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Abstract

Objectives: To assess the quality and alignment of ChatGPT’s cancer treatment recommendations (RECs) with National
Comprehensive Cancer Network (NCCN) guidelines and expert opinions.

Methods: Three urologists performed quantitative and qualitative assessments in October 2023 analyzing responses from
ChatGPT-4 and ChatGPT-3.5 to 108 prostate, kidney, and bladder cancer prompts using two zero-shot prompt templates.
Performance evaluation involved calculating five ratios: expert-approved/expert-disagreed and NCCN-aligned RECs against
total ChatGPT RECs plus coverage and adherence rates to NCCN. Experts rated the response’s quality on a 1-5 scale con-
sidering correctness, comprehensiveness, specificity, and appropriateness.

Results: ChatGPT-4 outperformed ChatGPT-3.5 in prostate cancer inquiries, with an average word count of 317.3 versus 124.4 (p <
0.001) and 6.1 versus 3.9 RECs (p < 0.001). Its rater-approved REC ratio (96.1% vs. 89.4%) and alignment with NCCN guidelines
(76.8% vs. 49.1%, p= 0.001) were superior and scored significantly better on all quality dimensions. Across 108 prompts covering
three cancers, ChatGPT-4 produced an average of 6.0 RECs per case, with an 88.5% approval rate from raters, 86.7% NCCN con-
cordance, and only a 9.5% disagreement rate. It achieved high marks in correctness (4.5), comprehensiveness (4.4), specificity (4.0),
and appropriateness (4.4). Subgroup analyses across cancer types, disease statuses, and different prompt templates were reported.

Conclusions: ChatGPT-4 demonstrated significant improvement in providing accurate and detailed treatment recommenda-
tions for urological cancers in line with clinical guidelines and expert opinion. However, it is vital to recognize that AI tools
are not without flaws and should be utilized with caution. ChatGPT could supplement, but not replace, personalized advice
from healthcare professionals.
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Introduction
In November 2022, ChatGPT was introduced by OpenAI,
aiming to develop conversational AI systems capable of
comprehending and responding to human language.1

Subsequent applications in the field of healthcare have
demonstrated the utility of ChatGPT in diverse areas,
including clinical documentation and note-taking, patient
communication and support, medical education, medical
literature review, and research assistance.2
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In the field of urology, empirical evidence supports
ChatGPT’s role as a proficient virtual healthcare assistant
for benign prostatic hyperplasia.3 It has also proven valu-
able as an educational and preventive tool for prostate
cancer,4 providing support for urological residents and
assisting in the composition of urological papers and aca-
demic work.5 The adaptability and efficacy of ChatGPT
underscore its potential to enhance various aspects of
healthcare and medical research within urology.

Patients are increasingly using large language model
(LLM) chatbots as a source of treatment information. A
study published by Chen et al.6 in JAMA Oncology in
August 2023 found that approximately one-third of the
cancer treatment recommendations made by ChatGPT-3.5
only partly aligned with the National Comprehensive Cancer
Network (NCCN) guidelines.7 This has led to numerous
media reports that cast doubt on ChatGPT’s suitability as a
cancer treatment advisor (Supplementary File S1).

The NCCN guidelines are widely adopted as the stand-
ard for cancer care and are among the most frequently
updated clinical practice guidelines in oncology. They
provide evidence-based, consensus-driven management
strategies essential for optimal patient outcomes. Aligning
AI-generated recommendations (RECs) with these guide-
lines is critical, as deviations could lead to less effective
or potentially harmful treatment RECs.

Research assessing the outcomes of AI-generated medical
information has shown inconsistent results.6,8,9 To date, a
scant study has simultaneously conducted a quality assess-
ment and measured the concordance of ChatGPT’s responses
with clinical guidelines and expert opinions regarding
urological cancer-related inquiries. Thus, our study aims to
analyze and assess the performance of ChatGPT-4,10 the
latest iteration following ChatGPT-3.5, as medical informa-
tion resources for patients in providing urological cancer
treatment recommendations. We evaluate its alignment
with NCCN guidelines11 and expert opinions, along with
an examination of the quality of its responses.

Materials and methods

ChatGPT models

During our study period, two of the latest ChatGPT
versions were employed to measure and compare model
performance. The ChatGPT-3.5-turbo (gpt-3.5-turbo-0613
model) represents the pinnacle of the GPT-3.5 series and
is available in the free version of ChatGPT. In contrast,
ChatGPT-4 (gpt-4-0613 model) is the most sophisticated
in the GPT series, known for handling complex tasks
with greater depth but with a slower response time, and is
utilized by the ChatGPT Plus service. Due to the rapid
advancement in AI tools, both versions show significant
improvements over their predecessors.12

Prompts design

From the perspective of patients seeking treatment recommen-
dations, they often pose open-ended and non-specific ques-
tions. However, they may also request responses based on
guideline-specific recommendations. Consequently, two zero-
shot prompt templates were designed to query treatment
recommendations. Template 1, referred to as “Non-Specific
Prompt,” simply asks, “What is the recommended treatment
for [xxx] cancer?” whereas Template 2, labeled as
“NCCN-Specified Prompt,” appends “according to NCCN”
to the query, thus enhancing the specificity to the guideline
source. The placeholder “[xxx]” will be replaced with 54 dis-
tinct cancer state descriptions, varying by three cancer types
and their respective disease statuses. These descriptions were
determined based on either NCCN guideline-specific disease
status descriptions or general cancer descriptions according
to cancer stage. Ultimately, this approach yielded 108
unique prompts when combined with both templates. For
example, when querying high-risk localized prostate cancer:

• Non-specific prompt (Template 1): What is the recom-
mended treatment for high-risk localized prostate cancer?

• NCCN-specified prompt (Template 2): What is the
recommended treatment for high-risk localized prostate
cancer according to NCCN?

The full set of 108 prompts, used for querying the ChatGPT
models, is detailed in Supplementary Files S6 in the
“Query prompt” column. All prompts did not involve any
patient data.

Each prompt was entered into the OpenAI ChatGPT
interface, and the subsequent responses from ChatGPT
models were recorded. These interactions, including both
the prompts and the ChatGPT responses, are comprehen-
sively documented in Supplementary File S6.

Study design

This exploratory cross-sectional study was carried out from 5
September to 22 October 2023. It was structured into two
distinct stages. The first stage performed a preliminary com-
parative analysis between ChatGPT-4 and ChatGPT-3.5,
with a focus on their capability to generate cancer treatment
recommendations. For a fair comparison, both models were
queried using the same set of 16 prompts specifically tailored
to prostate cancer scenarios. A smaller pilot study was chosen
due to the observed significant performance differences
between the models, indicating that a limited sample size
could adequately demonstrate ChatGPT-4’s superiority.

The second stage formed the main body of the research,
dedicated to an in-depth evaluation of ChatGPT-4
exclusively. This phase assessed the model’s accuracy,
compliance with NCCN guidelines, and overall utility for
providing patient treatment information. We extended our
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analysis to include the three most common urological
cancers: prostate (36 prompts), kidney (34 prompts), and
bladder (38 prompts). A broad spectrum of clinical situa-
tions was represented by creating diverse disease descrip-
tions that considered cancer stage (1–4), the degree of
invasion (muscle-invasive or not), and disease status (loca-
lized, metastatic, or recurrent). This systematic approach in
prompt generation allowed for an exhaustive assessment of
ChatGPT-4’s performance in offering treatment recommen-
dations across varied cancer stages and disease statuses.

Ethics and consent statement

No human participants nor patient data were involved in the
study. According to the Regulations on Human Trials by
the Ministry of Health and Welfare in Taiwan, the IRB
Board only handles matters related to human subjects and
does not accept applications for ethical review when the
study does not involve human participants. Furthermore,
as per the Common Rule, IRB approval was not required
for studies without human participants.

Outcome measures

Three board-certified urologic oncologists independently
scored ChatGPT responses using predefined scoring guide-
lines (Supplement File S2) and a scoring questionnaire
(Supplement File S3).

Performance was evaluated using five distinct ratios
(Figure 1). We established two primary categories of indi-
cators to assess the urological cancer treatment recommen-
dations (RECs) provided by ChatGPT in comparison to
NCCN standards.

Category 1: ChatGPT-generated REC evaluation (ChatGPT
RECs as denominator). Using the total number of ChatGPT
recommendations as the denominator, this category evaluates
the proportion of recommendations made by ChatGPT that
are alignedwithNCCN, approvedor disagreeduponbyexperts:
1.Rater-approved ChatGPT REC ratio (%): The proportion of
ChatGPT recommendations approved by domain experts,
indicating the acceptance rate of the AI’s recommendations.
2.NCCN-aligned ChatGPT REC ratio (%): The proportion
of ChatGPT recommendations aligned with NCCN

Figure 1. Performance indicator variability in assessing ChatGPT’s recommendations against NCCN guidelines across two scenarios. Panels
(a) and (b) display the discrepancy in cancer treatment recommendations (RECs) by ChatGPT relative to NCCN guidelines for two distinct
cancer queries as assessed by a single rater. (a) The scenario where ChatGPT’s RECs are more than NCCN RECs. (b) The scenario where
ChatGPT’s RECs are fewer than NCCN RECs.
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guidelines, showing the compliance rate of the AI’s recom-
mendations with medical standards.
3.Rater-disagreed ChatGPT REC ratio (%): The proportion
of ChatGPT recommendations that domain experts dis-
agreed with, identifying potential inaccuracies or deviations
from standard practices.
Category 2: NCCN benchmark compliance (NCCN RECs
as denominator). Using the total number of recommenda-
tions provided by the NCCN as the denominator, this
category evaluates ChatGPT’s coverage and alignment
with the total available standard care:
1.ChatGPT REC/NCCN REC ratio (%): This ratio indicates
the total ChatGPT recommendations against NCCN
recommendations, showing the AI’s coverage of standard
treatment options.
2.NCCN-aligned ChatGPT REC/NCCN REC ratio (%):
Focuses on the number of NCCN-aligned recommendations
made by ChatGPT as a proportion of the NCCN’s total recom-
mendations, reflecting the accuracy and relevance of the AI’s
recommendations in standard treatment options.

These two categories provide complementary perspectives.
The first category measures ChatGPT’s recommendations’
quality against its total output, while the second evaluates
ChatGPT’s output’s comprehensiveness and alignment
within the broader landscape of established medical guidelines.
This dual approach offers a comprehensive assessment of the
AI’s performance in recommending treatment options,
accounting for both the correctness of its individual recommen-
dations and its ability to cover the breadth of standardized care.

Figure 1 presents two scenarios (a) and (b) showcasing
the variance in cancer treatment recommendations by
ChatGPT in response to different cancer disease descrip-
tions, assessed by a single rater, and highlights the variabil-
ity of five evaluative ratios:

Scenario (a) ChatGPT RECs>NCCN REC: ChatGPT pro-
vides more recommendations than the NCCN. This could
indicate that ChatGPT is suggesting additional treatment
options or possibly including less common or emerging treat-
ments not yet fully established in the NCCN guidelines or
incorporating recommendations with which experts disagree.
Scenario (b) ChatGPT RECs<NCCN RECs: ChatGPT pro-
vides fewer recommendations than the NCCN. This might
suggest that ChatGPT is being more selective or perhaps
missing some established treatment options that are listed by
the NCCN or only focusing on more common treatment
options while omitting alternative therapies.

These examples emphasize the importance of expert review
and the need for alignment with established guidelines, ensur-
ing that AI-generated recommendations are both comprehen-
sive and adhere to current medical standards. The evaluation
protocol referenced the 2021 NCCN guidelines to match
GPT-3.5 turbo’s training cut-off in September 2021.

Quality assessments were conducted in four dimensions:
correctness, comprehensiveness, specificity, and appropri-
ateness of the RECs on a 5-point scale (1-5) based on
expert judgment independent of guidelines.

Statistical analysis

The performance ratios and quality assessment scores were
averaged across the three raters to produce mean values for
analysis. All ratios and scores from three raters were presented
as mean (SD). In the initial phase of our analysis, we
employed paired t-tests to compare the performance indicators
between GPT-4 and GPT-3.5. To ensure the validity of our
paired t-tests, we assessed the normality of the differences
between paired observations using the Shapiro–Wilk test.
For the second phase of analysis, which focused exclusively
on GPT-4, we conducted subgroup analyses. Independent
t-tests were utilized for comparisons between the two
groups, and the assumption of equal variances was checked
with Levene’s test before applying the tests. ANOVA and sub-
sequent post-hoc tests were applied for three-group compari-
sons, ensuring that the assumptions of normality and
homogeneity of variances were satisfied. The reliability of
the evaluations among three raters was assessed via the intra-
class correlation coefficient (ICC). The analysis was
conducted employing IBM SPSS Statistics, version 25.

Results

ChatGPT-4 versus ChatGPT-35

In comparing prostate cancer treatment recommendations via 32
prompts (Table 1, Figure 2, and Supplement Files S4 and S5),
ChatGPT-4 significantly outperformed ChatGPT-3.5, as evi-
denced by a higher average word count per response (317.3
vs. 124.4, p<0.001) and more total RECs made (6.1 vs. 3.9,
p<0.001), as shown in Figure 2(a) and (b). Although the differ-
ence in the ratio of NCCN-aligned RECs between the two
versions was not significant (90.4% for ChatGPT-4 vs. 88.5%
for ChatGPT-3.5, p=0.657), ChatGPT-4 had a notably higher
ratio of rater-approved RECs (96.1% vs. 89.4%) and a signifi-
cantly lower ratio of rater-disagreed RECs (0.8% vs. 10.6%,
p=0.011). Furthermore, ChatGPT-4 outshined ChatGPT-3.5
in the ChatGPT/NCCN REC ratio (87.7% vs. 57.6%, p=
0.001) and the NCCN-aligned ChatGPT/NCCN REC ratio
(76.8% vs. 49.1%, p=0.001), indicating a superior alignment
with NCCN total RECs (Figure 2(c)).

Quality assessments further underscored the superiority
of ChatGPT-4, with significantly better scores in correct-
ness (4.8 vs. 3.3), comprehensiveness (4.6 vs. 2.1), specifi-
city (3.8 vs. 1.4), and appropriateness (4.6 vs. 2.3), all p <
0.001, as shown in Figure 2(d). These results highlight
the advancements in ChatGPT-4 over ChatGPT-3.5, reflect-
ing more robust and aligned treatment recommendations in
the context of prostate cancer (Table 1 and Figure 2).
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ChatGPT-4’s evaluations

In evaluating ChatGPT-4’s ability to propose urological
cancer treatments in line with NCCN guidelines and expert
opinions, the model was tested across 108 prompts for pros-
tate, kidney, and bladder cancers (Supplement Files S6 and
S7). Inter-rater reliability testing revealed high ICC values
among all indicators, ranging from 0.8 to 0.96 with good
agreement. ChatGPT-4 produced an average of 6.0 RECs
per case, with a high approval ratio of 88.5% from raters, an
86.7% alignment with NCCN guidelines, and a low
rater-disagreed REC ratio of 9.5%. These figures demonstrate
high rater approval and NCCN alignment among the total
RECs provided by ChatGPT, reflecting the model’s robust-
ness in providing relevant and expert-endorsed treatment
options (Table 2 and Figure 3).

Noteworthy was the assessment of ChatGPT RECs
against total NCCN RECs, with a 100% mean ratio for all
cancers, highlighting the comprehensive coverage of
NCCN recommendations. The NCCN-aligned ChatGPT
REC/NCCN REC ratio also indicated strong alignment,

with an 81% mean across all cancers, suggesting high
accuracy and adherence to NCCN standards.

Quality assessments showed high scores across the
board, with correctness averaging at 4.5, comprehensive-
ness at 4.4, specificity at 4.0, and appropriateness averaging
4.3, all on a 5-point scale (Figure 3). These high scores
across all quality dimensions highlight the precision and
relevance of the ChatGPT-4 generated recommendations,
confirming its potential as a valuable assist tool for cancer
treatment information in urology for patients.

Subgroup analysis of ChatGPT-4’s performance

Subgroup analysis by cancer type revealed the differential per-
formance of ChatGPT-4’s treatment recommendations in align-
ment with NCCN guidelines and expert approval. Specifically,
bladder cancer recommendations exhibited the highest rater
approval with a 91.4% approval rate and a 91.7%NCCN guide-
line alignment, suggesting a strong concordancewith established
medical standards for bladder cancer treatments (Figure 4).

Table 1. Comparison of treatment recommendations for prostate cancer: ChatGPT-3.5 versus ChatGPT-4.

ChatGPT

Version 3.5 Version 4

p-valueMean (SD) (SD)

Query prompts (n) 16 16

Response word count 124.4 (52.9) 317.3 (69.9) <0.001**

ChatGPT total RECsa 3.9 (1.3) 6.1 (2.4) <0.001**

Rater-approved ChatGPT REC ratio %b 89.4 (12.5) 96.1 (7.1) 0.065

NCCN-aligned ChatGPT REC ratio %b 88.5 (12.2) 90.4 (13.3) 0.657

Rater-disagreed ChatGPT REC ratio %b 10.6 (12.5) 0.8 (3.1) 0.011**

NCCN total RECs 6.0 (0.6) 6.0 (0.6) –

ChatGPT REC/NCCN REC ratio %c 57.6 (18.4) 87.7 (30.2) 0.001**

NCCN-aligned ChatGPT REC/NCCN REC
ratio %c

49.1 (14.3) 76.8 (26.4) 0.001**

Correctness (range 1–5) 3.3 (0.8) 4.8 (0.4) <0.001**

Comprehensiveness (range 1–5) 2.1 (0.7) 4.6 (0.9) <0.001**

Specificity (range 1–5) 1.4 (0.6) 3.8 (0.8) <0.001**

Appropriateness (range 1–5) 2.3 (0.4) 4.6 (0.7) <0.001**

aRECs : recommendations.
bChatGPT total RECs as the denominator.
cNCCN total RECs as the denominator.
**Significant p < 0.01 NCCN total RECs (query prompts n= 12).
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Prostate cancer recommendations were also well-received,
achieving a 90.1% rater approval and 85.0% guideline align-
ment, indicating reliable performance in this domain. Kidney
cancer treatment recommendations, while slightly lower, still
demonstrated a substantial 83.4% rater approval and 82.9%
NCCN concordance. The rater-approved ChatGPT REC ratio
showed significant differences (p<0.05) across the three
cancer types, and the NCCN-aligned ChatGPT REC ratio also
exhibited marginal significance (p=0.050). Overall, the dis-
agreement rate with expert raters was low across all cancer
types, reflecting the model’s reliable performance in generating
medical recommendations in line with expert opinion and estab-
lished guidelines (Table 2 and Figure 4).

For disease status (Figure 5), recommendations for systemic
or metastatic cancers showed the highest 93.3.7% rater

approval and 91.4% NCCN alignment among total ChatGPT
recommendations. However, for recurrent cases, there was a
notable decrease in 73.8% rater approval and 73.2% NCCN
alignment, which was significantly lower compared to loca-
lized and systemic cases (p=0.002 and p=0.009, respect-
ively). This suggests that the model may require further
refinement to better handle complex recurrent cases.

Table 3 illustrates the results of subgroup analysis strati-
fied by prompt template. NCCN-specified prompt refers to
appending ‘according to NCCN’ to the prompt, as opposed
to the non-specific prompt which does not include this spe-
cification. Does the NCCN-specified prompt affect
ChatGPT’s performance? Indeed, the results presented in
Table 3 show significant differences in many indicators,
suggesting that each type of prompt has distinct advantages:

Figure 2. Comparison of Treatment Recommendations for Prostate Cancer: ChatGPT-3.5 vs. ChatGPT-4. Panels (a) to (d) illustrate the
differences in performance between two ChatGPT models when queried about prostate cancer using 32 unique prompts: (a) Response
word count. (b) Number of treatment recommendations (RECs) provided by ChatGPT. per query. (c) The concordance rate of
recommendations was evaluated by four performance indicators. (d) Quality assessments on a 5-point scale (1-5) in four dimensions:
correctness, comprehensiveness, specificity, and appropriateness. ChatGPT-4 (red) significantly outperformed ChatGPT-3.5 (green) in most
measured aspects. All bar charts present mean values with standard deviations. Significant differences (p < 0.01) between the two models
are indicated by double asterisks (**).
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Non-specific prompt advantages:

1. A higher total number of recommendations from
ChatGPT (6.9 vs. 5.0, p < 0.001).

2. A higher ChatGPT REC/NCCN REC ratio (116.1% vs.
84.1%, p< 0.001).

3. A greater NCCN-aligned ChatGPT RECs/NCCN REC
ratio (89.7% vs. 72.4%, p < 0.001).

4. A higher score in comprehensiveness (4.7 vs. 4.2, p <
0.001).

5. A better specificity (4.2 vs. 3.7, p < 0.001).

NCCN-specified prompt advantages:

1. A higher rater-approved ChatGPT REC ratio (91.2% vs.
85.8%, p= 0.011).

2. A higher NCCN-aligned ChatGPT REC ratio (89.9%
vs. 83.5%, p= 0.006).

3. A higher score in correctness (4.6 vs 4.4, p= 0.017).

The observation of the indicator with the greatest discrepancy,
the ChatGPT RECs/NCCN REC ratio, between non-specific
and NCCN-specified prompts (116.1% vs. 84.1%, p<
0.001), suggests that the non-specific prompts generate more
recommendations than the total NCCN RECs, while the
NCCN-specified prompts offer fewer. This implies that non-
specific prompts may lead to a greater quantity and a more
comprehensive and specific set of recommendations. On the
other hand, the responses from NCCN-specified prompts
appear to be more conservative, generating fewer treatment

options than the total NCCN RECs. However, they are
more clinically relevant and closely aligned with the guide-
lines, receiving higher approval from raters and scoring
better in terms of correctness.

Discussion
This study conducted a comprehensive assessment of both
the quantity and quality of ChatGPT’s responses, focusing
on their concordance with clinical guidelines and expert
opinions in the context of prostate, kidney, and bladder
cancer inquiries. It addresses a research gap in the existing
literature, providing insights into the capabilities and limita-
tions of AI tools as treatment information resources for
patients in the field of oncology.

A study published in August 2023 indicated that approxi-
mately one-third of cancer treatment recommendations made
by ChatGPT-3.5 were only partially aligned with NCCN
guidelines.6 In contrast, our first-stage study, which concen-
trated on prostate cancer treatment recommendations gener-
ated by the AI tool, revealed that ChatGPT-4 exhibits
significant improvements over ChatGPT-3.5. This advance-
ment is evidenced by an increase in the word count of
responses, a higher total RECs, and a lower ratio of disagree-
ments among raters. Additionally, ChatGPT-4 exhibits
enhanced performance in terms of alignment with NCCN
guidelines. The evaluation of response quality further supports
the superiority of ChatGPT-4, with higher scores in correct-
ness, comprehensiveness, specificity, and appropriateness.
These findings collectively underscore the advancements
and effectiveness of ChatGPT in its evolved version.

The results from the second-stage study highlight
ChatGPT-4’s robustness in providing comprehensive and
accurate treatment recommendations for three urological
cancers, aligning well with NCCN guidelines and expert opi-
nions, across different cancer types, prompt templates, and
disease statuses. Additionally, the overall rater-disagreed
REC ratio is low at 9.5%. Notably, ChatGPT-4 has demon-
strated an enhancement not only in the quantity of response
content but also in quality. The raters awarded scores for cor-
rectness (4.5), comprehensiveness (4.4), specificity (4.0), and
appropriateness (4.4) out of a possible five points. Most
responses were presented in a bullet-point format, which
enhances readability and comprehension. The responses, in
addition to providing treatment suggestions, frequently
emphasize potential treatment risks and advise patients to
seek further discussion with a healthcare professional. From
the perspective of providing treatment information to patients,
these recommendations are considered highly appropriate, as
reflected in the high scores for appropriateness (4.4) given
by raters. In conclusion, ChatGPT-4 has significantly outper-
formed version 3.5 in providing cancer treatment recommen-
dations, excelling in both qualitative and quantitative
assessments with an acceptable level of concordance with clin-
ical guidelines and expert opinions.

Figure 3. ChatGPT-4’s overall concordance rate and quality
assessments using 108 prompts. This bar chart displays the
concordance rates of ChatGPT-4’s treatment recommendations
(RECs) when queried about prostate, kidney, and bladder cancers
using 108 unique prompts. Concordance rates were evaluated
across four performance indicators: (1) Rater-approved ChatGPT
REC ratio (based on total ChatGPT RECs). (2) NCCN-aligned ChatGPT
REC ratio (based on total ChatGPT RECs). (3) ChatGPT RECs/ NCCN
REC ratio. (4) NCCN-aligned ChatGPT RECs/NCCN REC ratio. Quality
assessments were evaluated on a 5-point scale (1-5) in four
dimensions: correctness, comprehensiveness, specificity, and
appropriateness.
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In the subgroup analysis, differential performance was
observed across cancer types in the alignment of
ChatGPT-4’s treatment recommendations with NCCN guide-
lines and expert approval. Bladder cancer recommendations
had the highest rater approval at 91.4% and NCCN guideline
alignment at 91.7%. In contrast, kidney cancer recommenda-
tions showed a substantially lower rater approval of 83.4%
and an 82.9% NCCN concordance. We hypothesize that the
underlying reasons for these discrepancies may be related to
the complexity of treatment recommendations in the NCCN
guidelines. For kidney cancer, many treatment recommenda-
tions involve combination therapy, which requires the simul-
taneous use of more than one class of drugs, such as various
tyrosine kinase inhibitors (TKIs) plus immunotherapy (IO)
drugs, or dual IO drug treatments. These regimens indicate
that treatment for kidney cancer, particularly in systemic
disease states, is inherently complex and varied. This
complexity could be contributing to the lower concordance
of ChatGPT’s recommendations for kidney cancer.

Conversely, bladder cancer systemic treatments are primarily
monotherapies before 2022. In different disease statuses,
treatments are sequenced from first-line to second-line and
third-line therapies. This relative simplicity could explain
the higher alignment of ChatGPT’s recommendations with
guidelines for bladder cancer. Therefore, it is suggested that
as the complexity of guideline-recommended treatments
increases, such as with combination therapies, the perform-
ance of ChatGPT is adversely affected. Additionally,
similar patterns were observed in the subgroup analysis for
disease status. Specifically, for recurrent cancer status, there
was a notable decrease in rater approval at 73.8% and
NCCN alignment at 73.2%, both significantly lower com-
pared to localized and systemic cancer status. The treatment
for recurrent cancer is inherently complex, necessitating con-
siderations of second-line and third-line treatment options and
sequences. It appears that ChatGPT’s performance declines as
the complexity and variability of treatment strategies for
recurrent cancers increase.

Figure 4. Subgroup analysis stratified by cancer type: concordance of ChatGPT-4’s treatment recommendations. This bar chart displays the
concordance rates of ChatGPT-4’s treatment recommendations (RECs) when queried about prostate, kidney, and bladder cancers using 108
unique prompts. Concordance rates were evaluated across four performance indicators: (1) Rater-approved ChatGPT REC ratio (based on
total ChatGPT RECs). (2) NCCN-aligned ChatGPT REC ratio (based on total ChatGPT RECs). (3) ChatGPT REC/ NCCN REC ratio. (4)
NCCN-aligned ChatGPT REC/NCCN RECsratio. The values in the bar chart are presented as mean values. A significant difference (p < 0.05)
between the cancer types is indicated by an asterisk (*).
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This study was solely focused on evaluating ChatGPT as a
treatment information resource for patients. Typically, this
usage is initiated autonomously by patients themselves,
rather than through provision by medical professional organi-
zations. Consequently, this research did not formally assess
whether such a general-purpose LLM is suitable for deploy-
ment in clinical settings. However, findings from the subgroup
analysis, which indicated a decline in performance in complex
treatment scenarios, suggest that these general-purpose models
may not yet be suitable for use by healthcare professionals to
manage complex treatments.

The overall ratio of rater-disagreed recommendations (RECs)
generated by ChatGPT-4 is low at 9.5%. Upon further examin-
ation of these rater-disagreed RECs, it was discovered that some
treatment options listed as ‘Recommendations’ were deemed
inappropriate by experts; however, ChatGPT’s descriptive
content was not entirely incorrect but may be partially correct.
Such treatment options should potentially be categorized as alter-
native options under special considerations, rather than as
primary recommendations. For example, in response to the

K01 disease description query regarding kidney cancer
(Supplement File S6):

What is the recommended treatment for stage I (T1a)
kidney cancer primary treatment?

one REC listed by ChatGPT-4 was:

4. Targeted Therapy or Immunotherapy: While not typic-
ally the first line of treatment for stage I kidney cancer,
in some cases where surgery is not an option or cancer
has specific characteristics, these therapies might
be considered.

Experts did not agree with this treatment option being cate-
gorized as a primary REC. Nevertheless, the explanation
explicitly states that it is ‘not typically the first line of treat-
ment’ and specifies that it might be considered under
special conditions. This attached explanation is partially

Figure 5. Subgroup analysis stratified by disease status: concordance of ChatGPT-4’s treatment recommendations. This bar chart displays
the concordance rates of ChatGPT-4’s treatment recommendations (RECs) when queried about localized, systemic, and recurrent cancers
using 108 unique prompts. Concordance rates were evaluated across four performance indicators. The values in the bar chart are
presented as mean values. A significant difference (p < 0.05) between the disease statuses is indicated by an asterisk (*).
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correct rather than entirely erroneous. Therefore, raters in
the study assessed these RECs using strict standards.

Inevitably, patients are drawn to seek advice from AI
technologies like ChatGPT for treatment recommendations
due to their immediate availability and user-friendly inter-
face.13 Despite improvements over its predecessor,
ChatGPT-4 is not flawless. Responses occasionally may
be a mix of correct and incorrect advice. With an error
rate of 9.5%, non-experts may struggle to identify inaccur-
ate recommendations, posing a significant ethical concern
regarding patient safety and the risk of reliance on AI for
critical health decisions. The potential for misinformed
decisions is of particular concern for patients relying
solely on AI tools for treatment recommendations. This
highlights the need for systems that ensure AI tools are
used in conjunction with the expertise of healthcare profes-
sionals, emphasizing the importance of careful integration

of such technologies in healthcare. Acknowledging this,
while ChatGPT-4 has demonstrated its utility as an auxil-
iary source of information, it must not replace personalized
advice from healthcare professionals. We must critically
examine the ethical implications of deploying AI tools in
patient treatment information, especially since they cannot
yet emulate the delicate judgments of trained professionals.

Moving forward, the development of medical-specific AI
models that are finely tuned to provide reliable medical
advice is crucial. Future research should focus on minimizing
risks and enhancing the safe application of AI in patient care,
ensuring that such tools are developed with a stringent
emphasis on ethical standards and patient safety. To safely
integrate AI recommendations into clinical practice, it is essen-
tial to establish practical guidelines that include rigorous valid-
ation by healthcare professionals. These professionals should
play a pivotal role in interpreting and applying AI advice,

Table 3. Comparison of ChatGPT-4’s performance using prompts with and without the specification “according to NCCN.”

ChatGPT-4

Prompt template

All
Non-specific
promptb

NCCN-specified
promptc

p-valueMean (SD) Mean (SD) Mean (SD)

Query prompts (n) 108 54 54

ChatGPT total RECsa 6.0 (1.92) 6.9 (1.67) 5.0 (1.68) <0.001**

Rater-approved cGPT REC ratio %d 88.5 (14.8) 85.8 (15.9) 91.2 (13.3) 0.011*

NCCN-aligned cGPT REC ratio %d 86.7 (16.1) 83.5 (16.7) 89.9 (15.0) 0.006**

Rater-disagreed cGPT REC ratio %d 9.5 (13.7) 11.7 (14.8) 7.4 (12.3) 0.020**

NCCN total RECs 6.0 (2.18) 6.0 (2.18) 6.0 (2.18)

ChatGPT REC/NCCN REC ratio %e 100.0 (40.5) 116.1 (39.6) 84.1 (35.0) <0.001**

NCCN-aligned ChatGPT REC/NCCN
REC ratio %e

81.0 (20.6) 89.7 (15.5) 72.4 (21.6) <0.001**

Correctness (range 1–5) 4.5 (0.65) 4.4 (0.69) 4.6 (0.59) 0.017*

Comprehensiveness (range 1–5) 4.4 (0.70) 4.7 (0.41) 4.2 (0.81) <0.001**

Specificity (range 1–5) 4.0 (0.71) 4.2 (0.57) 3.7 (0.73) <0.001**

Appropriateness (range 1–5) 4.4 (0.70) 4.4 (0.72) 4.3 (0.68) 0.640

aRECs : recommendations.
bPrompt without “according to NCCN”.
cPrompt with “according to NCCN”.
dChatGPT total RECs as the denominator.
eNCCN total RECs as the denominator.
* Significant p < 0.05; ** Significant p < 0.01.
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ensuring that it complements their clinical expertise and aligns
with individual patient needs. The commitment to ethical AI
use in healthcare is paramount to advancing patient safety
and ensuring responsible AI integration into treatment infor-
mation for patients and clinical decision-support systems for
healthcare professionals.

The limitations of this study include its focus on only three
urological cancers, which may not adequately reflect the diver-
sity of oncological diseases. Consequently, this limits the gen-
eralizability of the findings. We recommend that future
research explore the performance of ChatGPT across a
broader range of cancer types to validate and possibly extend
these results. Secondly, during the study period, the evaluation
protocol used the 2021 NCCN guidelines, corresponding to the
GPT-3.5 turbo’s training cutoff in September 2021. This reli-
ance could bias the concordance measures against the most
recent treatment standards. However, despite the continuous
updates to the NCCN guidelines, the training dataset for
ChatGPT-4 turbo was also continuously updated until 2023.
Thirdly, given the rapid progression of AI tools, the findings
from this cross-sectional research may only represent the
model’s performance at that specific time.

Conclusions
ChatGPT-4 has significantly outperformed version 3.5 in
providing cancer treatment recommendations, excelling in
both qualitative and quantitative assessments with an
acceptable level of concordance with clinical guidelines
and expert opinions.

With the widespread application of AI, there is a press-
ing need to ensure that AI tools are safe, reliable, and bene-
ficial for patients. Therefore, there is an essential need for
close collaboration between AI developers and healthcare
professionals to create medical-specific, finely tuned ver-
sions that could offer more dependable advice in the future.

At present, it is vital for patients to recognize that although
these tools are advancing, they are not without flaws and
should be utilized with caution. ChatGPT could supplement,
but not replace, personalized advice from healthcare profes-
sionals. With the rapid evolution of language models, there
is a pressing need to create medical-specific, finely-tuned ver-
sions that could offer more dependable advice in the future.
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This file records ChatGPT-4’s responses to 108 query
prompts regarding prostate, kidney, and bladder cancers.
To view the complete screenshots of ChatGPT’s outputs,
click the PDF file hyperlinks in the Excel file.

S7. ChatGPT-4_assessment_data by 3_Raters.xlsx
Three Raters’ scoring results for ChatGPT-4’s
responses to 108 query prompts regarding prostate,
kidney, and bladder cancer treatment RECs
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