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I N TRODUC TION

Natural Language Processing (NLP) is a subdomain of both 
computational linguistics and artificial intelligence (AI) that 
involves the development of computer algorithms for the 
analysis of human language.1 The main objective of NLP is 
the generation of data to be used in various specific settings 
and tasks with text processing typically considered its main 
function. However, NLP encompasses a wide range of other 

tasks, including syntax and semantics analysis, translation, 
summarization, entity recognition, sentiment analysis and 
question answering.2 All these functions give the reason 
for the wide range of potential applications of NLP, ranging 
from search engines to virtual assistants, chatbots and lan-
guage translation services.

In the last few years, NLP technology has successfully 
been applied to the medical setting, determining a revo-
lution not only in healthcare delivery, but also impacting 
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Abstract
Background: Natural Language Processing (NLP) is a field of both computational 
linguistics and artificial intelligence (AI) dedicated to analysis and interpretation of 
human language.
Objectives: This systematic review aims at exploring all the possible applications of 
NLP techniques in the dermatological setting.
Methods: Extensive search on ‘natural language processing’ and ‘dermatology’ was 
performed on MEDLINE and Scopus electronic databases. Only journal articles with 
full text electronically available and English translation were considered. The PICO 
(Population, Intervention or exposure, Comparison, Outcome) algorithm was ap-
plied to our study protocol.
Results: Natural Language Processing (NLP) techniques have been utilized across 
various dermatological domains, including atopic dermatitis, acne/rosacea, skin in-
fections, non-melanoma skin cancers (NMSCs), melanoma and skincare. There is 
versatility of NLP in data extraction from diverse sources such as electronic health 
records (EHRs), social media platforms and online forums. We found extensive uti-
lization of NLP techniques across diverse dermatological domains, showcasing its 
potential in extracting valuable insights from various sources and informing diagno-
sis, treatment optimization, patient preferences and unmet needs in dermatological 
research and clinical practice.
Conclusions: While NLP shows promise in enhancing dermatological research and 
clinical practice, challenges such as data quality, ambiguity, lack of standardization 
and privacy concerns necessitate careful consideration. Collaborative efforts be-
tween dermatologists, data scientists and ethicists are essential for addressing these 
challenges and maximizing the potential of NLP in dermatology.
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academics, scientific literature, medical education, research 
and health administration.3 NLP, in fact, holds the potential 
to redefine the way medical professionals interact with vast 
amounts of textual data generated in healthcare settings.4 
With its ability to analyse human language, NLP facilitates 
the extraction of information from electronic health re-
cords, medical literature, clinical notes and other unstruc-
tured data sources.5,6 The use of NLP in the medical setting 
is aimed at improving clinical decision-making, simplifying 
administrative processes and advancing medical research.

The aim of the present study is to systematically review 
the available literature on the use of NLPs, focusing on the 
dermatological setting.

M ATER I A L S A N D M ETHODS

This systematic review was based on the PRISMA guidelines 
(see Data S1). A flow chart diagram is presented in Figure 1.

Search strategy

A search was conducted in the MEDLINE and Scopus elec-
tronic databases from inception to present (up to March 2024). 
The detailed search strategy for MEDLINE (PubMed) used the 
following terms: ‘natural language processing’ [Title/Abstract] 
AND ‘dermatology’ [Title/Abstract] OR ‘skin’ [Title/Abstract]. 
The terms were adapted for the other databases as appropriate. 
All the major journals were indexed. Only journal articles were 
taken into consideration, while books and book chapters were 
excluded. Articles without full text electronically available 
and/or English translation were also excluded. Review articles 
and conference papers were not included. Only journal articles 
specifically focusing on the use of NLP in the dermatological 
setting were taken into consideration. Papers on other forms 
of AI, or on medical branches other than dermatology were 
excluded.

Study population—Selection

The following PICO (Population, Intervention or exposure, 
Comparison, Outcome) elements were applied as inclusion 
criteria for the systematic review: (i) Population: patients af-
fected by dermatological conditions, (ii) Intervention: use of 
NLP to extract diagnostic/prognostic/therapeutic informa-
tion (either from electronic health records or from the web), 
(iii) Comparator: diagnosis/classification by clinicians, (iv) 
Outcome: NLP performance in providing diagnostic/prog-
nostic/therapeutic information for dermatological diseases.

Data extraction

For studies fulfilling the inclusion criteria, two independent 
reviewers (A.P. and M.S.) extracted data in a standardized 

and predefined form. Disagreements were resolved by a 
third reviewer (C.L.). The following data was collected for 
each paper: first author, year of publication, disease(s) of 
interest, source data, and main outcomes (Table 1). All co-
authors reviewed the final table and figures. The number of 
papers published per year was also calculated to get an idea 
of the field growth.

R E SU LTS

The bibliographic research performed with the aforemen-
tioned criteria identified 173 publications, with 122 papers 
being considered after duplicate removal. No other system-
atic reviews or meta-analyses on the topic were identifiable 
with the chosen key terms during the included years. Nine 
publications were excluded due to formatting requirements. 
No complete fulfilment of the other inclusion criteria (focus 
on NLP in dermatology) was found in 83 papers. A total of 
30 papers met all the research criteria and were therefore 
considered for the present work (Figure 1). More detailed in-
formation on included articles is shown in Table 1.

The retrieved results showed great variability either in 
terms of the topic (e.g. immune-mediated dermatoses, skin 
cancer and skincare) or of sources (electronic medical records, 
pathology reports, social media, forums and ChatGPT). The 
most common use across studies was the application of NLP 
to electronic health records (EHRs) in order to extract clinical 
data. There has been a growing interest in NLPs over the years. 
In particular, an exponential increase in publications focusing 

Key points

Why was the study undertaken?

•	 The aim of our study was to systematically ana-
lyse the potential applications of natural language 
processing (NLP) techniques in the dermatologi-
cal setting.

What does this study add?

•	 The present study underscores the potential of 
NLP in extracting clinical data for improving di-
agnosis and treatment, as well as for the identifi-
cation of patient unmet needs.

What are the implications of this study for 
disease understanding and/or clinical care?

•	 The refinement of NLP-based technologies not 
only fastens diagnostic-therapeutic processes for 
patients with skin disorders but also provides a 
new valid method for data collection in the set-
ting of dermatological research.
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on NLP has been observed in the last 5 years (Figure  2). Of 
note, ChatGPT was used in three papers only, while all the 
other publications were based on different NLP systems, 
such as Python 3 or Google BigQuery.7,8 Several authors also 
employed other software for further data analysis, including 
Pharos.9 Complete list of the software's and/or NLP tools is 
available in Table S1. Most of the authors developed their own 
specific NLP algorithms.10–13 We describe the main findings of 
our search divided into subject areas.

Atopic dermatitis

In the setting of atopic dermatitis (AD), NLP has been suc-
cessfully employed for many different purposes, such as di-
agnosis, severity assessment and identification of unmet 
needs. Wang et  al.10 published an automated approach for 
identifying AD patients through NLP of EHRs. NLP led to 
the identification of otherwise undiagnosed cases of AD, with 
potential applications for the improvement in the process 
of patient recruitment for AD studies. In the Spanish study 
‘DERMACLEAR’, NLP of EHRs enabled retrospective collec-
tion of data from 54,458 patients with the aim of assessing the 
incidence of hidradenitis suppurativa (HS), psoriasis, ulcera-
tive colitis (CU) and/or AD.14 NLP proved to be an effective 
tool for the detection of HS, psoriasis, CU and/or AD cases as 
well as for providing new insights on disease burden. A study 
by Pierce et al.15 aimed at assessing AD-related symptoms and 
unmet needs from NLP of EHRs. Healthcare-provider notes 
mostly focused on symptoms (especially itch) rather than on 
AD-related impairment in terms of quality of life, therefore 

highlighting a potential care gap that is worth looking into 
more deeply. Additionally, other publications focused on pa-
tient unmet needs. Falissard et al.16 performed NLP patient 
responses to a large-scale international cross-sectional sur-
vey. Not surprisingly, the emotional burden reported by inter-
viewed patients was even more important than the whole set 
of AD-related physical signs and symptoms.

Lakdawala et al.17 assessed the reliability and preciseness 
of ChatGPT in offering clinical guidance for AD. The au-
thors found that 78% of ChatGPT responses were correct but 
inadequate, with more than 50% of the answers not being to-
tally exhaustive; however, no responses were fully unreliable.

Cummins et al.7 used NLP tools to examine the evolution 
of patient treatment preferences overtime based on related 
comments in subreddits communities. Posts regarding ec-
zema/AD and psoriasis were considered. As for AD, positive 
comments on antibacterial treatments, lifestyle modifica-
tions and corticosteroids decreased from 2014 to 2020, while 
those on phototherapy remained stable; concomitantly a 
significant increase in dupilumab-related comments was de-
tected. Similarly, an increase in terms of comment volume 
regarding newer therapeutics for psoriasis (including new 
biologic drugs) was observed after FDA approval, whereas 
lower general interest could be appreciated for older drugs, 
including either traditional systemic immunosuppressants 
and anti-TNFa (tumour necrosis factor alpha) drugs.

As for patient risk stratification, Kwon et al.18 recently de-
veloped an algorithm integrating text features derived from 
Simplified Molecular-Input Line-Entry System (SMILES) 
using NLP with in vitro test outcomes for predicting the risk 
of skin sensitization. Such an algorithm could be particularly 

F I G U R E  1   Workflow diagram describing the systematic selection of studies for inclusion in the present review (PRISMA flowchart).
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useful for AD patients, which notably have a higher risk of 
cutaneous sensitization.

Acne/rosacea

Sachar et  al.19 used NLP to collect patient reviews of over-the-
counter (OTC) acne treatments and classify them based on senti-
ment (positive or negative). This process, also known as ‘sentiment 
analysis’ or ‘opinion mining’, involves the employment of NLP 
algorithms to ascertain the sentiment conveyed in a text with the 
primary objective of categorizing it as positive, negative or neu-
tral.20 The authors found a patient preference for salicylic acid 
and benzoyl peroxide.19 Products with active ingredients were 
frequently reported by the patients to be more effective (p < 0.001) 
and to cause potential side effects, including erythema and hy-
persensitivity. The authors also highlighted that over one-third of 
top-selling products contained solely ‘natural’ ingredients, which 
were reported to improve skin texture and to be easily applied. 
Other studies focused on the use of chatbots in the setting of acne. 
A recent study by Lakdawala et al.17 found ChatGPT to lack ac-
curacy in providing clinical recommendations for acne, especially 
regarding responses on therapeutic management. Rajalingam 
et  al.21 aimed at better understanding rosacea patient's unmet 
needs through NLP of online social media. Four major catego-
ries were established to organize and identify the main subjects of 
discussion: management (50.33%), clinical presentation (24.14%), 
emotion (21.97%) and information appraisal (3.57%).

Skin and soft tissue infections

An algorithm for NLP-based extraction of data on skin and 
soft tissue infection (SSTIs) from EHRs was recently devel-
oped by Rhoads et al.,11 enabling subtype classification from 
clinical notes. Even more surprisingly, the group of Bucher 
et  al.22 efficiently developed and validated a portable NLP 
system capable of automated surveillance of EHRs for the 
detection of surgical site infections. Similarly, Woo and col-
laborators12 extracted wound-infection-related information 
from nursing notes in order to obtain a more detailed over-
view of patient needs in the community setting. Blumenthal 
et al.23 focused on SSTI secondary to allergen immunother-
apy (AIT). The researchers performed NLP of large social 
media databases comparing AIT-related SSTIs to similar 
procedures specifically using a sterile pharmaceutical (e.g. 
influenza vaccination). The authors concluded that SSTIs 
from AIT do not carry a higher risk of SSTI.

Non-melanoma skin cancers (NMSCs)

Eide et al.24 were the first to use NLP of electronic pathology 
reports (EPRs) for the detection of NMSCs cases. Such strat-
egy was used to validate a specific search algorithm with the 
aim of identifying NMSCs from claims data. Ali et al.25 also 
performed extensive research on NLP in the setting of basal 

cell carcinoma (BCC) and employed NLP techniques to extract 
clinical information from EHRs in this setting. A preliminary 
study published in 2022 demonstrated efficient clinical data 
extraction from pathology reports, using NLP rule-based ap-
proach for named entity recognition in BCC.26 The authors 
validated a pipeline with possible utilization for enhancing 
cancer registry and research data. Such a NLP algorithm was 
used by the same group in 2023 to provide an update on the ex-
cision margins required to achieve complete BCC clearance.13 
The authors used NLP to extract margin status from EPRs in 
34,955 BCCs and found that a clinical peripheral margin of 
6 mm attained a histological clearance rate of 95%. Additionally, 
tumour thickness demonstrated an inverse correlation with 
deep-margin histological clearance. More recently, the same 
group also successfully validated the NLP-based web platform 
to help in evidence-based multidisciplinary-team decisions.27

A study published in 2016 by Strekalova et al.28 focused 
on recommendations on skin cancer prevention left as a 
comment on social media. Most of the comments on skin 
cancer prevention were found to be biased by uncertain lan-
guage (e.g. ‘would’, ‘confused/confusing’ and ‘may’).

With regards to precancerous lesions such as actinic ker-
atoses (AKs), Lent et al.29 assessed the accuracy of ChatGPT 
in providing information on pathogenesis, risk factors, di-
agnosis and treatment. According to an expert panel judge-
ment, ChatGPT was found to perform better in general 
patient education than in providing accurate diagnostic and/
or therapeutic strategies. ChatGPT was confirmed by an ex-
pert panel to be an appealing and effective tool, particularly 
for its quick information retrieval. However, the chatbot was 
criticized for being both inaccurate and overly wordy.

Melanoma

Lott et al.30 aimed at determining the frequencies of histo-
logically confirmed melanocytic lesions through NLP-based 
analysis of around 80,000 EPRs. The authors found that 
around 25% of skin biopsies were of melanocytic lesions, 
highlighting the relevance of a reliable classification sys-
tem for this category. The authors were also able to subclas-
sify the lesions according to the MPATH-Dx (Melanocytic 
Pathology Assessment Tool and Hierarchy for Diagnosis) 
classification system and to define the proportion of in-
vasive melanomas.31 Yang et al.32 published a study on the 
prognostic significance of tumour-infiltrating lymphocytes 
(TILs) in a large cohort of melanoma patients established 
through NLP algorithms. Brisk TILs were found to repre-
sent an independent prognostic factor, confirming that NLP 
could represent an efficient tool to provide new insights in 
the dermato-oncological setting.

Skincare

Okon et  al.8 performed NLP of Reddit comments about 
dermatology. The authors identified tanning, acne and 
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psoriasis as topics of interest, with potential implications for 
patient engagement in the dermatological research setting. 
Cummins et al.33 efficiently applied NLP-based sentiment 
analysis and word search techniques to Reddit comments 
in order to gain new insights into patient perceptions in the 
setting of skincare. Reddit was also used as a source data by 
Sager et al.,34 who performed a study with the aim of evalu-
ating the presence of health misinformation within derma-
tology forums with regards to tanning and essential oils. 
The authors found NLP to potentially allow interception 
of misinformation. Recently, Reynolds et al.35 assessed the 
ability of ChatGPT to generate high-quality responses to 
questions from patients. Not surprisingly, answers provided 
by physicians were largely preferred to those from ChatGPT 
according to both expert and non-expert reviewers.

Others

Other publications focus on potential applications of NLP 
in the setting of rarer dermatological conditions. Nigwekar 
et al.36 developed a NLP-based method for the automatic de-
tection of cases of calciphylaxis from EHRs, in order to as-
sess its incidence and mortality. Interestingly, calciphylaxis 
incidence was observed to be higher than expected, with 
mortality rates 2.5–3 times higher than for other chronic 
haemodialysis patients.

Spies et al.9 recently performed NLP on social media plat-
forms to better identify unmet needs of patients living with 
lupus erythematosus, either systemic (SLE) or cutaneous (CLE). 
In total, 1925 and 106 patients were identified as having SLE 
and CLE, respectively. The most frequently reported symp-
toms included pain, fatigue and rashes, with a great impact 
on patient quality of life (QOL). While pharmacological inter-
ventions were found to poorly manage the most burdensome 
symptoms, nonpharmacological treatments, such as exercise 
and meditation, were associated with QOL improvement.

Wassermann et  al.37 used NLP of EHRs to assess the 
impact of delayed puberty and low bone mineral density 
(BMD) in patients affected by epidermolysis bullosa (EB). 
Interestingly, EB patients were found to have low BMD even R
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F I G U R E  2   Graphical representation of the published papers on the 
use of NLP in the dermatological setting overtime according to our study 
inclusion criteria.
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prior to the age of 10. Of those reaching adolescence, delayed 
puberty and further decline in BMD were not uncommon 
findings. Through NLP of EHRs, Manice et  al.38 assessed 
the management of paediatric patients presenting to the 
emergency department, focusing on afebrile neonates with 
cutaneous vesicles and pustules. Despite around one-third of 
such neonates receiving parenteral therapy, no cerebrospinal 
fluid or blood infections were found, as well as any evidence 
of herpes simplex virus infection. The results of the study 
suggested that a great proportion of afebrile neonates pre-
senting with vesicles and/or pustules may not require hospi-
talization in the absence of additional risk factors.

DISCUSSION

In this systematic review, including 30 articles on the use of 
NLPs in dermatology, we found different categories of stud-
ies, classifiable either based on study design or main subject. 
Major topics of interest included: atopic dermatitis, acne/
rosacea, skin infections, NMSCs, melanoma, skincare and 
drug reactions.

Studies have demonstrated NLP effectiveness in identi-
fying undiagnosed cases, assessing disease severity and un-
covering patient unmet needs. The ability of NLP to extract 
valuable insights from diverse sources such as EHRs, social 
media platforms and online forums underscores its versa-
tility in gathering real-world data for research and clinical 
purposes. However, the review also identifies limitations in 
certain applications, such as the reliability of NLP chatbots 
in providing exhaustive clinical guidance for specific derma-
tological conditions, such as AD or acne, indicating areas for 
further improvement and refinement of NLP tools. Despite 
ChatGPT is probably the most widely used chatbot world-
wide, only little evidence is available for its use in the derma-
tological setting, with current literature suggesting relatively 
low accuracy and reliability for providing clinical guidance 
to patients affected by skin conditions.17,35 However, we ac-
knowledge that this chatbot only became available at the end 
of 2022: this short time horizon gives reason of the little evi-
dence supporting its use in the dermatological setting. More 
studies on dermatology are needed to evaluate its true role. 
Our results highlight the versatility and potential of NLP in 
improving various aspects of dermatological care, including 
diagnosis, treatment optimization, patient education and 
understanding patient needs.

While NLP offers numerous opportunities for advanc-
ing dermatological research, there are several pitfalls and 
challenges that researchers may encounter in its application. 
Firstly, the need for high-quality input data: if the training 
data predominantly consists of certain demographic groups, 
it may not generalize well to diverse populations, leading to 
biased outcomes. Secondly, a need for standardized termi-
nology: terminological differences between medical and pa-
tient vocabulary can be particularly challenging and do not 
allow precise matching of clinical notes and patient-reported 
data.39–41 Moreover, the variability in terms of terminology 

and coding practices across different healthcare systems, 
EHRs and clinical notes may affect data extraction and 
analysis.42 Another tricky point for NLP algorithms is rep-
resented by the adherence to stringent data privacy to ensure 
patient confidentiality and compliance with regulatory re-
quirements, with mishandling of sensitive information po-
tentially leading to legal and ethical ramifications.43 Lastly, 
NLP models trained on specific datasets may suffer from 
overfitting, where they memorize patterns from the training 
data but fail to generalize well to unseen data.44

The advent of NLP within the realm of AI is revolution-
izing medical practice, particularly in conjunction with 
image-analysis applications.45 With regards to this, existing 
research in image-based dermatology underscores the en-
hanced diagnostic precision facilitated by AI tools for skin 
cancer diagnosis and beyond.46–48 While concerns persist 
regarding the potential displacement of human expertise by 
AI, we foresee a synergistic partnership between clinicians 
and AI, with NLP serving as a fundamental component of 
this collaboration.

The main limitation of our study resides in the hetero-
geneity of the included publications, which did not allow 
us to perform further meta-analysis. Moreover, we did not 
perform bias assessment, with potential disparities in terms 
of ethnicity, sex and age of the different study populations 
possibly affecting the interpretation of the results.

CONCLUSION

The findings of this systematic review demonstrate the wide-
ranging applications and potential of NLP in dermatology. 
While significant progress has been made in leveraging NLP 
for various purposes, further research is warranted to ad-
dress existing limitations and explore novel avenues for en-
hancing its utility in clinical practice. Collaboration between 
clinicians, data scientists and technologists will be crucial 
in harnessing the full capabilities of NLP to improve patient 
care and advance dermatological research.
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