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Acral melanoma (AM) is a uniquely challenging subtype 
of melanoma, often diagnosed at advanced stages and with 
limited therapeutic options.1,2 Its distinct biological and 
clinical behaviour, as well as its rarity in Caucasian popu-
lations, have long hindered large-scale molecular studies. 
Prior limited single-center studies have shown variable so-
matic mutational patterns of AM and have not concluded to-
wards any correlation with prognosis or clinical behaviour.3 
This inconsistency has underscored the need for alternative 
strategies to characterize AM at the molecular level.

The recent work by Yin et al.4 marks a significant advance 
in our understanding of AM by identifying two molecularly 
and prognostically distinct subtypes using an integrative 
multi-omics approach.

Using an integrative analysis of bulk and single-cell RNA 
sequencing data, enhanced by a network-based gene pri-
oritization approach (CIPHER/CIPHER-SC), the authors 
classified AM into two biologically and clinically distinct 
subtypes. Subtype I was associated with thinner tumours, 
a more immune-inflamed microenvironment and better 
prognosis, while Subtype II showed macrophage-driven im-
munosuppression and worse outcomes. To support this clas-
sification, they identified a minimal gene panel composed of 
EREG, predominantly expressed in Subtype I and RAB20, 
FCGR3A and VSIG4, specifically upregulated in Subtype II. 
This four-gene signature demonstrated strong discrimina-
tory power and may serve as a useful tool for patient stratifi-
cation in future research and clinical applications.

Beyond its technical innovation, this study underscores 
a broader paradigm shift. Transcriptomic technologies—
particularly at the single-cell level—are redefining our 

understanding of tumour biology, especially in underex-
plored entities like AM. As our knowledge of AM pathogen-
esis expands, so too does the opportunity to develop targeted 
therapies and predictive biomarkers of immunotherapy 
response. The distinct immune landscapes described—es-
pecially the divergent roles of FCN1+ and SPP1+ macro-
phages—open new avenues for therapeutic intervention, 
including macrophage modulation strategies.5

Nonetheless, several questions remain open. The clini-
cal relevance of AM warrants further exploration. Are there 
associations between subtypes and anatomical localiza-
tion—for instance, a predilection of Subtype II for the nail 
apparatus melanoma, which has been associated with more 
aggressive behaviour in previous studies? Does histopatho-
logical subtype (acral lentiginous vs. nodular or superficial 
spreading) correlate with molecular classification? The au-
thors do not stratify their analysis by histopathologic sub-
type, which could add important context given the known 
heterogeneity of AM even within acral sites.

Furthermore, while the use of high-throughput se-
quencing and computational methods is laudable, the costs 
and complexity of such technologies remain non-trivial. 
Widespread adoption in clinical practice will require vali-
dation in larger, prospective cohorts and the development 
of streamlined assays, ideally applicable to formalin-fixed 
tissue. It is encouraging, however, that the biomarker panel 
described consists of only four genes, which may be adapt-
able to immunohistochemistry or RT-qPCR platforms in the 
near future.

Ultimately, whether and how this molecular framework 
will translate into improved patient care remains to be seen. 
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Still, it offers a promising foundation for future research and 
a step forward in addressing the biological complexity of a 
melanoma subtype that has long remained underexplored.
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