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Abstract

Immunotherapy has become a game changer in cancer treatment. Few studies have investigated the perceptions about its use by
analyzing social media data. This study aimed to use a topic modeling technique, BERTopic, to explore the perceptions of the
online cancer communities regarding immunotherapy. A total of 4.9 million posts were extracted and preprocessed. BERTopic
modeling was performed to identify topics from the posts, which were then broadly grouped into distinct themes. 3.6 million
posts were remained for modeling after data cleaning. The highest overall topic quality achieved by BERTopic was 70.47%
(topic diversity: 87.76%; topic coherence: 80.21%). BERTopic generated 14 topics related to the perceptions of immunotherapy,
which were categorized into six themes. The themes primarily covered (1) hopeful prospects offered by immunotherapy, (2)
perceived effectiveness of immunotherapy, (3) complementary therapies or self-treatments, (4) financial and mental impact of
undergoing immunotherapy, (5) impact on lifestyle and time schedules, and (6) side effects due to treatment. This study provided
an overview of the multifaceted considerations essential for the application of immunotherapy as a therapeutic intervention.
Furthermore, it demonstrated the effectiveness of BERTopic in analyzing large amounts of data to identify perceptions
underlying social media and online communities.
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Perception of Online Communities towards the Use of Cancer
Immunotherapy: A Data Mining Study of 3.6 Million Web-based Posts
from Social Media Platforms Using BERTopic

Abstract

Immunotherapy has become a game changer in cancer treatment. Few studies have
investigated the perceptions about its use by analyzing social media data. This study aimed to
use a topic modeling technique, BERTopic, to explore the perceptions of the online cancer
communities regarding immunotherapy. A total of 4.9 million posts were extracted and
preprocessed. BERTopic modeling was performed to identify topics from the posts, which were
then broadly grouped into distinct themes. 3.6 million posts were remained for modeling after
data cleaning. The highest overall topic quality achieved by BERTopic was 70.47% (topic
diversity: 87.76%; topic coherence: 80.21%). BERTopic generated 14 topics related to the
perceptions of immunotherapy, which were categorized into six themes. The themes primarily
covered (1) hopeful prospects offered by immunotherapy, (2) perceived effectiveness of
immunotherapy, (3) complementary therapies or self-treatments, (4) financial and mental
impact of undergoing immunotherapy, (5) impact on lifestyle and time schedules, and (6) side
effects due to treatment. This study provided an overview of the multifaceted considerations
essential for the application of immunotherapy as a therapeutic intervention. Furthermore, it
demonstrated the effectiveness of BERTopic in analyzing large amounts of data to identify
perceptions underlying social media and online communities.

Keywords: social media; cancer; immunotherapy; perceptions; data mining
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1. Introduction

In recent years, immunotherapy has emerged as one of the most promising therapeutic
approaches for treating cancer. It works by activating the innate immune system to identify and
attack cancer cells. Immunotherapy encompasses various strategies, including immune
checkpoint inhibitors, T-cell transfer therapy, monoclonal antibodies, treatment vaccines, and
immune system modulators [1]. These immunotherapeutic strategies have received approval
for the treatment of several cancer types, such as lung cancer, prostate cancer, chronic
lymphocytic leukemia, and non-Hodgkin's lymphoma [2]. Immunotherapy offers substantial
benefits in terms of precision, specificity, and long-term survival improvements, representing a
significant breakthrough in cancer treatment [3].

Immunotherapy has made remarkable progress and demonstrated clinical value.
However, there are drawbacks that may hinder its clinical use and acceptance by patients with
cancer. One notable limitation is the considerable variability in individuals’ responses to
immunotherapy. While the treatment may be effective for some patients with a specific type of
cancer, it may not be as effective for others with the same cancer type [4]. Besides,
immunotherapy-related adverse events (irAEs) have been observed with the increasing
frequency and duration of immunotherapy wusage. Patients’ decisions to undergo
immunotherapy are influenced by a range of factors, including their perceptions of its efficacy,
side effects, procedural aspects, costs, their levels of knowledge about the treatment, and the
comprehensiveness of advice provided by healthcare providers [5; 6]. These findings highlight
the importance of understanding patients’ perspectives regarding immunotherapy to manage
the uncertainties faced by patients and make informed decisions whether to proceed with
immunotherapy.

The Internet has become an indispensable source of health information for patients [7].
Many patients scour the Internet for medical guidance, share their personal experiences, and
interact on social media platforms [8]. The Internet, therefore, provides a valuable platform for
capturing diverse perspectives. Several studies have explored these perspectives by collecting
data from social media platforms and forums [9-13]. For example, through analyzing posts
from social media, a study revealed that pain and fatigue were the most commonly discussed
symptoms among patients with non-small-cell lung cancer regarding the wuse of
immunotherapy [10]. Another study found that 55% of patients’ posts and 37% of caregivers’
posts expressed positive perceptions of immunotherapy for treating advanced bladder cancer
[11]. Notably, these previous studies usually extracted posts from a single site and analyzed
only a small portion of the available posts. Moreover, these studies primarily focused on
patients with specific cancer types, and thus the findings may not be generalizable to patients
with other cancer types for which immunotherapy has been approved [13].

One challenge in analyzing data from the Internet and social media posts is dealing with
vast amounts of unstructured text, which necessitates extensive preprocessing measures prior
to analysis. Different machine-learning techniques have been explored to increase the
efficiency of online text analysis. BERTopic, a topic modeling technique that is an extension of
the machine learning model--Bidirectional Encoder Representation from Transformers
(BERT)--has been used to identify the underlying public perceptions within social media posts.
It has demonstrated the capability to unveil latent patterns and extract topics from large
datasets [14-16]. Compared to other models, BERT models provide a stronger understanding of
the contextual meaning of each word in document representations, which is attributable to
their bidirectional training of transformers [17]. This enables the generation of more accurate
topics than those generated using traditional statistical models. Moreover, the BERT model is
continuously trained and updated by researchers, ensuring ongoing improvements [18].
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However, no study has employed this technique to explore the viewpoints of the online cancer
community on immunotherapy.

With the objective of understanding the perspectives of online cancer communities
regarding immunotherapy, this study used BERTopic to analyze a large number of posts
extracted from multiple social media and online forums. The findings of this study may offer
valuable insights for clinicians, patients, and researchers to enhance decision-making processes
when considering immunotherapy as a treatment option.

2. Methods

2.1 Overview

This was a retrospective study that involved analyzing texts collected from social media
platforms and online forums. The study proceeded through four primary methodological
phases: (1) collecting the textual data, (2) cleaning and processing the extracted texts, (3)
performing and optimizing topic modeling, and (4) conducting thematic analysis. The study
process workflow is illustrated in Figure 1. Ethical approval was exempted, as the study
exclusively utilized anonymized data from publicly available sources.

Figure 1. Flowchart depicting the data mining process.
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2.2 Data sources and collection

To gather data for this study, textual data were collected from online forums and social media
platforms. To ensure consistency and minimize translation concerns, only English-language
texts were included. Posts were extracted from three prominent social media platforms:
Facebook, Twitter, and Reddit. These platforms were chosen for their popularity and the
substantial textual content they contain [19]. Sixteen different online cancer-related forums
were also selected for analysis. The posts from these platforms dated before November 15,
2022 were included, with varying start dates (Supplementary Table 1). The selection criteria
for these cancer-related online forums have been detailed in a previous study [20]. Search
keywords related to immunotherapy were identified from multiple authoritative websites,
including the American Cancer Society, Cancer Research UK, and the National Cancer Institute
(Supplementary Table 2). Site-provided search engines were utilized to identify related posts.
2.3 Data pre-processing

Spark NLP, a natural language processing library for Python built on top of Apache Spark, was
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utilized to preprocess the textual data [21]. The texts extracted from the forums and social
media sites were subjected to a thorough cleaning process to enhance their suitability for
further analysis. The cleaning process involved multiple steps, including checking and
correcting spelling errors, lemmatization, removal of stop words, and elimination of short
entries (Figure 1). Each text message was first spellchecked and the vocabulary was reduced to
its base root form using Spark NLP. After that, each word vocabulary was reduced to
alphanumeric characters that contained only letters from “a to z”, “A to Z” and “O to 9" To
generate a precise and semantically meaningful text corpus, any message composed of fewer
than four words, as well as commonly occurring words (e.g., the, a, and, and in) that carried
little or no meaning in the message, were removed. Finally, the cleaned text messages were
processed using the medical language models from Healthcare Spark NLP, a pretrained pipeline
to recognize medical terminologies within the messages [22].
2.4 Topic modeling
The next step involved the extraction of topics from the data. Topic modeling, an unsupervised
machine-learning approach, was employed to unveil hidden semantic structures and extract
distinct topics from within the extracted textual data [23]. In this study, we used BERTopic, a
topic modeling library that harnesses the vectors generated by BERT models. Using BERTopic,
all texts were passed through the BERT model to create embeddings that converted text
messages into numerical representations. The dimensions of the embedding vectors were
reduced due to the “Curse of Dimensionality” [24]. The bisecting K-means algorithm was used
to group the reduced-dimension embedding vectors into clusters until optimal silhouette
scores were achieved [25]. Various numbers of topics, ranging from 5 to 25, were tested to
determine the optimal metrics. Topic diversity (indicating the model’s ability to capture
differences between generated topics), coherence (the frequency of descriptive words of the
topic within each cluster), and quality (topic diversity multiplied by topic coherence) were
used as metrics to evaluate the effectiveness of isolating topics from the texts [26; 27].
Following the identification of clusters with the highest topic quality, the 20 most
frequent words from each topic were extracted. BERTopic modeling and topic generation were
conducted using the Worcester Polytechnic Institute’s Turing cluster, which has high computing
power for large volumes of data processing and is located at Worcester Polytechnic Institute.
2.5 Sentiment and Thematic analysis
Sentiment analysis was performed using two popular libraries, VADER (Valence Aware
Dictionary and sEntiment Reasoner) and Textblob [28; 29]. Both libraries were used to
enhance the accuracy of the results and minimize potential biases that may arise from relying
on a single library. The sentiment scores obtained from each library were then averaged to
derive a final sentiment score, which ranged from -1 (indicating a very negative sentiment) to 1
(indicating a very positive sentiment). Based on the topics generated through BERTopic
modeling and the assigned labels, thematic analyses were conducted to identify themes
associated with immunotherapy. Each theme could correspond to one or more topics, as topics
with similar labels were grouped together. In the initial round of thematic analysis, four domain
experts (including oncologists and oncology pharmacists) were provided with the keywords
related to the topics, as well as representative posts for each topic. Any themes that achieved
consensus among all domain experts were selected, while themes without consensus and any
discrepancies were documented and presented for discussions among the domain experts in
the next round. Only the themes that were agreed by 75% of the domain experts in either
Round 1 or Round 2 were summarized.
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3. Results

3.1 Overview

A total of 4.9 million posts were gathered from online forums and social media platforms. After
data cleaning, 3.6 million posts remained for further analysis (Figure 1).

3.2 Number and qualities of topics

Supplementary Table 3 presents BERTopic’s performance across different numbers of topics to
determine the optimal value. Fifteen topics achieved the highest overall topic quality, scoring
70.47% (with the highest topic diversity at 87.76% and a high topic coherence of 80.21%). We
also used these metrics to assess the quality of individual topics generated by the model,
yielding topic quality scores ranged from 78% to 88% (Supplementary Figure 1). One topic
(Topic 15) was excluded due to the mismatch between its extracted words and the topics
related to immunotherapy. Based on the sentiment analysis results, the average sentiment
score of around 0.3 across the 14 topics preliminarily suggests a generally positive sentiments
towards immunotherapy within the online community (Figure 2). A more comprehensive
interpretation of the specific topics is presented in the subsequent sections.

Figure 2. Sentiment analysis results.
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3.3 Themes and topics
A total of six themes have been identified (Table 1). Theme 1 centered on the feelings of hope
and positivity among patients treated with immunotherapy. This theme highlighted the belief
that immunotherapy offers hope for patients with cancer to lead normal lives and provides a
potential cure for cancer with minimal side effects. Theme 2 described immunotherapy as a
more effective treatment option after other treatments have failed. Patients may have tried
other cancer treatments, such as chemotherapy and radiotherapy, but only found successful
results with immunotherapy. Besides, patients believe combining immunotherapy with other
conventional therapies, particularly chemotherapy, can lead to higher efficacy in treating
cancer than using a single treatment approach. Theme 3 suggested that patients receiving
immunotherapy also explore diets or complementary medicines to manage their symptoms or
side effects from treatment or the cancer itself. For example, patients may employ mind-body
practices, such as massage and meditation, or use herbal medicines to alleviate certain physical
and psychological side effects caused by immunotherapy. Probiotics were frequently
mentioned by users as a potential way to boost the effectiveness of immunotherapy.

In Theme 4, the potential ineffectiveness, worse outcomes, and high cost of treatment
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were frequently mentioned among patients, which acted as hindrances to the use of
immunotherapy. Theme 5 suggested that immunotherapy can disrupt patients’ normal daily
lives, particularly for those enrolled in immunotherapy trials. Additionally, the treatment may
negatively impact their activities of daily living, such as taste changes, dietary restrictions, and
time consumption. Theme 6 indicated that immunotherapy may cause physical and
psychological symptoms and side effects, like rash, inflammation, and nephrotoxicity. These
adverse effects may sometimes pose greater challenges compared to those arising from other
treatments or the cancer itself. Some patients acknowledged that these symptoms may be
unavoidable alongside the curative effects of immunotherapy.
Table 1. Themes and selected posts under each theme.

Topics and related Example of quotes

keywords

Theme 1: Hopeful prospects offered by immunotherapy

Topic 1: good, time, hope, *
love, great, feel, work, lot,
treatment, start

Topic 3: fight, hope, ®
positive, news, treatment,
glad, beat, good, feel, life

Topic 5: hope, day, love, ®
morning, huge, satisfy, glad,
feel, good, love

Topic 6. saint, faith, family, ®
love, god, strength, miracle,
wonderful, hope, glad *

“.it does help to not feel so alone with this as he was
diagnosed this time last year and since then it has been a
roller coaster my husband is on immunotherapy already and
it stopped the growth quickly i hope it works as well for your
husband.”

“I only can tell you he is doing very well and thru prayer and
this new treatment i feel we all have a new found hope”

“He was able to have immunotherapy for his stage 3b non
small cell lung cancer via a clinical trial and has also had
positive results. his trial has finished now but like yourself,
would like to continue with this treatment...”

“I have heard very positive things about immunotherapy. in
my mind, it seems logical to use your own immune system to
deal with cancer cells - sounds less damaging than chemo or
radiotherapy”

“We can only but hope the researchers and doctors one day
are able to cure all cancers without side effects. I think the
answer may well be in developing Immunotherapy tailored
to the individual.”

“The day will come, hopefully soon, when immunotherapy
will be available to all. That is the only way that our unique
cancer cells will be eradicated. It can't come soon enough.”
“The drug has been a miracle for her and she has responded
really well to the drug essentially keeping the cancer at bay.”
“there absolutely are some immunotherapies that are
working. i know someone who was stage 4, with very
advanced disease from what i understand, that is now ned
due to opdivo... it won't help everyone. however, for those it
does help, it is a miracle.”

Theme 2: Perceived effectiveness of immunotherapy

Topic 4. gallbladder, liver, ®
bile, symptom, surgery,
scan, remove, problem,
ultrasound, test

https://preprints.jmir.org/preprint/60948

“i was given the chance to try nivolumab an immunotherapy
drug as one last hail mary pass. unbelievably i have had a
tremendous response, with ky abdominal lymph nodes,
adrenal glands lungs and liver now clear.”
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® “he has had 3 rounds of this immunotherapy drug and is due
ct scan tmrw to see how it's working. he is convinced the
treatment is not working as he has started having
swallowing difficulty again which is only symptom he

initially had.”
Topic 13. risk, study, ® “I had 6 weeks of daily radiotherapy and 6 weekly courses of
benefit, favorable, evidence, Chemotherapy. This proved completely ineffective. I am now
effect, patient, data, high, on Immunotherapy coming up to the 8th round. This does
treat appear to have been successful in that the latest CT scan

compared to one I had in June shows the cancer has shrunk...”
® “Congratulations on having a favorable response against the
melanoma. Fifteen years ago, metastatic melanoma usually
meant your family would be making a large payment to a
funeral home in the future. immunotherapy has given us our

lives back”
Topic 8. antioxidant, ® “Better results with less side effects... combining chemo with
radiation, chemo, protect, immunotherapy drugs gives the potential for long term
treatment, dose, effect, remission and even a cure for advanced cancers.”
radical, kill, interfere ¢ ‘. chemotherapy and immunotherapy is often very effective
in treating liver tumours and many patients livers become
operable.”
Theme 3: Complementary therapies or self-treatments
Topic 2. acupuncture, pain, ® “.when i was on ac chemo my immune system was bad so
feel, needle, massage, onc said no acupuncture since that might increase my risk of
neuropathy, flash, hot, getting sick. now i'm on immunotherapy and she is
session, side encouraging me to get massage and acupuncture.”

®* “I've had two sessions of acupuncture to try to help with
multiple side effects of immunotherapy (abdominal pain,
constipation, nausea, reflux, severe neuropathy, muscle pain
and bilateral bell’s palsy)”
Topic 10. keto, diet, food, ® “Immunotherapy in turn is very dependent on good gut

organic, probiotic, bacteria and strongly stimulated by probiotics that have
supplement, eat, weight, Bifidobacterium..., but for anyone taking immunotherapy its
sugar, body probably a good idea to add probiotics as well.”

® “Have you tried anything else, e.g., diet, nutrition,
supplements etc? the oncologist won't advise on any of it
and we don't have 'integrated treatment' in nz at all so i
have been looking into it myself and researching it as much
as possible, keen to do anything we can to give best
outcome!”
Theme 4: Financial and mental impact of immunotherapy
Topic 7. diagnosis, feel, ® “It is difficult to sum it up but I do not feel that optimistic

anxiety, traumatic, stress, about it (immunotherapy). Everything seems to be about
cost, experience, time, expensive drugs with nasty side effects.”
depression, therapist ® “But unfortunately I'm living in the poor country, the

government and insurance didn’t pay for my treatment. And
immunotherapy costs a lot that I can’t afford it.”

®* “dealing with progression is profoundly stressful, and after
first or second-line... immunotherapy isn't seemingly moving

https://preprints.jmir.org/preprint/60948 [unpublished, non-peer-reviewed preprint]
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at all for er-positive cancers...”

“She is due to start immunotherapy pembrolizumab on april
13th. the long wait for treatment has been horrendous as
each day she seems to be getting more depressed and getting
weaker.”

Theme 5: Impact on lifestyle and time schedules

Topic 9. simulation, ¢
schedule, treatment,
appointment, ill, week,
start, time, plan, session

“Apparently I am eligible to be included in a trial of
immunotherapy which would occur after my chemoradiation
therapy and before surgery. It would involve an eight week
program and doesn't sound at all nice, especially after the
previous treatments...”

“Ideally I'd like to have taken a break and/or reduce dosages
rather than quit altogether especially since we spent 5 weeks
to decide on a new treatment plan rather than have one at
hand... But since this was a trial I think they don’t have too
much flexibility.”

Theme 6: Side effects due to treatment

Topic 11. ill, swell, weak, ®
surgery, compression, feel,
wear, inflame, tight, back

Topic 12. immune, damage, *®
skin, fever, burn, kill,
system, therapy, tissue,
body

Topic 14. pain, symptom, ©
hope, painful, colitis,
arthritis, response, issue,
experience, costochondritis ®

“Following the four rounds of nivolumab and ipilimuab i had
six weeks off. the side effects were quite minor and wore off
pretty quickly. (skin rash, muscle aches, headaches, fatigue
and general cold/flu symptoms)..”

“I was a bit surprised at how the side effects returned so
quickly.. I couldn’t breath so presented to the hospital
emergency department. ct scans and a chest x-ray showed
swelling but little else.. the issue was diagnosed as
pneumonitis (inflammation in the lungs). ...”

“The current treatment of Keytruda, Carboplatin and
Gemzar is keeping my fast growing tumors stable. But the
immunotherapy has resulted in inflammation of lungs so I
may have to stop it for now... I don’t know how long it will
take to resolve this lung issue.. Sometimes the treatments
can result in worst side effects than the disease itself.”
“Apparently I have developed an acute kidney injury.
Apparently it is a drug induced autoimmune thing...so I
guess I was responding to the immunotherapy! ... I think they
caught it fairly early and am hopeful that things can be
restarted while closely monitored.”

“long story short i have been diagnosed with type2 diabetes
believed to be at least partially due to immunotherapy (auto
immune reaction)...i am having a very hard time with this...”
“I've  heard rashes are actually good with some
immunotherapy meds, it shows that it's working....except not
necessarily for keytruda which I'm on. I've had several other
side effects, but not a rash, and I have had a good response.”
“sorry too, about your back pain. have you seen it mentioned
as a side effect of the immunotherapy at all? hoping you get
some relief or at least some acknowledgement soon.”

“for now kadcyla is working for me, but i do have a rash on
the back of my neck and serious neuropathy. i've found a

Wu et a
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cream that helps with it, along with pain meds i take at
bedtime.”

4. Discussion

We analyzed a large dataset comprising 3.6 million posts from three social media platforms and
16 online cancer forums, providing a comprehensive overview of perceptions regarding
immunotherapy within English-speaking online cancer communities. A cutting-edge natural
language processing technique, BERTopic, was used to generate interpretable topics, ensuring
robust data analysis. The identification of different themes underscores the diverse attitudes
toward immunotherapy across various aspects. These themes may also offer valuable insights
into the facilitators and barriers to the adoption of immunotherapy. In addition, the results
showed that using machine-learning techniques to analyze patient-generated online textual
data can enhance our understanding of perspectives on newer cancer treatments, and such
information may facilitate communication between patients and clinicians when discussing
immunotherapy as a therapeutic option.

The positive factors that encourage the utilization of immunotherapy included its
comparatively mild side effect profile and the potential to instill hope in patients by offering a
viable treatment option when other methods have failed. Our findings also indicated that
online cancer communities seem to be well-informed, with some patients well-versed in the
benefits of immunotherapy. Laypeople now access medical information on the Internet
independently and acquire firsthand information about advances in cancer treatment. Access
to online health information assists patients in making health related decisions, leading to
more professional consultation, improved treatment compliance, and better self-care [30].
However, the Internet should not be viewed as a replacement for professional health
information sources [31]. The guidance and advice of healthcare professionals remain
indispensable in helping patients make complex medical decisions [32]. Online health
information cannot provide detailed diagnoses or personalized treatment plans for patients;
moreover, the presence of misinformation on websites might mislead patients about treatment
[33]. Taken together, our results highlight the rising health literacy of online cancer
communities, especially those involving younger generations. Future efforts should focus on
enhancing the accuracy of online health information using reliable rating tools, effective search
engine ranking, and progress in crowdsourcing websites.

Although immunotherapy has shown clinical benefits in several trials, there are still
potential barriers to its utilization. The high cost associated with immunotherapy emerges as a
frequently discussed concern among patients with cancer, emphasizing the need for revising
drug valuations and reimbursement models [34]. Many quotes were related to patients’
descriptions of their physical symptoms induced by immunotherapy and how it has impeded
their activities of daily living and disrupted their normal lives. In addition to physical irAEs, the
long-term use of immunotherapy has also been associated with psychiatric side effects such as
fatigue, insomnia, anxiety, and depression [35; 36]. Hence, it is important for oncology
practitioners to manage patients’ expectations and communicate with patients regarding the
potential side effects of immunotherapy before initiating treatment. This proactive approach
allows patients to better understand the benefits and risks of the treatment, which may prevent
them from discontinuing treatment because of known adverse reactions.

Several clinical practice guidelines have been proposed to address the evaluation and
management of immunotherapy-induced toxicity [37], and the diagnosis and treatment of
toxicity associated with immune checkpoint inhibitor therapy in specific organ systems [38].
The provision of high-quality supportive care from a multidisciplinary team of healthcare
professionals can help identify and manage irAEs [39]. In practice, patients may turn to self-
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management strategies to cope with these symptoms. We found that some patients mentioned
in online posts that they used traditional, complementary, and integrative medicine modalities,
such as probiotics, herbal remedies, and meditation, to self-manage the toxicity induced by
immunotherapy. Currently, there have been some studies that evaluated how complementary
medicines may enhance the efficacy of immunotherapy and alleviate immune toxicity [40; 41].
For example, the treatment of irAEs often necessitates the long-term use of high-dose
corticosteroids [42]. Integrating complementary modalities into the management of irAEs may
reduce corticosteroid use. Our group has previously reported that patients with cancer
frequently seek advice on the use of complementary medicines on social media platforms [20].
At this juncture, clinicians should focus on initiating effective communication regarding the use
of complementary medicines and help patients establish realistic expectations while being
well-informed about the limited evidence supporting these approaches.

Our study has several limitations. First, the data used in this research were collected
from English-language online cancer communities, which may limit the generalizability of the
findings to data posted in other languages. Second, perceptions regarding immunotherapy on
social media and cancer forums are dynamic, and may be influenced by current news or events.
Therefore, future research can consider exploring the fluctuations in posts on these platforms
over varying time periods. Our study demonstrated that applying artificial intelligence to
analyze social media data can facilitate our understanding of patients’ perspectives as well as
the effectiveness of machine-learning techniques, specifically BERTopic, in processing
substantial volumes of data retrieved from social media platforms and online forums. However,
this approach requires validation, although the performance metrics (topic diversity and topic
coherence scores) quantified from our models suggest that BERTopic is effective at unveiling
latent patterns within large datasets.

5. Conclusions

The social media and health forums is a valuable source of data capturing insights and
perspectives of the online communities on cancer treatments. Analyzing social media data
through artificial intelligence approaches offers an advantage by bypassing many logistical
hurdles associated with traditional approaches and facilitating accelerated and cost-effective
data collection and generation. While immunotherapy presents a beacon of hope and a viable
treatment option, its side effects and the accompanying potential lifestyle disruptions cannot
be ignored. The recurring topics related to the use of immunotherapy identified in this study
can serve as valuable tools to enhance communication between clinicians and patients with
cancer.
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Flowchart depicting the data mining process.
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Sentiment analysis results.
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