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Abstract

Background: Publicly available, accessible, and user-friendly artificial intelligence is expected to serve in medical processes.
Claude3, a newly introduced large-scale multimodal model, has demonstrated significantly superior image analysis capabilities
compared to other models in official tests. However, there is no research reporting the potential of Claude3 in medical image
analysis.

Objective: To explore the analysis capabilities and potential applications of Claude3 Opus on dermatol ogic images.

Methods: Dermoscopy and dermatopathology images from textbooks were collected, and question templates for different types
of diseases were designed for Claude3 Opus. Three dermatologists used a structured scoring system with five modules to
evaluate Claude3 Opus analysis of images based on recognition, description, completeness, diagnosis, and clinical application,
with each module scored out of 5 and atotal score of 25.

Results: A total of 330 images were collected. Claude3 Opus scored highest in pigmented disorders dermoscopy images
(18.65/25), followed by vascular disorders dermoscopy (15.97/25) and vascular disorders dermatopathology images (15.86/25).
In pigmented disorders, its score in dermoscopy (18.65/25) was significantly higher than in dermatopathology images (14.54/25),
but no such difference existed in vascular disorders. Among the five modules, Claude3 Opus recognition score (3.65/5) was
significantly higher than the other four modules. There was no difference between description score (3.14/5) and completeness
score (3.22/5), but they were significantly higher than the diagnostic score (2.47/5). Claude3 Opus scored higher in malignant
diseases than benign diseases, regardless of dermoscopy or dermatopathology images (all p-values <0.05), with no impact from
different magnifications in dermatopathology images (p>0.05) and no impact from different number of evaluators.

Conclusions. Claude3 Opus exhibits strong recognition capabilities for dermatologic disease images, can accurately describe
abnormalities in images completely, and shows high sensitivity to malignant diseases. Apart from medical assistance, Claude3
Opus could potentially be widely used in medical education and patient communication. Clinical Trial: no need
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Abstract

Background: Publicly available, accessible, and user-friendly artificial intelligence is expected to
serve in medical processes. Claude3, a newly introduced large-scale multimodal model, has
demonstrated significantly superior image analysis capabilities compared to other models in official
tests. However, there is no research reporting the potential of Claude3 in medical image analysis.
Objective: To explore the analysis capabilities and potential applications of Claude3 Opus on
dermatologic images.

Methods: Dermoscopy and dermatopathology images from textbooks were collected, and question
templates for different types of diseases were designed for Claude3 Opus. Three dermatologists used
a structured scoring system with five modules to evaluate Claude3 Opus' analysis of images based on
recognition, description, completeness, diagnosis, and clinical application, with each module scored
out of 5 and a total score of 25.

Results: A total of 330 images were collected. Claude3 Opus scored highest in pigmented disorders
dermoscopy images (18.65/25), followed by vascular disorders dermoscopy (15.97/25) and vascular
disorders dermatopathology images (15.86/25). In pigmented disorders, its score in dermoscopy
(18.65/25) was significantly higher than in dermatopathology images (14.54/25), but no such
difference existed in vascular disorders. Among the five modules, Claude3 Opus' recognition score
(3.65/5) was significantly higher than the other four modules. There was no difference between
description score (3.14/5) and completeness score (3.22/5), but they were significantly higher than
the diagnostic score (2.47/5). Claude3 Opus scored higher in malignant diseases than benign
diseases, regardless of dermoscopy or dermatopathology images (all p-values <0.05), with no impact
from different magnifications in dermatopathology images (p>0.05) and no impact from different
number of evaluators.

Conclusion: Claude3 Opus exhibits strong recognition capabilities for dermatologic disease images,
can accurately describe abnormalities in images completely, and shows high sensitivity to malignant
diseases. Apart from medical assistance, Claude3 Opus could potentially be widely used in medical
education and patient communication.
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1. Introduction

Dermatologists often use examinations to identify complex cutaneous diseases beyond visual
diagnosis'. The results of non-invasive examinations, such as dermoscopy images, and invasive
examinations, such as dermatopathology images, are commonly used as evidence to support clinical
diagnoses and are crucial for early disease detection*’. Recognition, description, and diagnosis of
skin images are crucial in clinical diagnosis and medical student education*®. Due to the complexity
and confusion of skin images, accurate assessment often requires experienced dermatologists and
misdiagnosis is not uncommon®®. It poses challenges in regions with limited medical and
educational resources.

Artificial Intelligence (AI) shows great potential in clinical processes. With the introduction of open-
source Al models like ChatGPT and Claude, which primarily function in a question-and-answer
format, the widespread and practical application of Al has become achievable in medical practice.
Despite the lack of specific training in the medical field, large-language models (LLMs) have
demonstrated excellent performance in various medical support tasks®*! and diagnosis'>'®. LLMs
even passed the United States Medical Licensing Examination (USMLE)". With the introduction of
large AI models incorporating image processing capabilities, the potential of large multimodal
models (LMMs) to recognise images and respond to the medical field is gaining attention. ChatGPT
4.0V has been explored for its capabilities in images of multiple diseases' . However, it does not
excel in image recognition capabilities. In March 2024, Anthropic introduced the Claude 3, a novel
LMM that surpasses other large AI models including ChatGPT 4.0V in both language and image
analysis capabilities®. Given the less-than-ideal medical research results regarding ChatGPT 4.0V's
image recognition, the potential of Claude 3 in image processing is worth our attention. In official
tests and published data, Claude 3 has superior sophisticated vision capabilities and excellent detail-
capturing abilities compared to other LMMs. It can handle various image formats, and when it comes
to processing science diagrams, it far surpasses ChatGPT 4.0V*.

As an open-source and user-friendly advanced Al, Claude 3, with its outstanding image processing
capabilities, may perform well in the analysis of dermatological images, potentially having certain
clinical and educational applications®. If Claude 3 can effectively analyze images of cutaneous
diseases, especially a wide range of used dermoscopy and dermatopathology images, it could provide
valuable assistance for clinical practice and medical education. In this study, we selected the most
intelligent Claude 3 Opus model to preliminarily explore its analysis capabilities on
dermatopathology images and dermoscopy images and evaluated its strengths, weaknesses, and
potential applications.

2. Method

2.1 Image sources and inclusion/exclusion criteria

The dermatopathology images of all available skin diseases used were sourced from "Diagnostic
dermatopathology: Nonneoplastic dermatopathology” (ISBN: 9780323798235) and "Diagnostic
dermatopathology: Neoplastic dermatopathology" (ISBN: 9780323798266) published by Elsevier
Health Sciences. The dermatoscopy images are sourced from "Dermoscopy: The Essentials" (ISBN:
9780702068829) published by Elsevier Health Sciences. The researchers submitted a request to use
book images on the marketplace (https://marketplace.copyright.com/rs-ui-web/mp). We had
collectively applied for the download and usage rights of 400 images, all of which have been directly
extracted from purchased ePub format e-books.

We investigate the skin image analysis capability of Claude 3 Opus to three common clinical features
of skin lesions: inflammation abnormalities, pigmentation abnormalities, and vascular abnormalities.
The inclusion criteria for images are as follows: i) HE-stained pathological images and
dermatoscopic images; ii) diagnosed and described in textbooks; iii) Presence of distinguishable
inflammation, pigmentation, or vascular abnormalities in the images; iv) Image size does not exceed
the maximum attachment size specified by Claude 3 Opus. Exclusion criteria: i) Images of atypical
disease features or rare diseases; ii) Poor image quality; iii) Pathological images with excessively
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high magnification leading to indistinguishable structures; iv) Dermatoscopic images alone cannot
diagnose or diagnose skin lesions with disputes.

One researcher independently conducted the initial image capture. Subsequently, a second researcher
evaluated the image quality, excluding all images with questionable quality.

2.2 Interact with Claude 3 Opus for image recognition

We interacted with Claude 3 Opus through the official website (https://claude.ai). Referring to
previously published medical literature on testing the image interpretation ability of LMMs, we have
developed specific question templates for different types of diseases in Claude 3 Opus input'*>%, A
new dialogue was created after each answer to proceed with the next question. In all cases, we ensure
that the question template is always accompanied by the image for input. All question statements can
be found in Supplementary Table 1.

2.3 Establishment of evaluation criteria

To quantify and provide an objective assessment, a structured scoring system consisting of 5
modules was employed. Five modules evaluated the recognition ability, description ability, diagnosis
ability, completeness, and clinical application potential of Claude 3 Opus on dermatological images.
Each module was scored out of 5, amounting to 25 points. The specific scoring criteria are detailed in
Supplementary Table 2. The scoring criteria were established based on image descriptions from the
selected textbook and a literature review on dermatopathology and dermoscopy images®™. Two
highly experienced dermatology experts with over 10 years of practice have reviewed and revised the
scoring criteria.

2.4 Selection of evaluators and outcome evaluation

Three dermatologists were invited as evaluators to provide a structured evaluation of the descriptions
of dermatological images, based on the reference material from the source of the pictures. The
selection criteria for evaluator 1 and evaluator 2 include: i) holding a Master's degree (MS) or above
in dermatology; ii) having at least 5 years of clinical work experience; iii) having at least 5 years of
experience in dermatology clinics, being proficient in analysing dermoscopy images and
dermatopathology images of common skin diseases. Evaluator 3 is a highly experienced
dermatologist with a PhD degree and over 10 years of work experience. Before the evaluations, all
three evaluators underwent scoring training and completed simulated training papers for structured
evaluations.

Independent scores were obtained from evaluator 1 and evaluator 2, resulting in score 1 and score 2.
If the difference between score 1 and score 2 in any evaluation module of any image was >2 points, a
third dermatologist will conduct a reassessment, resulting in score 3. In any evaluation module,
scores differing by >2 points from the score 3 will be discarded. The remaining scores will be
averaged with the score 3 to determine the final score of a single image. If there is a difference of >2
points between the three scores in the module, the average of the three scores will be taken as the
score for that imaging module. The total score for each module was calculated by summing the
scores and dividing by the number of images to obtain the average score for 5 modules. The sum of
the 5 module scores was then calculated as the total score for that type of image.

2.5 Data analyses

Use one-way analysis of variance to analyze quantitative variables between three or more groups,
with homogeneity of variance testing conducted before the analysis of variance. For non-normally
distributed data, use the Kruskal-Wallis test for comparison. Pairwise comparisons will be conducted
after the analysis of variance or the Kruskal-Wallis test. All statistical analyses were performed using
R version 4.3.0 (R Project for Statistical Computing), and all tests considered differences statistically
significant at P < 0.05. See Figure 1 for the research process.
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Figure 1 Flowchart of the research process. (a) Image acquisition, establishment of evaluation
criteria, and selection of evaluators; (b) Scoring process and determination of the final score for
each image; (c) Data analysis.

3. Results

3.1 Performance and differences of Claude 3 Opus in five scoring modules.

Based on the inclusion and exclusion criteria, we included a total of 330 clinical images of skin
diseases, including 230 dermatopathology images (100 inflammatory skin disorders, 80 pigmentary
skin disorders, 50 vascular skin disorders), and 100 dermatoscopy images (50 pigmentary skin
disorders, 50 vascular skin disorders). All images were inputted into Claude 3 Opus along with the
corresponding question template, and after receiving answers, they were evaluated by three selected
dermatologists. Image collection results and responses of Claude 3 Opus to images can be found in
Supplementary Table 3. In terms of scoring results, the independent scores of Evaluator 1 and
Evaluator 2 were similar, and there were a total of 38 images where there was a difference of >2
points in one of the module scores that required rescoring by Evaluator 3. In all images rescored by
Evaluator 3, there were no cases where all three scores differed by >2 points, requiring the average of
all three to be taken as the final score.

To investigate the analysis capability of Claude 3 Opus on clinical skin images, we established five
different modules to evaluate its performance in recognition, description, analysis completeness,
diagnostic ability, and clinical application capability. Claude 3 Opus showed variations in
performance across the five modules. Figure 2a displays the score distribution of 330 clinical skin
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images in different modules. Among them, the average recognition score (3.65/5) was significantly
higher than the scores of the other four modules, followed by the average description score (3.14/5)
and the average completeness score (3.22/5), with no statistical difference between the two. The
average diagnostic score (2.47/5) was the lowest among all modules (Figure 2b).
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Figure 2 Compare the performance of Claude 3 Opus in five different modules. (a) Distribution of
scores for Claude 3 Opus' image analysis ability in different modules(n=330). (b) Differences in
scores for Claude 3 Opus across five different modules(n=330).

ns: no statistical difference; *: p<0.05; **: p<0.01, ***: p<0.001.

3.2 Scores of Claude 3 Opus in different skin disease images

The performance of Claude 3 opus in different types of diseases is shown in Table 1. Among
dermatopathology images, Claude 3 opus performs best in vascular disorders (15.86/25), followed by
pigmentary disorders (14.54/25), with the lowest score in inflammatory disorders (13.83/25)
(p<0.001). Apart from the recognition part, the scores of the remaining four modules in vascular
disorders are superior to those of inflammatory and pigmentary disorders. In dermoscopy images,
Claude 3 Opus performs exceptionally well in images of pigmentary diseases (18.65/25), with all
five modules scoring higher than in vascular skin diseases (15.97/25) (all p-value <0.05).

We compared the performance of Claude 3 Opus between dermoscopy images and dermatopathology
images (Figure 3). In pigmentary diseases, Claude 3 Opus scored significantly higher in dermoscopy
images across five different modules compared to dermatopathology images (all p-values <0.001).
However, this difference was only observed in the recognition module in vascular diseases, with no
significant statistical differences in scores in the other 4 modules.

Table 1 Score of performance of Claude 3 Opus in different types of skin disease images.

Recognitio Descriptio Completene IDIELIGE | e Overall
n n Score (5) ss score (5) S score (25)
Score (5) (5) (5
Dermatopathology Images |
Inflammatory 3.76 2.98 2.82 1.61 2.62 13.83
skin disorders
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(n=100)
Pigmented
skin disorders | 3.81 2.9 3.01 2.39 2.73 14.54
(n=80)
Vascular
skin disorders | 3.88 3.22 3.44 2.54 3 15.86
(n=50)
p-value 0.343 0.02 []o.001 []o.001 0.004 []0.001
Average 3.8 3.01 3.02 2.08 2.74 14.52
Dermoscopy Images |
Pigmented
skin disorders | 4.02 3.75 3.86 3.41 3.61 18.65
(n=50)
Vascular
skin disorders(n=50) 3.69 3.17 3.51 2.65 2.95 15.97
p-value 0.003 []0.001 0.007 []o.001 []0.001 []0.001
Average 3.86 3.46 3.69 3.03 3.28 17.31
Note: Statistically significant p-values are in italics.
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Figure 3 Comparison of the performance of Claude 3 Opus in dermoscopy images and
dermatopathology images: (a) Differences in scores between dermoscopy images (n=50) and
dermatopathology images (n=80) of pigmentary skin disorders. (b) Differences in scores between
dermoscopy images (n=50) and dermatopathology images (n=50) of vascular skin disorders.

ns: no statistical difference; *: p<0.05; **: p<0.01; ***: p<0.001.

3.3 Possible Factors Influencing Claude 3 Opus Performance

To explore the potential factors influencing the performance of Claude 3 Opus, we differentiated
between images diagnosed as malignant skin diseases (such as melanoma, skin squamous cell
carcinoma, basal cell carcinoma, etc.) and benign skin diseases (such as nevus, seborrheic keratosis,
etc.) in dermoscopy and dermatopathology images. The results indicate that Claude 3 Opus performs
better in dermoscopy images of malignant diseases compared to benign diseases, showing significant
differences across all five scoring modules (Figure 4a). Similarly, these differences were observed in
dermatopathology images, with Claude 3 Opus scoring higher in all five modules for malignant
diseases compared to benign diseases (Figure 4b).

We also differentiated between high-power and low-power images in the pathological images. The
results showed no difference in the performance of Claude 3 Opus in images at different
maghnifications, with no statistically significant differences found in the 5 modules (Figure 4c). This
indicates that its ability to recognize images is minimally affected by the image's perspective,
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resulting in stable recognition capability. Similarly, we compared the scores of 38 images where a
third evaluator was introduced to provide a score when the difference between the scores of evaluator
1 and evaluator 2 was two points or more in a certain module, with the image scores from two
evaluators. The results indicate that there is no significant statistical difference in any module,
suggesting the robustness of the scoring results (Figure 4d).
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Figure 4 Factors that may affect the image analysis capability of Claude 3 Opus. (a) Score
differences of Claude 3 Opus in dermoscopy images for benign and malignant diseases (b) Score
differences of Claude 3 Opus in dermatopathology images for benign and malignant diseases (c)
Score differences of Claude 3 Opus in dermatopathology images for low power and high power
magnification views. (d) Score differences of Claude 3 Opus in images for scored by 3 evaluators
and scored by 2 evaluators.

ns: No statistical difference; *: p<0.05; **: p<0.01, ***: p<0.001.

4. Discussion

In this study, we collected dermatopathology and dermoscopy images to investigate the analysis
capabilities of Claude 3 Opus on clinically common skin disease images. Out of 330
dermatopathology or dermoscopy images, using 15 points (60%) as the "pass" standard out of a total
of 25 points, Claude 3 Opus achieved an overall pass rate of 56.4%. The pass rate for dermoscopy
images was 70%, while for dermatopathology images it was 50.4%. Claude 3 Opus exhibited
different performances in various disease categories. In dermatopathology images, it excelled in
vascular abnormalities, whereas in dermoscopy images, pigment abnormalities showed the best
performance. Claude 3 Opus scored significantly higher in pigment skin disease dermoscopy images
compared to other types of images in our study, especially in the analysis of malignant diseases,
achieving high scores. The scores of Claude 3 Opus in different modules we set up indicate its good
ability to recognize image types and contents, and it can describe abnormalities well, but there may
still be cases of missing important features or incorrect descriptions. Despite scoring the lowest in
diagnostic scoring among the five modules, even professional dermatologists find it challenging to
make completely accurate diagnoses based solely on a single dermoscopy or dermatopathology
image in the absence of clinical information about the patient. Therefore, our study in terms of
diagnosis can only be considered an attempt, and we cannot conclude that Claude 3 Opus lacks

https://preprints.jmir.org/preprint/63210 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Huang et a

diagnostic capabilities for skin images. Building on the exploration in this study, our next phase aims
to integrate patients' clinical information and medical history features using Claude 3 Opus. We will
assess whether Claude 3 Opus enhances the diagnostic capability of skin disease images when
clinical information is available.

This study is the first to focus on the application of Claude 3 in medical imaging. Previous research
by Shifai et al". evaluated the ability of ChatGPT 4.0V to recognize melanoma in dermoscopic
images, with a correct diagnosis rate of 54.7% (ranking among the top three), a sensitivity of 46% for
melanoma diagnosis (ranking first), or 78% (ranking among the top three). In this study, Claude 3
Opus achieved an average score of 3.41 in pigmented skin disease dermoscopy images. Out of 50
images, 27 were diagnosed correctly (54%), similar to Shifai's findings. However, in 21 melanoma
images, Claude 3 Opus provided a definitive diagnosis of melanoma in 18 images (85.7%), with
suspected or considered melanoma diagnosis in the remaining 3 images. This suggests that Claude 3
Opus may be more sensitive in analysing melanoma, as it consistently scored higher for malignant
skin diseases in both dermatopathology and dermoscopy images. Claude 3 Opus appears to be more
sensitive to malignant diseases and tends to interpret diseases as malignant when in doubt, possibly
due to a wider range of malignant disease data sources. In another unpublished study within our
team, we compared the diagnostic differences of ChatGPT-4V and Claude 3 Opus in melanoma
dermoscopy images, showing that Claude 3 Opus indeed exhibits a stronger superiority in melanoma
diagnosis.

The ability of LMM to handle the analysis of clinical images has been a concern for many clinical
professionals recently. Previous studies on ChatGPT 4.0V have shown that it may not be suitable for
clinical work. For example, Zhang et al'®. found that in liver CT images, ChatGPT-4V can hardly
recognize the correct anatomical structures; Haver et al'. discovered that ChatGPT-4V had an
incorrect rate of up to 68.9% in describing mammography image Features; Miao et al*. observed that
ChatGPT 4.0V only achieved a 29% accuracy in directly asking questions about kidney
dermatopathology images. Given that Claude 3 Opus has demonstrated significantly higher image
analysis capabilities than other models in official tests, we look forward to more research exploring
the clinical application potential of Claude 3 Opus in various clinical fields. In this study, we found
some undeniable advantages of Claude 3 Opus in interpreting clinical skin images. For instance,
Claude 3 Opus can accurately identify whether an image is a dermatopathology image or a
dermoscopy image, recognizing the epidermis, dermis, and basal layer in skin dermatopathology
images, and identifying epidermal keratinization. It also provided comprehensive descriptions of
image abnormalities, describing the locations of abnormalities in most images and using common
terms such as "blue-white structures" and "dot-like vasculature pattern". Although Claude 3 Opus's
diagnostic performance in our results was mediocre, based on the scores for recognition, description,
and completeness, we believe it can identify and describe skin pathological diseases and dermoscopy
diseases.

Interpreting clinical images and their diagnostic implications requires specific domain knowledge, an
area where LMMs not have been trained. AI models specially trained have shown remarkable
performance in image analysis. Convolutional neural networks (CNN) in deep learning demonstrate
skin cancer classification abilities comparable to clinical professionals®**°. Algorithms developed by
the International Skin Imaging Collaboration (ISIC) can match the expertise of professional
dermatologists in simulated tests**. However, data biases in Al training models can affect the
universality across different ethnicities and socio-economic populations, leading to algorithmic
biases and health disparities to some extent*“®. For example, the diagnostic accuracy of ISIC does
not include individuals with Fitzpatrick phototype III or higher”. Additionally, limited understanding
of training algorithms by patients or the public can hinder the trust and usage of artificial
intelligence. Claude 3 Opus, due to its accessibility to the public, can partially alleviate patient
distrust towards Al and its extensive data sources contribute to a more balanced performance in
health equity***’. Based on our research findings, we believe Claude 3 Opus holds value in assisting
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physicians in clinical practice, and due to its accessibility, it may also have broader potential
applications in medical education and patient communication.

Our study evaluated the analysis potential of Claude 3 Opus in dermatological images. The strength
of our study lies in the early assessment of Claude 3 Opus' ability to interpret dermatological images
across multiple dimensions and a comprehensive evaluation of its strengths and limitations.
However, as a pioneering study, we only tested Claude 3 Opus' performance on a limited number of
images and did not apply it to clinical practice. Furthermore, in the selection of diseases, we only
roughly classified skin diseases, which is insufficient in disciplines with a wide variety of symptoms
and disease types. In conclusion, this pilot study found Claude 3 Opus has the potential to identify
dermatological images, particularly performing well in dermoscopy images of pigmentary skin
disorders. Claude 3 Opus has advantages in the identification, description, and diagnosis of
malignant skin diseases, and its image recognition and description capabilities have the potential to
be applied in clinical assistance, medical education, and patient communication.
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