TrajOnco: A multi-agent framework for temporal reasoning over
longitudinal EHR for multi-cancer early detection

TRUVETA Take-away message

TrajOnco, a chain-of-agents framework with long-term memory,
achieved strong zero-shot performance across 15 cancers, comparable
to trained ML methods, while providing temporally coherent clinical

Zero-shot LLM-based framework delivers accurate, interpretable multi-cancer risk prediction from raw longitudinal EHR without model training | | — . )
reasoning without any model training or feature engineering.
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Early identification of individuals at higher risk for cancer can improve outcomes
. . . . . . XML XML Longitudinal EHR XML XML XML 55-60: Moderate -> High 70-75: High -> Moderate
an d h e | p ta rg et screeni ng resources. EXl Stl ng MacC h Ine | earni ng d p p FoacC h es req uire Chunk Chunk Chunk Chunk Risk_v\;ail comntmnlty te:lscalated whc_ent_dirtict cancgr-lsuggestivet;in_dingsdappeare_d or Downgrades fr\onz10l‘1li"gh to mc:_clerateI are driven bytstability_and lack ﬁf progrestsitc:ln:
. . . . . persisted, most notably new or existing lung noduies, hemoptysis, and worsening Nno new cancer\u suggestive puimonary symptoms or imaging changes, stable

S u b Sta n tl a I d ata p re p roce S Sl n g' m a n u a I fe at u re e n gl n e e rl n g, a n d ta S k_S p e lel C . . ;:q:,lghldyspneaaortwhez ac1_1teI resp(ijr_atory dt:’tleriora;:ion éﬁ.g., hyp:;xemfilc rt:sgiratory 0)§t¥‘genatic;nlvita|:_s, and imr:_roveme;nts“in Iazs s_uch _a?(a_:_\re:mi_a znd Iivgr enzy(rjnest,

del traini d their i bility is often limited Worker Worker Worker Worker Worker Worker o cumulative burden without clear improvement; ongoing tobacce exposurs, COPD/ because persistent structural findings (longstending nodulesimass with
m O e tra NN g, a N t e Ir 1 nte rp reta | |ty | S O te N im |te . Agen t —P A gent A gent —> A gent —> A gent > A gent ——CoA Summary Predicted Risk & gnfilphyse;palasthma,Irecurl_'ent pr:et:;nm:iabslf_epstis, Ieukocyt_osis anc: syts_ttgmic g :ymph?desopalghy) z_an: crr\ll:?nici[:ung diseabs_:ej _\;:\.Iith ?;:iot: ttobac%o e_)t(poglléga (_:ofntizl_ue
O bj ective ‘ ¢ ¢ ¢ ¢ $ ¢ ~>| Manager Agent »| Patient-Level Diagnosis L%Z?&EEé?é';’.f&?ﬁﬁé?ﬁﬁ“y'?e‘il‘;? Tv’h;eci:?illfnitfrij iSZS?S;a%'J?S‘p';‘y; be?'i'.';i'.?mg, or O bleeding) create hofse but do nof indicate active malignancy. Continued

Summary t e com in_a!ion of cl ronic pulmonary pat ology an recent infectious/in amn_1atory surveillance is emphasized given these enduring risk factors.
LTM Events insults justified moving from moderate to high risk and prompted closer surveillance.
We eva!uated whether a Iarg‘e Ianguage model—based.cha‘ln-of-agents framework [ Long-Term Memory ]/
can estimate 1-year cancer risk directly from raw longitudinal EHR data across
multiple cancer types. ] ]
Study design Insights generation High =m =
Input Longitudinal EHR 1 year <2 months Patient1 |—»| Summary 1
° A A A
Study population " U
. .. | -
y p p Medication | : (.:ancer. (.Zancer' Patient2 | »| Summary 2 Population-Level L
= . | Wash-out  |Diagnosis|  [Diagnosis Insights Moderate (]
Lung cancer (unmatched) Conditin| [ Lab | [Procedure [Observation] | | Code | | Code }
T . | !
e From 120 million patients from Truveta Data , - o g
e 500 Ilun g cancer cases Start of Records Time of Prediction Time of Diagnosis Patient N | —»| SummaryN
« 125,000 controls (randomly sampled, approximate cumulative incidence) .
« 1-year risk prediction . L . . . e
y P « Zero-shot chain-of-agents (CoA) processes raw longitudinal EHR in XML format with sequential worker agents

Multi-cancer evaluation (matched) and a long-term memory
+ 15 cancer types « Manager agent synthesizes patient-level summary, risk score (1-10), and evidence-linked rationale
+  Each cancer type: 500 cases, 500 matched controls (1:1 matching on sex and * Interpretability can be achieved in patient-level and population-level o Beron

10-year age group)
« 1-year risk prediction

40 45 50 95 60 65 70 75 80 85 90
Age

Results

Zero-shot performance across 15 cancer type (matched)

Top themes for risk estimation

Performance on unmatched lung cancer cohort (unmatched)
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