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The potential advantages of Large Language Models (LLMs) include a streamlined generation of pathology reports, the
ability to learn and provide up-to-date information, and simplified patient education. Existing instances of LLMs
encompass diagnostic support, research acceleration, and trainee education. Challenges involve biases, data privacy and
quality, and establishing a balance between Al and dermatopathological expertise. Prospects include the integration of
LLMs with other Al technologies to improve diagnostics and the improvement of multimodal LLMs that can handle both
text and image input.
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| 1. Introduction

The field of dermatopathology has withessed a remarkable evolution in its diagnostic tools and techniques, reflecting the
continued pursuit of precision in understanding and treating skin disorders . From the early days of visual examination to
the utilization of advanced microscopy and molecular analyses, dermatologists and dermatopathologists have continually
strived to enhance their diagnostic capabilities. In this era of rapid technological advancement [, Artificial Intelligence (Al)
and Large Language Models (LLMs)—a form of Al that is often used to recognize and generate text—are emerging as
potent tools for improving diagnostic sensitivity and accuracy. These intelligent systems, trained on data to understand
and generate human-like text, are poised to revolutionize dermatopathology by offering insights into the complexities of
skin-related conditions (2.

In more recent times, the emergence of LLMs, a form of advanced Al systems capable of processing and generating
human-like language based on extensive training on datasets, has propelled NLP to unprecedented heights. In general,
LLMs are founded on a neural network architecture that can understand and produce human-like text. These models
analyze and generate language, enabling them to perform various language-related tasks.

Dermatopathology, a subspecialty of dermatology and pathology, focuses on diagnosing skin conditions using the
histopathologic assessment of skin tissue samples in concert with a holistic appraisal of clinical examination and history. It
often involves deciphering pathologic features and patterns within the collected samples [B. The application of LLMs in
dermatopathology may revolutionize the way in which dermatopathologists analyze complex dermatological texts. These
language models, if trained and validated on relevant materials, may assist experts, through analyzing the content of
textual inputs, in comprehending the nuances of clinical notes, research papers, and pathology reports, aiding in more
accurate diagnoses and informed treatment planning . The complexity of dermatopathology cases has been increasing
BBl and among 60 surveyed consultants in the UK, almost one-quarter reported complaints or serious incidents related to
delayed dermatopathology reporting 8. LLMs may be able to help improve dermatopathologists’ productivity and reduce
reporting times.

The dynamic interplay between Al, NLP, and specialized applications like dermatopathology underscores the
transformative nature and potential of Al technology in healthcare . It foreshadows an era of data-driven precision and
enhanced medical insights. By harnessing the power of NLP and LLMs, dermatopathologists can extract crucial
information from pathology reports and other clinical documentation and translate it into actionable knowledge, ultimately
leading to improved patient care and outcomes.

| 2. Advantages of LLMs in Dermatopathology
2.1. Automated Reporting: Revolutionizing the Generation of Pathology Reports

One of the remarkable advancements that the integration of LLMs brings to the field of dermatopathology is the potential
for automating the process of generating pathology reports.

Traditionally, dermatopathologists spend a significant amount of time meticulously examining skin tissue samples as
slides under a microscope and crafting detailed reports that capture their impressions and findings [&. This process is not
only time-consuming but also demands a high level of specialized expertise.



With the advent of LLMs, the landscape is changing. These language models possess an unparalleled capacity to
understand medical jargon, contextual nuances, and technical language. By feeding these models with relevant data and
observations from dermatopathological studies, it becomes possible to develop a system that can automatically generate
comprehensive and accurate pathology reports.

This automation could significantly reduce the time and effort expended by dermatopathologists on report creation,
allowing them to focus more on the critical aspects of analysis and diagnosis [&. Another potential benefit of Al driven
pathology reporting, akin to other benefits of Al in healthcare, includes improving the efficiency of the workforce 19, Given
the nationwide shortage of dermatologists in the US, this technology may alleviate some of this burden through reducing
inefficiency and assisting dermatopathologists with writing.

2.2. Continual Learning: Empowering LLMs to Assimilate and Provide Updated Medical Knowledge

The dynamic nature of medical knowledge necessitates that healthcare professionals stay abreast of the latest research,
discoveries, and diagnostic methods. In dermatopathology, this requirement is particularly relevant due to the ever-
evolving understanding of skin disorders. LLMs, with their capacity for continual learning, offer a transformative solution to
this challenge.

LLMs can be designed to continuously assimilate new medical data, research papers, and clinical studies related to
dermatopathology 11, This enables them to stay up-to-date with the latest advancements and refine their understanding
of the field over time.

Additionally, users of LLMs like ChatGPT can also create and share custom GPTs to handle specific tasks 2. If a
dermatopathologist desires a GPT that can speak like a dermatopathologist and write notes like a dermatopathologist, it
can be realized through instructions and by feeding the LLM with example notes in a desired formatting. The response
can include a note template for a particular diagnosis. This custom dermatopathologist GPT can then be shared with all
users in the GPT Store.

2.3. Patient Education: Bridging the Gap by Simplifying Complex Dermatopathological Concepts

Effective communication between dermatopathologists and patients is pivotal for successful treatment outcomes 13,
However, conveying intricate dermatopathological concepts to patients who lack medical backgrounds can be challenging.
LLMs possess a unique potential to bridge this gap by simplifying complex medical terminology into understandable
language (241,

These language models can be leveraged to translate the technical aspects of pathology reports into patient-friendly
explanations. A recent cross-sectional study evaluated ChatGPT’s ability to reword dermatopathology reports into patient-
friendly language. Most of the study subjects—including dermatology residents, dermatology fellows, board-certified
dermatologists, and board-certified dermatopathologists—concluded that ChatGPT's reworded reports were mostly
complete, accurate, understandable, and unlikely to cause harm to patients (23], Patient-friendly reports can supplement a
physician-guided explanation to help patients comprehend their diagnoses, treatment options, and prognoses more
comprehensively 18],

Moreover, LLMs can generate educational materials, such as brochures or online resources, that provide visually
engaging and simplified explanations of various skin conditions 4. By enhancing patient education and understanding,
LLMs contribute to informed decision-making and facilitate a more collaborative approach to healthcare.

In conclusion, the incorporation of LLMs into dermatopathology holds transformative potential across various dimensions.
From automating report generation to facilitating continuous learning and improving patient education, these language
models are poised to reshape how dermatopathology is practiced. As LLMs become more integrated into healthcare
workflows, they have the capacity to streamline processes, enhance diagnostic accuracy, and ultimately elevate the
standard of care in dermatopathology.

| 3. Real-World Applications
3.1. Diagnostic Support: How LLMs Can Assist in Identifying Rare or Atypical Presentations

One of the significant challenges in dermatopathology is diagnosing rare or atypical cases. LLMs, with their vast capacity
to process and understand medical literature, have emerged as valuable tools in this context. These models can efficiently
analyze a wide range of medical texts, providing insights that aid dermatopathologists in identifying and understanding
uncommon skin conditions 8, For instance, LLMs can swiftly review relevant case studies, research papers, and clinical
notes to offer comprehensive information, enabling medical professionals to make more accurate diagnoses.
Nonetheless, certain rare diseases within the domain of dermatology exhibit an exceedingly low case count, accompanied
by an insufficient availability of specimens. This scarcity of data poses a substantial hurdle in furnishing machine learning



algorithms with the requisite training, thereby constituting a significant obstacle for the advancement of Al in the field of
dermatology 22, While current LLMs can attempt to provide a report based on histopathologic imaging, they are limited
with respect to accuracy 29, There is a need for further validation on larger and more diverse datasets.

Multimodal LLMs can improve diagnostic support by drawing multiple sources of data input including clinical images,
dermoscopic images, histopathological images, and text. The term multimodal refers to having the ability to engage with
multiple modes of input rather than being unimodal, or one mode. One dedicated dermatological, multimodal LLM,
SkinGPT-4, can diagnose common skin lesions based on clinical images and text descriptions provided by patients. The
authors of the study indicated that several limitations exist, including a potential lack of trust from patients, which may
result in an incomplete description provided to the LLM. Physicians can leverage their human connection with patients to
facilitate adequate history-taking 2. Additionally, the LLM does not currently support dermoscopic and histopathological
images—meaning diagnoses would not be based on congruence between clinical examination, dermoscopy, and
histopathological findings.

3.2. Hypotheses Generation Using LLMs

LLMs offer an innovative solution by quickly comprehending and summarizing extensive medical texts, thus significantly
accelerating the initial stages of research 8. These models can assist researchers in generating hypotheses by
analyzing existing data and proposing potential research directions. By leveraging LLMs in this manner, researchers can
streamline the initial stages of their projects and focus more on in-depth analysis and experimentation [22],

3.3. Teaching and Training: LLMs as a Tool for Educating Novice Dermatopathologists

Training aspiring dermatopathologists presents a multifaceted challenge, demanding exposure to a diverse array of cases
for the cultivation of diagnostic expertise. In this regard, LLMs from the Generative Pre-trained Transformers (GPT) series
emerge as invaluable assets within the realm of medical education. These models assume a pivotal role by functioning as
interactive educational tools 231241 By furnishing contextual information, elucidations, and simulated patient case studies,
LLMs enrich the learning journey of budding dermatopathologists, adeptly bridging the gap between theoretical
understanding and practical application. For instance, the integration of LLMs can profoundly reshape medical curriculum
design, teaching methodologies, tailored study plans, learning resources, and student evaluations, ultimately elevating
students’ proficiency and knowledge 22, These models offer innovative resources for students, including interactive
learning materials and simulated patient case studies. Additionally, LLMs can contribute to the evolution of assessment
methods by providing insights into more effective student evaluations. By reshaping these fundamental aspects of medical
education, LLMs play a pivotal role in enhancing students’ proficiency and knowledge, fostering a dynamic and
comprehensive learning experience 23,

Yet, this transformative potential also prompts a critical examination of the complexities associated with such integration.
Addressing concerns like algorithmic biases, undue reliance, plagiarism, dissemination of misinformation, disparities,
privacy infringements, and copyright issues in the context of medical education is imperative.

It is important to note that LLMs also suffer from producing some responses that support race-based medicine, which can
confound results. One study showed that LLMs such as ChatGPT and Bard indicated that a Black skin is thicker than a
White skin and that Black patients may have a higher pain tolerance than white patients 281, Results such as these may
find a way to perpetuate bias in decision-making.
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