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Abstract

Purpose: Large language models (LLMs) are deep learning models designed to comprehend and generate meaningful
responses, which have gained public attention in recent years. The purpose of this study is to evaluate and compare the
performance of LLMs in answering questions regarding breast cancer in the Chinese context.

Material and Methods: ChatGPT, ERNIE Bot, and ChatGLM were chosen to answer 60 questions related to breast cancer
posed by two oncologists. Responses were scored as comprehensive, correct but inadequate, mixed with correct and incor-
rect data, completely incorrect, or unanswered. The accuracy, length, and readability among answers from different models
were evaluated using statistical software.

Results: ChatGPT answered 60 questions, with 40 (66.7%) comprehensive answers and six (10.0%) correct but inadequate
answers. ERNIE Bot answered 60 questions, with 34 (56.7%) comprehensive answers and seven (11.7%) correct but inad-
equate answers. ChatGLM generated 60 answers, with 35 (58.3%) comprehensive answers and six (10.0%) correct but inad-
equate answers. The differences for chosen accuracy metrics among the three LLMs did not reach statistical significance, but
only ChatGPT demonstrated a sense of human compassion. The accuracy of the three models in answering questions regard-
ing breast cancer treatment was the lowest, with an average of 44.4%. ERNIE Bot’s responses were significantly shorter
compared to ChatGPT and ChatGLM (p < .001 for both). The readability scores of the three models showed no statistical
significance.

Conclusions: In the Chinese context, the capabilities of ChatGPT, ERNIE Bot, and ChatGLM are similar in answering breast
cancer-related questions at present. These three LLMs may serve as adjunct informational tools for breast cancer patients
in the Chinese context, offering guidance for general inquiries. However, for highly specialized issues, particularly in the
realm of breast cancer treatment, LLMs cannot deliver reliable performance. It is necessary to utilize them under the super-
vision of healthcare professionals.
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Introduction
Large Language Models (LLMs) are deep learning models
designed to comprehend textual information and generate
meaningful responses.1 ChatGPT (Chat Generative
Pre-trained Transformer),2 which was released by OpenAI
on 30 November 2022, is a deep learning LLM that has
received global attention from academic communities
across a wide range of fields because of its exceptional
ability to provide near-human-quality answers. At present,
many Chinese technology companies and research institu-
tions have also released multiple LLM products, such as
ERNIE Bot developed by Baidu,3 BlueLM developed by
vivo,4 Qwen developed by Alibaba,5 ChatGLM developed
by Tsinghua University,6 MOSS developed by Fudan
University,7 and so on. Due to their extensive training on
large amounts of Chinese datasets, these LLMs might
establish a competitive advantage and long-term potential
for improvement in the Chinese context.

LLMs, with either direct conversation or as part of a search
engine, are rapidly becoming an important source for patients
to access medical-related information, with potential applica-
tions including explaining medical reports,8,9 providing
recommendations relating to cancer prevention, screening,
diagnosis, treatment, and follow-up,10–15 offering advice for
perioperative care,16 and so on. According to a report pub-
lished by Pew Research Center in 2013,17 60% of
Americans seek medical information online, primarily for
self-diagnosis or to obtain more information about specific
diseases. In China, people also have a similar habit of search-
ing for medical-related information using search engines like
Baidu or other online platforms.

With the development of LLM, higher-quality informa-
tion can be obtained more quickly and conveniently, espe-
cially in the medical field. These suggestions provided by
LLM might significantly influence user’s medical deci-
sions. Hence, research from healthcare professionals is
necessary for ensuring the accuracy and quality of the
answers provided by LLM in the medical domain. To
date, most published research9–16 has focused on exploring
the accuracy, completeness, and reproducibility of LLMs,
such as ChatGPT and Google Bard,18 in answering
medical questions in English. However, there is a lack of
experience in applying it to languages other than English.
Different languages possess distinct complex systems,
which reflect the cultural characteristics of diverse ethnic
groups. Despite Chinese being one of the most widely
spoken languages in terms of the number of users, different
conclusions have been reached when comparing
ChatGPT’s capability in the English and Chinese
contexts.19,20

Breast cancer has the highest incidence rate among
female malignant tumors in both USA and China.21,22

Thanks to the implementation of early cancer screening

and the development of medical technology, the 5-year sur-
vival rate of breast cancer patients has reached 80%–
90%.21,23 Therefore, in both English and Chinese contexts,
information and discussion about breast cancer online is
abundant. So, we chose breast cancer as an example to
evaluate and compare the ability of LLMs in answering
medical-related questions in the Chinese context.

Methods

LLM selection

Given that ChatGPT has the largest user base worldwide,
this study takes ChatGPT as the baseline. ERNIE Bot was
reported to be the most widely used LLM developed in
Chinese.24 ChatGLM, developed with the participation of
China’s top university, Tsinghua University, is the earliest
open-source LLM in China. The GLM-130B LLM was
open-sourced in August 2022. So, the two LLMs were
chosen as the LLM testing samples designed explicitly
for the Chinese language context. In this study, the
ChatGPT model was based on version GPT-3.5-Turbo,
the ERNIE Bot on version 2.2.3, and the ChatGLM on
version 2.0.

Question and response generation

Sixty questions (Table 1) regarding breast cancer preven-
tion (8, 13.3%), diagnosis (15, 25.0%), treatment (27,
45.0%), and follow-up (10, 16.7%) were created by two
working senior oncologists, both having more than 10
years of experience in breast tumor care. Most of the ques-
tions are frequently asked by breast cancer patients. Then
the Chinese questions were separately entered into the
three LLMs as text, without being translated into English,
and the dialogue was restarted after each answer generation
without providing any feedback. All the queries are
expressed in Mandarin Chinese, rather than regional
dialect. The responses generated were originally recorded
in Chinese. For better reader comprehension, only the trans-
lated English version is provided in Supplemental Table S1
(anyone who wishes to view the original Chinese version
can request it via email).

Grading

Reviewing and grading of each answer were done inde-
pendently by two experienced oncologists. The accuracy
of each response was graded using the following grading
system: 1. comprehensive, 2. correct but inadequate,
3. mixed with correct and incorrect data, 4. completely
incorrect, and 5. unanswered. Discrepancies in grading
between the two reviewers were independently reviewed
and resolved by a third oncology expert. We graded the
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Table 1. Questions posed to the three language models, with the results of the assessments of the answers.

Score

Questions ChatGPT
ERNIE
Bot ChatGLM

Prevention 1. What is breast cancer? 1 1 1

2. Who is more likely to get breast cancer? 1 2 1

3. Can I prevent breast cancer? 1 1 1

4. I’m afraid I might have breast cancer, what tests should I undergo? 1 3 1

5. What are the symptoms of breast cancer? 1 1 1

6. Do I have a higher risk of developing breast cancer if my aunt has diagnosed with breast cancer? 1 1 1

7. How often should I undergo breast ultrasound screenings if I don’t have any symptoms of breast cancer? 1 1 3

8. Why do I develop breast cancer? 1 1 1

Diagnosis 9. Which one is better, breast ultrasound scan or mammograms？ 1 1 1

10. Will cystic breast lesions detected on ultrasound transform into breast cancer? 1 1 1

11. Will breast fibroadenoma detected on ultrasound transform into breast cancer? 1 1 1

12. Will breast hyperplasia detected on ultrasound transform into breast cancer? 1 1 1

13. My report says calcifications on breast mammography, what does that mean? 1 1 3

14. Should all breast cancer patients undergo MRI scans? 1 3 1

15. My breast ultrasound report says I have a BI-RADS 2a lesion. What does this mean? 4 4 4

16. My breast ultrasound report says I have a BI-RADS 4d lesion. What does this mean? 4 4 4

17. My breast ultrasound report says I have a BI-RADS 7 lesion. What does this mean? 4 4 4

18. My breast mammogram report says I have a BI-RADS 3 lesion. What does this mean? 1 3 3

19. Why do I need to undergo a breast biopsy for pathological examination？ 1 1 1

20. Can breast biopsy lead to tumor spreading? 1 1 1

21. My pathology report says I have high-grade DCIS in breast. What does this mean? 1 3 1

22. My pathology report says I have invasive ductal carcinoma, Nottingham grade 2. What does this mean? 3 1 1

23. My pathology report says I have breast cancer with lymph node micrometastasis. What does this mean? 2 3 2

Treatment 24. I have been diagnosed with breast cancer. Should I choose breast-conserving surgery or radical surgery? 3 1 1

25. Does genetic testing for breast cancer provide helpful information for diagnosis and treatment? 1 1 3

26. What are the molecular subtypes of breast cancer? 3 3 1

27. What are the treatment options for early-stage breast cancer? 1 1 1

28. What are the treatment options for locally advanced breast cancer? 1 1 3

29. Is stage IV breast cancer with lung metastasis curable? 1 3 1

(continued)
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Table 1. Continued.

Score

Questions ChatGPT
ERNIE
Bot ChatGLM

30. Is postoperative treatment necessary after breast cancer surgery? 1 3 1

31. What are the potential symptoms or long-term effects after breast cancer surgery? 1 1 3

32. What are the common chemotherapy regimens for breast cancer? 3 2 2

33. What are common side effects of breast cancer chemotherapy? 1 2 1

34. Is radiation therapy necessary after breast cancer surgery? 1 3 2

35. What is the recommended radiation therapy dose for breast cancer? 3 3 3

36. What are common side effects of breast cancer radiotherapy? 1 1 2

37. What are targeted therapy drugs for breast cancer？ 3 3 3

38. Is TDM1 treatment necessary for breast cancer patients? 3 3 3

39. What are common side effects of breast cancer target therapy? 1 1 3

40. Is metronomic chemotherapy necessary for breast cancer patients? 3 3 5

41. Can breast cancer patients consider breast reconstruction surgery as a treatment option? 3 1 1

42. Is endocrine therapy necessary after breast cancer surgery? 1 1 1

43. Is ovarian function suppression therapy necessary after breast cancer surgery? 2 3 2

44. Is Immunotherapy necessary after breast cancer surgery? 2 2 3

45. Can breast cancer be treated solely with traditional Chinese medicine? 1 1 1

46. Is stage IV breast cancer with brain metastasis curable? 1 1 1

47. Is stage IV breast cancer with bone metastasis curable? 2 2 2

48. A 69-year-old female patient diagnosed with invasive ductal carcinoma of the breast, T2N0M0, ER+, PR+,
Her2+, Fish-, Ki-67 10%+, what treatment approach should be taken for?

3 2 3

49. A 61-year-old female patient diagnosed with ductal carcinoma in situ (DCIS) of the breast, TisN0M0, ER+, PR
+, Her2-, Ki-67 5%+, what treatment approach should be taken for?

1 1 3

50. A 50-year-old female patient diagnosed with invasive ductal carcinoma of the breast, T4N3M0, ER-, PR-,
Her2+++, Ki-67 50%+, what treatment approach should be taken for?

2 3 3

Follow-up 51. Can breast cancer patients continue working normally? 1 1 1

52. Can you introduce the follow-up plan after breast cancer treatment? 2 3 1

53. Is it possible for breast cancer patients to conceive or have children? 1 1 1

54. Can breast cancer patients breastfeed? 3 1 1

55. Can breast cancer patients engage in normal sexual activity? 1 1 1

56. Is calcium supplementation necessary for breast cancer patients? 1 1 1

(continued)
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responses according to the Chinese Society of Clinical
Oncology (CSCO) guidelines.25 The grading was con-
ducted in a blinded and independent manner, where the
reviewers were unaware of the model used for each ques-
tion and the scores of others, including the third reviewer.

Readability assessment

Readability for each response was assessed using natural
language recognition programming. The words in
responses were classified into different difficulty levels in
ascending order (1, 2, 3, and 4) based on the General
Standard Chinese Character Table and the Syllabus of
Graded Words and Characters for Chinese Proficiency,
readability databases used in Chinese linguistic research.
Consistent with previous studies,26,27 readability scores
were calculated using the formula: Y= 24.345× (percent-
age of Word Level 2)+ 10.153× (percentage of Word
Level 3)+ 25.150× (percentage of Word Level 4)+ 0.091
× (average character numbers in sentences). A lower score
indicates better readability.

Statistical analysis

The number of responses with scores: 1. comprehensive,
2. correct but inadequate, 3. mixed with correct and incor-
rect data, 4. completely incorrect, and 5. unanswered was
determined.

1. The proportion of different scores in the responses was
calculated separately for the four groups (prevention,
diagnosis, treatment, and follow-up) of answers from
the three LLMs.

2. Paired t-test was used to compare the scores between
each pair of two groups of answers.

3. Chi-square test was performed to test the accuracy
among ChatGPT, ERNIE Bot, and ChatGLM, as

follows: (a) comprehensive answers versus others and
(b) comprehensive or correct but inadequate answers
versus others. The dichotomized scores were subjected
to chi-square test.

4. Additionally, the word count for each response was cal-
culated, and a paired t-test was conducted.

5. The readability scores of the three models were also
compared using a paired t-test.

All analyses were performed using SPSS Statistics 22.

Results
Table 1 includes the 60 questions posed to the three LLMs,
along with the results of assessments of the answers.
Supplemental Table S2 presents the grading scores of
each reviewer. ChatGPT answered 60 questions. Of the
60 answers, 40 (66.7%) were comprehensive, six (10.0%)
were correct but inadequate, 11 (18.3%) were mixed with
correct and incorrect data, and three (5.0%) were com-
pletely incorrect. ERNIE Bot answered 60 questions, with
34 (56.7%) being comprehensive, seven (11.7%) being
correct but inadequate, 16 (26.7%) being mixed with
correct and incorrect data, and three (5.0%) being com-
pletely incorrect. ChatGLM provided 60 answers to the
questions, but one of the answers was not related with the
question. The answers were rated 35 (58.3%) comprehen-
sive, six (10.0%) correct but inadequate, 15 (25.0%)
mixed with correct and incorrect data, three (5.0%) com-
pletely incorrect, and one (1.7%) unanswered (Figure. 1).
Of the three LLMs, only ChatGPT demonstrated a sense
of human compassion.

1. The count of comprehensive answers in response to
questions about breast cancer prevention provided by
ChatGPT, ERNIE Bot, and ChatGLM was eight out
of eight (100%), six out of eight (75%), and seven out
of eight (87.5%). For questions about diagnosis, the

Table 1. Continued.

Score

Questions ChatGPT
ERNIE
Bot ChatGLM

57. Is zoledronic acid necessary for breast cancer patients? 1 1 1

58. Will endocrine therapy cause lipid abnormalities for breast cancer patients? 1 1 3

59. Will endocrine therapy cause osteoporosis for breast cancer patients? 1 1 1

60. Are there any dietary considerations during endocrine therapy for breast cancer? 1 2 1

Note. Each response was scored using the following grading system: 1. comprehensive, 2. correct but inadequate, 3. mixed with correct and incorrect data,
4. completely incorrect, and 5. unanswered.

Piao et al. 5

https://journals.sagepub.com/doi/suppl/10.1177/20552076241284771


three LLMs provided comprehensive answers in 10 out
of 15 (66.7%), eight out of 15 (53.3%), and nine out of
15 (60%) of the cases. Regarding questions about breast
cancer treatment, the three LLMs provided comprehen-
sive answers in 14 out of 27 (51.9%), 12 out of 27
(44.4%), and 10 out of 27 (37.0%) of the cases. In
response to questions about follow-up, the three
LLMs provided comprehensive answers in eight out
of 10 (80%), eight out of 10 (80%), and nine out of
10 (90%) of the cases (Figure. 2).

2. Paired t-test was used to compare the scores between
each pair of two groups of answers. There was no stat-
istically significant difference between the comparisons
of ChatGPT and ChatGLM (P= .142), ChatGPT and
ERNIE Bot (P= .132), as well as ERNIE Bot and
ChatGLM (P= .908).

3. Chi-square test was performed to test the accuracy among
ChatGPT, ERNIE Bot, and ChatGLM, as follows:
(a) There were no statistically significant differences

observed in the comparisons between comprehen-
sive answers versus other answers for ChatGPT
and ChatGLM (p= .171), ChatGPT and ERNIE
Bot (p= .118), as well as ChatGLM and ERNIE
Bot (p= .794).

(b) The comparisons between comprehensive or
correct but inadequate answers versus other
answers for ChatGPT and ChatGLM (p= .165),
ChatGPT and ERNIE Bot (p= .165), and
ChatGLM and ERNIE Bot (P= 1.000) did not
show any statistically significant differences.

4. According to the paired t-test, the answers provided by
ERNIE Bot (with an average of 304.2 words per response)
were significantly shorter than those of ChatGPT (with an

average of 453.6 words per response) (p<.001) and
ChatGLM (with an average of 425.0 words per response)
(p<.001). In addition, the responses generated by
ChatGPT were significantly longer than those produced
by ERNIE Bot (p< .001), indicating a statistically signifi-
cant difference. In contrast, there was no statistically sig-
nificant difference in length compared to ChatGLM (p=
.11) (Supplemental Table 3).

5. According to the paired t-test, the readability scores for
ERNIE Bot, averaging 8.68 per response, did not show
significant differences when compared with ChatGPT,
which had an average score of 8.65 per response (p=
.87), or with ChatGLM, which averaged 8.35 per
response (p= .052). Additionally, the responses gener-
ated by ChatGPT did not differ significantly from
those of ERNIE Bot (p=.87) or ChatGLM (p= .08)
(Supplemental Table S4).

Discussion

Principal findings

In this study, breast cancer was chosen as an example to
evaluate and compare the current capability of LLMs in
answering breast cancer-related questions in the Chinese
context. According to the assessment results of the three
senior oncologists, ChatGPT, ERNIE Bot, and ChatGLM
showed the ability to generate answers to most of the ques-
tions related to breast cancer.

According to the results, the answers had an average length
of 304–454 characters, ensuring detailed responses to patient
queries and including explanations of complex medical ter-
minology. However, LLMs often mixed incorrect information

Figure 1. Percentages of response distribution using different large language models.
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with correct viewpoints when answering questions, leading to
user confusion. For instance, in question 4, ERNIE Bot sug-
gested in their response that patients who had not been diag-
nosed with breast cancer should undergo a full-body
examination. In question 13, ChatGLM advised users with
calcifications in their breast mammography to take a mam-
mography examination for further evaluation. In question
24, ChatGPT asserted that radical surgery can ensure the com-
plete removal of all cancer cells in the patient’s body.
Furthermore, the concept of endocrine therapy, targeted
therapy, and immunotherapy was ambiguous. For example,
in question 28, ChatGLM referred to the use of traditional
Chinese medicine, such as ginsenoside rh2, to modulate the
immune system as “immunotherapy.” In question 37, both
endocrine therapy and immune checkpoint inhibitors were
called as “targeted therapy” by ERNIE Bot. In the same ques-
tion, ChatGPT classified endocrine therapy drugs like tamoxi-
fen as “targeted therapy.” This phenomenon can also
commonly be observed in the studies conducted in the
English context.28 These answers with mixed incorrect infor-
mation indicate that the capability of LLMs in answering
breast cancer-related questions in the Chinese context has
not yet been reliable at the current stage. It is important for
the LLMs to be applied under professional medical review,
especially in questions requiring high expertise.

In the analysis of the results, ChatGPT showed a higher
likelihood of providing comprehensive answers (66.7%),
followed by ChatGLM (58.3%) and ERNIE Bot (56.7%),
with no statistically significant differences. Furthermore,
ChatGPT achieved the highest percentage of comprehen-
sive or correct but inadequate answers (scores 1 or 2)
(76.7%), followed by both ERNIE Bot and ChatGLM

(68.3%), without any statistical significance. Pairwise
t-tests were also conducted to compare the accuracy and
readability scores of the responses generated by the three
LLMs, revealing no statistically significant differences.
Based on the above results, there were no statistically sig-
nificant differences in the accuracy and readability of the
answers among the three LLMs, despite the differences in
the length of the answers (ChatGPT >ChatGLM>ERNIE
Bot). These findings indicate that, in the Chinese context,
the capabilities of the three LLMs are similar in answering
breast cancer-related questions at present. The comparable
qualification rates demonstrate that LLMs developed in
the Chinese context are as effective as those developed
mainly in English in supporting breast cancer patients
online. This ensures that individuals who prefer or are
more comfortable with Chinese can equally benefit from
the artificial intelligence (AI)-generated responses. What’s
more, it seems that ChatGPT exhibits insufficient multilin-
gual adaptation and translation capabilities when respond-
ing to Chinese questions. For example, in question 32,
“capecitabine” was incorrectly translated as “依托泊苷”
(etoposide） by ChatGPT. This may suggest that within
the current Chinese context, LLMs developed in Chinese
have their own linguistic advantage. Of course, since
most information online is expressed in Mandarin
Chinese, when questions are posed in Cantonese or other
less commonly used dialects, greater challenges might be
posed for all three LLMs.29

The differences in performance among the three LLMs
may be attributed to several factors. One of the most critical
components is the difference in model architecture. While
most current LLMs typically employ the transformer

Figure 2. The proportion of comprehensive answers provided by large language models in breast cancer prevention, diagnosis, treatment,
and follow-up.
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architecture, subtle differences in architectural design may
have varying numbers of parameters and architectural
designs. These differences can affect the model’s ability
to learn complex patterns and process various types of
data efficiently. Other factors such as training methods,
optimization algorithms, and decoding strategies also play
a significant role in influencing the performance of LLMs.
These elements influence how effectively the models
learn from data, optimize their parameters, and generate
coherent and contextually appropriate responses.1,30

In addition, the quality of training data is a reason that
cannot be ignored and significantly affects language
model performance. Specialized information, such as the
latest version of guidelines, is not as readily available as
on open-source websites, resulting in less accurate and
complete responses generated by language models than
clinical guidelines. For example, in question 58,
ChatGLM asserted that aminoglutethimide is commonly
used in the endocrine treatment of breast cancer.
However, it is pertinent to note that aminoglutethimide is
a first-generation aromatase inhibitor. In current clinical
practice, third-generation aromatase inhibitors, such as
letrozole and anastrozole, are more commonly used due
to their superior efficacy and safety profile. In response to
question 39, ChatGLM indicated that the monthly cost of
the Trastuzumab treatment was RMB 20,000, whereas the
actual prevailing price is approximately RMB 6000. This
discrepancy could exert considerable psychological strain
on patients and potentially affect their decisions regarding
treatment, given that cost considerations sometimes play a
critical role in the assessment of therapeutic alternatives.
The result provided above aligns with our research: when
the questions were divided into four groups, it was found
that the three models had the lowest level of accuracy
(44.4%) in answering the treatment-related questions,
which may be attributed to the specialized nature of oncol-
ogy treatment and the frequent updating of the treatment
section of the guidelines. A potential future solution could
involve training LLMs with specific datasets, such as treat-
ment guidelines, to handle specialized medical tasks. An
illustrative example of this perspective is represented by
GPT application programming interface (API), which
allows developers to integrate and leverage the language
generation capabilities of GPT models programmatically
to enhance their applications, services, or systems. Wu
et al.31 investigated the application of the GPT API for effi-
cient radiation toxicity monitoring in prostate cancer
patients, demonstrating its effectiveness in reducing the
time demands on radiation oncologists.

When answering questions regarding breast cancer diag-
nosis, the three LLMs exhibited an average accuracy of
only 60% (9/15), slightly higher than the average rating
in treatment aspects. This is primarily because, in questions
15–17, all three LLMs provided answers for non-existent
breast imaging categories, including “BI-RADS 2a,

BI-RADS 4d, and BI-RADS 7.” This phenomenon is
known as “hallucination” in the realm of machine learning,
which refers to the occurrence of unreal and detached
results that neural network models infer from existing infor-
mation.32,33 This is a phenomenon that is also common in
the English environment.10,34

As for the general questions, such as breast cancer pre-
vention and follow-up, all three LLMs achieved an
average accuracy rate of over 80%. This means that in the
Chinese context, these LLMs may serve as a helpful
adjunct tool for patients in addition to search engines
when providing guidance on general questions. The study
conducted by Haver et al., which utilized GPT as the
subject of investigation, presented similar viewpoints in
the English context.11

Studies indicate that breast cancer is the most common
malignancy among women in both China and the United
States.21,22 In China, breast cancer tends to occur at a
younger age, with an average diagnosis age approximately
10 years earlier compared to the United States and
European Union countries.35 Furthermore, due to the eco-
nomic disparities in China, the incidence rate among
urban women is significantly higher when compared to
rural areas.36 Therefore, breast cancer patients in China
are more likely to seek breast cancer-related information
through online sources. However, it is worth noting that
breast cancer patients have a higher proportion of anxiety
and depression, reaching up to 30%–40%,37,38 which has
been demonstrated to potentially accelerate tumor metasta-
sis and lead to adverse prognosis.39 These negative emo-
tions could be further exacerbated by the abundance of
irrelevant, partially true, and even deceptive information
and advertisements on the Internet, potentially leading to
catastrophic consequences. Thus, the accuracy of medical
advice is crucial for the network users.

According to our research, of the three LLMs evaluated,
ChatGPT demonstrated a sense of human compassion. For
instance, in questions 24 and 47, ChatGPT responded to the
questioner with well-wishes, such as “I wish you a speedy
recovery.” In questions 46 and 47, ChatGPT exhibited com-
passion to patients. This result is consistent with previous
studies conducted in the English context.40,41 Research40

indicated that ChatGPT outperformed physicians in con-
veying empathy and concern during patient interactions,
qualities that are scarce in Chinese LLMs. The patient’s
anxiety can be alleviated by the comforting tone reflected
in the responses. However, this does not imply that the
role of oncologists can be replaced by LLMs. The potential
ethical implications and challenges associated with using
LLMs, particularly in the context of delivering medical
information that intersects with privacy concerns, must
not be overlooked.

LLM displays several advantages in offering medical
information. First of all, LLM is trained on large-scale data-
sets that are typically selected and validated to ensure the

8 DIGITAL HEALTH



quality and accuracy, thereby minimizing false information
and advertisements. Secondly, LLM provides answers in a
conversational manner, making them more human-like and
easily comprehensible. As a result, LLMs have exhibited
their potential applications in health care, including sup-
porting patients and medical practitioners in making
informed health decisions, improving scientific writing,
enhancing research equity, versatility, and efficiency,
among other benefits.42 However, as reviewed elsewhere,
LLMs also present with a set of unique challenges and lim-
itations that are important for us to be aware of.42,43 For
example, the risk of misinformation and distortion of scien-
tific facts is highly dangerous and requires attention.
Additionally, the data used to train ChatGPT and other
major LLMs are not publicly available, making accurate
validation of the information used to produce these
outputs presently impossible. Moreover, legal and ethical
questions concerning privacy, data security, and liability
are also issues that cannot be overlooked. In our opinion,
collaborations among AI experts, healthcare professionals,
and regulatory bodies are needed to shape the future direc-
tion of LLM integration in healthcare. With the increasing
use of LLMs in the Chinese language, they will become
even more effective and sympathetic as they continue to
be trained on larger and more diverse Chinese language
datasets in the near future. Then, LLMs can offer significant
support in improving patient satisfaction, alleviating
anxiety, increasing compliance, and enhancing the quality
of clinical service.

Limitations

There are several limitations to this study. GPT4, a more
powerful and accurate version, has been launched by
OpenAI on 3 March 2023. However, due to GPT4 being
a paid version and having fewer users, our study still
chose ChatGPT (GPT-3.5-Turbo), which has the highest
user base, as the LLM control. Moreover, each question
was input only once into the three LLMs, and as such,
the reproducibility of responses was not assessed. While
existing literature indicates a reproducibility rate exceed-
ing 90% in ChatGPT’s responses to tumor-related
inquiries.,11,14,15 the reproducibility of Chinese LLMs in
answering medical questions has not been explored. To
some extent, the accuracy and precision of the study
might be affected. Future research could explore this
aspect in greater depth to investigate the reproducibility
of Chinese LLMs.

There are also some unavoidable limitations in conduct-
ing this study. Firstly, while the questions were created by
the oncologists who tried their best to ask from patients’
perspective, some sophisticated queries appeared to have
been written by individuals with high level of medical back-
ground and specialized knowledge. From another perspec-
tive, it is these difficult professional questions that

challenge the models to demonstrate their expertise.
Additionally, while the physicians conducted blind evalua-
tions, the reviewers were aware that these responses were
generated by LLMs. Therefore, the grading could be
more stringent, and the performance of LLMs might be
underestimated. Furthermore, since this study was con-
ducted by clinicians, the questions regarding breast cancer
treatment are inherently more complex, which probably
result in lower scores in this part. Future studies could
investigate whether the evaluation of LLM-generated text
by other subspecialists in breast cancer might yield different
results.

Conclusions
In summary, our study is the first to evaluate and compare the
performance of different LLMs in the Chinese context, specif-
ically utilizing breast cancer queries as the study model. In the
Chinese context, the capabilities of ChatGPT, ERNIE Bot,
and ChatGLM are similar in answering breast cancer-related
questions at present. Of the three LLMs evaluated,
ChatGPT demonstrated a sense of human compassion,
which is currently lacking in Chinese LLMs. The three
LLMs can be used as auxiliary information tools for breast
cancer patients, providing guidance for general questions.
However, for highly specialized issues, particularly in the
realm of breast cancer treatment, LLMs cannot deliver reliable
performance. It is necessary to utilize them under the supervi-
sion of healthcare professionals. Currently, the appropriate
usage of LLM encounters numerous challenges, including
limitations in domain-specific knowledge, constraints in
model performance, potential ethical risks, and the risk of
misuse. Given these challenges, it is imperative to implement
targeted strategies, including engaging domain experts, con-
tinuously refining the model, enforcing specialized oversight,
and bolstering legal regulations. Collectively, these measures
pave the way for the appropriate usage of LLM, fostering its
beneficial impact while mitigating associated risks.
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