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Objective Approaches in a Subjective Medical World

Subjective <> Objective Interaction
Human-Al Interaction

- |-SDM Framework: Clinical Decision Science [CSCW 23' CSCW 24']
-> Patient-centered Shared Decision-Making Tool [CHI 24']
- Explainable Al [CSCW 24']

Improve Subjective w/ Objective Approaches
Healthcare Intelligence

-> Clinical Decision Support Tool (DST) [Bioinformatics 20’, CHI 23]

-> Retrospective Comparison In-Basket Message Study: Human Care Team VS.
GPT40-based [Mayo Proceeding: Digital Med 25]

-> Veterinary Precision Health [AAAI 24’ |AAI 25' DAl Workshop]
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David Lubarsky, this is a fascinating insight into how Al can communication for older adults
bridge the gap for older adults with cancer. It's heartening with cancer

to see technology being leveraged to empower patients in

their treatment decisions, especially for those who might

struggle with tech literacy. This could truly transform ' u

patient-clinician communication. ’
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Shared Decision Making (SDM) Preliminary Ten Important

Factors Selections with 12 Participants (7 Patients + 5
Clinicians)

Total Participants’

Approved Factors 12 12 11 10 7 7 6 6 4 3

(outof 12)

Clinician
Participants
(C1-C5)

Patient
Participants
(P1-P7)

Ten Important Survival : Alternative Average Distance Detailed Total
factors for SDM Rates PO‘?”"a' Treatment Patient Age (Treatment Treatment Treatment
(From high to low) in 5 years Risk Options  for the Treatment Location) Understanding  Duration

Pain Nursing Treatment
Degree Service Fee

Patient Participant Approved Patient Participant Felt This Option Indifference Clinician Participant Approved Clinician Participant Felt This Option Indifference



Single -Diamond Framework for Patient-Centered SDM process

Clinicians identify disease for an older adult patient

Clinicians present disease diagnosis, possible treatment
options, and suggested treatment
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Double -Diamond Framework for Patient-Centered SDM process

Clinicians identify disease for an older adult patient

Clinicians present disease diagnosis, possible treatment options,
and suggested treatment

Patient involves in the SDM process J

Patient understands the potential treatment plans through
interactive visualizations and accessible explanations

Patient selects the optimized treatment
option based on their needs and preferences

. Defin Develop Deliver : -
Clinician Discover Heealthe Patient- Clinical Shared > Final Clinical
Disease Outcome Decision Making B s
Outcomes SR Resulfs Decision




Step 1 Factor Selections Step 2 Basic Information

You selected:

:)r'-r) Incontinence Ercetile Dysfunction Survival n:n- = John D 0 e

i's D M Welcome and o

Consent

Step-wise Form

Date of Presentation: 12/ 15 / 2018

P r o c e s s l Location of Treatment Pain Degree Age:.ﬁz e
Duration of Treatment Average Treatment Age Employ::::ty:st::::c::ﬁred
Demographic & S t d q e 1 ¢ Pat ien t Service of Nursing Facility Quality FZ“‘“;"::;O; _
Cancer Type Assessment Urinary Incontinence SurivalRates s
oueStions Erectile Dysfunction Medical Cost o

Step 3 Survival Rates Step 4 Side Effects

Pre-Study e
SDM and Al
Attitude Interview A I Your Predicted Survivals in Five Years  prediction Length: 5 Years You may have
You may have Urinary Incontinence Others
Erectile Dysfunction

0, 9,
94-98% 93-98% 78-96% NEROBSEY

J' Stage 2: Risk 33-50% e T e T
Provide . . o e .
Instructions on Evaluation with Al — = -
the i-SDM SYStem Surgery [ Radiation Active ( : e - d

Survelllance Treatment

(__l_"\

20-30 mins 9 Step 5 Other Factors Step 6 Finalize Decisions

Interaction with -
Ithe i-SDM Systeml n—
S 3 ; i SIDE EFFECTS Your Predicted Survivals in Five Years Your Choice
= Location of Treatment Time of Treatment (Dnys) Urinary lnc‘in‘l'u- b
_ — _ N e— Surgery !3 = 94-98%  93-98%  78.96% =y
Time of Treatment Radiation NN 110 , B = | Radiaivn
0 %6 bees S casecalll - O 33-50%
Active Surveillanes Active
T , S Surveidlance
Stage 3: Patient T o ..
w As camcer cells
age 3: Patien , e ST ; e -
Others e Surveillance  Treatment

Feedback
Interviews End Decision



Step 1 Factor Selections Step 2 Basic Information

I s D M I r o t o ty p e s FACTOR SELECTION BASIC INFORMATION SURVIVAL RATES SIDE EFFECTS OTHER FACTORS DECISIONS FACTOR SELECTION BASIC INFORMATION SURVIVAL RATES SIDE EFFECTS OTHER FACTORS DECISIONS

You selected:

e tarsntine Frectile Dysfunc

cactTrestment oo Dl of Tres Serviceof e John Doé

Location of Treatment Pain Degree
Date of Presentation: | 15/ 2018

Age: 62 Gender: M

Duration of Treatment Average Treatment Age Ethicity: Causacian

Employment Statute: Retired
Cancer: Proatate Cancer

Service of Nursing Facility Qua Gleason Score: 7
Full Deser ption

Negative Verbal Cues

Erectile Dysfunctio Medical Cost

Positive Verbal Cues

Neutral Verbal Cues ,
Step 3 Survival Rates Step 4 Side Effects

SELECTION F s L ! R FACTORS DECISIONS
FACTOR SELECTION  BASIC INFORMATION SURVIVAL RATES SIDE EFFECTS OTHER FACTORS DECISIONS PACTORSMACEON A0 IranmATION N T Bou TS OTHR Mo IR

You may have

Your Predicted Survivals in Five Years  prediction Length: 5 ¥
Urinary Incontinence Othess

94-988 93-989 .
4-98 3-98% 78 Surgery
i)

Radiation

Active Surveillance

Surgery Radiat on Active No More Explangtién ®
Surveillan€  Treatme:

Step 5 Other Factors Step 6 Finalize Decisions

FACTOR SELECTION BASIC INFORMATION SURVIVAL R SIDE EFFECTS OTHER FALTO! DECISIONS

FACTOR SELECTION BASIC INFORMATION SURVIVAL RATES SIDE EFFECTS OTHERFAETORS DECISIONS

SIDE EFFECTS Your Predicted Survivals in Five Years Your Choice

Urinary tncontiacace
Location of Treatment Time of Treatment (Days) 949 938 A Sariey
% ok i} 7 5%:

=

Surgery
Time of Treatment Radiation

Active Surveillance

Service of Nursing More information

Juding its progression, Sungery Radiation Active

Time plays a critical role in various aspects of cancer,
villance Treatment

dingnonsis, and treatment. As caneer cefls grow and divide, the clapsed time can
significantly affect the stage of the disease and the subsequent prognesis for the

patient. Fducation Video




Cue Labels Analysis across Steps

316 labels, comprising 145 positive cues labels (45.89%), 73 neutral cues labels (23.10%), and
98 negative cues labels (31.01%).

‘ Clinician Participant Labels

',,‘ Patient Participant Labels
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I-SDM Prototype’s for Evaluating i-SDM Prototype

Negative Verbal Cues

Surgery Active Surveillance Surgery

Positive Verbal Cues

FACTOR SELECTION BASIC INFORMATION SURVIVAL RATES =FFI OTHER FACTORS DECISIONS

Neutral Verbal Cues

SIDE EFFECTS Your Choice

Urinary Incontinence

Your Predicted Survivals in Five Years

Surgeny

78-96%

Radiation

Active
Surveillance

Surger) Radiation Active No Submiul
Surveillance Treatment




Investigating the Trade-Off Between
Depth of Reasoning and Performance
iIn LLMs’ Medical Al Reasoning

E.g. Iterations, Inference time,

# of step-wise process E.g. Accuracy, Confidence,

Error propagation (overfitting)



PubMedQA

PubMedQA

A Dataset for Biomedical Research Question Answering

Question:

Do preoperative statins reduce atrial fibrillation after
coronary artery bypass grafting?

Context:

(Objective) Recent studies have demonstrated that statins
have pleiotropic effects, including anti-inflammatory ef-
fects and atrial fibrillation (AF) preventive effects [...]
(Methods) 221 patients underwent CABG in our hospital
from 2004 to 2007. 14 patients with preoperative AF and
4 patients with concomitant valve surgery [...]

(Results) The overall incidence of postoperative AF was
26%. Postoperative AF was significantly lower in the
Statin group compared with the Non-statin group (16%
versus 33%, p=0.005). Multivariate analysis demon-
strated that independent predictors of AF [...]

Long Answer:

(Conclusion) Our study indicated that preoperative statin
therapy seems to reduce AF development after CABG.
Answer: yes

Leaderboard (reasoning-required setting)

Model Code Size
1 GPT-4 (Medprompt)
Microsoft NA
Nov 28, 2023 _ ;
(Nori et al. 2023)
9 Med-PalL.M 2
Google Research & DeepMind NA
May 16, 2023 ,
(Singhal et al. 2023)
MEDITRON
> B 708
EFFL
(Chen et al, 2023)
4 Palmyra-Med
Writer Inc. 40B

Jul 6, 2023 ‘
(Kamble et al. 2023)

Accuracy

(%)

82.0

81.8

81.6

811

Macro-F;

(%)

NA

NA

NA

NA



Breast Cancer Screening Decision Tree

Age 40+: Annual Mammogram + Clinical Encounter

Focal Pain: Mammogram + Ultrasound

/ Age =40: MammogramSp¥itaansnisdBloody Discharge: Duct Excisior
BI-RADS 1-3: Monitor

Average Risk (BSCR-1)

Persistent Breast Pain (BSCR-11) Nipple Discharge (BSCR-9)
Paget!s Disease Suspicion: MRI + Bio

Start: Clinical Encounter

Age zi%mmogram + Ultrasound Age <40: Observe / Ultrasound if Persistent

/V Skin.Changes (BSCR-10)
Palpable Mass (BSCR-6)

Cyclic/Diffuse: Reassurance

Age 25-39: Clinical Encounter Every 1-3 Years

Increased Riplg dBSERPL10-30-y/0):»Mammogram + MRI (8 Years After RT)
Age <30: Ultrasound

=20% Lifetime Risk: Annual Mammogram + MRI
BI-RADS 4-5: Biopsy
Inflammatory BC Suspicion: Mammogram + Ultrasound
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medical question
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Large Language Model
(GPT-3.5., Llama-2)
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Thought #1 Thought #2 Thought #3 Generated rationales
(Chain-of-Thoughts)
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( Knowledge g ComprehensiorD
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( Reasoning )

Expert evaluation
of the rationales based
on three categories

Using
Chain-of-Thoughts

Liévin, Valentin, et al. "Can large language models
reason about medical questions?." Patterns 5.3 (2024).

"Based on detailed
step-by-step answers
generated by LLMs, we show
that LLMs can often answer
challenging medical questions
by mobilizing expert
knowledge and advanced
reasoning capabilities.”



USMLE [test:731] Three days after induction chemotherapy, a 9-year-old boy is admitted to the
hospital for fever and neutropenia. He was initially diagnosed with t(9;22)-positive acute T cell
lymphoblastic leukemia following workup for fatigue and pancytopenia. He is fully conscious. His
blood pressure is 110/65 mm Hg, temperature is 39.5°C (103.1°F), pulse is 98/min, and respiratory
rate is 14/min. Physical examination including examination of the central venous catheter site shows
no source of infection. Broad-spectrum antibiotics are initiated. Which of the following factors
about this patient most strongly indicates a poor prognosis?

A) Age B) Cytogenetics C) Fever and neutropenia D) Initial presentation

Liévin, Valentin, et al. "Can large language models reason about medical
questions?." Patterns 5.3 (2024).

v  Let’s use step by step in-
ductive reasoning, given the
medical nature of the ques-
tion.

The first thing that stands out
is that the patient is 9 years
old. In general, children have
a better prognosis than adults
when it comes to leukemia.

The next thing to consider
is the patient’s cytogenetics.
The fact that the patient has
t(9;22)-positive acute T cell
lymphoblastic leukemia indi-
cates that the patient has a
specific chromosomal abnor-
mality that is associated with
a poor prognosis.

The next thing to consider
is the patient’s fever and neu-
tropenia. Fever and neutrope-
nia are both signs of infection,
and infection is a serious com-
plication in leukemia patients,
particularly in those who are
immunocompromised. Fi-
nally, we need to consider
the patient’s initial presenta-
tion. The fact that the patient
was initially diagnosed with
leukemia following workup
for fatigue and pancytope-
nia indicates that the patient’s
leukemia was advanced at the
time of diagnosis.

All of these factors indicate
a poor prognosis for this pa-
tient.

Therefore, among A
through D, the answer
is B, cytogenetics.

like a medical expert. The
first step is to gather informa-
tion about the patient. In this
case, we are given the follow-
ing information: -The patient
is 9 years old -The patient has
t(9;22)-positive acute T cell
lymphoblastic leukemia -The
patient is currently experienc-
ing fever and neutropenia
The next step is to analyze the
information and look for any
patterns or clues that could
help us answer the question.
In this case, the most im-
portant factor that indicates a
poor prognosis is the patient’s
age. Children under the age of
10 have a much higher chance
of relapsing after treatment
and a lower chance of achiev-
ing remission.

Therefore, among A
through D, the answer
is A.

X Let’s think step by step

X Let’s derive the differen-
tial diagnosis step by step:
1) The patient has fever and
neutropenia.

2) The patient is 9 years old.
3) The patient has t(9;22)-
positive acute T cell lym-
phoblastic leukemia.

4) The patient’s initial presen-
tation was fatigue and pancy-
topenia.

The most likely cause of the
patient’s fever and neutrope-
nia is infection. The patient’s
age, cytogenetics, and initial
presentation are all risk fac-
tors for infection.

Therefore, the factor that
most strongly indicates a poor
prognosis is the patient’s age.

Therefore, among A
through D, the answer
is A.

Pattern A
Pattern B
Pattern C

Correct reasoning step
Correct recall of knowledge

Correct reading comprehension

Pattern E
Pattern F

Pattern D

Incorrect reasoning step

Incorrect or insufficient knowledge

Incorrect reading comprehension




Samples

Question

Do LLM generate
correct answer
without
reasoning? \

A) Pulmonary aspergillosis.
B) Lung carcinoma.
C) Cavitary tuberculosis.

S~

\

A 55-year-old male patient, with a smoking history of 60 pack-years,
has had a chronic cough for over 10 years. He reports that about
three months ago, he noticed the presence of blood in the sputum.
He also mentions a weight loss of about 15% of his usual weight
during the same period, anorexia, weakness, and night sweats. The
chest X-ray taken at the time of the consultation is shown below.
What is the most likely diagnostic hypothesis in this case?

D) Bronchiectasis with infection.
E) Chronic obstructive pulmonary disease.

AN

(A e

Answer is right, but reasoning is (partially)
wrong.

Hemoptysis (blood in sputum) is commonly seen in tuberculosis or fungal
infections rather than cancer. Y (Incorrect: While TB can cause
hemoptysis, lung cancer is a leading cause as well.)

;

Final Answer: B - Lung Carcinoma

N\

Answer is wrong, as well as reasoning.

The long history of chronic cough indicates a latent tuberculosis infection
that has reactivated. XX (Incorrect: While TB can present with a chronic
cough, the patient’s history suggests a different etiology.)

Weight loss, anorexia, and night sweats are classic B-symptoms of TB,
making it the most likely diagnosis. X (Incorrect: These symptoms
overlap with lung cancer and must be evaluated in context.)

Final Answer: C - Cavitary Tuberculosis




Clinicians in Medical Decision-Making

Current Situation:
Input - Output

A S ' Clinical Decision
Better Solution:

Input - Step-Wise Reasoning Process - Output

A—FT—WV

Electronic Health Records
Clinical Notes
Exam Results




Certainty: 92.3%

Input Output

Patient EHR Summary Potential Diagnosis
(S / (S /

Logit(P) = By + (1(Smoking history) + [2(Hemoptysis) + B3(Weight loss) + B4(Age) + . ..

Where each B coefficient represents the contribution of that factor to the likelihood of lung cancer.

Feature Condition Present? LR* (Estimate) Contribution to Diagn¢
Smoking (60 pack-years) Yes 10 Strong
Chronic cough (10+ years)  Yes 3 Moderate
Hemoptysis (Blood in Yes 6 Strong

sputum)



Chain-of- Multiple CoTs (CoT-SC) Tree of Thoughts (ToT)

-Thought

Basic Input-
Output (10)

Graph of Thoughts (GoT) [This work]

Inp ut Backtracking Refining Ilelt
InPUt Branching out from a chain
' ; from a chain / ‘
Output Backtrackmg

/

Thoughts: ‘

\/
Unscored *
Positive ?
score ‘ \

Aggregatin Aggregatmg
Negative g% a?ns - thoughts
- score : Key novelty
| Output Abandon a chain Olltpllt (beyond CoT-SC): OUtpUt
Key novelty (beyond ToT):
Dependencies Generating several Arbitr aph-based thought OUtpUt
between thoughts Key novelty : new thoughts based Intermediate PEy B ap ]
g 3 Selecting : : transformations (aggregating

Key novelty: geyon«! COTl)l-m l 3 chaln wih on a given arbitrary thoughts are Ao s
@ Abandon thought Intermediate [ arnessing mMup'e o host scare thought, exploring al50;scored looping over a thought to

LLM thoughts independent chains it further, and possibly f]lle g
%, Backirack within a chain of thoughts backtracking from it refine it)

1. Besta, Maciej, et al. "Graph of thoughts: Solving elaborate problems with large language models." Proceedings of the AAAIl Conference on

Artificial Intelligence. Vol. 38. No. 16. 2024.
2. Yao, Shunyu, et al. "Tree of thoughts: Deliberate problem solving with large language models." Advances in neural information processing

systems 36 (2023): 11809-11822.



MANAGEMENT OF NIPPLE INVERSION/RETRACTION WITHOUT PALPABLE MASS

PRESENTING
SIGNS/SYMPTOMS

DIAGNOSTIC
EVALUATION

Based on NCCN guidelines, generate

Perform CBE with
attention to: Breast imaging
Presence of ma » Age <30 y:
derneath nippl breast
. Presence of nippl ultrasound
| | Acquired/ discharge™ and * Age 230 y:
] ow-onget lor —»| diagnosti
f nippl: s
tractio Evidenceof @ | | mammogram
Nipple inflammation with
] | | inversion/ (erythema, fistula tomosynthesis®
traction n areola or nipple, d breast
without purulent discharge, Itrasound
palpabl tenderness )
mass T
Congenital/ If recent change:
life long
nipple * Reassurance
inversion No recent changes' —»|* Screening/
(BSCR-1)

Case 1: Benign Low-Risk Presentation

IMAGING FI
BI-RADS

NDINGS

Low clinical

FOLLOW-UP

category 1 | 4 suspicion® — Screening (BSCR-1 i
(negative)
or
BI-RADS ini Abnorma I
ategory 2 | VClinically i, conider clinical Core
(benign) | Suspiclous referral and/or MRI > E.”“"e
to breast imaging iopsy
specialist findings (BSCR-15)
« Consider Normal
ini breast ini
Clinica Il g clinica I
suspicio):Js > MRIwith and MRI
and without imaging Mamn‘w-
BI-RADS contrast finding graphic
category 3 . o andlor
(probably * Physical examination at Ultrasound
benign) 6 months * diagnostic Evaluation
Low clinical mammogram with (BSCR-18)
suspicion " tomosynthesis® + —

BI-RADS 4
(suspicious)
or

BI-RADS 5
(highly
suggestive of'
malignancy)

_—

ultrasound for 1-2 y99
* Consider referral to
breast specialist

* Core needle biopsy (BSCR-15)

* Surgical excision if not

amenable to core needle

biopsy (BSCR-16)

A 32-year-old female presents with new-onset nipple retraction in her right breast. She denies any associated symptoms such as pain,
discharge, or inflammation. On clinical breast examination, no palpable mass is detected, and there are no visible signs of erythema or
tenderness. Given her age, she undergoes breast imaging with a diagnostic mammogram using tomosynthesis along with an ultrasound.
The imaging results are classified as BI-RADS category 2, indicating a benign finding. As there are no concerning features, she is

reassured and advised to continue with routine breast cancer screening as per guidelines.

What is the most appropriate next step in the management of this patient?
A) Immediate biopsy to rule out malignancy

B) Reassurance and continued routine breast screening

C) MRI with contrast to further assess the nipple inversion

D) Referral for surgical excision of the affected nipple

Correct Answer: B) Reassurance and continued routine breast screening



No LLM

With LLM

4—.—»

“LLM generates lots of errors”

"GPT4 is great but may not apply to
prostate cancer domain”

“LLM creates human-like responses
but not fact-checked”

“LLM cannot afford liability”

"LLM has no standardized evaluation
metrics now"”

Errors

Efficacy

User-
Centered

Trust

Evaluation

"LLM identifies more details and
mitigates errors”

"LLM accelerates clinical workflow"

“LLM is very informative, from a
patient-centered manner”

“LLM provides all the details in a timely
fashion, which makes it reliable”

“LLM is emerging and the evaluations
should be adapted at this stage”



With LLM

No LLM

Ben Shneiderman’s Book
Designing the User Interface (1986):

Computer

Human
Automation

Control

A

Shneiderman, B. (2020). Human-centered artificial intelligence: Reliable, safe & trustworthy. International Journal of Human—-Computer Interaction, 36(6), 495-504.
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How might objective What are the limitations How can objective data
approaches reshape of relying solely on improve patient outcomes

the future of objective data in in a field often driven by

personalized healthcare decisions? subjective judgment?
medicine?
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