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To the Editor,
Recent advances in deep learning algorithms (DLAs) 
have shown considerable promise in assisting in dermato-
logical diagnosis. However, most systems rely on super-
vised learning from thousands of meticulously labelled 
images (1), a requirement that remains unattainable for 
many institutions due to variability in dermoscopic ima-
ging and the cost of expert annotation. To address this, we 
applied few-shot learning (FSL), a framework designed 
to enable model generalization from only a handful of 
labelled examples per class (2). We present a proof-of-
concept study on the application of FSL in dermatology, 
focusing on a purposely simple binary problem: basal 
cell carcinoma (BCC) vs common benign lesions such 
as seborrheic keratosis (SK) or melanocytic nevus. BCC, 
the most common skin cancer, is often clinically mistaken 
for SK or nevus, and both lesions are routinely included 
in its differential diagnosis (3). 

A powerful approach to enabling FSL is self-super-
vised learning (SSL), in which a model first learns rich 
visual representations from large pools of unlabelled 
images by solving pretext tasks (4). DINO is a notable 
SSL framework that trains a vision transformer using a 
student–teacher self-distillation scheme, encouraging 
consistent representations across different augmentations 
of the same image without any ground-truth labels (5). 
After unsupervised pretraining, the DINO backbone can 

be fine-tuned with only a few annotated samples per 
class (Fig. S1).

We first pretrained a vision transformer backbone with 
DINO-style self-supervised learning on approximately 
100,000 unlabelled cropped non-dermoscopic clinical 
images of skin lesions to learn visual representation. 
We then fine-tuned the pretrained network with only 
20 dermoscopic images, 10 BCC and 10 benign lesions 
(Fig. S2) such as SK or nevus, to teach the model the 
specific distinction of interest. Model performance was 
evaluated on a separate test dataset of 119 dermoscopic 
images collected in 2024, with no patient overlap with 
the training dataset (Fig. S3). The subtypes of basal cell 
carcinoma included in the training dataset were 2 super-
ficial (20%), 7 nodular (70%), and 1 infiltrating (10%), 
while the subtypes of BCC included in the test dataset 
were 7 superficial (31.82%), 10 nodular (45.45%), 2 
micronodular (9.09%), and 3 infiltrating (13.64%).

Our DLA achieved an accuracy of 90.5%, sensitivity 
of 90.3%, specificity of 90.5%, and area under the ROC 
curve (AUROC) of 0.957, indicating excellent perfor-
mance. The accuracy was 86.84% when differentiating 
BCC from SK and 92.23% when differentiating BCC 
from melanocytic nevus. The ROC curve and confusion 
matrix are presented in Fig. 1. The evaluation results of 
the DLA for each dermoscopic image and the code used to 
train the DLA are described in Table SI, and  Appendix S1.

Fig. 1. (a) Confusion matrix of the binary classifier distinguishing basal cell carcinoma (BCC) from benign skin lesions. Darker blue cells correspond 
to higher case counts. Numbers on the diagonal indicate correctly classified images. (b) Receiver-operating characteristic (ROC) curve illustrating the 
trade-off between sensitivity and specificity for the classifier distinguishing basal cell carcinoma from benign skin lesions. An area under the curve (AUC) 
of 0.957 reflects excellent discriminatory performance, with the dashed diagonal representing random chance.
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To our knowledge, this is the first report of a self-
supervised, few-shot model that distinguishes BCC from 
common benign skin lesions using only 20 dermosco-
pic images. Notably, our DLA achieved performance 
comparable to that of large-scale supervised systems. 
For instance, Esteva et al. achieved 0.96, and Mei et 
al. reported an AUROC of 0.79, yet both models were 
trained on thousands of labelled images (6, 7).

Our approach has two key implications. First, it 
demonstrates that high-performing AI models can be 
developed in settings with limited dermoscopic image 
data. Any clinic with approximately 10 representative 
dermoscopic images per class could replicate the fine-
tuning step to develop locally adapted models without 
extensive annotation. Second, the model provides an 
opportunity for automated triage by non-dermatologists. 
When integrated into mobile platforms, it could assist 
with early detection of BCC in underserved areas, facili-
tating timely referral and potentially reducing diagnostic 
delays and morbidity.

Our study has important limitations. Our goal is not 
to solve the full complexity of real-world skin cancer 
screening, but to test whether a deliberately minimalist 
data regime can still yield clinically meaningful perfor-
mance. Furthermore, we anticipate that diagnostic dif-
ficulty would increase and performance would decline in 
real-world settings that require multi-class classification 
encompassing lesions beyond BCC, SK, and melanocy-
tic nevus. Future research can generalize the proposed 
approach to discriminate among a broad spectrum of 
conditions and conduct external validation.

In conclusion, using only 10 BCC and 10 benign 
dermoscopic images for fine-tuning, we developed a 
vision transformer-based few-shot model that discrimi-
nates BCC with AUROC 0.957 and diagnostic accuracy 

exceeding 90%. These findings support the feasibility of 
rapidly developing institution-specific DLA tools for skin 
cancer screening, even in data-limited environments.
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