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Abstract 
Objectives: Large language models (LLMs) are generative-AI which generate text output like a human conversation. We 
wanted to assess the ability of LLMs to answer patient’s questions and benchmark their output using a best evidence topic 
(BET).
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Methods: We asked LLMs whether robot-assisted thoracic surgery (RATS) or video-assisted thoracoscopic surgery (VATS) 
lobectomy had better perioperative outcomes for postoperative pain, length of hospital stay (LOS) and mortality. A BET 
was constructed according to a structured protocol for the same questions. An initial search yielded 324 papers, 12 repre
sented the best evidence.

Results: LLM outputs are almost instantaneous while a BET took many hours of searching a database for relevant evi
dence. However, current iterations and models of LLMs did not provide relevant outputs, suffered from hallucinations, 
and could be restricted by copyright and paywall issues. The BET, on the other hand, was tailored to the scenario by spe
cialist human oversight and therefore more reliable and nuanced.

Conclusions: There were no major differences between RATS and VATS lobectomy for T1cN0M0 NSCLC apart from shorter 
LOS following RATS. Current LLMs may not be entirely reliable for answering clinical questions. An LLM-BET protocol could 
be used as a standardized process to compare LLM outputs for different clinical scenarios, each benchmarked with a BET. 
It can also be used to analyse outputs of different models of current and future LLMs.

Keywords: RATS—robotic-assisted thoracoscopic surgery; VATS—video-assisted thoracoscopic surgery; NSCLC—non- 
small cell lung cancer; ChatGPT; Gemini; Grok; Microsoft Copilot. 

INTRODUCTION

Large language models (LLMs) are a subgenre of genera
tive artificial intelligence (Gen AI), which produce textual 
output with a contextual and conversational format.1,2

They have the potential to aid clinical decision-making.2,3

LLMs have also become popular amongst the general 
public4 and might help them better understand a disease 
and its management. We wanted to assess the reliability 
and accuracy of LLMs as tools for patients asking relevant 
clinical questions.

We created a plausible clinical patient scenario for a pa
tient with early lung cancer. Chat GPT, Gemini, and 
Microsoft Copilot are popular LLMs in 2025.5–7 Grok is an 
LLM integrated with the social microblogging service X 
(formerly Twitter).8 We asked these LLMs a series of 
questions related to the scenario and compared their 
output using pre-agreed metrics (Table 1). In addition to 
a general comparison between robot-assisted thoracic 
surgery (RATS) and video-assisted thoracoscopic surgery 
(VATS) lobectomy, we decided to focus on 3 specific out
comes (pain, length of stay, and mortality) that a patient 
might be interested in.

We also constructed a best evidence topic (BET) based 
on the clinical scenario and the chosen outcomes, accord
ing to an agreed protocol.9 We compared LLM outputs to 
a BET, which is designed to answer a specific clinical 
question. Asking an LLM the same question tests its abil
ity to selectively identify relevant sources of information. 
Additionally, this comparison should inform clinicians 
about the capabilities of LLMs to influence patient deci
sions. A standardized LLM-BET protocol can also be used 
to both improve and critique advancements of iterations 
of LLMs in future.

CLINICAL SCENARIO

A 63-year-old retired paramedic is informed that he has 
an early lung cancer in the right upper lobe of his lung. It 
is staged as T1cN0M0 non-small cell lung cancer (NSCLC), 
and the patient is offered VATS for resection of the tu
mour. However, the paramedic is aware that an alterna
tive modality of surgery using a surgical robot (RATS) is 

also available, so they do a search using an LLM to see 
which surgical approach is recommended. At the next ap
pointment, the paramedic asks the clinician whether ro
botic lung resection is an option. The clinician then 
decides to assess the available evidence in the form of a 
BET and compare it with the output of LLMs before fur
ther discussion with the patient.

LARGE LANGUAGE MODELS

A set of 5 questions that a patient with limited clinical 
awareness of their condition might ask these generative 
AI models was created.

1. Is robotic or VATS lobectomy better for a T1cN0M0 
lung cancer? 

2. Am I likely to stay in in the hospital longer after a robotic 
lobectomy or VATS lobectomy for lung cancer? 

3. Am I less likely to die after a robotic or VATS lobectomy 
for T1cN0M0 lung cancer? 

4. Am I more likely to die in the hospital or in the first thirty 
days after a robotic or a VATS lobectomy for a T1cN0M0 
lung cancer? 

5. Am I likely to experience more postoperative pain after 
a robotic or VATS lobectomy for a T1cN0M0 lung cancer? 

We then posed the same questions to 4 LLMs (ChatGPT, 
Gemini, Grok, and Microsoft Copilot—Appendix S1) with
out any prior context injection. There was some variability 
between the LLMs, as some offered to produce additional 
outputs. If these were relevant to our study, we answered 
yes. As an example, Copilot offered to draft a series of help
ful questions for the patient to ask their thoracic surgeon, 
and ChatGPT offered to show the 5-year survival curves for 
RATS vs VATS from a meta-analysis. We then assessed the 
LLM responses according to pre-agreed metrics (Table 1). 
Three metrics (Readability, Depth of research, and 
Relevance) made the final shortlist, and each metric was 
scored between 0 and 5 based on clearly described (and 
agreed upon) criteria (see Table 1). Therefore, the maxi
mum score any LLM could achieve was 15.

ChatGPT was awarded an overall score of 11. Its read
ability scored 5 (maximum allowed) due to the clean lay
out, incorporation of bullet points, and bold formatting 
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where relevant. It also used tables and a graph to pre
sent data in a visually appealing and easily understand
able manner. For depth of research, ChatGPT mainly 
cited peer-reviewed articles (Appendix S2), with the ma
jority focusing on lobectomy. However, some of the 
articles included data from sublobar resections, and the 
majority did not focus solely on stage I NSCLC patients. 
Upon a closer look at the data, it became clear that 
ChatGPT was sometimes incorrect as it made up values. 
These are recognized issues with LLMs, called hallucina
tions.10–12 Considering all of these factors, we decided to 
give ChatGPT a score of 3 for depth of research. ChatGPT 
remained focused on the input question but did not offer 
any actionable insights, such as talking to your thoracic 
surgeon, giving it a score of 3 for relevance.

Gemini scored 12. Gemini would have scored 3 for 
readability as its initial report did not highlight keywords 
and important phrases and lacked other visual aids such 
as tables or graphs. However, it did offer to produce a re
search report and executive summary for Question 1 
(general comparison between RATS and VATS lobectomy). 
This latter report (Appendix S1; Page 20) was excellent 
and included a table, and therefore, we upgraded the 
score to 4. Gemini scored 4 for depth of research as it ref
erenced some peer-reviewed articles with accurately ref
erenced data. However, some included sublobar 
resections, and the majority did not focus solely on stage 
I NSCLC patients. For relevance, Gemini scored 4 as it 
remained focused on the input question and included a 
discussion of the decision-making process and how it is 
based on collaboration between the surgeon and patient.

Grok’s overall score was 9. Grok scored a 3 for readabil
ity due to a lack of highlighted keywords and phrases 
and summary tables. Despite citing somewhat relevant 
RCTs such as the RVLOB,13 BRAVO,14 and PORTaL15 stud
ies, Grok scored a 2 for depth of research due to incor
rect citations of literature (perhaps hallucinations) linking 
to irrelevant studies16–19 which could mislead the lay 
reader. Besides, just like ChatGPT and Gemini, Grok also 
included articles discussing sublobar resection and 
articles which didn’t solely focus on stage I NSCLC 
patients. For relevance, we gave Grok a score of 4 as it 
remained focused on the input question and offered 
helpful recommendations, such as the importance of dis
cussing comorbidities with your thoracic surgeon.

Copilot scored 14 overall. For readability, Copilot scored 
5 due to a helpful inclusion of tables, highlighted key
words, and short, succinct bullet-pointed phrases. 

Although Copilot mainly cited peer-reviewed articles and 
correctly referenced data, it did include articles discussing 
sublobar resection and articles which didn’t solely focus on 
stage I NSCLC patients, just like all the above LLMs. 
Therefore, we gave it a score of 4 for depth of research. 
Copilot scored 5 for relevance as it remained focused on 
the input question. It also offered to draft a series of help
ful questions for the patient to ask their thoracic surgeon 
to aid the decision-making process (Appendix S3).

BET—THREE-PART QUESTION

Our 3-part question for the chosen clinical scenario was 
“In patients with [early lung cancer] does [VATS or RATS 
lobectomy] offer [better outcomes for pain, length of 
stay and mortality]?”

SEARCH STRATEGY

Medline 1946-Sep 2025 was searched using the Ovid in
terface. [(robot� or robot-assisted thoracic surgery or 
robot-assisted thoracoscopic surgery or RATS).mp.] AND 
[VATS.mp. or exp Thoracic Surgery, Video-Assisted/or 
video-assisted thoracoscopic surgery.mp. or video- 
assisted thoracic surgery.mp.] AND [(outcome� or length 
of stay or hospital stay or pain or mortalit�).mp. or exp 
mortality/or exp outcome/] AND [NSCLC.mp. or exp 
Carcinoma, Non-Small-Cell Lung/or non-small-cell lung. 
mp. or early.mp. or stage I�.mp.].

SEARCH OUTCOME

A total of 324 papers were identified using the above 
search. Papers not specifically reporting on stage I lung 
cancer, lobectomy, or the 3 chosen outcomes were ex
cluded, along with review papers and non-English 
papers. The remaining 12 papers represented the best 
evidence for this topic and are presented in Table 2.

RESULTS

Mortality and survival

The overwhelming majority of the 9 BET studies discus
sing mortality and survival showed no significant 

Table 1. LLM Output Assessment Metrics

Criteria (score) Description ChatGPT Gemini Grok Copilot

Readability (0-5) • How well is the output structured and organized? 
• How accessible is the output (eg, use of headings and bullet points)? 
• Are figures included (eg, graphs, pie charts)? 

5 4 3 5

Depth of  
research (0-5)

• Do they cite peer-reviewed articles or other sources such as websites? 
• How reliable are the citations? 
• Is the data accurate? 

3 4 2 4

Relevance (0-5) • How focused is the output on the question? 
• Does the LLM include actionable insights and clear recommendations? 
• Is the output comprehensive? 

3 4 4 5

Total score (0-15) 11 12 9 14
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difference between RATS and VATS (Table 2). Cui et al.23

determined that RATS has an increased long-term mor
tality risk only for tumour sizes ≤20 mm (T1a or T1b). 
Tumours >20 mm did not show any significant differ
ence. Hennon et al.26 produced a statistically significant 
result. However, as this study included a comparison to 
open thoracotomy we cannot reach any definite conclu
sions about the difference in mortality between RATS 
and VATS.

ChatGPT stated that the risk of death after RATS or 
VATS is extremely low, suggesting that more important 
factors affecting survival are the stage and biology of the 
tumour, quality of surgical resection, and the patient’s 
baseline health and lung function. For 30-day mortality, 
ChatGPT concluded that there is no demonstrable differ
ence between RATS and VATS, although it incorrectly ref
erenced data from 2 meta-analyses.31,32 ChatGPT offered 
to show the percentage mortality by stage. Correctly 
referencing data,23 it stated that for stage I NSCLC, after 
conversion to thoracotomy, RATS has a significantly 
higher 90-day mortality compared to VATS.

Gemini stated there is no significant difference in long- 
term overall survival between RATS and VATS, citing one 
randomized-controlled trial33 and another study.34

However, it did acknowledge conflicting data from the 
PORTaL study,35 which found a better overall survival for 
RATS compared to VATS and a meta-analysis which found 
a lower 30-day mortality36 for RATS.

Grok concluded that RATS and VATS have comparable 
mortality rates, citing the RVlob trial13 but incorrectly 
referencing its data. According to Grok, long-term mortal
ity is more influenced by the tumour biology and adju
vant therapy, as complete resection is achieved in > 95% 
of cases with RATS or VATS. Grok did not offer any cita
tion to support this claim.

Copilot cited the same article as ChatGPT,23 stating 
that RATS has a higher 90-day mortality compared to 
VATS if the operation was converted to open thoracot
omy. Copilot also cited a meta-analysis32 suggesting 
there is no significant difference in overall survival be
tween RATS and VATS. For 30-day mortality, Copilot cited 
a meta-analysis37 which suggested there is a significantly 
lower 30-day mortality for RATS compared to VATS.

Length of hospital stay

Most (4 out of 6) of the BET studies described a signifi
cantly shorter length of hospital stay (LOS) for RATS. 
However, the studies by Hennon et al.,26 Yang et al.,22

and Casiraghi et al.21 included a comparison of RATS to 
VATS and open thoracotomy.

ChatGPT’s main conclusion was that there is no signifi
cant difference in the LOS after RATS or VATS. Instead, it 
suggested that factors such as postoperative course (air 
leak, pain control, complications) and patient factors 
(age, comorbidities, lung function) are more influential. 
Although ChatGPT cited 3 meta-analyses,31,32,38 it incor
rectly referenced data from these papers.

Gemini stated that the available data on LOS is mixed, 
with some studies suggesting RATS offers a shorter hos
pital LOS34 and others finding no significant difference.31

Grok concluded that the LOS is similar between RATS 
and VATS, citing the RVlob trial.13 It also suggested that 
in specific scenarios, RATS may offer a shorter LOS due to 
lower complication rates. Grok highlighted that LOS is 
influenced by complications (eg, prolonged air leaks, 
pneumonia, atrial fibrillation), patient factors (eg, perfor
mance status, adhesions) and the surgeon/institution. It 
also emphasized the importance of discussing personal 
risk factors and the surgeon’s experience when deciding 
on RATS or VATS.

Copilot cited 2 studies39,40 suggesting that there is no 
significant difference in length of stay for RATS or VATS. 
Like Gemini and Grok, Copilot suggested RATS may offer 
a slightly shorter hospital stay, citing one review article41

but incorrectly referencing its data. The data from the re
view article was referenced from another article,42 which 
actually compared LOS between RATS with Open rather 
than RATS with VATS.

Pain

The studies by Testori et al.25 and Jin et al.28 were the 
only BET papers which discussed pain. They concluded 
that there was no statistically significant difference in 
postoperative pain after RATS or VATS.

ChatGPT stated that there was no significant difference 
in postoperative pain between RATS and VATS. Instead, it 
suggested that factors such as nerve block or epidural, 
the number of ports/incisions and postoperative compli
cations are more significant.

Gemini quoted an online blog43 suggesting there is 
less postoperative pain for RATS and also a study contra
dicting this44 which only focused on Uniportal VATS lo
bectomy. Gemini concluded that a single-port VATS 
procedure might offer less postoperative pain compared 
to RATS due to less chest wall trauma.

Grok cited the RVlob trial,28 correctly concluding that 
there is no significant difference in postoperative pain 
but incorrectly referencing its data. Additionally, to mini
mize pain, Grok advised checking whether the hospital 
offers multimodal analgesia and encouraged a discussion 
of pain tolerance and comorbidities with the patient’s 
thoracic surgeon.

Copilot suggested that RATS offers lower immediate 
postoperative pain, although the study it cited45 actually 
contradicts this. Instead, the study suggests a better pain 
profile for VATS compared to RATS. For chronic pain, 
Copilot cited a study46 and correctly referenced its data, 
suggesting a similar chronic pain profile for RATS 
and VATS.

DISCUSSION

With the increasing use of low-dose computed tomogra
phy (LD-CT) for lung cancer screening,47 there has been a 
rise in the incidence of stage I NSCLC cases.48 In patients 
with Stage I NSCLC tumours > 2 cm (T1c) N0M0 (Stage 
1A3), lobectomy is recommended over sublobar resec
tion.49 We chose this scenario to simplify our LLM search 
and BET by excluding the possibility of sublobar 

TH
O

RA
CI

C 
O

N
CO

LO
G

Y 

7 Interdisciplinary CardioVascular and Thoracic Surgery, 2026, Volume 41, Issue 2 



resections50,51 and the option of neoadjuvant treat
ment.52 Minimally invasive techniques (RATS and VATS) 
are favoured over open thoracotomy.49,53 We wanted to 
evaluate which minimally invasive approach (RATS or 
VATS) offers better outcomes for pain, length of stay, and 
mortality by asking the LLMs and then comparing their 
outputs to a traditional BET search (LLM-BET).

According to the BET search, there are no major differ
ences between RATS and VATS lobectomies for our cho
sen outcomes in early node-negative NSCLC (T1cN0M0) 
apart from a shorter length of hospital stay following 
RATS. Most of the LLMs also suggested a shorter length 
of hospital stay following RATS apart from ChatGPT which 
stated that there was no significant difference. However, 
there may be differences between the surgical 
approaches for other outcomes such as operative blood 
loss or lymph node yield. For instance, RATS is said to 
have a higher nodal yield.32,38

The LLM outputs were almost instantaneous. Certainly, 
all our primary and follow-up outputs were generated in 
less than a minute. In comparison, the BET component 
took 2 authors approximately 48 hours to complete, in
cluding cross-checking database searches manually. 
Additional limitations for BETs include subjectivity over 
which papers represent the best evidence and its time- 
consuming nature. Arguably, the biggest limitation for 
BETs is the human oversight required as opposed to the 
simplicity of an LLM prompt. The rapid response to LLM 
inputs is an obvious added advantage.

Overall, the LLMs were broadly similar in their 
responses. However, we noticed several issues with the 
LLMs in their current models (see “LLM VERSIONS USED”). 
As we discuss below, these might adversely affect their 
use in helping patients understand their disease and 
choose between management options.

LLMs may not provide relevant evidence. This was com
mon to all the LLMs we used, as they chose to reference 
papers which didn’t solely focus on stage I NSCLC 
patients, early lung cancer, or even include analyses of 
the relevant subgroup. Given that our clinical scenario fo
cused on a patient with stage IA3 (T1cN0M0) NSCLC, the 
conclusions reached by the LLMs may not be entirely ac
curate for our question.

Additionally, some LLMs suffer from hallucinations. 
These are a recognized problem with LLMs.10–12 LLMs are 
statistical machines which can predict the most probable 
word next in a sequence.54 As LLMs are based on learnt 
associations, they can sometimes produce answers which 
sound plausible but are actually incorrect.12 In fact, 
according to a preprint by OpenAI, LLMs are often 
rewarded for guessing a response versus acknowledging 
uncertainty.55 In some of the outputs in our scenario, 
particularly with ChatGPT and Grok, the LLM would in
clude made-up data from a paper to support its claim or 
include links to completely irrelevant articles.16–19 LLM 
hallucinations of incorrect citations and data are danger
ous as they may misinform the reader and falsely reas
sure them that the data is based on published evidence.

A grey area with the use of LLMs is their ability to ac
cess published and peer-reviewed literature that is re
stricted by a paywall or subscription. For example, 
ChatGPT may have limited access to some journals and 

articles which are copyrighted.56 This will limit LLMs in 
their ability to comprehensively review the available liter
ature and produce an accurate response to medical ques
tions. Furthermore, it can create a vicious cycle. By 
restricting the literature available, it is more likely that 
the LLM will reference data from sources which might 
not be entirely relevant to the user’s prompts. 
Interestingly, in a working paper published by Rosenblat 
et al.57 OpenAI LLMs were investigated to see if they 
were trained on copyrighted material. The GPT-4o model 
was shown to have a strong recognition of content be
hind a paywall, thus raising the question of whether 
LLMs would be able to access the entirety of the relevant 
information on a specific medical topic.

In a recent systematic review LLMs were shown to have 
several applications in lung cancer.58 For instance, LLMs 
were used to analyse electronic medical records allowing 
them to clinically stage and predict lymph node metasta
sis in patients with early lung cancer diagnosis.58 LLMs 
have also been assessed for their potential to support 
clinical decision-making in oncology and have shown 
mixed results.59,60 MEREDITH is an LLM system which is 
trained on data sources including PubMed-indexed clini
cal studies as well as trial databases to recommend treat
ments in precision oncology.59 One study compared 
MEREDITH with medical expert opinions for treatment 
advice in 10 fictional oncologic clinical scenarios.59

Recommendations made by MEREDITH were shown to 
have a high concordance (94.7%) with the medical expert 
opinions and there were no reported hallucinations. This 
study highlighted the importance of LLM training data. 
By providing LLMs access to peer-reviewed clinical data 
sources used by medical experts, as was the case with 
MEREDITH, healthcare-related LLMs may complement 
clinical practice.

However, who should be held accountable if mistakes 
occur in clinical practice as a result of the use of LLMs? 
This is why it is important to emphasize the use of LLMs 
simply as a tool for obtaining additional information and 
not the final arbiter for making clinical decisions. They 
should help inform practice where possible rather than 
dictate it, allowing both clinicians and patients to learn 
more about medicine and medical topics.

In future versions of LLMs, the issue of hallucinations 
should be addressed so that they correctly reference 
evidence-based literature. Additionally, LLMs should be 
able to access the most up-to-date peer-reviewed clinical 
literature so that accurate and precise conclusions can be 
made. There are other barriers to the implementation of 
LLMs including the risk of biased training data.61 Specific 
patient populations may be underrepresented resulting 
in skewed training data for LLMs that can lead to flawed 
conclusions.62 Therefore, it is not enough for LLMs to be 
allowed access to peer-reviewed literature, but the litera
ture should also be representative to avoid bias. If these 
improvements are made, then we believe that LLMs may 
be able to supplement traditional evidence synthesis and 
streamline the workflow for BETs and potentially review 
articles. However, at the moment they are simply unreli
able for summarizing evidence. Perhaps, it would be wise 
to inform patients about the risks of relying on LLMs to 
make clinical decisions and advise them to use LLMs 
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simply as a supplementary tool. This should help them 
during the consultation with a clinician.

We propose a standardized LLM-BET where LLM out
puts are benchmarked against a traditional BET search to 
investigate the capabilities of LLMs in influencing patient 
decisions. We hope that future BETs can be adapted to in
clude a comparison to searches by LLMs. This would help 
clinicians understand the scientific perspective of patients 
using LLMs to inform their understanding of their disease 
and recommended treatments. Furthermore, LLM-BETs 
will highlight where there is a weakness in the use of LLMs 
for specific research questions. For instance, this could be 
due to a lack of specific literature on the topic or increased 
hallucinations.

This benchmarking protocol can be applied to diverse 
clinical scenarios and associated questions. However, the 
same questions must be posed to each LLM and only rel
evant additional outputs accepted. Each LLM should be 
assessed according to the criteria listed (Table 1) and the 
cited references carefully reviewed to see if the data is 
correctly quoted.

It is important to understand that this is our personal 
and contemporaneous experience of questioning LLMs. 
Asking the same questions again to a future iteration of 
either the same or a different LLM might produce a dif
ferent response.63 We believe that at the moment, LLMs 
cannot replace BETs due to their potential lack of access 
to literature, hallucinations and their lack of sensitivity in 
selecting suitable research papers.

CONCLUSION

This study proposes a framework which could be used to 
benchmark LLMs with a BET for specific clinical scenarios. 
They may also be used to analyse outputs of different 
models of current and future LLMs. Our BET determined 
that there are no significant differences between RATS 
and VATS for T1cN0M0 NSCLC apart from a shorter LOS 
for RATS. The LLMs had similar responses although there 
were several limitations in their use. These included hal
lucinations, lack of sensitivity for specific literature and a 
potential lack of access to evidence-based literature. For 
these reasons, we believe that LLMs in their current mod
els may not be entirely reliable for answering clinical 
questions. LLMs are increasingly popular among patients 
and therefore as clinicians we cannot ignore them. 
However, to reduce and eliminate their inherent weak
nesses we have to be vigilant and exercise an element of 
regulatory oversight in their development.

LLM VERSIONS USED

We used the web-based versions of ChatGPT-5, Microsoft 
365 Copilot, Grok 4 auto and Gemini 2.5 flash for our 
questions and their outputs. We did not select any cus
tomized modes for the LLMs.
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