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ABSTRACT

An exhaustive study was needed to test the limits of leading Large Language Models (LLMs) using
numerous real-world clinical trial outcomes. It was also necessary to provide extensive hallucination studies
based on both extracting main points and providing novel Al clinical decision support. Here, 100 Bevacizumab
cancer therapy articles representing over 900K words were summarized by the 3.5 Sonnet model into 49K
words, which completed a detailed and complex problem of several cancer and study types to press the
capabilities of the ChatGPT ol reasoning model. Report summaries in general followed an effective format,
with guardrails to de-identify patient information and numerical data sources attributions to ground the output to
the input. The main takeaway was that both LLMs typically remained in-context with the input data when more
structured prompts were used, while precise quotations and author name citations were less prominent. These
errors were likely due to LLM pressure towards achieving coherence vs. exact recall based on manufacturer
inference-time compute settings. Overall, ChatGPT ol provided state-of-the-art evidence-based Bevacizumab
insights regarding clinical efficacy across indications, dosing recommendations, combination therapies, and
biomarker-driven selections.
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Figure 1: Two part LLM study

2025 LLM clinical decision support systems (CDSS) have pressed forward with application improvements based on newer Al
models. In 2025, Buhr C. et al. provided decision-making assessments with local and web-based LLMs versus human board
recommendations. ChatGPT 4o yielded a mean score of 4.7 (IQR: 4-6), while Llama 3 [likely the 8B parameter model] achieved
a scored of 4.3 (IQR: 3-5) [1]. Kim B. et al. proposed a CDSS for mental health diagnosis that utilized GPT 40, Gemini 1.5
Flash, and a Llama 3.2 model with constraint logic programming to translate diagnostic manuals to a logic program. GPT 40 had
"9 correct diagnoses out of 10, followed by Gemini with 8 and Llama with 7" [2]. In addition, Ensina L. et al. utilized GPT 4
Turbo, 4, and 3.5 to analyze 969 electronic medical records in Brazilian and Portuguese regarding the detection of anaphylaxis.
GPT 4 Turbo had the best performance, detecting anaphylaxis cases "with 90.6% precision, 100% sensitivity, 99.5% specificity,
99.5% accuracy, and a Cohen kappa coefficient of 0.95 [3]."

Gao Y., et al. assessed instruction-tuned versions of Mistral 7B and Llama 3 70B models in predicting binary outcomes for
sepsis, arrhythmia, and congestive heart failure; however a XGB classifier outperformed the smaller sized LLMs across all tasks
[4]. In a Nature Communications article by Griot M et al. titled "Large Language Models lack essential metacognition for reliable
medical reasoning", the authors found that GPT 40, GPT 3.5 turbo, and several open source models typically did not possess "a
robust capacity to provide higher accuracy”. GPT 40 was found to be the best performing model, with a *missing answer recall
metric’ of M = 46.1%, SEM = 4.7%, which was significantly more accurate (p < 0.0001) than GPT 3.5 turbo’s score of M =
11.3%, SEM = 2.9% [5]. Steybe D. et al. used a retrieval-augmented generation (RAG) GPT 4 system "to provide answers on
the prevention, diagnosis, and treatment of medication-related osteonecrosis of the jaw." Their GuideGPT framework using the
Mann—-Whitney U test showed significantly better ratings for GuideGPT than without using RAG "regarding content (p = 0.006),
scientific explanation (p = 0.032), and agreement (p = 0.008), though not for language (p = 0.407) [6]."
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Chan T. et al. in January 7, 2025 utilized a verbal reinforcement learning framework with Al agents to improve on an
agentless Llama 3.1 score from 70% to 81.3%. ChatGPT 4 scored 79.3% regarding complex knowledge otolaryngology. Their
ENTAgents were found to "improve accuracy by over 11.3% in handling short questions, with 2.78 folds in the length of the
text and explaining clearly [7]." Of particular importance was the Noda R. et al. 2025 study using ol pro vs. GPT 4 regarding
self-assessment questions from 2014-2023 for nephrology board renewal. "ol pro scored 81.3% (170/209), significantly higher
than GPT-4’s 51.2% (107/209; p<0.001)", with ol pro exceeding the 60% passing criterion every year [8].

A review by Liu S. et al. found that LLM-RAG workflows "showed a 1.35 odds ratio increase in performance compared to
baseline LLMs", and developed guidelines for improving clinical applications [9]. Moreover, Antonie N. et al. conducted a review
regarding the use of ChatGPT and other Al chatbots to optimize antibiotic therapy, with the main finding that AI has "the potential
to complement antibiotic stewardship efforts"; however rigorous clinical trials, interdisciplinary collaboration, regulatory clarity,
and tailored algorithmic improvements are needed. Also, Gallifant J. et al. in January 2025 proposed a reporting guideline called
TRIPOD-LLM as an extension to a prior work regarding biomedical applications aimed towards assisting academia, journal
editors and peer reviewers, policymakers, funders, regulators, patients and study participants [10]. Furthermore, Malgaroli M. et
al. published revised LLM guidelines for mental health regarding the building of a global clinical repository, the design of ethical
usage standards, and offering further refinements and integrations while promoting digital inclusivity [11].

Yuan Z. et al. in May 2024 stated of LLMs: "As a result of the vast size of these models, they present considerable inference
challenges, not only for devices with limited computational capabilities, but also for the most advanced hardware. Because of
their complexity and scale, as well as their energy and computational demands, these models are difficult to deploy in real-world
situations." "Additionally, the resource-intensive nature of these models raises concerns about energy consumption, scalability,
and accessibility [12]." Li R. et al. in November 2024 discussed the importance of using improved processing techniques such as
GPU tensor parallelism and load balancing computational tasks across devices to prevent device overloading [13]. The OpenAl
GPT-40 system card detailed emerging features using the Apollo Research assessment: achieving scores of self-knowledge (2/3),
explicit theory of mind (3/3), self-reasoning (1/3), applied theory of mind (1/3), and combined self-reasoning and theory of mind
(1/3) [14]. Subsequently, the December 2024 GPT-o1 system card further highlighted the ongoing progress of reasoning models:
"It is likely that improved scaffolding, inference-time compute techniques, or finetuning can further improve the performance of
ol [15]."

Nazi Z. et al. in January 2025 evaluated open and closed sourced LLMs with zero-shot, few-shot, and chain-of-thought
prompting Chain-of-thought prompting (CoT), which LLMs generate a structured, step-by-step reasoning process before arriving
at the final answer. However, their CoT experiments revealed that longer prompt lengths in CoT prompting can sometimes lead
to increased hallucination where the model generates irrelevant or incorrect outputs [16]. Xu F. et al. in 2025 detailed process
reward models that can be utilized during test-time phase, such as OpenAl ol series models. "The new test-time scaling laws
suggest that inference capabilities can be effectively enhanced by increasing test-time compute, providing a clear direction for the
future development of LLMs." This allows for o1’s reasoning capabilities which can "be effectively enhanced through advanced
computation allocation during inference, particularly in complex problemsolving scenarios." "The constraints on scaling this
approach differ substantially from those of LLM pretraining, with performance consistently improving with more time spent
thinking [17]."

Agarwal M. et al. in October 2023 highlighted best practices for LLM inference performance in which input length is not
generally significant for performance but important for hardware requirements, and that slower large model speed ratios won’t
necessarily match the parameter count ratio [18]. Shenoy V. et al. detailed the importance of the attention algorithm used in
models such as ChatGPT, in which loading values from memory, performing a computation, and storing the results of that
computation to memory are all affected by the algorithm [19]. Ferraris A. et al. published an article in January 2025 regarding
self-attention mechanism which requires significant memory due to the requirement of "comparing every element in the input
sequence with every other element, which scales quadratically with the input length." Therefore, with "very large datasets or long
input sequences, this can become prohibitively expensive. [20]"

Hua S. et al. in February 2024 detailed top-p decoding in the training and the inference process may cause models such
as ChatGPT to hallucinate. In addition, "the exposure bias problem arising from the inconsistency between training target and
inferred target is also a major cause of inaccurate text." In addition, parametric knowledge bias has been found to cause extrinsic
hallucinations [21]. Zhou Z. et al. in July 2024 addressed problems regarding batch inference and KV caching by utilizing a
skip decoder to "ensures a monotonic decrease in exit points to prevent recomputation of KV cache, facilitating efficiency gains
during inference [22]." Moreover, Li B. et al. in July 2024 detailed the complexities of large inputs: "Serving long-context LLM
applications is particularly challenging as the size of the KV cache scales with the number of tokens." In addition LLM inference
by generating text token by token is primarily limited by memory bandwidth [23].

2 Methods

Al software used in this study were unmodified LLMs with generation times being obtained from a digital stop watch. 3.5
Sonnet utilized document retrieval of full article pdfs found only in Table 2 using the *paper clip’ option and text prompts, while
ChatGPT ol processed text prompts plus large inputs. Each of the 100 reports for Part Two were combined and formatted with the
type of study, the article title, the authors’ names, and the date as shown in Supplementary S100p. The total input size including



Prompt 2a provided to ChatGPT ol was 49,041 words (estimated number of tokens = 63,753, at 1.3 tokens/word), and 340,654
characters. Article lengths were obtained by pasting pdf text into Google Docs and using the word counts feature.

ChatGPT ol (128K token limit through "Pro" service, but not the ChatGPT ol pro model) prompts were first optimized with
several larger text experiments. Once the output quality was sufficient, a chain of prompts were run in a single conversation.
Text that was copied into LLM input fields was also pasted as plain text into the 169 page Supplementary S100p, available to
developers and clinicians as a single reproducibility experiment. Supplementary V500 contains the 500 Part One verifications,
SREA contains the Part Two generations, and VPII contains Part Two verifications. Generations in the manuscript received white
space formatting for readability and fitting. The author conducted experiments, analysis, and wrote the manuscript, with ChatGPT
40 and ChatGPT ol primarily being utilized as a research tool.

2.1 LLMs in Study

01) 3.5 Sonnet: Claude website chat interface was accessed through MacOS 14.5 (23F79) and Google Chrome browser Version
131.0.6778.205 (Official Build) (arm64) [24].

02) ChatGPT ol: ChatGPT website pro interface was accessed through MacOS 14.5 (23F79) and Google Chrome browser
Version 131.0.6778.205 (Official Build) (arm64) [25]. The ChatGPT ol pro model was not utilized in this study.

03) ChatGPT 4o0: ChatGPT website pro interface was accessed through MacOS 14.5 (23F79) and Google Chrome browser
Version 131.0.6778.205 (Official Build) (arm64) [26].

3 Part One: 100 Articles

A PRISMA literature search based on 17 Bevacizumab related Google Scholar [27] searches screening 1,225 entries was
conducted to obtain the 100 articles, as shown in Appendix Figure 5. Records excluded were based on license type, therapy type,
and relevancy to yield 23 prospective clinical trials, 26 retrospective clinical studies, 10 case reports, 9 preclinical studies, and
32 review articles. Of these works, there were 25 colorectal cancer articles, 19 non-small cell lung cancer, 15 ovarian cancer,
15 hepatocellular carcinoma, 9 glioblastoma tumor, 5 cervical cancer, 4 glioma tumor, 2 breast cancer, 1 neuroblastoma, 1
appendiceal adenocarcinoma, 1 renal cell carcinoma, 1 PASC, and 2 various cancer articles. The resulting 100 article table
separated by number, authors, 2024 published date online, words, and journal is shown in Table 2. The sum of the 100 articles
was 914,257 words, with an average article length of 9,142.57 words, and a standard deviation of 4,119.72.
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Figure 2: Part One LLM study

Standard 1: Bevacizumab Therapy Reports

Prompt 1: Write a two page report based on the attached document regarding the authors’ Bevacizumab therapy results, also
abbreviated as BEV, BVZ, Bmab, BCZ, or BV using the following format: “Executive Summary”, “Technical Details”, “Key
Insights”. Only include results related to Bevacizumab, deidentifying any patient information if present. Cite selections of
numerical data enclosed in quotation marks corresponding to the authors’ names. Only use exact quotations derived from the
attached document throughout the report. [Single Article Attached, Single Generation]

1 of 100
Articles

Bevacizumab
Therapy

De-identify
Patient IDs

Data Citations
Author Names

|, Detailed Report

Format

1 of 100
Reports

Table 1: Process diagram for Standard 1




Bevacizumab Therapy Articles 001-050

Bevacizumab Therapy Articles 051-100

Article | Authors

Date | Words

Journal

Article | Authors

Date | Words

Journal

001 | Boland P. et al. 128
002 | Pan Q. et al. 3

003 | Seufferlein T. et al. 32!
004 | Chen X. et al. 14
005 | Rietveld P. et al. 39
006 | Okawa M. et al. 138
007 | Moisuc D. et al. 40
008 | Zhang P. et al. 142!
009 I Li S. et al. 14

010 | Chautard R. et al. 149!
011 | Zheng Z. et al. 43
012 | Furuya K. et al. 5%
013 | Mazard T. et al. 52
014 | He L. et al. 54

0151 Yan L. et al. ¢

016 | Sun C. et al. B8
0171 Song Y. et al. 162
018 | André T. et al. 162
019 | Corrias G. et al. ¢4
020 | Jacobsen A. et al. 16
021 | Naz T. et al. (681

022 | Rais T. et al. 70

023 | De Felice F. et al. 721
024 | Su M. et al. "4

025 | Xu Q. et al. 7

026 | Wu S. et al. 78]

027 | Huang Y. et al. (8
028 | Ge Y. et al. 1321

029 | Rathbone M. et al. 84
030 | Zhang X. et al. 186
031 | Liao X. et al. 188!
032 | Kuo C. et al. ¥

033 | Xiong J. et al. 2
034 | Hua C. et al. 4
0351 Lin X. et al. 1

036 | Jarry U. et al. 18
037 | Huang S. et al. 1'%
038 | Kobayashi N. et al. 1021
039 | Tian J. et al. 1'o4

040 | Han Gu. et al. (1%
041 | He Q. et al. 11081

042 | Zhao Y. et al. 1110
043 | Zhou Y. et al. 11121
044 | Li Q. etal. "4

045 | Freyer G. et al. 1110
046 | Roque D. et al. 118!
047 | Rosario S. et al. ['20!
048 | Kokabu T. et al. 122!
049 | Kanno K. et al. 114
050 | Tida Y. et al. 120!

12/277/24 1 5488
04/03/24 18476
06/14/24 17666
08/12/24 19810
05/28/24 14818
12/19/24 18875
01/16/24 110683
10/09/24 17735
12/11/24 15429
08/20/24 1 6643
01/25/24 15511
02/02/24 18541
06/17/24 18202
03/28/24 15526
07/20/24 125901
12/23/24 110912
02/01/24 17951
09/26/24 17532
03/30/24 112471
02/22/24 112801
06/06/24 17795
07/12/24 1 8863
11/20/24 14047
07/12/24 14282
12/03/24 114639
12/23/24 110880
01/29/24 16740
02/01/24 15688
03/22/24 111756
10/15/24 17061
10/15/24 15873
03/25/24 16997
06/24/24 1 4427
06/23/24 113889
01/27/24 1 8087
06/27/24 1 8754
10/01/24 1 8485
12/19/24 18112
12/04/24 16177
01/22/24 18118
12/16/24 110769
02/22/24 17218
03/13/24 15170
07/04/24 112263
03/05/24 18826
06/20/24 1 5475
12/05/24 111995
07/25/24 1 6860
08/25/24 16119
02/14/24 17314

Invest New Drugs
Sig Transduct Target Ther
PLoS One

Front. Oncol.
Biomed. Pharmacother.
PLoS One
Cancers

Front. Immunol.
Sig Transduct Target Ther
Dig Liver Dis
Front. Pharmacol.
BMC Cancer
Cancer Imaging
Front. Immunol.
Discov Onc

PLoS One

BMC Gastroenterol
Curr. Treat. Options in Oncol.
Cancers

Cancers

J. Pharm. Policy Pract.
Front. Oncol.
Clin. Oncol.
Medicine

Front. Immunol.
Clin. Transl. Med.
Sig Transduct Target Ther
Cancer Med.
Cancers

Front. Oncol.
CRJ

Kaohsiung J Med Sci.
Front. Oncol.
Biomolecules
Cancer Immunol Immunother
PLoS One

Exp Hematol Oncol
Genes

CRJ

Front. Pharmacol.
Cancer Biol Ther
Biomed. Pharmacother.
Clin Transl Oncol
Front. Immunol.
Nat. Commun.
BJC Reports

Nat. Commun.
Cancers

Curr. Issues Mol. Biol
Front. Oncol.

051 I Boso D. et al. 2%
052 | Alemzadeh E. et al. BY
053 | Zak K. et al. 1!

054 | He H. et al.

0551 Kim Y. et al. 7]

056 | Romero 1. et al. ¥
057 | Luvero D. et al. 41
058 | Nunes M. et al. #3
059 | Han Gr. et al. ¥
060 | Murata Y. et al. 147!
061 | Nosaka T. et al. 49
062 | Shomura M. et al. 5!
063 | Hwang S. et al. 53
064 | Storandt M. et al.
065 | Hu Z. et al. 5"

066 | Khaled N. et al. 1
067 | Ueno M. et al. o1
068 | Shirane Y. et al. 13!
069 | Egerer M. et al. 13
070 | Abraham S. et al. ¢7
071 | Krupa K. et al. 1%
072 | Oura K. et al. 71
073 | Childs A. et al. 3
074 | Chen K. et al. 1"*
075 | Valerio J. et al. 77
076 | Guo G. et al. [

077 | Zhang J. et al. 18
078 | Ezaki T. et al. 183
079 | Zhong W. et al. 83
080 | Laviv Y. et al. 87
081 | Rahman M. et al. 13!
082 | Hoosemans L. et al. °!]
083 | Sadowski K. et al. 13!
084 | Yang H. et al. 1
085 | Ju M. et al. 7

086 | Adachi T. et al.
087 | Zhai C. et al. t°1
088 | Chang C. et al. 1%l
089 | Zhao S. et al. 1%
090 | Shen L. et al. 1107
091 | Wei S. et al. 1%

092 | Wang C. et al. 1!
093 | Fleischer T. et al. '3
094 | Janes P. et al. '3
095 | Moreno L. et al. 7
096 | Hornstein N. et al. [119]
097 | Eismann L. et al. 12!l
098 | Liu Q. et al. 1'%

099 | Wang L. et al. 1%
100 | Wei Q. et al. 127]

12/19/24 110587
04/23/24 112995
03/05/24 114752
11/21/24 111084
08/21/24 17283
01/29/24 17308
06/14/24 17536
05/04/24 124456
08/29/24 114971
06/29/24 17391
05/06/24 19397
10/25/24 1 8082
02/19/24 110954
07/09/24 17588
11/19/24 16830
04/08/24 110121
09/18/24 16917
03/28/24 19874
10/29/24 17434
01/04/24 16241
12/04/24 115001
12/19/24 112732
06/08/24 112227
05/17/24 110549
10/10/24 19398
08/06/24 16756
01/04/24 17916
04/15/24 15232
09/04/24 14919
09/24/24 16796
08/27/24 115882
08/29/24 116624
05/26/24 119231
10/17/24 16761
10/09/24 | 6660
11/11/24 13302
01/08/24 19862
09/10/24 113680
01/02/24 17179
08/19/24 111189
04/02/24 15283
11/14/24 1 6826
04/26/24 112395
05/16/24 110305
01/08/24 19479
05/29/24 14197
10/02/24 13000
12/12/54 14325
01/02/24 19330
01/04/24 121770

J Exp Clin Cancer Res
Oncol Res.
Cancers

Front. Pharmacol.
Pharmaceuticals
Front. Oncol.
Pharmaceuticals
Cells

Clin. Transl. Med.
Cancers
Cancers
Cancers
Cancers

Oncol

Front. Immunol.
JHEP Reports

J Gastroenterol
Cancers
Cancers

Front. Oncol.
Cancers

Int. J. Mol. Sci.
JHEP Reports
BrJ Cancer

J. Pers. Med.
Cll

J Neurooncol
Brain Tumor Pathol
Front. Pharmacol.
J Neurooncol
Cancers
Cancers

Int. J. Mol. Sci.
Biomol Biomed
Cancer Med.

J Dermatol
BMC Geriatr
Taiwan J Obstet Gynecol.
BMC Cancer
Cell Prolif
Front. Med.
World Neurosurg.
Mol. Oncol.
Cancers

J Clin Oncol
CRC

Eur Urol

Front. Immunol.
J Pharm Health Care Sci

J Hematol Oncol

Sum = 914,257 words; Avg =9,142.57 words; St Dev =4,119.72
Table 2: 100 Articles used for generating 100 LLM reports
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100 LLM Generated Reports: Word Counts by Slice, and Response Times

081 | Rahman M. et al.
459 words, 25.72 s

076 | Guo G. et al.
484 words, 22.57 s

086 | Adachi T. et al.
401 words, 16.79 s

082 | Hoosemans L. et al.
482 words, 28.45 s

087 | Zhai C. et al.
419 words, 21.24 s

077 | Zhang J. et al.
502 words, 22.77 s
078 | Ezaki T. et al.
457 words, 22.04 s

083 | Sadowski K. et al.
432 words, 25.01 s

088 | Chang C. et al.
498 words, 24.57 s
089 | Zhao S. et al.
455 words, 21.06 s

084 | Yang H. et al.
521 words, 24.30 s

079 | Zhong W. et al.
426 words, 21.91 s

085 1JuM. et al.
394 words, 18.67 s

080 | Laviv Y. et al.
527 words, 23.17 s

090 | Shen L. et al.
457 words, 22.99 s

091 | Wei S. et al.

508 words, 18.80 s e
078 077 07
092 | Wang C. et al. o 079

574 words, 23.51 s

108

093 | Fleischer T. et al.
519 words, 22.88 s

094 | Janes P. et al.

444 words, 22.49 s

095 | Moreno L. et al.
527 words, 24.88 s

096 | Hornstein N. et al.
476 words, 19.86 s

097 | Eismann L. et al.
463 words, 18.29 s

098 | Liu Q. et al.
439 words, 18.62 s

071 | Krupa K. et al.
454 words, 25.71 s

0721 Oura K. et al.
380 words, 20.70 s
073 | Childs A. et al.
483 words, 24.40 s
074 | Chen K. et al.
446 words, 21.89 s

075 | Valerio J. et al.
453 words, 21.03 s

RO 073 7, 071

066 | Khaled N. et al.
480 words, 22.32 s

067 | Ueno M. et al.
459 words, 21.35 s
068 | Shirane Y. et al.
496 words, 29.98 s

069 | Egerer M. et al.
421 words, 21.37 s

070 | Abraham S. et al.
450 words, 20.14 s

099 | Wang L. et al. 097
469 words, 22.77 s 098 100 LLM Reports
100 | Wei Q. et al. 09 Sum = 46,327 words
432 words, 28.87 s Avg = 463.27 words

Start 100 St Dev = 42.72
0011 Boland P.etal. %01 Response Times
468 words, 24.76 s 002 Sum = 2286.08 s

Avg =22.86s
002 | Pan Q. et al. 003 St Dev = 3.00
452 words, 27.38 s 004
003 | Seufferlein T. et al. 005
447 words, 30.07 s
006
004 | Chen X. et al.
007

481 words, 21.61 s
008
009
010

005 | Rietveld P. et al.
436 words, 19.64 s

006 | Okawa M. et al.
456 words, 23.77 s
007 | Moisuc D. et al.
473 words, 23.00 s
008 | Zhang P. et al.
396 words, 21.82 s

009 I Li S. et al.
411 words, 18.52 s

021
022
010 | Chautard R. et al. 023024 025 026 027

506 words, 22.12's

011 | Zheng Z. et al.
441 words, 20.05 s

021 I Naz T. et al.
466 words, 23.27 s

016 | Sun C. et al.
485 words, 24.75 s

012 | Furuya K. et al.
469 words, 22.12 s

022 | Rais T. et al.
443 words, 21.61 s

017 I Song Y. et al.
541 words, 24.13 s
013 | Mazard T. et al.
508 words, 23.06 s

023 | De Felice F. et al.
421 words, 18.82 s

018 | André T. et al.
519 words 22.79 s
014 He L. etal.
399 words, 19.78 s

019 | Corrias G. et al.
465 words, 31.36 s

0241 Su M. et al.
402 words, 16.67 s
0151 Yan L. et al.
441 words, 26.88 s

020 | Jacobsen A. et al.
483 words, 27.36 s

0251 Xu Q. etal.
397 words, 22.83 s

Figure 3: LLM 3.5 Sonnet summaries. Formatted size = 49,041 words, 169 pages in Supplementary S100p

030 03
028 029

026 | Wu S. et al.

511 words, 24.87 s

027 | Huang Y. et al.
496 words, 27.92 s

028 | Ge Y. et al.

456 words, 20.31 s

029 | Rathbone M. et al.
465 words, 23.89 s

030 | Zhang X. et al.
509 words, 21.46 s

031 I Liao X. et al.
459 words, 21.69 s

032 | Kuo C. et al.
437 words, 21.57 s
033 | Xiong J. et al.
383 words, 18.09 s
034 | Hua C. et al.
449 words, 23.51 s

0351 Lin X. et al.
465 words, 28.68 s

051 | Boso D. et al.
535 words, 26.62 s

052 | Alemzadeh E. et al.
400 words, 22.14 s

053 | Zak K. et al.
549 words, 25.41 s

054 | He H. et al.
494 words, 23.11 s

055 Kim Y. et al.
519 words, 23.40 s

056 | Romero I. et al.
471 words, 20.84 s

057 | Luvero D. et al.
450 words, 21.23 s

058 | Nunes M. et al.
468 words, 31.23 s

059 | Han Gr. et al.
390 words, 23.01 s

060 | Murata Y. et al.
531 words, 23.20 s

061 | Nosaka T. et al.
482 words, 21.73 s

062 | Shomura M. et al.
476 words, 21.78 s

063 | Hwang S. et al.
492 words, 22.57 s

064 | Storandt M. et al.
524 words, 23.26 s

065 | Hu Z. et al.
436 words, 18.92 s
Half
036 | Jarry U. et al.
460 words, 21.01 s
037 | Huang S. et al.
407 words, 24.78 s
038 | Kobayashi N. et al.
447 words, 23.92 s
039 | Tian J. et al.
384 words, 21.94 s
040 | Han Gu. et al.
515 words, 21.83 s
041 | He Q. et al.
461 words, 22.49 s
0421 Zhao Y. et al.
497 words, 22.54 s
043 | Zhou Y. et al.
516 words, 21.94 s
044 1Li Q. et al.
466 words, 23.64 s
045 | Freyer G. et al.
487 words, 27.91 s
046 | Roque D. et al.
441 words, 21.89 s
047 | Rosario S. et al.
490 words, 23.66 s
048 | Kokabu T. et al.
425 words, 20.20 s
049 | Kanno K. et al.
343 words, 17.16 s
050 | Iida Y. et al.
448 words, 21.44 s



LLM Detailed Report 023 of 100: De Felice F. et al. 2024. 421 words, 18.82 seconds

Here is a two-page report focused on the bevacizumab therapy results from the study:

Bevacizumab in Total Neoadjuvant Therapy for Locally Advanced Rectal Cancer: Analysis Report
Executive Summary

This report analyzes the bevacizumab (BEV) outcomes from a phase II clinical trial examining intensified total neoadjuvant therapy (TNT) for locally advanced rectal cancer (LARC).
The study by De Felice et al. evaluated TNT consisting of targeted therapy (including bevacizumab for RAS-BRAF mutated patients) combined with FOLFOXIRI chemotherapy
followed by intensified chemoradiotherapy. While specific bevacizumab-only outcomes were not separated in the results, the overall TNT regimen including bevacizumab demonstrated
promising complete response rates and survival outcomes over a median 6.3 year follow-up period.

Technical Details

The study design included bevacizumab as follows:

- Patient Selection: Bevacizumab was administered specifically to patients with "mutated RAS-BRAF" status, as noted by De Felice et al.

- Treatment Protocol: The regimen consisted of "four cycles of FOLFOXIRI plus bevacizumab (mutated RAS-BRAF)" as described in the methods section.
- Timing: Bevacizumab was given during the induction chemotherapy phase, which occurred before chemoradiotherapy.

Key Outcome Metrics:

For the overall TNT regimen including bevacizumab for eligible patients:

- Complete Response Rate: De Felice et al. report "11 (39.3%) patients had a complete response (CR)"

- Survival Outcomes: The authors note "5-year overall survival (OS) and DFS were 74.6% and 57.1%, respectively"”

- Follow-up Duration: As stated by De Felice et al., there was a "6.3 years (median follow-up)"

Key Insights

1. Integration with Standard Therapy:

The study demonstrated that bevacizumab could be successfully incorporated into an intensified TNT regimen for LARC patients with specific molecular profiles (RAS-BRAF
mutations).

2. Safety Profile:

While bevacizumab-specific adverse events were not separately reported, the overall regimen showed manageable toxicity. As noted by De Felice et al., "There was no evidence of
severe long-term toxicities."

3. Clinical Implications:

The authors conclude that "The addition of a targeted agent to induction FOLFOXIRI and oxaliplatin to 5-fluorouracil-based CRT, with the doses and intensities used in this study,
resulted in high CR rates.”

4. Research Limitations:

The authors acknowledge that "the results of our prospective phase II study should be interpreted with caution and do not unequivocally support the hypothesis that adding bevacizumab
or panitumumab/cetuximab to the induction FOLFOXIRI and OXP to neoadjuvant 5-FU-based CRT substantially improves survival outcomes."

5. Future Directions:

As stated by De Felice et al., "Further research on TNT strategies in LARC is encouraged," suggesting the need for larger studies to validate these findings and better define the role of
bevacizumab in TNT regimens.

LLM Detailed Report 086 of 100: Adachi T. et al. 2024. 401 words, 16.79 seconds
Here is a two-page report focused on the Bevacizumab therapy findings from the document:

Report on Bevacizumab Therapy Results from Adachi et al. Study

Executive Summary

This report analyzes the Bevacizumab (BEV) therapy outcomes from a case series examining cutaneous adverse events during pembrolizumab combination chemotherapy for cervical
cancer. The study, conducted by Adachi et al. between October 2022 and May 2023, included patients receiving BEV as part of their treatment regimen. The findings provide insights
into the safety profile and management of BEV when used in combination therapy for cervical cancer patients.

Technical Details

The treatment protocol included Bevacizumab as part of a combination therapy regimen. As described in Figure la of the paper, BEV was administered following paclitaxel,
cisplatin/carboplatin, and pembrolizumab.

Out of the total 19 patients studied, two cases specifically involved Bevacizumab in their combination therapy:

Case 1 and Case 4 received what Adachi et al. describe as "paclitaxel + cisplatin + bevacizumab + PEM" combination therapy.

The study timeline covered a period quoted as "between October 2022 and May 2023" during which these treatments were administered.

The authors note that this combination represents their standard approach, describing it as "the conventional paclitaxel + cisplatin (or carboplatin) + bevacizumab regimen."
Key Insights

1. Safety Profile:
- When Bevacizumab was included in the combination therapy, it was generally well-tolerated as part of the overall treatment protocol.
- No adverse events were specifically attributed to Bevacizumab alone in the reported cases.

2. Treatment Outcomes:
- For Case 1, which included Bevacizumab, the authors report the "effect of the treatment on cervical cancer was a partial response (PR)."
- Similarly for Case 4, which also included Bevacizumab, they note that "The effect of treatment on cervical cancer was PR."

3. Clinical Implementation:

- The study demonstrates that Bevacizumab can be successfully incorporated into combination therapy regimens with pembrolizumab and standard chemotherapy agents.

- The authors indicate this approach has shown "significant improvements in overall and progression-free survival for patients with Stage IVB metastatic or locally uncontrolled
recurrent cervical cancer."

This analysis suggests that Bevacizumab can be effectively integrated into combination therapy protocols for cervical cancer treatment, with manageable adverse events and positive
response rates. However, the limited sample size and specific focus of the study should be considered when interpreting these results.

Note: All quoted material is taken directly from the source document by Adachi et al. The report focuses exclusively on Bevacizumab-related findings while maintaining patient
confidentiality and privacy.

Table 3: 2 of 100 LLM 3.5 Sonnet generations



4 Part One: Results

The 100 reports were obtained by individually running each article pdf with the Standard 1 prompt according to the process
diagram in Figure 2 and Table 1. Generated report word counts are represented as slices in pie chart Figure 3, and include
metrics for both word counts and run times. Notable values include a total of 46,326 words for the 100 summaries, with the
formatted input to run in Part Two accounting for 49,041 words. The sum of all run times was 2,286.08 seconds, or 38.10 minutes
at a standard deviation of 3.00. Each of the 100 generated summaries followed the prompt format task structuring request for
“Executive Summary”, “Technical Details”, “Key Insights” in Table 1.

In addition, each generation correctly either identified the article’s authors or multiple authors if it was a review article.
Secondly, each generation matched two shorter key terms for content anchoring, along with two exact quotes serving as explicit
evidence citations found in the original articles, for a total of 500 verifications across 100 reports. There was no indication that
any of these verifications were out of context from the original works. Several errors such as requotations, removal of references
at ends of sentences, alternative hyphens, spacing, percentages added, caret insertions, and phrase combinations also maintained
context with the original work; with many likely being a model’s preference for formatting or word reductions identified in
Table 4. Both reports 023 and 086 shown in Table 3 are examples of reproducible report generations reflected in Bevacizumab
S100p Supplementary.

The first example below illustrates the ability of the LLM to adhere to the article authors’ names, two exact terms, and two
exact quotations shown as a full generation in Table 3. These verifications further support the quality benefit of using LLMs to
analyze large amounts of complex data at high speeds. In addition, an example error type is shown below, reflected by the error
summary Table 4. Given the proficiency of each of the 100 summaries meeting a total of 5 correct conditions per report, with
some word reduction and formatting modifications made by the LLM, context was maintained for each individual report.

Report 023/100

5 Conditions Met

Author: "De Felice et al."

Exact Term 1: "TNT regimen"

Exact Term 2: "LARC patients"

Exact Quote 1: "mutated RAS-BRAF"

Exact Quote 2: "The addition of a targeted agent to induction FOLFOXIRI and oxaliplatin to 5-fluorouracil-
based CRT, with the doses and intensities used in this study, resulted in high CR rates."

Context: = In-Context with original article.

Report 073/100

Error: Truncation, Phrase combinations.

Actual Quote: "atezolizumab plus bevacizumab-treated patients in IMbrave 150 showed no" Next paragraph
"difference in response based on immune cell or tumour cell PD-L1 expression unless expression was >10%."
LLM Quote: "atezolizumab plus bevacizumab-treated patients in IMbrave 150 showed no difference in
response based on immune cell or tumour cell PD-L1 expression unless expression was >10%."

5 Part One: Discussion

The PRISMA method to identify the 100 articles is believed to be effective for this LLM study across clinical trials, preclicinal
reports, case studies and reviews in regards to the scoped query of Bevacizumab therapy outcomes due to the 500 verifications
of reports. A maximum number of prospective clinical trials was preferred, however the retrospective clinical studies and case
reports provided additional useful patient outcome insights. The preclinical studies provided alternative perspectives, while the
reviews ensured that leading studies and prevailing trends were included. The designations of colorectal cancer, NSCLC, ovarian
cancer, and other cancers in the formatted input played a key role in structuring the Part Two input.

The 100 3.5 Sonnet reports shown in Figure 3 totaled over 46K words, and run times took less than 38 minutes. For frame of
reference, when the author read and responded to a prompt on a prior bioprocess engineering article, the resulting 3.5 Sonnet
speedup was over 600x faster than the human when adjusting for equivalent word counts (12.92 seconds vs. 9,188.06 seconds)
[128]. Therefore, the amount of time for a human to perform this 100 article summaries task could reasonably be over 381 hours
vs. 38 minutes for Al. The 3.5 Sonnet standard deviation for time was over tenfold smaller than for words at SD 3.00 vs. SD 42.72.
Therefore, in addition to common inference-time compute restrictions, 3.5 Sonnet may also have more pronounced inference time
restrictions.

The overall performance of the 100 3.5 Sonnet generations was very good, likely due to the relatively straightforward task of
document analysis on a single pdf, combined with model improvements by the manufacturer in recent months [24]. The model
was chosen mainly to reduce manufacturer bias between the two parts of the study, combined with recent ChatGPT 40 model
modifications which has had difficulty in returning any text quotations followed by the authors’ names, and has opted for the
use of hyperlinks that open pdfs. With each of the 100 articles returning the correct article format and five conditions shown in



Table 4, the remaining hallucinations appeared minor - in efforts to reduce word length through requotations, removal of end of
sentence references for formatting purposes, and other small modifications; while maintaining the original context of the articles.
The most significant error appeared to be the combination of two sentences from paragraphs close in proximity to form a new
quotation regarding Article 073 in the error report below.

5.1 Context and Errors

Reports 001-100 Satisfied the Following Conditions

Author Cited Exact Term 1 Exact Term 2 Exact Quote 1 Exact Quote 2 Context
100% 100% 100% 100% 100% In-context
Error Report for Select Bevacizumab Therapy Reports
Article Error Type Instance Probable Cause Justification Context
003 Truncation Inside parenthesis Word reduction Conciseness In-context
003 Reference removal End of sentence Formatting Conciseness In-context
003 Requotation Sentence Word reduction Conciseness In-context
004 Requotation Sentence Word reduction Conciseness In-context
004 Requotation Sentence Word reduction Conciseness In-context
009 Hyphen substitution Mid sentence Formatting Consistency In-context
011 Reference removal End of sentence Formatting Conciseness In-context
012 Requotation Sentence Word reduction Conciseness In-context
012 Requotation Sentence Word reduction Conciseness In-context
013 Additional space Mid sentence Formatting Consistency In-context
032 Percent added Inside table Formatting Consistency In-context
048 Table abbr. Percents added Formatting Consistency In-context
069 Caret insertion Exponent Formatting Consistency In-context
073 Phrase combinations Two paragraphs Formatting Conciseness In-context

Table 4: Top: 5 Conditions met for outputs. Bottom: Error types maintained context (not all errors are shown)

6 Part Two: Clinical Decision Support

The combined summaries in Supplementary S100p can be reproduced by copying the 169 page input containing Prompt
2a into ChatGPT ol or other emerging reasoning models. ChatGPT ol includes a "details" section returned in generations as
shown in Supplementary SREA, but is a simple summary of events, not a full chain-of-though process. Preliminary tests of other
reasoning models either lacked the required context length or did not include sufficient generation details.

100 Articles L L M 100 Reports L L M Clinical

Bevacizu.ma.b — 3.5 Sonnet — Bevclc.:izu.mab — ChatGPTol |~ Decis.ion'Support
User Questioning Hallucination ID Hallucination Study

Advanced
Reasoning

Document
Analysis

Figure 4: Part Two LLM study

Standard 2a: Bevacizumab Therapy LLM Clinical Decision Support

Prompt 2a: Write a four page report based on the 100 attached summaries regarding the authors’ Bevacizumab therapy results,
also abbreviated as BEV, BVZ, Bmab, BCZ, or BV using the following format: “Executive Summary”, “Technical Details”,
“Key Insights”. Only include results related to Bevacizumab or Bevacizumab combination therapies, deidentifying any patient
information if present. Cite selections of numerical data enclosed in quotation marks corresponding to the authors’ names
according to this example format, Boland P. et al. Only use quotations derived from the attached summaries throughout the
report without adding additional quotations. [First Prompt in Conversation] [100 LLM Reports Attached]

Bevacizumab
CDS Summary

Bevacizumab
Therapies

Data Citations
Author Names

De-identify

Detailed Report
Patient IDs 1

100 Report
eports > Format

Table 5: Process diagram for Standard 2a



LLM Clinical Decision Report 2a: Various authors. 2024. 1249 words, 146.31 seconds

Executive Summary

Bevacizumab (often referred to as BEV, BVZ, Bmab, BCZ, or BV) is an anti—vascular endothelial growth factor (VEGF) monoclonal antibody used across multiple solid tumors,
including colorectal cancer (CRC), non-small cell lung cancer (NSCLC), ovarian cancer, hepatocellular carcinoma (HCC), glioblastoma (GBM), and cervical cancer. Studies have
demonstrated that bevacizumab’s anti-angiogenic effects help stabilize or slow disease progression, although improvements in overall survival (OS) can be variable depending on tumor
biology and treatment line. Across numerous clinical trials and real-world studies, bevacizumab-based combination regimens have shown meaningful benefits in progression-free
survival (PFS) and, in certain settings, enhanced tumor response rates.

In metastatic colorectal cancer (nCRC), “the addition of bevacizumab to chemotherapy provides meaningful survival advantages” (Pan Q. et al.). However, the magnitude of benefit
may be modest in heavily pretreated populations. Similarly, “bevacizumab therapy remains limited in heavily pre-treated patients, not expected with bevacizumab alone” (Boland P. et al.).
In advanced NSCLC, bevacizumab has a well-established role combined with platinum-based chemotherapy, with some real-world studies highlighting “bleeding complications were
not significantly different. . . though attention is needed for variceal hemorrhage or other risk factors” (Khaled N. et al.). Inmunotherapy combinations with bevacizumab, such as
atezolizumab plus bevacizumab, also demonstrate efficacy in patients with specific tumor profiles.

Opvarian cancer studies frequently underscore bevacizumab’s benefit in prolonging PFS when used alongside chemotherapy and/or poly (ADP-ribose) polymerase (PARP) inhibitors.
For example, “The median OS was 56.5 months in the olaparib plus bevacizumab group. .. and 51.6 months in the placebo group” (Ray-Coquard et al., reported by Luvero D. et al.).
Meanwhile, in cervical cancer, “the combination of chemotherapy and bevacizumab significantly improved OS from 13.3 months to 17.0 months” (Tewari et al., cited by Chang C. et al.).
Hepatocellular carcinoma (HCC) findings emphasize the combination of atezolizumab plus bevacizumab, with the pivotal IMbrave150 trial demonstrating “a median overall survival of
19.2 months. .. compared to 13.4 months in the sorafenib arm” (Finn et al., reported by Childs A. et al.). Glioblastoma (GBM) studies reveal bevacizumab’s effectiveness in alleviating
edema and improving PFS but note “overall survival advantages remain modest” (Hoosemans L. et al.).

Taken together, bevacizumab is widely recognized for its role in controlling advanced disease progression by inhibiting neoangiogenesis. Common adverse events include hypertension,
proteinuria, bleeding risk, and, in some patients, arterial or venous thromboembolism. Real-world evidence suggests vigilance is required for “rare but significant adverse events, with
an overall acceptable safety profile” (Wang L. et al.).

Technical Details

Mechanism of Action

Bevacizumab binds to VEGF-A, preventing it from engaging VEGF receptors (VEGFR-1, VEGFR-2) on endothelial cells. This blockade “destroys existing vessels, disturbs
neovascularization, and releases intratumoral pressure, ultimately inhibiting angiogenesis” (Song Y. et al.). Such anti-angiogenic action can improve chemotherapy delivery (“vascular
normalization”) or relieve peritumoral edema.

Clinical Efficacy Across Indications

1. Colorectal Cancer (CRC):

“XELOX plus bevacizumab regimens is one of the optional first-line treatments of mCRC” (Pan Q. et al.). A heavily pretreated study population revealed “the median PFS was 1.9
months” in a phase 1b setting (Boland P. et al.). Predictive biomarkers include circulating angiogenic factors (CAFs), with machine learning efforts showing “80.8% accuracy in
predicting treatment resistance” (Seufferlein T. et al.).

2. Non-Small Cell Lung Cancer (NSCLC):

Many trials underscore bevacizumab combined with platinum-based doublets. “A meta-analysis involving advanced lung cancer indicated significantly improved PFS in bevacizumab
arms compared to chemotherapy alone” (Naz T. et al.). Immunotherapy combinations such as atezolizumab plus bevacizumab show “a median OS improvement from 13.4 to 19.2
months” (Childs A. et al.). Frequent adverse events include hypertension and proteinuria, while “epistaxis occurred in up to 20%” of certain bevacizumab-treated cohorts (Huang Y. et al.).

3. Ovarian Cancer:

Bevacizumab integrated into front-line regimens or used as maintenance therapy. “/ICON7 and GOG-218 data confirm that bevacizumab extended PFS in newly diagnosed advanced
cases” (Chang C. et al.). Combining bevacizumab with PARP inhibitors further enhances PFS in homologous recombination—deficient tumors, although “the OS advantage in some
subgroups remains under study” (He H. et al.).

4. Hepatocellular Carcinoma (HCC):

“Atezolizumab plus bevacizumab represents an established first-line standard”, with improvements in PFS and OS over sorafenib (Childs A. et al.). “Grade >3 bleeding rates” remain
an area of caution, though “in real-world cohorts, no grade 4/5 bleeding events were observed beyond typical expectations” (Khaled N. et al.).

5. Glioblastoma (GBM) and High-Grade Glioma:

Bevacizumab alleviates vasogenic edema, leading to improved radiographic appearances (pseudoresponse). “BEV combination therapy improved PFS but rarely translated into
prolonged OS” (Hoosemans L. et al.). Resistance often arises through alternative angiogenic pathways (Rahman M. et al.).

6. Cervical Cancer:

“The GOG 240 study found that adding bevacizumab to chemotherapy increased OS to 17.0 months from 13.3 months” (Tewari et al., referenced by Chang C. et al.). Toxicities,
including fistula formation, hemorrhage, and hypertension, require vigilant monitoring.

Safety Profile

Common toxicities across indications include:

Hypertension: “The incidence can be as high as 30% in certain patient populations” (Zheng Z. et al.). Proteinuria: “Grade 3 or higher proteinuria was observed in about 1.4% of
patients” (Wang L. et al.). Bleeding & Thromboembolism: While rates vary, “Incidents of GI perforation, hemorrhage, and arterial or venous thrombosis have been documented”
(Jacobsen A. et al.). Rare Events: “A few cases of nasal septal perforation, necrotizing fasciitis, and hypertensive encephalopathy are seen in post-marketing data” (Wang L. et al.).
In real-world pharmacovigilance, “Five years of safety profile data highlight that bevacizumab’s main AEs remain manageable, but active monitoring is advised” (Wang L. et al.).

Key Insights

1. Combination Therapy Enhances Benefit

The majority of evidence indicates that bevacizumab performs best when paired with chemotherapy, immunotherapy, or targeted agents. In multiple tumor types (e.g., mCRC, NSCLC,
ovarian cancer), it “significantly improves progression-free survival, albeit OS advantages can be more modest” (Song Y. et al.; Kim Y. et al.).

2. Patient Subset Identification

Studies highlight the importance of biomarkers to refine patient selection. “Genetic and epigenetic profiles, VEGF polymorphisms, and circulating angiogenic factors” may predict
resistance or response (Seufferlein T. et al.; Fleischer T. et al.). In HCC, “baseline tumor vasculature characteristics” can correlate with bevacizumab efficacy (Mazard T. et al.).

3. Resistance and Alternative Pathways

Despite initial responses, “tumors can develop VEGF-independent angiogenic routes, rendering bevacizumab less effective” (Rahman M. et al.). Additional antiangiogenic or
immunomodulatory strategies may be necessary to overcome resistance.

4. Significance of Safety Monitoring

Although well-established, bevacizumab requires careful surveillance for hypertension, proteinuria, bleeding events, and less common but serious complications. “Bevacizumab
discontinuation is recommended for severe grade 4 hypertension, arterial thrombotic events, or GI perforation” (Chang C. et al.).

5. Emerging Applications

Newer trials explore bevacizumab with tyrosine kinase inhibitors, PARP inhibitors, immune checkpoint inhibitors, and locoregional therapies (e.g., TACE in HCC). Preliminary data
show synergy in certain advanced or refractory settings, demanding further randomized validation.

Concluding Remarks

Bevacizumab remains a pivotal anti-angiogenic agent with documented improvements in PFS and symptom control across multiple solid tumors. While overall survival gains can vary,
strategic combination regimens, biomarker-driven patient selection, and close safety monitoring may optimize bevacizumab’s clinical value. The assembled evidence indicates a
generally favorable risk-benefit ratio, especially when used alongside standard chemotherapy or immunotherapies, though ongoing research continues to refine its optimal role in
advanced cancer care.

Table 6: ChatGPT ol Prompt 2a generation, See Supplementary SREA for full response
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LLM Dosing Recommendations Excerpt 2b. Various authors. 2024. 1685 words, 141.77 seconds

Proposed Dosing Recommendations

Building on the data synthesized above, the following recommendations aim to optimize bevacizumab dosing under specific clinical conditions:

1. Heavily Pretreated CRC

Recommendation: Increase bevacizumab from 5 mg/kg to 7.5-10 mg/kg every 14 days in patients who have tolerated prior regimens and have no significant hypertension or renal impairment.
Rationale: “It is conceivable that a higher bevacizumab dose may have achieved greater synergy with ME-344 leading to a higher response rate” in refractory disease (Boland P. et al.).
2. Ovarian or Cervical Cancer in Frail or Older Patients

Recommendation: Initiate bevacizumab at 7.5 mg/kg every 3 weeks alongside chemotherapy and/or immunotherapy, especially in patients with baseline controlled BP.

Rationale: “Bevacizumab at 7.5 mg/kg. .. shows similar benefits with reduced toxicity compared to 15 mg/kg doses” (Chen X. et al.; Li S. et al.).

3. Neuro-Oncology (GBM) for Symptomatic Edema Control

Recommendation: Employ short-course 5 mg/kg bevacizumab every 2 weeks or prn for peritumoral edema alleviation.

Rationale: “Low-dose bevacizumab significantly improves tumor vasogenic edema with fewer grade 3—4 adverse events” (Guo G. et al.).

4. Standard High-Dose Regimens for Front-Line HCC or Advanced Ovarian Cancer

Recommendation: Use 15 mg/kg bevacizumab Q3W for advanced HCC in combination with atezolizumab, or for front-line advanced ovarian cancer with carboplatin-based chemotherapy.

Rationale: “Atezolizumab plus bevacizumab 15 mg/kg. . . in advanced HCC demonstrated remarkable efficacy” (Childs A. et al.); “Maintenance therapy with bevacizumab 15 mg/kg
every 3 weeks. .. in GOG-218 improved PFS” (Chang C. et al.).

5. Safety Monitoring and Dose Adjustments

Recommendation: In all scenarios, monitor for grade >3 hypertension, proteinuria (>2 g/24 h), or severe bleeding. Temporarily suspend bevacizumab and resume at a lower dose once
toxicity resolves to grade <1.

Rationale: “The combination therapy was associated with manageable toxicity, but timely intervention on arterial hypertension and proteinuria is required” (Zheng Z. et al.; Moisuc D. et al.).

LLM Combination Therapies Excerpt 2c. Various authors. 2024. 1280 words, 99.15 seconds

Technical Details

1. Metastatic Colorectal Cancer (mCRC)

Proposed New Combination:

Bevacizumab + OxPhos Inhibitor (e.g., ME-344) + Chemotherapy

Rationale: In a phase 1b trial, “the bevacizumab dose used (5 mg/kg) was lower than doses used in some other studies. . . conceivable that a higher bevacizumab dose may have
achieved greater synergy” (Boland P. et al.).
Recommended Doses:

Bevacizumab: 7.5 mg/kg every 2 weeks (moderate increase from the prior 5 mg/kg), or escalate to 10 mg/kg in heavily pretreated patients with stable blood pressure and adequate
renal function.

ME-344: Adhere to the protocol studied (depending on ongoing research), plus a standard chemotherapy backbone (FOLFOX or FOLFIRI).

Clinical Benefits: Potential for deeper tumor regression in refractory mCRC by blocking angiogenesis (via bevacizumab) and mitochondrial metabolism (via ME-344), while standard
chemo sustains cytotoxic pressure.

Alternate Doublet:

Bevacizumab + Trifluridine/Tipiracil (TAS-102)

Rationale: “Third-line or later therapy with TAS-102 plus bevacizumab significantly prolonged OS. .. particularly in patients with prior BEV exposure” (André T. et al.).
Recommended Doses:

Bevacizumab: 5 mg/kg or 7.5 mg/kg every 2 weeks, depending on tolerability.

TAS-102: 35 mg/m2 orally twice daily on days 1-5, repeated every 28 days.

2. Non-Small Cell Lung Cancer (NSCLC))

Proposed New Combination:

Bevacizumab + PD-1/PD-L1 Inhibitor + Platinum Doublet

Rationale: “Immune checkpoint inhibitors combined with bevacizumab improved PFS and OS in advanced NSCLC, with controllable toxicity profiles” (Huang Y. et al.; Wu S. et al.).
Recommended Doses:

Bevacizumab: 15 mg/kg every 3 weeks (the standard dose in many trials such as IMpower150).

Platinum Doublet (e.g., Carboplatin/Pemetrexed): Follow standard dosing intervals for 4-6 cycles.

PD-1/PD-L1 Inhibitor (e.g., Atezolizumab): 1200 mg every 3 weeks.

Clinical Benefits: Enhanced immunomodulation (via PD-1/PD-L1 blockade) plus angiogenesis inhibition has shown “superior survival outcomes in EGFR wild-type or post-TKI
failure patients” (Nosaka T. et al.).

Low-Dose Alternative: Bevacizumab 7.5 mg/kg + Single-Agent Immunotherapy for frail patients or those with borderline performance status. Some studies indicate reduced severe
hypertension or bleeding risk with lower bevacizumab doses (Chen X. et al.), though prospective data are limited.

LLM Biomarker-Driven Selections Excerpt 2d. Various authors. 2024. 1118 words, 79.78 seconds

Page 2: Biomarker-Driven Patient Selection and Response Evaluation

1. VEGF-Related Biomarkers and Genetic Screening

Multiple reports highlight the utility of identifying patients who harbor specific VEGF polymorphisms or other angiogenesis-related genetic variants. As one study notes, “the CC
genotype of rs3025039 polymorphism of VEGF-A. . . was significantly related to time-to-treatment failure” (Sibertin-Blanc et al.). Incorporating such genetic insights may guide whether
bevacizumab is likely to confer robust benefits or lead to early resistance.

In ovarian cancer, “HRD profiling could predict patients’ prolonged benefit from combined bevacizumab-PARP inhibitors” (Freyer G. et al.).

2. Imaging-Based Biomarkers

Advanced radiological tools—such as dynamic contrast-enhanced MRI, perfusion CT, or radiomics—might predict bevacizumab sensitivity. “Radiomics models predicted response
similarly to expert radiologists (AUCs of 0.69-0.79)” (Van Griethuysen et al.). Routine integration of functional imaging could identify early changes in tumor vascularity, suggesting
the need for dose escalation or therapy alteration.

3. Early Circulating Biomarkers

Several summaries referenced measuring “serum VEGF-A121 isoform” or other circulating cytokines to assess tumor angiogenesis adaptation (Okawa M. et al.). Monitoring these
factors early in treatment might reveal subclinical resistance and enable timely therapy modifications.

4. Integration into Treatment Algorithms

Implementing biomarker assessments before therapy initiation and at defined intervals (e.g., every 6 weeks or after 2-3 cycles) may refine clinical decision-making. For instance,
“biomarker-based early switch to another anti-angiogenic treatment could improve outcomes in mCRC patients with early disease progression” (Seufferlein T. et al.).

Clinically, such an approach helps avoid prolonged exposure to ineffective regimens, reducing toxicity and cost.

Table 7: ChatGPT ol excerpts 2b, 2c, 2d. See Supplementary SREA for full responses
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Protocol 2b-d: LLM Deosing, Drug Combinations, and Biomarkers

Prompt 2b: In a four page report, what are your new dosing recommendations to improve specific Bevacizumab or
Bevacizumab combination therapy outcomes based on the 100 attached summaries? [Second Prompt in Conversation] [Inherited
Partial Guardrails from Prompt 2a]

Prompt 2c: In a four page report, what are your new combination therapy with dosing recommendations to improve specific
Bevacizumab or Bevacizumab combination therapy outcomes based on the 100 attached summaries? [Third Prompt in
Conversation] [Inherited Partial Guardrails from Prompt 2a]

Prompt 2d: In a four page report, what else would be clinically useful for physicians to implement regarding improving specific
Bevacizumab or Bevacizumab combination therapy outcomes based on the 100 attached summaries? [Fourth Prompt in
Conversation] [Inherited Partial Guardrails from Prompt 2a]

Bevacizumab Inherited Dosing N Combination Biomarker

100 Report: X
eports = Therapies Guardrails Recommend. Therapy Dosage Selections

Table 8: Process diagram for Protocol 2b-d

7 Part Two: Results
7.1 Clinical Decision Support

Part Two used the 100 reports previously generated by 3.5 Sonnet and the prompt from Standard 2a shown in Figure 4 and
Table 5. ChatGPT ol’s response followed the “Executive Summary”, “Technical Details”, “Key Insights” format in 1249 words.
Generation 2a: 5 lines of introductory and exiting statements are available in Supplementary SREA. The reasoning model took
146.31 seconds to produce a convincing summary of the 100 reports, with an emphasis placed on the therapy associated with the
type of cancer (mCRC, NSCLC, Ovarian cancer, etc.). All of the ChatGPT o1 author quotation pairs appeared to be in context
with the original 100 summaries for generation 2a, however several requotations and approximations were present, as depicted in
Table 9. Of these errors, 34.5% were attributed to incorrect citations of the both the author and the sentence being quoted. The
formatted input length of 49,041 words, estimated to be 64,000 tokens is less than the 128K token limit, but still posed challenges
due to input complexity.

The following example for generation 2a includes notable Al clinical decision support insights followed by one hallucination
example. Generation 2a provided an updated safety profile for Bevacizumab based on the 100 article summaries across multiple
known side effects. Together, these examples illustrate the capacity for ChatGPT ol to incorporate meaningful clinical decision
support from a larger number of recent Bevacizumab studies.

LLM Clinical Decision Support 2a

Safety Profile: Common toxicities across indications include:

Hypertension: “The incidence can be as high as 30% in certain patient populations” (Zheng Z. et al.).
Proteinuria: “Grade 3 or higher proteinuria was observed in about 1.4% of patients” (Wang L. et al.).
Bleeding & Thromboembolism: While rates vary, “Incidents of GI perforation, hemorrhage, and arterial or
venous thrombosis have been documented” (Jacobsen A. et al.).

Rare Events: “A few cases of nasal septal perforation, necrotizing fasciitis, and hypertensive encephalopathy
are seen in post-marketing data” (Wang L. et al.). In real-world pharmacovigilance, “Five years of safety profile
data highlight that bevacizumab’s main AEs remain manageable, but active monitoring is advised” (Wang L. et
al.).

Hallucination Example

Error Type: Author, sentence (Cheng et al., requotation).

Actual Quote: In the pivotal IMbravel50 trial, according to Cheng et al., the combination of atezolizumab and
bevacizumab showed "a median OS of 19.2 months (95% CI 17-23.7) in the atezolizumab/bevacizumab arm
compared to 13.4 months (95% CI 11.4-16.9; stratified HR 0.66, 95% CI 0.52-0.85, p <0.001) in the sorafenib
arm."

LLM Quote: Hepatocellular carcinoma (HCC) findings emphasize the combination of atezolizumab
plus bevacizumab, with the pivotal IMbravel50 trial demonstrating “a median overall survival of 19.2
months. . . compared to 13.4 months in the sorafenib arm” (Finn et al., reported by Childs A. et al.). from Table 9

7.2 Dosage, Combination Therapy, and Biomarkers

The three remaining generations provided additional CDS findings, and were based on more brief and informal prompts as
exemplified in Protocol 2b-d Table 8. Excerpt 2b provided recommended dosages based on cancer types, with details shown in
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Table 7. Excerpt 2c illustrated combined therapies along with dosage recommendations, while Excerpt 2d offered biomarker-
driven patient selection and response evaluations, also seen in Table 7. Generations c-d had a lower number of errors due to a
lower number of author quotation pairs. All three of the generations are available in their entirety in Supplementary SREA.

In terms of hallucinations, each of the three responses struggled with both author and sentence quotations both in maintaining
context of the summaries, and losing context in some cases. Generation 2b errors affecting both the author and quote had the
highest error type rate of 59.3%, while generation 2¢ was 38.5%, and 2d was 46.2%. The loss of context ranged from citing the
incorrect form of cancer to harder to difficulties in locating information across several articles. In a rare case, generation 2d
referenced enhancing patient education, but this concept was not explicit in summaries. Generation 2c included a new NSLC
proposed drug combination, which highlights recommended doses for each drug, clinical benefits, as well as a low-dose alternative
shown below.

Combination Therapies Recommendations 2¢

Non-Small Cell Lung Cancer (NSCLC))

Proposed New Combination:

Bevacizumab + PD-1/PD-L1 Inhibitor + Platinum Doublet

Rationale: “Immune checkpoint inhibitors combined with bevacizumab improved PFS and OS in advanced
NSCLC, with controllable toxicity profiles” (Huang Y. et al.; Wu S. et al.).

Recommended Doses: Bevacizumab: 15 mg/kg every 3 weeks (the standard dose in many trials such as
IMpower150).

Platinum Doublet (e.g., Carboplatin/Pemetrexed): Follow standard dosing intervals for 4-6 cycles.
PD-1/PD-L1 Inhibitor (e.g., Atezolizumab): 1200 mg every 3 weeks.

Clinical Benefits: Enhanced immunomodulation (via PD-1/PD-L1 blockade) plus angiogenesis inhibition has
shown “superior survival outcomes in EGFR wild-type or post-TKI failure patients” (Nosaka T. et al.).
Low-Dose Alternative: Bevacizumab 7.5 mg/kg + Single-Agent Immunotherapy for frail patients or those
with borderline performance status. Some studies indicate reduced severe hypertension or bleeding risk with
lower bevacizumab doses (Chen X. et al.), though prospective data are limited.

Hallucination Example

Error Type: Sentence (requotation). “the bevacizumab dose used (5 mg/kg) was lower than doses used in some
other studies. . . conceivable that a higher bevacizumab dose may have achieved greater synergy” from Table 9
LLM Quote: The authors note that the bevacizumab dose used (5 mg/kg) was lower than doses used in some
other studies. As Boland et al. state, "it is conceivable that a higher bevacizumab dose may have achieved
greater synergy with ME-344 leading to a higher response rate."

8 Part Two: Discussion

ChatGPT ol’s response to Prompt 2a appears to be high quality given the size, detail, and complexity of the input provided
to the model. Despite its longer generation time of 146.31 seconds required to solve the problem; a coherence priority and
inference-time compute restrictions were the likely cause of poorer exact recall of quotations and author names. The problem was
considerably more challenging than Part I articles as an input due to length: 49K words vs. 9K average words, type of study: 6
study types vs. 1, number of diseases: 12 cancer types vs. single publications, and disparate information: 100 summaries vs. a
single cohesive article. The remaining three Part Two prompts could likely have been improved by explicitly defining guardrails
similar to Prompt 2a for each additional prompt in the same conversation.

It is not believed that context length was a limitation to response quality, as the original input and prompt were less than
the 128K token limit. Although the generations primarily had issues with auxiliary terms, they did not appear to provide
misinformation from a clinical decision support system perspective. A main limitation was likely the explicit use of guardrails in
the prompts, as verifications of quotations became more difficult for the manuscript author to identify, and generation 2d did not
follow the correct format defined in Prompt 2a. The other limitation with not explicitly stating guardrails on each prompt within
the same conversation was that although the output lengths were similar, the time to process requests decreased (146.31, 141.77,
99.15, 79.78 seconds), as this may indicate a lower reliance on analyzing the input data and a greater reliance on ChatGPT ol’s
own parameters to solve problems.

9 Limitations

As LLMs have greatly improved since the release of ChatGPT 40 in May 2024, extrinsic hallucinations attributing models with
inventing facts or details without grounding to the reference material have become less common. However intrinsic hallucination
limitations were present where outputs were internally inconsistent or contradicted information provided within the source/context.
This was most evident in the logical contradictions of cancer types, especially for generations 2b-d. Contextual hallucinations in
the form of misattributing author names were present in generations 2a-d. Meta-level conflicts were likely also present due to
issues or challenges that arose when the LLM operated across multiple, high-level contexts, domains, or frameworks.
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Error Report for Bevacizumab Clinical Decision Support 2a

Author Error Type Instance Probable Cause Justification Context
Pan Q. et al. Requotation Sentence Word reduction Conciseness In-context
Boland P. et al. Requotation Sentence Word reduction Conciseness In-context
Khaled N. et al. Requotation Sentence Word reduction Conciseness In-context
Ray-Coquard et al. Requotation Author, sentence Word reduction Conciseness In-context
Tewari et al. Requotation Author, sentence Inference limit Pattern approx In-context
Finn et al. Requotation Author, sentence Inference limit Pattern approx In-context
Hoosemans L. et al. Requotation Sentence Word reduction Conciseness In-context
Wang L. et al. Requotation Sentence Word reduction Conciseness In-context
Song Y. et al. 2024 Requotation Author, sentence Inference limit Pattern approx In-context
Boland P. et al. Requotation Sentence Word reduction Conciseness In-context
Seufferlein T. et al. Requotation Sentence Word reduction Conciseness In-context
Naz T. et al. Requotation Sentence Word reduction Conciseness In-context
Childs A. et al. Requotation Sentence Word reduction Conciseness In-context
Huang Y. et al. Approximation Sentence Formatting Conciseness In-context
Chang C. et al. Requotation Author, sentence Inference limit Pattern approx In-context
He H. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Childs A. et al. Requotation Sentence Word reduction Conciseness In-context
Khaled N. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Hoosemans L. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Tewari et al. Requotation Sentence Word reduction Conciseness In-context
Zheng Z. et al. Approximation Sentence Word reduction Conciseness In-context
Wang L. et al. Requotation Sentence Word reduction Conciseness In-context
Jacobsen A. et al. Requotation Sentence Word reduction Conciseness In-context
Wang L. et al. Approximation Sentence Word reduction Conciseness In-context
Wang L. et al. Requotation Sentence Word reduction Conciseness In-context
Song Y. et al. Approximation Author, sentence Inference limit Pattern approx In-context
Seufferlein T. et al. Requotation Sentence Word reduction Conciseness In-context
Rahman M. et al. Requotation Sentence Word reduction Conciseness In-context
Chang C. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Error Report for Bevacizumab Dosing 2b, Partial Guardrails
Author Error Type Instance Probable Cause Justification Context
Boland P. et al. Requotation Sentence Word reduction Conciseness In-context
Li S. etal. Requotation Sentence Word reduction Conciseness In-context
Childs A. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Boland P. et al. Requotation Sentence ‘Word reduction Conciseness In-context
LiS. etal. Requotation Sentence Inference limit Pattern approx Less context
Chen X. et al. Requotation Sentence Inference limit Pattern approx Less context
Guo G. et al. Requotation Sentence Word reduction Conciseness In-context
Zhang J. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Boland P. et al. Requotation Sentence Inference limit Pattern approx Less context
Childs A. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Chang C. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Kuo C. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Zheng Z. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Moisuc D. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Jacobsen A. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Boland P. et al. Approximation Sentence Inference limit Pattern approx Less context
Chen X. et al. Requotation Author, sentence Inference limit Pattern approx Less context
Zhang P. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Pan Q. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Guo G. et al. Requotation Sentence Word reduction Conciseness In-context
Childs A. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Moisuc D. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Chen X. et al. Requotation Sentence Word reduction Conciseness In-context
Guo G. etal. Requotation Sentence Word reduction Conciseness In-context
Childs A. et al. Requotation Author, sentence Inference limit Pattern approx Less context
Chang C. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Zheng Z. et al. Requotation Author, sentence Inference limit Pattern approx In-context

Table 9: Report 2a: Less context errors = 0%, Report 2b: Less context errors = 22.2%. Lower is better



Error Report for Bevacizumab Combination Dosing 2¢, Partial Guardrails

Author Error Type Instance Probable Cause Justification Context
Jacobsen A. et al. Requotation Sentence Word reduction Conciseness In-context
Chen X. et al. Requotation Sentence Word reduction Conciseness In-context
Boland P. et al. Requotation Sentence Word reduction Conciseness In-context
André T. et al. Requotation Sentence Word reduction Conciseness In-context
Huang Y. et al. Requotation Author, sentence Inference limit Pattern approx Less context
Nosaka T. et al., Requotation Sentence Inference limit Pattern approx Less context
Freyer G. et al. Requotation Sentence Word reduction Conciseness In-context
Chen X. et al. Requotation Sentence Word reduction Conciseness In-context
Guo G. et al. Requotation Sentence Word reduction Conciseness In-context
Oura K. et al. Approximation Author, sentence Inference limit Pattern approx In-context
Qin et al. Approximation Author, sentence Inference limit Pattern approx In-context
Zheng Z. et al. Requotation Author, sentence Inference limit Pattern approx In-context
HuZ. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Error Report for Bevacizumab Biomarkers 2d, Partial Guardrails
Author Error Type Instance Probable Cause Justification Context
Sibertin-Blanc et al. Approximation Author, sentence Inference limit Pattern approx In-context
Freyer G. et al. Requotation Author, sentence Inference limit Pattern approx In-context
Van Griethuysen et al. Requotation Sentence Word reduction Conciseness In-context
Okawa M. et al. Requotation Sentence Word reduction Conciseness In-context
Seufferlein T. et al. Requotation Sentence Word reduction Conciseness In-context
Zheng Z. et al. Requotation Sentence Word reduction Conciseness In-context
Chen X. et al. Requotation Author, sentence Inference limit Pattern approx Less context
Jacobsen A. et al. Requotation Sentence Inference limit Pattern approx Less context
Huang Y. et al. Requotation Author, sentence Inference limit Pattern approx Less context
Chang C. et al. Requotation Author, sentence Inference limit Pattern approx Less context
Zheng Z. et al. Requotation Author, sentence Inference limit Pattern approx Less context
Wang L. et al. Requotation Sentence Word reduction Conciseness In-context
Mazard T. et al. Requotation Sentence Inference limit Pattern approx Less context

Table 10: Report 2c: Less context errors = 15.4%, Report 2d: Less context errors = 46.2%. Lower is better

10 Limitations (continuned)

Citation and reference hallucinations were associated primarily with misreferenced sources. Syntactic hallucinations where
the output was nonsensical or failed to parse were not present. ChatGPT 40 was utilized to assist in the understanding of semantic
hallucinations - where a content’s meaning was incorrect or completely made up were not apparent, except for a limited number of
output from generations 2b-d. This included incorporating the importance of patient education, a topic not explicitly found in the
100 summaries. Embellishment or unwarranted speculation have also not been identified due to high proficiency in context able to
be verified, especially for Prompts 1 and 2a. No self contradictions of earlier statements in the same response were identified.
The LLM hallucination limitations covered here were believed to stem primarily from inference-time compute, inference-time
budget, or output-length constraints which limit the number of floating-point operations or attention steps detailed in the following
paragraphs.

ChatGPT ol pro mode model trial responses were approximately 1.7x slower than ChatGPT o1, had shorter responses, had
less convincing solutions, did not address hallucination issues, as was experienced in testing of a prior cancer research study [129].
As mentioned earlier, the ChatGPT o1l 128K tokens context length limitation should not have been approached regarding the input
size and subsequent prompts in the same conversation. However, context limitations may have contributed to paraphrasings due
to the model’s primary purpose to produce natural-sounding text. Instruction layer conflicts of the model’s built-in compliance
and style-generation mechanisms may have also contributed to its preference for coherent text over more strict citations. The
LLM’s architecture consists of self attention layers with fixed attention budgets which may have contributed to not giving equal
weight to each token. As LLMs were trained to predict the next word in a sentence, there will likely continue to be a bias towards
coherence and fluency vs. facts that are mentioned a limited number of times.

Essentially, LLMs are based on internal patterns to transform text to obtain a larger understanding under a coherence bias,
instead of memorizing text, which can limit its ability for specific recall. An additional RAG system may have assisted in
processing precise chunks of text on demand instead of ChatGPT o1’s methods of pattern completion. A more structured format
for prompts, especially for Prompts 2b-d could have also increased the ability to process exact details. When ChatGPT ol was
asked a question regarding LLM hardware limitations, its response was "Most Hosted Model Infrastructures Are Well-Resourced",
and that commercial LLMs "typically have enough “horsepower” to handle their advertised maximum context window", where
"cost, time, or token constraints" are the primary concern.

14



11 Future work

The immediate remedy to improve future performance across Prompts 2a-d would be to decrease the input size. An example
of a smaller input for more effective processing was a 20 summary 8.8K word cancer research input using a similar format for
ChatGPT ol, which effectively yielded over 1 citation per reference (1621 words, 57.03 seconds). The same was true for citations
per reference in the identical Kawchak K. study, processing 20 summaries at 8.5K words regarding cancer mechanisms (1355
words, 68.85 seconds) [129]. The smaller input sizes represented by faster responses likely contributed to better representations
of the source data, than with longer more extreme sized outputs experienced in this study vs. additional prior biosynthesis and
bioprocess engineering works [130, 131].

The desire to increase both the scope and complexity in future drug discovery studies is a continual goal. With other reasoning
models emerging [132, 133] that will likely compete with OpenAI’s ol model, a new OpenAl reasoning model termed ChatGPT
03 is in development [134], and plans to increase national Al infrastructure with a $500B investment with operations led by
OpenAl [135], it is reasonable to forecast improvements in inference-time compute, inference-time budget, and output-length
constraints to more effectively process the high dimensional and complex details in this study. The number of critical steps in
correctly preparing the study’s dataset, processing with one LLM, formatting the data, and running experiments on a second
LLM will likely not be realized by Al agents in the near-term, but will be evaluated on an on-going basis. In addition, this
study currently has an advantage over agents regarding explainability and reproducibility, as the number of ways this complex
problem can be solved likely increases significantly with more complex systems. Therefore, larger and more comprehensive
cancer projects will be pursued using best available Al methods, learning from constraints in the study.

12 Conclusions

2025 LLM clinical decision support systems have improved in performance over the previous year’s translational research
applications, primarily due to larger and more capable AI models. These increasing LLM incorporation efforts using medical
data are primarily being made by researchers to increase the dissemination of recent results to medical professionals who don’t
have time to read every new study and making correlations across dissimilar findings. The increased software size has led to
a number of challenges to continue scaling inferencing quality due to manufacturer cost, time, or token considerations. Other
challenges that affect key reasoning models such as ChatGPT ol are known to exist, such as maintaining output accuracy for
longer chain-of-thought prompt lengths [16], and the demand for more RAM dedicated to the attention mechanism [20]. However,
most evidence supports the notion that there is not a lack of computational power, but rather financial considerations in hosting
models that must maintain acceptable output quality to many users.

This study represented a comprehensive use case of real-world data with Bevacizumab therapy results, a humanized
monoclonal IgG1 antibody used for treating a wide range of cancers. An increase of nearly 3x larger input size across twelve
cancer types and five study types vs. a prior study were implemented to better understand how Bevacizumab combination therapies
could be improved using LLM CDS. 3.5 Sonnet provided the same report format with privacy filtering across all 100 articles,
with five human verifications across author name, key terms, and quotations per report. Hallucinations using document analysis
were minor, appeared to maintain context with the original works, and may reflect the software manufacturer’s efforts to manage
costs by requoting larger phrases and following predetermined formatting rules.

The 169 page 49K word summary was included with a structured prompt for ChatGPT o1 to extract pertinent information
regarding CDS over the complexities of Bevacizumab related cancer and study therapies. In general, very good evidence-based
insight maintaining context with the 100 detailed reports was apparent in the form of clinical efficacy across multiple indications,
as well as a detailed safety profile with common toxicities collected across the cancer studies. Additional less-structured prompts
were run in the same conversation, with several convincing examples regarding proposed dosing recommendations, combination
therapies, and biomarker-driven selections. However generated sentences experienced a higher prevalence of less context
compared to the input data such as incorrect cancer types, and the model appearing to rely on its own parameters regarding CDS
patient education.

Large language models (LLMs) are increasingly evaluated in clinical decision support, but their performance in highly
specialized fields, such as Bevacizumab clinical trials, was not well established. The outcomes of the study from 3.5 Sonnet and
ChatGPT ol illustrate a larger capacity for models to incorporate meaningful clinical decision support from an extensive number
of recent Bevacizumab studies. As many LLM cancer research studies have lacked a substantially large problem and sufficient
rationale regarding the limitation of their work, this study helped to pave the way for developers and software manufacturers
alike to confront issues regarding practical use of LLMs using real world data beyond small-scale problems and benchmarks. As
LLMs continue to improve and inference-time compute is increased due to improved U.S. Al architecture, so should the quality
of generations through the progress of reducing errors.
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ldentification

Screening Screening Eligibility Screening Screening

Included

PRISMA Literature Search: “Clinical decision support based on Bevacizumab cancer
trials and pushing the limitations of advanced LLMs” Jan. 27, 2025, Kawchak K.

v

Records identified through Google Scholar. Total (n = 1,085)

01) Bevacizumab drug synergy mechanisms (n = 53)

02) Bevacizumab and chemotherapy combination efficacy (n = 100)
03) Bevacizumab dosage optimization in combination therapy (n = 57)
04) Bevacizumab resistance mechanisms in cancer (n = 100)

05) Drug interactions with Bevacizumab in oncology (n = 56)

06) Bevacizumab and immunotherapy (n = 100)

07) Pharmacokinetics of Bevacizumab in cancer treatment (n = 80)
08) VEGEF inhibition by Bevacizumab (n = 100)

09) Protein biomarkers predicting response to Bevacizumab (n = 58)
10) Proteomic analysis of Bevacizumab-treated tumors (n = 37)

11) Bevacizumab and tumor microenvironment modulation (n = 64)
12) Bevacizumab effects on tumor vasculature (n = 100)

13) Bevacizumab resistance and TME heterogeneity (n = 55)

14) Bevacizumab’s role in TME inflammation (n = 72)

15) Crosstalk between TME and VEGF inhibitors (n = 53)

)

Records screened: (n = 139)

Records excluded: (n = 946)
No PDF document (n = 350)
No CC BY 4.0 license (n = 254)
Less relevant to study (n = 247)
Duplicate to existing PDF (n = 95)

v

Records screened: (n = 107)
Prospective clinical: (n = 69)
Review article: (n = 26)
Combination therapy (n = 12)

Y

Records excluded: (n = 32)
No CC BY 4.0/No 2024 (n = 5)
Less relevant to study (n = 23)

Non-combination therapy (n = 4)

)

Records eligible: (n = 101)
Prospective clinical trial: (n = 22)
Retrospective clinical study: (n = 28)
Case report (n = 10)
Preclinical study (n = 9)
Review article (n = 32)

Records excluded: (n = 6)
Less relevant to study (n = 2)
Cost analysis study (n = 4)

v

Records screened: (n = 96)
16) Bevacizumab Cancer Clinical Trials (n = 80)
Records included: (n = 4)

Y

Records excluded: (n = 5)
Less relevant to study (n = 5)

Records screened: (n = 100)
17) Bevacizumab Colorectal Cancer Review (n = 60)
Records included: (n = 1)

Records excluded: (n = 76)
No PDF document (n = 38)
No CC BY 4.0 license (n = 18)
Less relevant to study (n = 19)
Duplicate to existing PDF (n = 1)

v

Records included: (n = 100)
Prospective clinical trial: (n = 23)
Retrospective clinical study: (n = 26)
Case report (n = 10)
Preclinical study (n = 9)
Review article (n = 32)

Records excluded: (n = 59)
No PDF document (n = 27)
No CC BY 4.0 license (n = 10)
Less relevant to study (n = 22)

Colorectal cancer (n = 25)
Non-small cell lung cancer (n = 19)
Ovarian cancer (n = 15)
Hepatocellular carcinoma (n = 15)
Glioblastoma tumor (n = 9)
Other cancers (n = 17)

Figure 5: PRISMA study identifying the 100 articles
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