Roadmap to trustworthy medical LLMs
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Challenge: EEJ7K

Guiming Hardy Chen, Shunian Chen, Ruifei Zhang, Junying Chen, Xiangbo Wu, Zhiyi Zhang, Zhihong Chen, Jianquan Li, Xiang Wan, Benyou Wang. ALLaVA:
Harnessing GPT4V-synthesized Data for A Lite Vision-Language Model. https://arxiv.org/abs/2402.11684
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Pass some exams
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Accuracy of

Chat like a doctor

We are picking the low-hanging lychee




Select a well-defined problem
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- achievable in a few years




Standgoint: LLM for Doctors not as Doctors
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Wenya Xie, et.al. Benyou Wang. LLMs as for Doctors: Leveraging Medical LLMs to Assist Doctors, Not Replace Them. in Progress




Problem Definition

Definition:

- Given a user with implicit/emplicit information

- Goal: predict a label (9315 Rl=/H25/121)

- Key
- The system could actively ask followup questions to reduce uncertainty
- The user could lose patience if with too many interactions
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Overall

- More Knowledge

- from input side: RAG native training

- from outout side: Agent with exteral knowledge sources

- internalize it in model: Inject medical rules with synthesized data
- More transpent reasoning path

- Interpreability with Chaim of diagnosis
- With more modality




RAG native training
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encourage grounded generation (based on limited soureable data) instead of creative generation



Towards a medical Agent

4
Medical LLM Agent in a ncural-symbolic fashion .

Reflection: acceptance or contraction
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optionally

responding

GPT4: 46.6->49.4

Wenya Xie, Shunian Chen, Anningzhe Gao, Xiang Wan, Benyou Wang. A medical agen MediAcaI Medical Medical common
with deterministic symbolic knowledge. In progress knowledge bases guidance sense




SREFERIEANTNR

o Medical

1 | Rule System
I User Pool User Agent
: : Simulator g

Chuyi Kong, Yaxin Fan, Xiang Wan, Feng Jiang, Benyou Wang. PlatoLM: Teaching LLMs in Multi-Round Dialogue via a User Simulator. ACL 2024
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Generate CoD Training data

“““““““““““““““ . ( Patient Case

[ =
[ My teeth have been really hurting lately, and I can't handle cold or acidic foods. g
& User
~
L :
ey 1. Symptom Abstraction ()
f Analyzing patient symptoms:
CoD "Toothache", "Tooth Sentitivity®” ~ se=eeeemacec=eae- .4
Response ) ) ;
--1> 2. Disease Recall® & Knowledge Integration (] :
! Based on the information provided, the likely diagnoses include: A 1
: ¢ "Tooth decay”, commonly characterized by intolerance to cold, heat, acid, and sweet ... __ B S 4
' « "Pulpitis", commonly characterized by pain that worsens with heat and eases with cold ... -
Search & ' + "Dentin hypersensitivity", commonly characterized by mechanical stimuli ... 5 .
Get Knowledge, - 1' '
i " 1 - 1
: 3. Diagnostic Reasoning & '
4 Diagnostic reasoning: ' :
D The patient's toothache and sensitivity are likely linked to dental health issues. First, tooth decay, a ==
- ! common issue causing tooth pain, especially when consuming sweets or temperature-sensitive foods.
: ! Pulpitis often results from untreated tooth decay, leading to bacterial infection in the dental pulp,
Disease i characterized by constant severe pain. Dentin hypersensitivity manifests as tooth sensitivity to cold, hot or
i

Database

'
Get Knuwledge:

sweet foods, without noticeable decay. Any of these conditions could be present based on the symptoms. =T

4. Confidence Assessment i,
Diagnostic confidence:
{"Tooth decay": 0.4, "Pulpitis": 0.3, "Dentin hypersensitivity": 0.3} ke T —

5. Decision Making i)””
if max_confidence > :

- - = » Diagnosis:
You may have tooth decay. For incipient decay, we can treat it with medication, while moderate and
deep decay require amalgam filling. If the condition is severe, it may be necessary to ...

else max_confidence = £:
Inadequate for diagnosis. Ask for symptoms:

Have you noticed bad breath recently? <...--...---...--...--....--....---...-...J.

Age/Gender: Adolescent, Male

- -|-Explicit Symptoms:
Toothache, Tooth Sensitivity

W -Implicit Symptoms:
Bad breath, Loose Teeth, Worse Pain at Night

\Disease: Tooth Decay
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i Verllfy Diagnostic Reasoning &

‘ Confidence Distribution

€3 Reasoning Incorrect, Rethink

Responding to Symptom Inquiries and Start
Next Round of Dialogue Generation

Junying Chen,et.al. Benyou Wang. CoD, Towards an Interpretable Medical Agent using Chain of Diagnosis. In progress
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(% MedVision (1.3 Million Data)
- N Alignment VQA

A

Seiithicad Q: Please describe this picture. (Predefined)
yn cmsap A: The image appears to be an axial section computed
tomography (CT) scan of the abdomen, focused on the
! 0 | pancreatic region. In the center of the image, a well-
defined, hypodense, unilocular cystic lesion can be seen
Source Inputl s S
_— . — within the head of the pancreas (as indicated by the
» | Caption : "Density of the cystic lesion is 2.4 arrow). The density of the cystic lesion is measured to
Hounsfield Unit (HU)." LLM its (HU) ichi
Inline Mention: "Only the head and uncinate il > ar_ound 241? ulglns.fiicéclllimts (- e g Iv th
d Fh sl it (GPT4-V) consistent with a fluid- cystic structure. Only the
PubMed Papers iegl‘ggnl of t t_aIpan;:reas \:f_aslwgua 1zed and the head and uncinate segment of the pancreas are visible
ypodense unilocular cystic lesion was Sithis aartotla tior
L revealed at the head of pancreas ( Fig. 3 ) ." H EIS partictiar image section

Medical Images and Context imytruction: Tuning h Qa
(Filtered 914,96 [igM dical I ) : What is the location and characteristics of the cystic
R ! e lesion observed in the CT scan?
A: The cystic lesion is located within the head of the
pancreas, as evidenced by the image. It appears to be a
@;5) eSS o= | 0700 sample well-defined, unilocular cystic structure with a density of
g BD > Oﬂ I s £ I]‘@"[! *r | ——>» ., —> approximately 2.4 Hounsfield Units, indicating a fluid-
Synthesis filled lesion. The hypodense nature of the lesion, relative

Dialogue Scenarios to the surrounding pancreatic tissue, is consistent with a
| cystic pathology within the pancreatic head region.

Junying Chen, et.al. Benyou Wang. Towards Injecting Medical Visual Knowledge into Multimodal LLMs at Scale. In progress



Thanks

wangbenyou@cuhk.edu.cn

We are hiring RAs & PhD (even for 2024 fam)
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