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Large language models (LLM) such as ChatGPT have gained public and scientific attention. The aim of this study is to evaluate
ChatGPT as a support tool for breast tumor board decisions making. We inserted into ChatGPT-3.5 clinical information of ten
consecutive patients presented in a breast tumor board in our institution. We asked the chatbot to recommend management. The
results generated by ChatGPT were compared to the final recommendations of the tumor board. They were also graded
independently by two senior radiologists. Grading scores were between 1-5 (1 = completely disagree, 5 = completely agree), and
in three different categories: summarization, recommendation, and explanation. The mean age was 49.4, 8/10 (80%) of patients had
invasive ductal carcinoma, one patient (1/10, 10%) had a ductal carcinoma in-situ and one patient (1/10, 10%) had a phyllodes
tumor with atypia. In seven out of ten cases (70%), ChatGPT's recommendations were similar to the tumor board’s decisions. Mean
scores while grading the chatbot’s summarization, recommendation and explanation by the first reviewer were 3.7, 4.3, and 4.6
respectively. Mean values for the second reviewer were 4.3, 4.0, and 4.3, respectively. In this proof-of-concept study, we present
initial results on the use of an LLM as a decision support tool in a breast tumor board. Given the significant advancements, it is
warranted for clinicians to be familiar with the potential benefits and harms of the technology.
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The release of the chatbot ChatGPT by OpenAl has gained a lot of
public, media, and scientific attention. GPT (Generative Pre-
training Transformer) is a large language model (LLM). LLMs are
based on transformer with Attention mechanism'. These models
are trained on extremely large datasets, consisting of billions of
words and parameters. They are also considered “few-shot
learners”, meaning that once trained, they can adapt to new
domains with a small number of examples. LLMs can be used for
various applications in clinical care and research®. They can be
used as a support tool for physicians, allowing quick summariza-
tion of data, question answering, and even treatment suggestions.
There are some reports as well as several studies that have shown
encouraging results on ChatGPT performance in various complex
medical tasks. These include the United States Medical Licensing
Exam (USMLE)3, imaging reports simplification for patients®,
decision-making on the appropriate breast imaging examina-
tions®, and scientific manuscripts generation®.

Medical tumor boards generally present and discuss the most
complex clinical cases. The active involvement in tumor boards
represents formidable intellectual challenges for oncologists,
surgeons, radiologists, and pathologists in their clinical practice.
This is due to the need to integrate medical expertise, intricate
medical understanding and insightful clinical judgment. In the
current proof-of-concept study we aim to evaluate a large
language model (ChatGPT-3.5) as a support tool for a breast
tumor board.

Ten consecutive women presented in our institutional tumor
board were included in this study. The mean age was 49.4. Eight
(8/10, 80%) of the patients had invasive ductal carcinoma (IDC),
one patient (1/10, 10%) had a DCIS and one patient (1/10, 10%)

had a phyllodes tumor with atypia. Patient characteristics are
detailed in Table 1.

In seven out of ten cases (7/10, 70%), ChatGPT's recommenda-
tions were similar to the tumor board’s decisions. Based on the first
reviewer, mean score for the chatbot’s summarization of the clinical
vignettes was 4.6, foragreement with clinical recommendations 3.7,
and for explanations 4.3. Mean values for the second reviewer were
4.3 for summarization, 4.0 for agreement with clinical recommenda-
tions, and 4.3 for explanations (Fig. 1). Agreement between raters
was fair for summarization (k,, coefficient=0.42, 95% Cl 0.10-0.50),
substantial for clinical recommendation (k,, coefficient = 0.80, 95%
Cl 0.78-0.81), and substantial for explanation (k,, coefficient =0.65,
95% Cl 0.53-0.74).

In eight cases (8/10, 80%) the chatbot recommended surgery as
the next management step, and in two cases (2/10, 20%) it
recommended neoadjuvant chemotherapy treatment. According
to the tumor board recommendations, seven patients were
referred for surgery, two to imaging and one to neoadjuvant
chemotherapy. When recommending a multidisciplinary consult
as an additional note in the generated responses, never did
ChatGPT mention radiologist as part of the medical forum.

This study evaluates the performance of ChatGPT as a clinical
decision support tool in patient management in breast tumor
board decisions. Our findings showed that the chatbot’s clinical
recommendations were in-line with those of the tumor board in
70% of cases. Furthermore, the chatbot provided concise
summaries for the clinical cases, and explanations for its
conclusions. Notably, lowest grading scores, from both reviewers,
pertained to the chatbot's clinical recommendations. Perfor-
mances in summarization and explanation were rated higher.
Indeed, deciding on clinical management is the most challenging
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Summarization

Fig. 1 Rating of the performance of a large langue model (ChatGPT) in three categories by the two reviewers (M.S.L. - reviewer-1 in gray and
Ey.K. - reviewer-2 in black): summarization of text, clinical recommendation, and explanation on the decision made.

intellectual task, requiring medical understanding and expertise. It
is interesting to note that in one of the cases the chatbot “missed”
information on the patient’s HER2 FISH results. However, when
asked directly, it corrected the error. We speculate that this may
be due to the model’s use of Attention mechanism. Attention is a
key aspect of Transformer-based language models like ChatGPT. It
allows to analyze the context of words by taking into account
surrounding words and weighing them based on relevance.
Transformers process all words at the same time and calculate
attention weights between them. It may not have put enough
weight on the FISH results. This highlights its tendency in some
cases to overlook important information, as in our patient and her
HER2 status.

Another interesting point is the lack of referral in all cases to
additional imaging, or consultation with a radiologist as part of a
multidisciplinary team. That is despite the fact that radiologists
have important roles in tumor boards while discussing patient
management. Radiologists assist in determining the stage of
breast cancer and contribute to treatment planning and evalua-
tion of treatment response. Historically, there have been
misperception of the general public on radiologists. It is common
that patients do not recognize radiologists as one of their treating
physicians, or in some cases as physicians at all”. As ChatGPT's
training was based on texts from the internet, it may have caused
some sort of replication or even amplification of that trend. There
are some possible ways by which the model’s recognition of
radiologists’ roles can be improved. As language models increase
in size and are trained on larger data, they may better
comprehend the nuances of radiologists’ responsibilities. Addi-
tionally, large language models can be fine-tuned with specific
medical or radiological data. Exposure to domain-specific informa-
tion should enhance the model’s “knowledge” in the field. Finally,
it may be possible that the model did not assign sufficient weight
to radiologist consultations in the decision-making process. The
latter issue can be adjusted and corrected with training. There are
several limitations to this study. The proof-of-concept nature of
the study limited the sample size to a mere ten patients, which
does not reflect the algorithm'’s performance in real-world clinical
settings. Consequently, generalizing the results from such a small
sample size is unfeasible. Furthermore, some tumors and many
clinical scenarios are not represented at all. For example, all eight
IDC cases were ER-positive. Although ER-positive breast cancer is
more common?, decisions on triple-negative and HER2-positive
patients’ management may be more complicated. Furthermore,
there was only one case of DCIS, and no cases of invasive lobular
carcinoma (ILC) at all. Finally, one of the reviewers (M.S.L),
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participates regularly in the tumor board. Thus, there is a
possibility of subjective bias in the grading process.

There are inherent limitations to ChatGPT that must be
considered. One concern is the potential generation of false or
incorrect information, which may lead to inappropriate medical
decisions and compromise patient safety. The output of the
chatbot is impacted by the data it is trained on. Thus, if training
data do not represent diverse populations, bias may be
introduces, and potential exacerbation of healthcare disparities®.
Moreover, it is important to consider that ChatGPT generates
responses based on the dataset it was trained on. The data may
not be up-to-date, particularly in fields such as oncology, where
new trials and drugs are constantly emerging.

Another issue is the question of legal responsibility and liability
in cases where Al-driven decisions lead to negative outcomes.
Data security is an additional critical issue. The insertion of actual
patient data into these models necessitates data protection
mechanisms to prevent unauthorized access. The potential for
adversarial cyber-attacks, where malicious actors manipulate the
Al system to produce harmful outcomes, is a growing concern'®,
This emphasizes the significance of developing cybersecurity
measures to safeguard Al systems in clinical settings.

To conclude, in this study we demonstrate the performance and
feasibility of use of ChatGPT-3.5 in one of the most complex tasks
in patient care. We identify strengths and discuss pitfalls that still
need to be addressed. Further studies with larger sample sizes are
warranted in order to establish the actual performance of the
chatbot in different clinical scenarios. Given the significant
advancements, it is likely that the use of LLMs such as ChatGPT
as an assisting and supporting tool for physicians will expand and
evolve. Thus, familiarity of clinicians on the pros and cons of this
technology is essential.

METHODS

This retrospective study was approved by the Chaim Sheba
Medical Center institutional review board (IRB) with a waiver of
informed consent granted and so participants didn't provide
written informed consent. Ten consecutive women who were
diagnosed with breast cancer and were presented at breast tumor
board at our institution in January 2023 were included in the
study. Women who underwent imaging outside of our institution
were excluded to ensure homogeneity of data.

For each patient, we collected the most recent clinical notes
from both oncology and surgery clinic visits, the latest imaging
results (including mammography, ultrasound, and MRI), surgical
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report if available, and the corresponding pathology results, or
results from biopsy.

Y.B. extracted the relevant clinical data. V.S. generated clinical
vignettes summarizing the relevant clinical data, while blinded to
the tumor board decisions. Vignettes included demographic
information, clinical history, imaging and pathology results, and
current status (whether underwent surgery, borders, molecular
tests). The vignettes were written in English. It should be noted
that some of the notes and imaging results were originally in
Hebrew, and thus were translated.

Y.B. inserted the clinical vignettes into ChatGPT-3.5, and asked
the chatbot to recommend on the next most appropriate step in
management. We gave it options from which it was supposed to
choose. The exact query was: “Hi, can | give you a patient story of
breast cancer detected and you'll say what is the next step in her
management? please decide if she needs surgery, what type of
surgery, whether she needs neoajuvant therapy before, or does
she needs further testing”. ChatGPT-3.5 was accessed on February
9th, 2023, and all answers were obtained at that time. We then
retrieved the summary and decision notes from the tumor board,
documented regularly in the medical chart of each patient
following tumor board discussion. Y.B. and V.S. reviewed the
chatbot’s answers and compared them to the tumor board’s
decisions, asking the chatbot to elaborate when recommenda-
tions were divergent. All cases were then reviewed and discussed
together with M.S.L., who is a senior breast radiologist participat-
ing regularly in the tumor board.

M.S.L. graded the responses based on three distinct categories:
summarization, clinical recommendation, and explanation. A
grading scale of 1-5 was used, where 1 indicated complete
disagreement, 2 disagreement, 3 neutrality, 4 agreement, and 5
complete agreement (Supplementary Tables 1-3). Clinical recom-
mendations were also evaluated using a binary grading system,
focusing on whether the overall recommendations regarding
surgery, systemic treatment, and further assessment were aligned
between the tumor board and the chatbot.

Due to the possibility of bias introduction since M.S.L. usually
participates in the tumor boards, Ey.K. who is a senior radiologist
not involved in neither data collection nor in the tumor boards,
also graded independently the chatbot’s responses. Agreement
between raters was measured using linear weighted Cohen’s
kappa (k) coefficient. Interpretation of the k,, coefficient was as
follows: —0: less than chance agreement; 0.01-0.20: slight
agreement; 0.21-0.40: fair agreement; 0.41-0.60: moderate agree-
ment; 0.61-0.80: substantial agreement; 0.81-0.99: almost perfect
agreement'’.

Reporting summary

Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

DATA AVAILABILITY

The data that support the findings of this study are available upon request from the
corresponding author [V.S.].
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