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Abstract

In this study, we evaluated the performance of a retrieval-augmented language model, powered by GPT-4, to recommend
appropriate clinical trial recommendations for a head & neck cancer population at the Memoria Sloan Kettering Cancer Center.
We demonstrated that retrieval-augmented LLM could achieve moderate performance, exceeding the historical performance of
untrained LLMs to provide oncology treatment recommendations by 4-20 folds. Our study provided insights into the rarely
measured performance of retrieval-augmented LLM using real-world patient cases in comparison to physician expert

recommendations.
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INTRODUCTION

Chatbots based on large language model (LLM) have demonstrated the ability to pass the United

States Medical Licensing Examination (USMLE) and answer specialized medical oncology

examination questions with impressive accuracy without any training or reinforcement;* 2 however,
leveraging LLMs in oncology-decision support have not yet demonstrated suitable performance,

noting untrained LLMs would produce responses that deviate from cancer expert recommendations

and the National Comprehensive Cancer Network (NCCN) guideline.* * Furthermore, the rapidly
changing and complex landscape of oncology — including knowledge on current cancer clinical trials
— limits the meaningful use of LLM in practice given delay in training dataset update. To bridge LLM
utility in oncology practice, we developed a retrieval-augmented LLM, powered by GPT-4, and
evaluated its performance to provide appropriate clinical trial recommendations for a head & neck

(HN) cancer population.

METHODS

In Feb 2022, we developed and piloted a clinical trial knowledge management application,
LookUpTrials, at the Memorial Sloan Kettering Cancer Center (MSK).® Using LookUpTrials real-time
database, we applied retrieval augmented generation architecture and direct preference

optimization to further fine-tune GPT-4 as an in-app assistant.® From Nov-7-2023 to Jan-30-2024,
we then collected consecutive, new patient cases and their respective clinical trial recommendations
from physicians in the HN medical oncology service at MSK. Cases were categorized by diagnosis,
cancer stage, treatment setting, and physician recommendation on clinical trials. Using these cases,
GPT-4 was prompted by a semi-structured template: “Given patient with a <diagnosis>, <cancer
stage>, <treatment setting>, what are possible clinical trials?” GPT-4 responses were compared
with physician recommendations with concordance a priori defined: GPT-4 response was a true
positive if it included the physician recommended clinical trial(s); true negative if response did not
include the physician recommended clinical trial(s); false positive if response recommended clinical

trial(s) but physicians did not; and false negative if response did not recommend clinical trial(s) but
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physicians did. We analyzed the performance of GPT-4 based on its response precision (positive
predictive value), recall (sensitivity), and F1 score (harmonic mean of precision and recall). We
further analyzed subgroup performance by cancer types. Statistical analyses were performed using

JMP-17.2.0. MSK institutional review board approved the study.

RESULTS

We analyzed 178 patient cases, mean age 65.6 (SD 13.9), primarily male (75%) with local/locally
advanced (68%) HN (61%), thyroid (16%), skin (9%), or salivary (8%) cancers (Table 1). Majority
were treated in the definitive setting with combined modality therapy (42%), and a modest
proportion were treated under clinical trials (10%). Overall, retrieval-augmented GPT-4 achieved
moderate performance (Table 2), matching physician clinical trial recommendations with 63%
precision and 100% recall (F1 score 0.77), narrowing a total list of 56 HN clinical trials to a range of
0-4 relevant trials per patient case (mean 1, SD 1.2). Subgroup performance of precision varied by
cancer types: HN cancers (73%), skin cancers (50%), salivary gland cancers (36%), and thyroid

cancers (33%)

DISCUSSION

Our study demonstrated that retrieval-augmented LLM can achieve moderate performance in
matching physician clinical trial recommendations in HN oncology. Comparatively, our retrieval-
augmented LLM exceeded historical performance of untrained LLMs to provide oncology treatment
recommendations by 4-20 folds (F1 score 0.04 - 0.19).* Our results suggest the potential of retrieval-
augmented LLM to reduce clinician cognitive-load in clinical trial search, although its performance
can varied based on dataset specificity. Our study is limited to sample size, cross-sectional, disease-
specific, and single-institutional design; however, it provides insights into, rarely measured,
performance of retrieval-augmented LLM using real-world patient cases in comparison to physician

expert recommendations. Future research is needed to optimize the precision and stability of LLM
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and to assess its effectiveness as a scalable solution to enhance clinical trial search and participation.
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Table 1. Baseline Characteristic of Patient Cases

Hung et a
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Characteristic Overall, No. (%)
All cases 178
Age, mean (SD), y 66 (13.9)
Sex
Female 44 (25)
Male 134 (75)
Cancer Types
Head and Neck Cancers 109 (61)
OPC 49 (28)
occC 22(12)
Laryngeal SCC 18(10)
Hypopharyngeal SCC 84)
Other 12 (7)
Thyroid Cancers 29 (16)
ATC 4(2)
DTC 25 (14)
Skin Cancers 16 (9)
Salivary Gland Cancers 14 (8)
ACC 501)
Non-ACC 9(5)
Other Cancers 10 (6)
Cancer Stage
Local or Local Advanced 121 (68)
Recurrent/Metastatic 57 (32)
Biomarkers
HPV+ or p16+ 42 (24)
EBV 5(3)
BRAF 6(3)
RET 2(1)
AR+ 2(1)
HER2+ 3(2)
Other 6(3)
None 113 (63)
Treatment Settings
Definitive 93 (52)
Palliative 51 (29)
Surveillance 15(8)
Adjuvant 13(7)
Diagnostic 6(3)
Treatment Modality
Combined modality therapy 75 (42)
Primary systemic treatment 37 (21)
Primary surgical treatment 11 (6)
Primary radiation treatment 8(5)
Best supportive care 5@13)
Other 24 (13)
Clinical trials 18 (10)

[unpublished, non-peer-reviewed preprint]
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Table 2. Performance of Retrieval-Augmented LLM in Matching Physician
Clinical Trial Recommendations

Performance Precision Recall F1 Score
Overall 63% 100% 0.77
Subgroups

Head and Neck Cancers 73% 100% 0.84
Thyroid Cancers 33% 100% 0.50
Skin Cancers 50% 100% 0.67

Salivary Gland Cancers 36% 100% 0.53
Other Cancers - - -
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