using
competing risk regression (competing
risk of death), adjusted for age, sex, race,
history of actinic keratosis, history of
skin cancer, and dermatology access
(whether patients had an encounter with
a dermatologist on or before the start of
follow-up, using National Provider
Identifier codes). In a secondary
analysis, we evaluated risk factors for
skin cancer within HSCT recipients,
including factors such as graft-versus-
host disease, chronic lymphocytic leu-
kemia, and total body irradiation
(Supplementary Tables S6e8).

We identified 3282 patients with
allogeneic HSCT; 11,612 patients with
SOT; and 3,715,638 patients with SKs
(baseline characteristics are presented
in Table 1). Patients with SK were more
likely than allogeneic HSCT and SOT
recipients to be non-Hispanic White, to
have history of actinic keratoses, to
have history of skin cancer, and to have
had dermatology access (chi-square P
< .001) (2-group comparisons are not
shown in Table 1). Allogeneic HSCT

Abbreviations: CI, confidence interval; HR, hazard ratio; HSCT, hematopoietic stem cell transplant; KC,
keratinocyte carcinoma; SK, seborrheic keratosis; SOT, solid organ transplant
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