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Motivating Example

Biomedical QA is not a fact-lookup task.

01 The answer depends on patient-specific 

factors — allergies, comorbidities, concurrent 

medications.

02 One question can have several correct 

answers, one per patient context.

03 A default treatment may be contraindicated: 

the best answer shifts with the constraint.

⟨lisinopril, treats, hypertension⟩ is true and useless without knowing the exact conditions about when it applies.



Two Gaps in Current Approaches

G A P  0 1  ·  R E P R E S E N T A T I O N

Triples have no slot for a condition

G A P  0 2  ·  E V A L U A T I O N

No benchmark tests answer revision

01 CondMedQA — a benchmark that isolates the behaviour. 02 Condition-Gated Reasoning — a method that produces it.



Talk Overview

01

The Benchmark

02

The Method

03

The Evidence



Defining Conditionality

01 Modifier presence

02 General answer 

exists

03 Answer divergence

04 Dual validity

05 Causal dependence

Which antidepressant for major 

depressive disorder is contraindicated in 

patients with bulimia?

Bulimia nervosa

C O ND IT IO N AL AN SWER

Bupropion 



Benchmark Composition

57%
Comorbidity & organ-based

23%
Diagnostic modality

16%
Special populations

4%
Drug–drug interactions

01 LLM candidate generation 02 Automated filtering 03 Manual expert verification



CGR vs. Traditional KG-RAG

Every treatment edge is 

followed. A triple has no field for 

the BRAS, so lisinopril reaches 

the generator and becomes the 

answer.

B O T T O M  B A N D

The same edges now carry 

conditions. Two are masked, 

one survives — and only the 

surviving path's evidence 

reaches the generator.



Condition-Aware Knowledge Graph

N - T U P L E  E X T R A C T I O N

⟨u, r, v, C⟩

E N T I T Y  N O R M A L I Z A T I O N

UMLS Metathesaurus

G R A P H  C O N S T R U C T I O N

G = (V, E)

⟨metformin, treats, type_2_diabetes, [¬severe_renal_impairment] ⟩ ⟨misoprostol, contraindicated_in, 

wanted_pregnancies, [pregnant_women]⟩



Query Processing

Q U E R Y  P A R S I N G

parse(q) = {K, C, N}

K entity keywords that seed traversal 

C required and excluded conditions 

N negated entities to exclude 

C O N D I T I O N  E V A L U A T I O N

eval: C
G 
× q → {T, F, ∅}

true the query satisfies the condition

false the query violates it — the only blocking verdict

null unknown, and therefore not blocking

“in children” → true · “in adults” → false · “renal impairment” → null



Condition-Gated Graph Traversal

E D G E  G A T I N G  F U N C T I O N

G(e, L) = ∏
c ∈ C(e) 

1[L(c) ≠ false]

T R A V E R S A L  T E R M I N A T E S  W H E N

B L O C K ED

B L O C K ED

⟨hypertension, treated_by, amlodipine, [ ]⟩
no conditions to 

violate
T R A VE R SED

Blocked edges are removed from the search space, not ranked down — the answer generator never sees the 

contraindicated path.



Path Ranking and Answer Generation

P A T H  R A N K I N G

score(q, p) = ∑
k ∈ K 

cos(φ(chain(p)), φ(k))

E V I D E N C E  A S S E M B L Y

E
q 
= {(V

p
, E

p
, S

p
, C

p
)}

A N S W E R  G E N E R A T I O N

A = LLM(q ⊕ P
q 
⊕ E

q
)

Cost. One batched LLM call for condition evaluation regardless of graph size, then O(|V| + |E|) traversal with constant-time gate checks 

per edge.



Main Results

CO NDMEDQ A MEDHOPQA MEDHOP (C) BIOA SQ-B

CGR 82.0 86.7 86.8 89.9 80.0 85.4 40.6 58.0

+20.0 EM +11.0 EM 



Ablation: Condition Gating

+25.0
CondMedQA

+17.1
MedHopQA (Cond)

+14.3
MedHopQA

CGR (full) 82.0 86.7 86.8 89.9 80.0 85.4

Extracting conditions is not sufficient. The gain comes from enforcing them during search, and it concentrates where conditions actually bind.



Error Analysis

11
Retrieval

5
Extraction

2
Reasoning

Ranking is purely semantic today — it does not know a path survived the gate. Both dominant categories are addressable without 

changing the gate.



Limitations and Future Work

Benchmark scope Knowledge-source dependence

Ranking is condition-blind Entity normalization

Future directions. Condition-aware path ranking, multi-modal knowledge graphs, privacy-preserving deployment, demographic bias 

auditing, and extension to other high-stakes domains.



Knowing when knowledge applies is a requirement.

100 questions where a 

patient-specific constraint 

changes the correct answer.

Conditions ride on the edge; 

the gate enforces them during 

traversal.

82.0 EM on CondMedQA 

(+20), 86.8 on MedHopQA 

(+11), stable across models.

Condition-aware path ranking, 

broader condition coverage, 

bias auditing.



Questions?

P A P E R B E N C H M A R K

jashrp2@illinois.edu
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