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Background: OpenAl’s ChatGPT is a large language model-based artificial intelligence (AI) chatbot that
can be used to answer unique, user-generated questions without direct training on specific content. Large
language models have significant potential in urologic education. We reviewed the primary data surrounding
the use of large language models in urology. We also reported findings of our primary study assessing the
performance of ChatGPT in renal cell carcinoma (RCC) education.

Methods: For our primary study, we utilized three professional society guidelines addressing RCC to
generate fifteen content questions. These questions were inputted into ChatGPT 3.5. ChatGPT responses
along with pre- and post-content assessment questions regarding ChatGPT were then presented to
evaluators. Evaluators consisted of four urologic oncologists and four non-clinical staff members. Medline
was reviewed for additional studies pertaining to the use of ChatGPT in urologic education.

Results: We found that all assessors rated ChatGPT highly on the accuracy and usefulness of information
provided with overall mean scores of 3.64 [+0.62 standard deviation (SD)] and 3.58 (x0.75) out of 5,
respectively. Clinicians and non-clinicians did not differ in their scoring of responses (P=0.37). Completing
content assessment improved confidence in the accuracy of ChatGPT’ information (P=0.01) and increased
agreement that it should be used for medical education (P=0.007). Attitudes towards use for patient
education did not change (P=0.30). We also review the current state of the literature regarding ChatGPT use
for patient and trainee education and discuss future steps towards optimization.

Conclusions: ChatGPT has significant potential utility in medical education if it can continue to provide
accurate and useful information. We have found it to be a useful adjunct to expert human guidance both
for medical trainee and, less so, for patient education. Further work is needed to validate ChatGPT before

widespread adoption.
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Introduction

In November 2022 OpenAl announced public access to a
new online program, ChatGPT, that has rapidly become a
cultural sensation. ChatGPT is an example of a “limited”,
or “narrow” artificial intelligence (AI) that can be used to
answer unique and novel questions across a variety of subject
matters without direct training. Limited or narrow Al are
programs with a specific set of constraints and output types
and can only handle tasks within their programming or
training parameters. General Al has not yet been achieved
but would be capable of learning and solving problems
of any kind or format, on the level of a human mind and
without concrete limits to its abilities. Concerns exist about
its long-term applications in a variety of fields, including
undergraduate education, scientific and creative writing,
and in medical contexts (1,2). Many of the alarms being
raised about ChatGPT concern its ability to mislead readers
about the source of submitted material and the possibility of
dangerous misinformation reaching a vulnerable audience
(3-5). One particularly alarming trend has been ChatGPT’
tendency to generate entirely fake literature citations to
support its claims, which it will present as fact (6). These
concerns have prompted an explosion of ethical and
philosophical debates about the role of Al within medicine
and for patient-facing applications (7-9).

Despite the risks of using Al in medicine, its potential
benefits cannot be ignored and will force the field to wrestle

Highlight box

Key findings
¢ Clinicians and laypeople both rated ChatGPT highly on accuracy
and usefulness based on responses to basic questions about small

renal masses and renal cell carcinoma.

What is known and what is new?

e ChatGPT and other artificial intelligence (AI) tools are
increasingly used by patients seeking information and decision-
making help with new medical diagnoses. The accuracy and utility
of this information is unknown and is likely subject-specific.

* Reviewing ChatGPT responses improved confidence in clinical
information provided by the program and increased agreement
that it should be used for medical education.

What is the implication, and what should change now?

* Clinician awareness of Al capabilities is critical to guide patients
and medical trainees in its safe and effective use in urology.
Ongoing assessments of safety and accuracy are needed to justify
its use in urology and in medical applications in general.
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with how and when (not if) to appropriately develop and
employ this tool (7,10). A clear role for Al exists within
medical education, a rapidly changing field that needs to
respond quickly to new data to keep up with technological
and scientific progress (11-13). Early perspectives of the
use of ChatGPT for medical education have overall been
cautiously optimistic, with focus on its limited ability to
return consistently accurate technical information but with
a high level of personalization and adaptability that could
make it an excellent support tool for educators (14,15).

Another key area of study is Al use in patient
education (10). Al-based decision aids for patients have been
in existence for over 20 years, typically in more primitive
forms than the now extremely user-friendly ChatGPT.
ChatGPT is still in its infancy and much of the literature
surrounding its value to patients is opinion-based and
limited, but there has been a recent explosion in research
attempting to evaluate its capabilities and limitations within
the medical field. In the past year alone there have been
assessments of its ability to answer questions regarding
cirrhosis and hepatocellular carcinoma (16), total hip
arthroplasty (17), obstructive sleep apnea (18), diabetes (19),
and many other topics. Specific to urology, men’s health (20),
pediatric urology (21), and prostate cancer (22,23) have
been investigated, though notably no work has yet been
done within kidney cancer specifically.

In this pilot study we attempt to establish in general,
primarily qualitative terms the guideline-concordance and
subjective utility of ChatGPT’ response to typical questions
regarding the management of renal masses and renal cell
carcinoma (RCC). We attempt to assess the ideal audience
that would most benefit from interacting with ChatGPT to
learn about renal malignancies and other urologic disease
states. In conclusion, we review the current state of the
literature as regards patient and trainee education using
ChatGPT and other Al tools.

Methods
Assessment development

Our first task was to develop a standardized set of questions
regarding the diagnosis and management of renal masses
and RCC that could reasonably be answered by ChatGPT.
We reviewed three major professional society guidelines
published prior to the Al learning end date regarding

renal masses and RCC diagnosis and management. These
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guidelines were chosen to fairly assess the ability of
ChatGPT to process and synthesize the data available to
it rather than testing its ability to extrapolate beyond its
accessible knowledge. To this end, the American Society
of Clinical Oncology (ASCO) 2022 guideline was initially
reviewed but not included due to its publication after the Al
learning end date. Using the guidelines below, we generated
topic points with relative consensus among professional
organizations to have an objective basis for assessing the
accuracy of ChatGPT responses.

(I) Management of Small Renal Masses: American
Society of Clinical Oncology Clinical Practice
Guideline (24);

(II) NCCN Clinical Practice Guidelines in Oncology
(NCCN Guidelines®) - Kidney Cancer (25);

(IIT) Renal Mass and Localized Renal Cancer:
Evaluation, Management, and Follow-up: AUA
Guideline (26).

The primary author (J.P.M.) generated an initial list
of questions which was then reviewed by two urologic
oncologists (S.D., E.A.S.) to reach a consensus list of
fifteen content questions to submit to ChatGPT 3.5 in
February of 2023, with the goal being a mix of patient-
and medical trainee-level questioning. J.P.M., S.D. and
E.A.S. additionally reviewed the Canadian Urological
Association guideline to ensure questions appropriately
addressed international variations in small renal mass (SRM)
management recommendations (27). The final list was input
sequentially into the program and the responses recorded in
a single document. To assess any potential bias of reviewers
and to record changes in attitude after assessment, we
obtained pre- and post-content assessment information
regarding familiarity with and attitudes towards ChatGPT
or other Al tools. The entire assessment tool is included in

Appendix 1.

Assessment

We created a survey through Qualtrics (Qualtrics, Provo,
UT, USA) with pre- and post-assessment questions as
well as the fifteen content questions and answers (please
see Appendix 1). The pre- and post-assessment questions
asked about familiarity with ChatGPT and then asked
assessors to select learner groups that would benefit most
from its use, with choices of patients, medical students,
residents, and attending physicians. Four fellowship-trained
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urologic oncologists (S.D., E.A.S., R.S.M., K.S.) utilized
the assessment tool independently. After this initial review
we extended the survey to four non-clinical reviewers on
staff to obtain more qualitative data regarding a layperson’s
impression of the information. Each of these staff members
have a Bachelor of Arts (BA) or Bachelor of Science (BS)
but none have any specific medical training, do not educate
residents or patients, and were chosen at random from the
available research staff at the Ohio State University.

For the assessment portion, each of the fifteen questions
was included alongside ChatGPT’ response to that specific
input, copied verbatim with no editing. For each question,
the assessor was asked to rate the accuracy of the response
on a Likert scale of 1 to 5 (1 being entirely inaccurate
and 5 being entirely accurate). Reviewers compared the
responses to the three guideline statements issued above
as an objective benchmark. There was also an option to
indicate dangerous or nonsensical information that could
represent harm to patients or trainees. Assessors were then
asked how useful the response was for an audience with a
novice-level understanding equivalent to a typical patient
with a new diagnosis of an SRM or RCC. Responses to this
question were on a Likert scale of 1 to 5 (1 being entirely
not at all useful and 5 being extremely useful). Without an
objective benchmark all reviewers were asked to use their
best judgment given their experience with the reading
and comprehension levels of typical patients and medical
trainees. Pre- and post-assessment questions were asked
regarding overall subjective impressions of ChatGPT
accuracy and usefulness in medical and patient education,
with the addition of free text boxes to allow for qualitative
discussions of the content responses and for assessors to
describe their overall impression of the tool.

Statistical analysis

Data were collected from the Qualtrics database in raw
format. Mean scores and standard deviation for each
question score were calculated. Differences between pre-
and post-assessment questions were then analyzed using
paired-sample #-tests with a P value cutoff of 0.05 assigned
for significance. Clinician and non-clinician scores were
compared using a simple #-test. Selected quotations from
reviewer’s qualitative impressions were included in the final
manuscript at the discretion of the primary author to best
represent the reviewer’s impressions of the tool.
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Figure 1 Change in responses to qualitative questions regarding ChatGPT before and after completing the survey tool and reviewing
ChatGPT responses to prompts. Assessors were asked about the accuracy and trustworthiness of responses and then asked to rate its utility
in both medical and patient education. Error bars represent +/- SEM. Asterisks denote statistically significant differences. SEM, standard

error of the mean.
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Figure 2 Perceptions of ChatGPT responses to the prompt
questions between clinicians and non-clinicians. Scores of 1-5
were assigned on a Likert scare rating the accuracy (compared to
guideline statements) and the usefulness of each prompt answer
with a score of 5 representing “very accurate” or “very useful”.
Error bars represent +/- SEM. SEM, standard error of the mean.

Results

Pre-assessment questions: before the assessment, familiarity
with ChatGPT did not differ between clinicians (mean
=2.75/5) and non-clinicians (mean =2.5/5). Of those who
had heard of it, 5/8 respondents said they had heard about it
from social media and 3/8 said they had heard about it from
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colleagues in healthcare. Before completing the assessment
questions, clinicians and non-clinicians had overall neutral
assessments of the accuracy of the information provided by
ChatGPT (mean score 3+0 for clinicians, 3.25+0.5 for non-
clinicians), with a lower opinion of the accuracy of clinical
information (mean score 2.625+1.06, Figure I). Similarly,
clinicians were neutral regarding the use of ChatGPT
for medical (mean 3+0.81) and patient (mean 3.25+0.95)
education.

We found that all assessors rated ChatGPT highly on the
accuracy and usefulness of information provided in response
to the generated questions, with scores differing slightly by
question (Figures S1,52). Clinicians rated content answers
with mean scores of 3.85 [£0.42 standard deviation (SD)]
out of 5 for accuracy and 3.8 (x0.62) out of 5 for usefulness
(Figure 2). Non-clinicians gave slightly lower scores with
mean scores of 3.43 (x0.77) for accuracy and 3.35 (x0.90)
for usefulness but these groups were not significantly
different in their assessments (P=0.37 for accuracy, P=0.21
for usefulness).

Completing the content assessment improved clinician
confidence in the accuracy of information generated by
ChatGPT (mean improvement of 0.75 on a 5-point Likert
scale, P=0.01) and in the accuracy of clinical information
provided (mean improvement of 1.5, P=0.01, Figure I).
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Both clinicians and non-clinicians were more likely to agree
that ChatGPT or another Al tool could be useful in medical
education after reviewing answers (mean improvement of
0.75 and 1.25 for clinicians and non-clinicians, respectively,
P=0.007). There was no significant change in attitude
towards ChatGPT use in patient education (mean
improvement 0.5, P=0.30).

All assessors were skeptical of the utility of ChatGPT
as an education tool before completing content assessment
questions. One relevant quote stated, “Patients should always
seek a provider and ask questions to their provider about what
the Al said.” After content assessment, reviewers were
overall positive with their impressions of the tool. “This
technology feels very beneficial to audiences without vast medical
knowledge (i.e., medical students and patients). However, I
do feel that for certain audiences the medical jargon and/or
quantity of information may confuse or worry them. I think it
is a great supplemental tool when one doesn’t have immediate
access to a physician to gain an individual perspective.” Another
commenter noted: “It was much more accurate and useful than
1 anticipated.” However, one concern brought up was the
source of content/data retrieved, with multiple reviewers
wishing it could provide citations, “Question 9 cited studies
with no actual references, authors, or links.”

Discussion

Most of our content assessors were aware of ChatGPT
through social media but had limited personal experience
with the Al tool. Initially, assessor opinions were either
skeptical or neutral regarding its information accuracy
and its utility in medical and patient education. This is
consistent with a large global survey of over 450 urologic
clinicians; overall providers use ChatGPT for research and
academic pursuits but do not use it for patient care (5).
However, during content assessment, both clinicians and
non-clinicians rated answer quality to be quite high both
in terms of accuracy and usefulness to an audience with
limited clinical knowledge equivalent to a typical patient
(Figure I). Reviewing the answers improved perceptions of
the tool and its capabilities as well as its utility in educating
novices (Figure 2). This study provides critical data assessing
ChatGPT’s accuracy and utility in directly answering
medical questions at the level of a trainee or patient
regarding RCC. However, this is only a pilot study, and
much work remains to be done in this critical area.
Al-supported healthcare tools have been in use for
decades with varying degrees of efficacy and sophistication;
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recently, Jayakumar ez 4l. developed an Al-enabled patient
decision tool for total knee replacement that improved
decision quality, patient perception of shared decision
making and treatment satisfaction without changing surgical
intervention rates (28). Multiple Al chatbots have shown a
remarkable ability to formulate patient-friendly responses
that can minimize the likelihood of confusion and alarm
often experienced by patients searching online about their
conditions (29).

The literature surrounding ChatGPT itself and its value
to patients is limited, but there has been a recent push to
evaluate its capabilities and limitations. As a whole, these
studies have lauded the capabilities of the new technology.
Gabriel ez al. [2023] directly compared ChatGPT responses
to a human-generated patient information handout about
radical prostatectomy and found 79% to be concordant
and comparable, with 93% containing pertinent and
accurate information (23). Durairaj er a/l. [2023] asked
expert rhinoplasty surgeons to rate answers to typical
patient questions from both a fellow surgeon and from
ChatGPT 3.5 and found that the Al tool outperformed the
surgeons with higher ratings in accuracy, completeness, and
overall quality (30). In a head-to-head comparison, the Al-
generated answer was the preferred response over 80% of
the time. Similar results were shown with general medical
questions posed by patients online, with licensed healthcare
professionals preferring ChatGPT responses to physician
responses 79% of the time, with nearly 10-fold higher rates
of empathetic responses (31).

ChatGPT, however, did not perform as well on all
assessments; Musheyev et /. [2023] found that ChatGPT
3.5 had moderately high information quality when
responding to patient questions about multiple urologic
malignancies, but only moderate understandability and
low actionability and actually underperformed compared
to other Al Chatbots (32). Similar results were seen in a
broad survey of the most common urologic conditions with
ChatGPT responses rated moderate on validated tools by
two urologists (33). Coskun et 4. [2023] evaluated prostate
cancer patient information and found that ChatGPT
performed only moderately well, with a mean score of
3.62 on a 5-point Likert scale of general quality (22).
The authors concluded that the current version of the
technology should be viewed with caution and could be
further optimized before deployment as a patient education
tool.

Education represents another key area of development

within the Al sphere. Many articles discuss ChatGPT and

Transl Cancer Res 2024 | https://dx.doi.org/10.21037/tcr-23-2234



6 Mershon et al. ChatGPT utility in urologic education for patients, trainees

other Al tools as a double-edged sword within education
as a whole, with rapid information delivery balanced by
issues of possible plagiarism and offloading important
intellectual work (10,13,34). Many others focus on its flaws;
making up scientific papers and other sources that do not
exist and occasionally answering confidently with false
information (4,6,12,29). Notably we did not see this occur
with our limited number of content-based questions. Its
current failure to cite sources and to generate occasional
misinformation is an extremely valid concern but seems
to be primarily a technical challenge that could ideally be
addressed with ongoing programming improvements (6).
Future iterations of this technology should be even more
powerful, with the ability to rapidly trawl the internet for
all currently available data on a specific topic and provide
more up to date information than a human could possibly
generate (35). The currently available version of ChatGPT
3.5 does not have access to an up-to-date version of the
internet and is time-locked at early 2022, limiting its real-
time accuracy.

In the realm of medical education specifically, Al chatbots
can (almost always) give accurate technical information but
with a high level of personalization and adaptability (14,36).
One notable example of its extreme power is its ability to
generate and execute interactive medical simulations in
text form for learners; Scherr et /. [2023] used ChatGPT
3.5 to create Advanced Cardiac Life Support (ACLS) and
intensive care unit (ICU) scenarios with opportunities
for improvisation and real-time feedback, with the
goal to enhance medical student readiness for clinical
clerkships (15). ChatGPT’ achievement of a passing score
on the United States Medical Licensing Examination
(USMLE) Step 1 licensing exam generated headlines and
its ability to logically justify its answers prompted many
to argue for its immense utility as a study and training
tool for medical students learning how to tackle both
clinical and exam problems (36,37). Most literature on
this topic highlights the need for caution, but focus on our
opportunity to shape the implementation of this technology
(12,15). Specific recommendations include Al literacy
training and increased focus on source evaluation and
evidence-based medicine, with heightened effort to teach
empathy and good communication skills as the technology
evolves (13).

The recent focus on Al is in many ways just one facet of
rapid technologic advancement impacting medicine, with
telehealth being the iteration prior. Particularly during
the coronavirus disease 2019 (COVID-19) pandemic,
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this technology allowed physicians to continue to achieve
patient care goals safely and effectively. Patients on the
whole welcomed the change, with a majority satisfied with
its use for their care and not feeling depersonalization
from its use (38). Younger and more tech-savvy patients are
even more likely to embrace these technological changes
in medicine, and physicians should take note (30). While
adoption of telehealth was difficult for some, its utility was
immense and its introduction into healthcare has expanded
our options for interacting with and treating patients in
ways that meet their needs. Al will be a similarly impactful
tool, but the burden is on physicians to use it safely and
well.

Our pilot study is limited primarily by its size, with
only four urologic oncologists assessing the tool’s accuracy
against an objective benchmark of relevant guidelines.
Additionally, our assessment tool was not validated (as no
validated tools for assessing Al responses currently exist).
The possibility of bias given reviewers’ knowledge of the
information source is real but was unavoidable in this
version of our study. Future work could consider blinding
reviewers to the source of information to generate a more
objective assessment of information quality, as has been
done in several small early studies (30). This work was
intended primarily to generate initial, more qualitative
impressions of the tool from the perspectives of providers
and laypeople to further hypothesis generation and
study. We intend to expand upon this work in the future
within our department to include more reviewers, more
sophisticated assessment metrics, and to query other
common topics within urology. It should also be noted that
improvement of the Al underlying ChatGPT may date
our results and repeating the analysis frequently with the
most up-to-date version of the software will be extremely
important. Since this work was completed, ChatGPT 4.0
and countless other Al tools have been released and will
need similar assessments prior to widespread adoption in a
medical context.

Conclusions

We found that clinicians and lay assessors consistently
rated ChatGPT highly on the accuracy and usefulness of
information provided in response to questions regarding
the management of SRMs and RCC. Completing content
assessment improved confidence in the accuracy of
ChatGPT’ information and increased agreement that it
should be used for medical education. These results are an
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early, informal evaluation of the capabilities of evolving Al
tools but show great promise for this new technology.

Understanding how to leverage ChatGPT and other
Al tools effectively and safely will be critical in the coming
years in medicine as in many other fields (10). This is an
extremely difficult area to study but the involvement of
physicians and sub-specialty trained surgeons is critical to
help shape Al into a positive force for patients and trainees
alike (5,31,39). Just as clinicians have had to adjust their
education and counseling strategies with the advent of “Dr.
Google”, Al proliferation will fundamentally shift how
patients and trainees interact with medical information and
we need to prepare ourselves for a new era (13). This pilot
study is a first step towards understanding the power and
pitfalls of this new tool and will facilitate ongoing study of
this critical topic.
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Supplementary

Appendix 1 Assessment Tool with ChatGPT Responses

Thank you again for agreeing to participate in our investigation! You will complete this assessment in Qualtrics. When you’re
ready, please click this link to begin, you will see all prompts and be able to enter all answers via this link:

[Qualtrics Link Here]

Please note, you will need to complete all questions and answers in a single sitting. This will take approximately 45-50
minutes.

You will begin by answering several questions (1-9) regarding your current knowledge and perspectives on the OpenAl
ChatGPT Large Language Model. Please answer these questions as instructed by the question prompt using the buttons to
select the option that best matches your perspective/experience.

For the following 15 questions (10-24), please refer to the below document. Using recent guidelines available regarding
the management of kidney cancer, we generated the below 15 questions. The guidelines used to generate these questions are
as below:

1. Management of Small Renal Masses: American Society of Clinical Oncology Clinical Practice Guideline'

2. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) - Kidney Cancer’

3. Renal Mass and Localized Renal Cancer: Evaluation, Management, and Follow-up: AUA Guideline’

We then input these questions verbatim into the ChatGPT interface and copied and pasted the responses exactly as you’ll
see them in Qualtrics. Please read the question we entered and the ChatGPT response, then rate the ChatGPT response
across two parameters.

1) Rate the accuracy of the response rated on a 5-point scale (5 = entirely accurate, 1 = entirely inaccurate, and 0 =
dangerous or nonsensical information or representing potential hazard to patients or medical trainees).

2) Rate each response on its usefulness or appropriateness in regard to the question, where 5 = extremely useful and 1 = not
useful at all. For example, a technically accurate but incomplete answer could receive a 5 in accuracy but a 1 in usefulness. “of’
note, the ChatGPT model was trained on data that only extended to the end of 2021, and its accuracy and usefulness should be assessed in
that context. We expect complete accuracy to be interpreted as accurate given the information available to the model in late 2021.

For questions 25-30, please answer according to the Qualtrics survey instructions regarding your perspective on the
ChatGPT interface after having reviewed its responses. In the final question, please include any open-text thoughts or
reactions you may have regarding this technology, or please feel free to comment on your impressions of its implications for
medical trainee or patient education. Additionally, please note any particularly impressive or troubling answers and comment
on those here by referencing the question number for additional review by our team.

Pre-assessment questions for investigators

1. How familiar are you with ChatGPT?
Not at all familiar with it
Not very familiar with it
Somewhat familiar with it
Very familiar with it
Extremely familiar with it
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2. If you have heard of ChatGPT, where have you heard about or learned about it? (Check all that apply)
_ Heard about it from friends or family
__ Heard about it from colleagues in the healthcare field
__ Heard about it from patients
Heard about it on social media or the internet
Heard about it from television or the news
Have used it personally
If they select this one: How many times have you used it?
1-2 times
3-5 times
5-10 times
10+ times

3. How accurate do you think the information provided by ChatGPT is?
Inaccurate all of the time
Inaccurate most of the time
Inaccurate at least half of the time
Accurate at least half of the time
Accurate most of the time
Accurate all of the time

4. How much do you trust the non-clinical information provided by ChatGPT?
Do not trust at all
Somewhat distrust
Neutral / neither trust or don’t trust
Somewhat trust
Trust very much

5. How much do you trust the clinical information provided by ChatGPT?
Do not trust at all
Somewhat distrust
Neutral / neither trust or don’t trust
Somewhat trust
Trust very much

6. For whom are the type of answers provided by ChatGPT most appropriate? (Rank order if easy, otherwise just choose
most appropriate).
Patients
Medical students
Residents
Attending physicians
7. Do you agree that Chatbots or other automated tools should be used in medical education? (i.e. for medical students or
residents)
Strongly disagree
Somewhat disagree
Neutral/neither agree or disagree
Somewhat agree
Strongly agree

© Translational Cancer Research. All rights reserved. https://dx.doi.org/10.21037/tcr-23-2234



8. Do you agree that Chatbots or other automated tools should be used in patient education? (i.e. for newly diagnosed

patients or those considering certain treatment options)

Strongly disagree

Somewhat disagree

Neutral/neither agree or disagree

Somewhat agree
Strongly agree

9. What are your thoughts regarding Al and ChatGPT in particular being used for medical education? For patient education?

a. Free text box

ChatGPT Questions and Responses

10. Input: Tell me what every patient should know about kidney cancer

ChatGPT Response: Here are a few key things that every patient should know about kidney cancer:

Kidney cancer is a type of cancer that starts in the kidneys. It can occur in people of any age, but it is most commonly
diagnosed in people over the age of 60.

The most common type of kidney cancer is called renal cell carcinoma (RCC). Other types of kidney cancer include
transitional cell carcinoma, Wilms tumor, and renal sarcoma.

The most common symptom of kidney cancer is blood in the urine, but other symptoms can include pain in the side
or lower back, a lump in the abdomen, fatigue, unexplained weight loss, and fever.

Kidney cancer is typically diagnosed using imaging tests such as CT scans, MRIs, or ultrasounds. A biopsy may also be
done to confirm the diagnosis.

"Treatment options for kidney cancer depend on the stage and location of the tumor, as well as the patient’s overall
health. Surgery is often the main treatment, and may involve partial or total removal of the kidney. Other treatments
may include thermal ablation, radiation therapy, chemotherapy, or targeted therapy.

Kidney cancer can sometimes come back after treatment, so regular follow-up care is important. This may include
imaging tests and blood tests to monitor for any signs of recurrence.

Certain risk factors can increase a person’s chance of developing kidney cancer, including smoking, obesity, high blood
pressure, and a family history of the disease. Avoiding these risk factors and maintaining a healthy lifestyle can help
reduce the risk of developing kidney cancer.

It’s important to work with a team of healthcare professionals, including a urologist, oncologist, and other specialists

as needed, to develop a personalized treatment plan that takes into account the individual patient’s unique needs and goals.

Support groups and other resources can also be helpful for patients and their families.

11. Input: Tell me about the risk factors for kidney cancer.

ChatGPT Response: Kidney cancer, also known as renal cell carcinoma, can have a variety of risk factors, including:

Age: The risk of kidney cancer increases with age, especially for those over the age of 60.

Smoking: Cigarette smoking is a significant risk factor for kidney cancer, as tobacco smoke contains numerous harmful
chemicals that can damage the kidneys.

Obesity: People who are overweight or obese have an increased risk of developing kidney cancer, as excess body fat can
increase inflammation and hormone levels that may promote the growth of cancer cells.

High blood pressure: Chronic high blood pressure can cause damage to the small blood vessels in the kidneys, which
may increase the risk of developing kidney cancer.
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- Exposure to certain chemicals: Exposure to certain chemicals such as cadmium, asbestos, and organic solvents has been
linked to an increased risk of kidney cancer.

- Family history: Individuals with a family history of kidney cancer have a higher risk of developing the disease.

- Certain genetic conditions: Inherited genetic conditions such as von Hippel-Lindau disease, Birt-Hogg-Dube
syndrome, and hereditary papillary renal cell carcinoma can increase the risk of developing kidney cancer.

It’s important to note that having one or more of these risk factors does not necessarily mean that an individual will
develop kidney cancer, and some people who develop kidney cancer may not have any known risk factors. Regular medical
check-ups and screening tests can help identify kidney cancer early, when it is more treatable.

12. Input: Why does kidney cancer respond better to immunotherapy than chemotherapy?

ChatGPT Response: Kidney cancer is known to be relatively resistant to chemotherapy, meaning that it does not
respond as well to chemotherapy drugs as some other types of cancer. However, kidney cancer has shown promise in
responding to immunotherapy treatments.

- Immunotherapy works by helping the body’s immune system recognize and attack cancer cells. In the case of kidney
cancer, immunotherapy drugs called immune checkpoint inhibitors have been shown to be effective. These drugs
block certain proteins that can prevent the immune system from recognizing and attacking cancer cells. By blocking
these proteins, the immune system is able to more effectively target and attack the cancer cells.

- In contrast, chemotherapy drugs work by directly killing rapidly dividing cells, including cancer cells. However, kidney
cancer cells tend to divide more slowly than some other types of cancer cells, which can make them less responsive to
chemotherapy.

- Additionally, because chemotherapy drugs do not differentiate between cancer cells and healthy cells, they can cause
significant side effects such as nausea, hair loss, and damage to healthy cells in the body. Immunotherapy, on the other
hand, can be more targeted and may have fewer side effects.

Overall, while every case of cancer is different and the best treatment approach will depend on individual factors,
immunotherapy has shown promise as a treatment for kidney cancer and may be a viable option for some patients.

13. Input: Under what circumstances should a biopsy be obtained for a small renal mass?

ChatGPT Response: A biopsy may be recommended for a small renal mass in certain circumstances, depending on
various factors such as the size and characteristics of the mass, the patient’s medical history, and other diagnostic test
results. In general, a biopsy may be recommended for a small renal mass if:

- The mass is suspicious for cancer: If imaging tests such as an ultrasound, CT scan, or MRI indicate that the renal mass
has characteristics that are suggestive of cancer, a biopsy may be recommended to confirm the diagnosis.

- The patient is at high risk of complications: For some patients, such as those with significant medical comorbidities or
other factors that increase the risk of complications from surgery, a biopsy may be recommended to help determine
whether the renal mass is cancerous and whether surgical intervention is necessary.

- The patient is a candidate for active surveillance: In some cases, if the renal mass is small and low-risk, a patient may be
a candidate for active surveillance rather than immediate surgical removal. In this case, a biopsy may be recommended
to confirm the diagnosis and help guide ongoing surveillance and treatment.

- It’s important to note that in some cases, a biopsy may not be recommended for a small renal mass, particularly if the
mass is small and low-risk or if the patient is not a good candidate for biopsy due to medical comorbidities or other
factors. Ultimately, the decision to obtain a biopsy for a small renal mass should be made on an individual basis, taking
into account the patient’s unique circumstances and medical history.
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14. Input: What are the risks of renal mass biopsy? Are they always accurate?

ChatGPT Response: While renal mass biopsy is generally considered a safe procedure, as with any medical procedure,

there are potential risks and complications. Some of the possible risks associated with renal mass biopsy include:

Bleeding: The biopsy needle can cause bleeding, which can be mild or, in rare cases, severe.

Infection: There is a risk of infection at the biopsy site, although this is rare.

Damage to other organs: In rare cases, the biopsy needle can puncture other nearby organs or blood vessels, which can
cause damage and potentially require additional medical interventions.

Diagnostic error: Although renal mass biopsies are generally accurate, there is a small risk of diagnostic error or
sampling error, which means that the biopsy results may not be completely accurate.

Regarding the accuracy of renal mass biopsies, studies have shown that they are generally reliable and accurate,

particularly for larger renal masses. However, the accuracy of the biopsy can depend on a number of factors, including the size
and location of the mass, the type of biopsy performed, and the skill and experience of the healthcare provider performing the

biopsy.

It’s important to note that a biopsy is just one tool in the diagnostic process, and other diagnostic tests may be necessary

to confirm a diagnosis or rule out other conditions. Patients should discuss the potential risks and benefits of renal mass

biopsy with their healthcare provider to determine whether the procedure is appropriate for them.

15. Input: What type of patients are better candidates for thermal ablation than partial nephrectomy for a renal
tumor?

ChatGPT Response: Thermal ablation and partial nephrectomy are two different treatment options for renal tumors,

and the choice between them will depend on various factors, including the size and location of the tumor, the patient’s

overall health, and other medical considerations. In general, patients who may be better candidates for thermal ablation

than partial nephrectomy include those who:

Have small tumors: Thermal ablation may be a good option for patients with small renal tumors (less than 4 cm in
size) that are limited to one area of the kidney.

Have medical comorbidities: For some patients, such as those with significant medical comorbidities, thermal
ablation may be a better option than partial nephrectomy because it is generally less invasive and has a lower risk of
complications.

Have multiple tumors: Patients who have multiple renal tumors may be better candidates for thermal ablation, as it is
less invasive than partial nephrectomy and can be used to treat multiple tumors in a single session.

Are not good candidates for surgery: For patients who are not good candidates for surgery due to underlying medical
conditions or other factors, thermal ablation may be a viable treatment option.

It’s important to note that the decision to perform thermal ablation or partial nephrectomy for a renal tumor should
be made on an individual basis, taking into account the patient’s unique circumstances and medical history. Patients
should discuss the potential risks and benefits of each treatment option with their healthcare provider to determine
which option is best for them

16. Input: What are the advantages and disadvantages of thermal ablation compared to surgery for a renal tumor?

ChatGPT Response: Thermal ablation and surgery (such as partial nephrectomy) are two different treatment options
for renal tumors, and each has its own advantages and disadvantages. Some of the advantages and disadvantages of

thermal ablation compared to surgery are:
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Advantages of thermal ablation:

Less invasive: Thermal ablation is less invasive than surgery, as it involves using a needle or probe to deliver heat or
cold to the tumor, rather than making an incision in the body.

Shorter recovery time: Because thermal ablation is less invasive than surgery, patients typically have a shorter recovery
time and can often return to normal activities more quickly.

Less blood loss: Thermal ablation generally involves less blood loss than surgery, which may be an advantage for
patients who are at risk for bleeding or who have a history of bleeding disorders.

Can be repeated: If the tumor is not completely eliminated with thermal ablation, the procedure can often be repeated.

Disadvantages of thermal ablation:

Limited to smaller tumors: Thermal ablation is generally only suitable for smaller tumors (less than 4 cm in size) that
are located in a specific area of the kidney.

Higher risk of incomplete treatment: There is a risk that thermal ablation may not completely eliminate the tumor,
which can lead to the need for additional treatments.

Limited information about long-term outcomes: Because thermal ablation is a relatively new treatment for renal
tumors, there is limited information available about its long-term outcomes.

Advantages of surgery:

Complete removal of the tumor: Surgery allows for complete removal of the tumor, which can help ensure that the
cancer is completely eliminated.

Can be used for larger tumors: Surgery can be used to treat larger tumors that may not be suitable for thermal
ablation.

Provides a definitive diagnosis: Surgical removal of the tumor allows for a definitive diagnosis, which can help guide
further treatment.

Disadvantages of surgery:

More invasive: Surgery is more invasive than thermal ablation, as it involves making an incision in the body.

Longer recovery time: Patients typically have a longer recovery time after surgery than after thermal ablation.

Higher risk of complications: Surgery carries a higher risk of complications than thermal ablation, including bleeding,
infection, and damage to other organs.

It’s important to note that the choice between thermal ablation and surgery will depend on various factors, including

them.

the size and location of the tumor, the patient’s overall health, and other medical considerations. Patients should discuss the
potential risks and benefits of each treatment option with their healthcare provider to determine which option is best for

17. Input: Compare and contrast radical v. partial nephrectomy for a renal mass.

ChatGPT Response: Radical nephrectomy and partial nephrectomy are two surgical treatment options for a renal mass.

While both procedures involve removing a portion of the kidney, there are some key differences between them.

Radical nephrectomy involves removing the entire kidney, along with the surrounding tissue and lymph nodes. This
procedure is typically reserved for larger or more aggressive tumors that are not confined to a single area of the kidney,
and it may be recommended if the tumor is located near the renal vein or other critical structures.

Partial nephrectomy, on the other hand, involves removing only the tumor and a small margin of healthy tissue
surrounding it, while preserving the rest of the kidney. This procedure is generally recommended for smaller tumors
that are confined to a specific area of the kidney, and it may be preferred for patients who have a higher risk of kidney
failure or who only have one kidney.
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Here are some of the key differences between radical and partial nephrectomy:

Kidney preservation: Partial nephrectomy preserves more of the kidney tissue than radical nephrectomy, which
removes the entire kidney. This can help maintain kidney function and reduce the risk of developing chronic kidney
disease or needing dialysis after the surgery.

Surgical complexity: Partial nephrectomy is a more complex surgical procedure than radical nephrectomy, as it
involves removing only a portion of the kidney while preserving the surrounding tissue and structures. This can make
the procedure more challenging and may require a more experienced surgeon.

Risks of complications: Radical nephrectomy carries a higher risk of complications than partial nephrectomy, as it
involves removing the entire kidney and may require more extensive surgery. In addition, patients who undergo radical
nephrectomy may be at increased risk of developing chronic kidney disease or needing dialysis after the surgery.
Cancer recurrence: Some studies suggest that partial nephrectomy may be associated with a lower risk of cancer
recurrence than radical nephrectomy, particularly for smaller tumors.

Opverall survival: The choice between radical and partial nephrectomy may depend on the patient’s overall health and
medical history. In some cases, radical nephrectomy may be necessary to ensure complete removal of the tumor, while
in other cases, partial nephrectomy may be a better option to preserve kidney function and improve overall survival.

Opverall, the choice between radical and partial nephrectomy will depend on various factors, including the size and

location of the tumor, the patient’s overall health, and other medical considerations. Patients should discuss the potential risks

and benefits of each treatment option with their healthcare provider to determine which option is best for them.

18. Input: What tumor characteristics argue in favor of active surveillance for a renal mass?

ChatGPT Response: Active surveillance, also known as watchful waiting, may be an appropriate treatment option
for patients with small renal masses (less than 4 cm) or those who are at high risk for surgical complications due to
their age or medical history. The decision to pursue active surveillance depends on several factors, including the tumor
characteristics.

Here are some of the tumor characteristics that may favor active surveillance for a renal mass:

Small size: Tumors that are small (less than 4 cm) are more likely to be benign or slow-growing and may not require
immediate treatment.

Low growth rate: If the tumor is growing slowly or not at all, it may not require immediate treatment.

Low complexity: If the tumor has a low complexity score on imaging studies, meaning it has a well-defined margin and
low vascularity, it may be less aggressive and may not require immediate treatment.

Low risk of metastasis: Tumors that are at low risk of spreading to other organs or tissues may be less aggressive and
may not require immediate treatment.

Co-existing medical conditions: Patients who have other medical conditions that may increase the risk of complications
from surgery, such as heart or lung disease, may be better candidates for active surveillance.

It is important to note that active surveillance is not appropriate for all patients with renal masses, as some tumors

may be more aggressive and require immediate treatment. Patients should discuss the potential risks and benefits of active

surveillance with their healthcare provider to determine if it is a suitable treatment option for their specific case.

19. Input: Does active surveillance increase the risk of metastasis in renal masses compared to surgery?

ChatGPT Response: Active surveillance for renal masses is generally considered to be a safe and effective treatment

option for select patients with small renal masses or those who are at high risk for surgical complications. However, there is a

potential risk of disease progression and metastasis associated with active surveillance.
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Studies have shown that the rate of disease progression and metastasis in patients undergoing active surveillance for small
renal masses is low. In fact, one study found that the risk of metastasis was less than 1% per year for tumors less than 4 cm in
size that were being actively monitored.

However, there is some evidence to suggest that active surveillance may be associated with a higher risk of disease
progression and metastasis compared to surgery. A systematic review of 15 studies found that the risk of disease progression
was higher in patients undergoing active surveillance compared to those undergoing surgery.

The decision to pursue active surveillance or surgery for a renal mass should be based on a careful assessment of the
patient’s individual risk factors and preferences. Patients who are at high risk for surgical complications or who have small,
low-risk tumors may be good candidates for active surveillance. However, patients with larger or more aggressive tumors may
require surgery to ensure complete removal of the tumor and to reduce the risk of disease progression and metastasis. It is
important for patients to discuss the potential risks and benefits of both treatment options with their healthcare provider to
make an informed decision about their care.

20. Input: What are the indications for genetic testing for a patient with a small renal mass?

ChatGPT Response: Genetic testing may be considered for patients with a small renal mass to help identify any
underlying genetic syndromes that may increase their risk of developing kidney cancer. The following are some of the
indications for genetic testing for a patient with a small renal mass:

- Personal or family history of kidney cancer: Patients who have a personal or family history of kidney cancer may be at
increased risk for hereditary forms of kidney cancer and may benefit from genetic testing.

- Young age at diagnosis: Patients who are diagnosed with kidney cancer at a younger age, particularly under the age of
46, may be at increased risk for hereditary forms of kidney cancer.

- Bilateral or multifocal kidney tumors: Patients who have multiple kidney tumors, either in the same kidney or in both
kidneys, may be at increased risk for hereditary forms of kidney cancer.

- Specific clinical features: Patients who have specific clinical features, such as skin lesions, eye abnormalities, or tumors
in other organs, may be at increased risk for hereditary forms of kidney cancer.

The most common hereditary forms of kidney cancer are von Hippel-Lindau (VHL) syndrome, hereditary
leiomyomatosis and renal cell cancer (HLRCC), and Birt-Hogg-Dubé (BHD) syndrome. These syndromes are associated
with specific genetic mutations and are characterized by an increased risk of developing multiple kidney tumors and other
types of cancer.

Patients who are found to have a hereditary form of kidney cancer may require more frequent surveillance and may be
candidates for earlier or more aggressive treatment. Genetic counseling can help patients understand the potential risks and
benefits of genetic testing and can assist in the development of a personalized screening and management plan.

21. Input: What are preferred first-line systemic therapies for advanced clear cell renal cell carcinoma?
ChatGPT Response: Clear cell renal cell carcinoma (ccRCC) is the most common type of kidney cancer, and systemic
therapy is the standard of care for patients with advanced or metastatic disease. The choice of first-line systemic therapy
will depend on a variety of factors, including the patient’s overall health, the extent of the disease, and the potential side
effects of each therapy. The following are some of the preferred first-line systemic therapies for advanced ccRCC:
- 'Iyrosine kinase inhibitors (TKIs): TKIs are oral medications that target specific proteins involved in the growth and

spread of cancer cells. Sunitinib and pazopanib are two TKIs that are commonly used as first-line therapy for advanced

© Translational Cancer Research. All rights reserved. https://dx.doi.org/10.21037/tcr-23-2234



ccRCC.

- Immune checkpoint inhibitors: Immune checkpoint inhibitors are medications that help to stimulate the immune
system to attack cancer cells. Nivolumab and ipilimumab are two immune checkpoint inhibitors that may be used as
first-line therapy for patients with intermediate or poor-risk advanced ccRCC.

- Combination therapy: Combination therapy, using both a TKI and an immune checkpoint inhibitor, has been shown
to be effective in patients with advanced ccRCC. The combination of pembrolizumab and axitinib is one example of a
TKI/immune checkpoint inhibitor combination that is commonly used as first-line therapy.

- mTOR inhibitors: mTOR inhibitors are another class of medications that may be used as first-line therapy for patients

with advanced ccRCC. Everolimus is an example of an mTOR inhibitor that has been approved for the treatment of
advanced ccRCC.

The choice of first-line therapy will depend on a variety of factors, including the patient’s overall health, the extent of the
disease, and the potential side effects of each therapy. Your healthcare provider can help you determine which therapy is most
appropriate for your specific case.

22. Input: Is there a survival or other benefit to lymph node dissection at the time of nephrectomy for clear cell
renal cell carcinoma?

ChatGPT Response: The role of lymph node dissection (LND) in the management of clear cell renal cell carcinoma
(ccRCC) is a topic of ongoing debate. Lymph node involvement is a known predictor of poor prognosis in patients with
ccRCC, and LND is commonly performed at the time of nephrectomy in an attempt to remove any potentially involved
lymph nodes.

However, there is no clear consensus on whether LND provides a survival or other benefit for patients with ccRCC.
Some studies have suggested that LND may improve overall survival and reduce the risk of cancer recurrence, particularly in
patients with larger tumors or a higher likelihood of lymph node involvement.

Other studies have found no significant survival benefit to LND and have raised concerns about the potential risks and
side effects of the procedure, such as bleeding, infection, and lymphedema. Furthermore, LND may increase the risk of
complications during surgery and may prolong the operative time and hospital stay.

As a result, the decision to perform LND in patients with ccRCC should be individualized and based on a careful
consideration of the potential risks and benefits. Your healthcare provider can help you understand the potential risks and
benefits of LND and can assist in the development of a personalized treatment plan based on your specific case.

23. Input: What are the indications for adjuvant systemic therapy after nephrectomy for clear cell renal cell
carcinoma?

ChatGPT Response: Adjuvant systemic therapy is a form of treatment given after surgery with the aim of reducing
the risk of cancer recurrence. In the case of clear cell renal cell carcinoma (ccRCC), adjuvant systemic therapy may be
considered in patients with a high risk of cancer recurrence following nephrectomy.

The following are some of the indications for adjuvant systemic therapy after nephrectomy for ccRCC:

- High-risk features: Patients with high-risk features, such as large tumor size, tumor invasion into surrounding tissues,
or lymph node involvement, may be considered for adjuvant systemic therapy. The presence of certain genetic
mutations may also increase the risk of cancer recurrence and may be an indication for adjuvant systemic therapy.

- Incomplete resection: Patients who undergo nephrectomy but have evidence of residual disease, such as positive
surgical margins, may benefit from adjuvant systemic therapy.
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- Metastatic disease: In some cases, adjuvant systemic therapy may be given to patients with metastatic ccRCC who have
undergone nephrectomy. This may be done in an attempt to improve overall survival and reduce the risk of cancer
recurrence.

The choice of adjuvant systemic therapy will depend on a variety of factors, including the patient’s overall health, the
extent of the disease, and the potential side effects of each therapy. Some of the options for adjuvant systemic therapy for
ccRCC include targeted therapy with tyrosine kinase inhibitors, immunotherapy with checkpoint inhibitors, or a combination
of both.

The decision to recommend adjuvant systemic therapy should be individualized and based on a careful consideration of
the potential risks and benefits. Your healthcare provider can help you understand the potential risks and benefits of adjuvant
systemic therapy and can assist in the development of a personalized treatment plan based on your specific case.

24. Input: What patient factors increase the risk of relapse or metastasis after treatment for clear cell renal cell
carcinoma?

ChatGPT Response: Clear cell renal cell carcinoma (ccRCC) can be an aggressive cancer that has the potential to
relapse or metastasize after treatment. The risk of relapse or metastasis depends on several patient factors. Some of the
patient factors that can increase the risk of relapse or metastasis after treatment for ccRCC include:

- Tumor size: Larger tumors are associated with a higher risk of relapse or metastasis. Tumors greater than 7 cm in size
are considered to be high-risk.

- Tumor grade: The grade of the tumor is a measure of how abnormal the cells appear under a microscope. High-grade
tumors are associated with a higher risk of relapse or metastasis.

- Stage of the tumor: The stage of the tumor is a measure of how advanced the cancer is at the time of diagnosis.
Patients with advanced stage tumors are at a higher risk of relapse or metastasis.

- Lymph node involvement: The presence of cancer cells in the lymph nodes indicates that the cancer has spread beyond
the kidney and is associated with a higher risk of relapse or metastasis.

- Vascular invasion: The presence of cancer cells in blood vessels or the renal vein indicates a higher risk of relapse or
metastasis.

- Genetic mutations: Certain genetic mutations, such as mutations in the von Hippel-Lindau (VHL) gene, are associated
with a higher risk of relapse or metastasis.

- Prior treatment: Patients who have received prior treatment for ccRCC may be at a higher risk of relapse or metastasis,
especially if the treatment was not successful in removing all of the cancer.

It is important to note that these factors are not absolute predictors of relapse or metastasis, and each patient’s individual
case may vary. Your healthcare provider can help you understand your individual risk factors and can assist in the development
of a personalized treatment plan.

Post-assessment questions for investigators

25. How accurate do you think the information provided by ChatGPT is?
Inaccurate all of the time
Inaccurate most of the time
Inaccurate at least half of the time
Accurate at least half of the time
Accurate most of the time
Accurate all of the time
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26. How much do you trust clinical information provided by ChatGPT?
Do not trust at all
Somewhat distrust
Neutral / neither trust or don’t trust
Somewhat trust
Trust very much

27. For whom are the type of answers provided by ChatGPT most appropriate? (Rank order if easy, otherwise just choose
most appropriate).
Patients
Medical students
Residents
Attending physicians
28. Do you agree that Chatbots or other automated tools should be used in medical education? (i.e. for medical students or
residents)
Strongly disagree
Somewhat disagree
Neutral/neither agree or disagree
Somewhat agree
Strongly agree

29. Do you agree that Chatbots or other automated tools should be used in patient education? (i.e. for newly diagnosed
patients or those considering certain treatment options)
Strongly disagree
Somewhat disagree
Neutral/neither agree or disagree
Somewhat agree
Strongly agree

30. Overall perceptions of ChatGPT and/or answers provided by ChatGPT: (free text box).
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Figure S1 Perceptions of the accuracy of ChatGPT responses to each prompt question comparing the answer to appropriate guideline
statements from clinical and non-clinical staff. Question number corresponds to each content question and response in Appendix 1:
“assessment tool”. Scores of 1-5 were assigned on a Likert score with a score of 5 representing “very accurate”. Error bars represent +/—
SEM.
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Figure S2 Perceptions of the usefulness of ChatGPT responses to each prompt question, judged subjectively against the comprehension
ability of a typical patient without medical training. Question number corresponds to each content question and response in Appendix 1:

“assessment tool”. Scores of 1-5 were assigned on a Likert score with a score of 5 representing “very useful”. Error bars represent +/- SEM.
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