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Additional Features Improve Skin Image Analysis
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Shape prior [1] Color constancy algorithms [2]

Lesion texture [3] Illumination-based features [4]



Lesion Elevation in Clinical Practice

● Part of the American Cancer Society’s 
ABCDE criteria.

[5] Strayer et al., 2003.
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Lesion Elevation in Clinical Practice

● Part of the American Cancer Society’s 
ABCDE criteria.

● The palpation of skin is an important step 
in lesion diagnosis, and is often one of the 
reasons for dermatologists’ dissatisfaction 
with teledermatology.

Lesion elevation information as a proxy for in-person palpation may benefit 
teledermatology.
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● Learning-based methods to predict lesion elevation.



Lesion Elevation in Deep Learning-based Methods

● Learning-based methods to predict lesion elevation.

● Assessing if elevation alone can improve lesion diagnosis performance.

What’s missing?
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Is elevation the same as depth?

Inset figure courtesy of Melanoma Institute Australia [6].
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Can we use off-the-shelf depth prediction models trained on 
natural images?

No, because:

● natural images scenes generally have a depth anisotropy.

● considerable difference in scale between natural images’ depths (typically in 
meters) and skin lesions’ elevations (typically in millimeters).
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Elevation labels in derm7pt - Samples
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Elevation labels in derm7pt - Diagnosis-wise distribution
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Can we predict skin lesion elevation labels from images alone?
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Can we predict skin lesion elevation labels from images alone?

Probabilistic prediction of 
elevation label
[0.1, 0.3, 0.6]

Input image

Lesion elevation
prediction model
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Can we predict skin lesion elevation labels from images alone?

● MobileNetV2
● MobileNetV3L

● EfficientNet-B0
● EfficientNet-B1

● DenseNet-121
● VGG-16

● ResNet-18
● ResNet-50

VGG-16 Accuracy AUROC

Clinical Images 0.8543 0.8220

Dermoscopic Images 0.8475 0.8152
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Can we predict skin lesion elevation labels from images alone?

Activation maps (GradCAM) localize the lesion well, despite artifacts.



Do ground truth elevation labels help improve diagnosis?
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Do ground truth elevation labels help improve diagnosis?
Diagnosis prediction model

that leverages elevation

Predicted 
diagnosis Ground truth

elevation label
[0., 0., 1.]
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VGG-16
Clinical Images Dermoscopic Images

Accuracy AUROC Accuracy AUROC

Without ground
truth elevation 0.8464 0.6331 0.9137 0.8431

With ground
truth elevation 0.8569 0.6820 0.9216 0.8703
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Do ground truth elevation labels help improve diagnosis?

VGG-16
Clinical Images Dermoscopic Images

Accuracy AUROC Accuracy AUROC

Without ground
truth elevation 0.8464 0.6331 0.9137 0.8431

With ground
truth elevation 0.8569 0.6820 0.9216 0.8703

Improvement ⬆ 1.05% 4.89% 0.79% 2.72%
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Can inferred elevation labels improve lesion diagnosis?
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Can inferred elevation labels improve lesion diagnosis?

Predicted 
diagnosis

Diagnosis prediction model
that leverages inferred elevation
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Can inferred elevation labels improve lesion diagnosis?

Predicted 
diagnosis

Diagnosis prediction model
that leverages inferred elevation

Inferred elevation label
● Soft: [0.1, 0.7, 0.2]
● Discrete: [0., 1., 0.]
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Can inferred elevation labels improve lesion diagnosis?

45

Clinical Image Datasets

● DermoFit

Dermoscopic Image Datasets

● MSK
● ISIC 2016
● ISIC 2017
● ISIC 2018
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Can inferred elevation labels improve lesion diagnosis?

Statistical Significance Tests:

● McNemar’s mid-p: AUROC 
improvements stat. sig. (p < 0.05) 
for all datasets except ISIC 2016.

● Cohen’s d: “small” effect size for ISIC 
2016, “huge” effect sizes for all 
other datasets.
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It is possible to predict image-level skin lesion elevation labels directly from 
2D RGB images with sufficient accuracy.
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✅ Can we rely on estimated lesion elevation to improve diagnosis?

✅ Can ground truth lesion elevation alone, as a meta-data, improve diagnosis?

On datasets without ground truth elevation labels, estimated elevation labels 
may help improve lesion diagnosis.
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✅ Can we rely on estimated lesion elevation to improve diagnosis?

✅ Can ground truth lesion elevation alone, as a meta-data, improve diagnosis?

The ability to predict and leverage elevation from 2D images may offer the 
potential to improve teledermatology consultations by offering previously 
unavailable clinical information.
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