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[bookmark: _Toc230876840]Supplementary Note 1. Comprehensive performance and agreement results
This section provides comprehensive views of method performance complementing Figure 2 in the main text. Supplementary Tables 1a–h give sper-query metric values with 95% confidence intervals derived from physician-sampling bootstrap, broken out by metric and dataset. Supplementary Table 2 reports macro Cohen’s κ between each method and the two-physician AND consensus reference standard, summarizing inter-rater agreement at the dataset level. Supplementary Figure 1 presents six-panel forest plots of macro Precision, Sensitivity, and Specificity for the Tohoku (panels a–c) and Okayama (panels d–f) datasets; macro F1 is shown in main-text Figure 2. 

Supplementary Note 2. Self-correction frequency and JSON-rescue effectiveness
PhenoAgent issues each diagnostic query to six LLMs and accepts only outputs that pass JSON schema validation. When validation fails, the same model is queried up to two additional times with stricter format reminders (a self-correction retry; see Methods). To quantify how often this mechanism activates and whether it salvages otherwise unusable outputs, we recorded, for each (case, query, model) tuple, the attempt index that produced the first valid output (1, 2, or 3) and whether all three attempts failed. Aggregating across 10,104 Tohoku case-query pairs and 2,352 Okayama case-query pairs, Supplementary Table 3 reports the self-correction trigger rate, the JSON-rescue rate (= fraction of triggered cases that ultimately produced valid JSON), and the macro F1 difference between the realized pipeline and a counterfactual pipeline that scores every failed attempt as negative.

Supplementary Note 3. Clinical query set
All evaluations used the same set of 12 clinical queries, each defined as the conjunction of a primary clinical condition and a representative procedure or therapy (Supplementary Table 4). The English names below are canonical and are used throughout all main and supplementary figures and tables; the Japanese names are the original annotation labels used during physician adjudication.

Supplementary Note 4. Original Japanese prompts
The original Japanese prompts used for structured query decomposition, semantic evaluation, and self-correction retries are reproduced in Supplementary Boxes 1–3, respectively, to support exact reproduction of the pipeline. The prompts were taken verbatim from src/pipeline/utils.py and src/pipeline/end2end.py in the released code repository. Placeholders enclosed in curly braces ({query}, {schema_from_semantic_parser}, and {clinical_narrative_text}) indicate where query-specific, schema-specific, or record-specific content is inserted at runtime.


Supplementary Note 5. Model identifiers
All six locally deployed large language models were instantiated from publicly available Hugging Face checkpoints with the model identifiers shown in Supplementary Table 5. Throughout the main text and supplementary information, internal identifiers (left column) are used as concise display labels in figures and tables; the corresponding Hugging Face IDs (right column) are the canonical references for reproducibility.

Supplementary Note 6. Ensemble selection
All 63 non-empty subsets of the six candidate LLMs were evaluated on the TUH-DEM data using unanimous voting and macro F1 against the physician-concordant reference labels (Supplementary Figure 2). The constituent models were selected exclusively using the TUH-DEM data, and the resulting three-model ensemble was subsequently applied to the OUH-DEM data without further model selection or modification.
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Supplementary Table 1. Per-query performance of each method in the Tohoku and Okayama cohorts.
Performance is reported for each combination of method and clinical query as percentages with 95% confidence intervals derived from physician-sampling bootstrap. Supplementary Tables 1a–d present results for the Tohoku development cohort, and Supplementary Tables 1e–h present results for the Okayama external evaluation cohort. The PhenoAgent row, representing the proposed method, is highlighted in light gray. The canonical English and original Japanese query names are provided in Supplementary Table 4.

a) Per-query F1 score for the Tohoku development cohort. 
Per-query F1 (% with 95% CI from physician-sampling bootstrap) for the Tohoku dataset, by method × query. Last row in light gray = PhenoAgent (proposed method).
	Method
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Q11
	Q12

	Keyword Search
	64.9
(57.1-73.7)
	18.3
(16.0-21.1)
	80.1
(75.0-85.7)
	51.2
(36.4-66.7)
	18.4
(15.4-22.2)
	75.2
(70.6-80.0)
	0.0
(0.0-0.0)
	0.0
(0.0-0.0)
	19.1
(18.2-20.0)
	75.6
(57.1-93.3)
	28.7
(26.7-30.8)
	21.1
(20.0-22.2)

	Semantic Search (ICD-10)
	80.1
(72.7-87.0)
	37.0
(33.3-40.4)
	80.1
(75.0-85.7)
	51.2
(36.4-66.7)
	62.9
(55.6-71.4)
	75.2
(70.6-80.0)
	10.1
(5.9-15.4)
	34.3
(0.0-80.0)
	17.4
(16.7-18.2)
	77.0
(57.1-94.1)
	28.7
(26.7-30.8)
	21.1
(20.0-22.2)

	BM25
	73.2
(66.7-81.0)
	30.6
(26.3-35.3)
	70.6
(66.7-75.0)
	53.6
(33.3-80.0)
	44.7
(40.0-50.0)
	70.7
(66.7-75.0)
	18.0
(11.1-25.8)
	0.0
(0.0-0.0)
	43.3
(42.1-44.4)
	72.3
(57.1-90.9)
	19.1
(18.2-20.0)
	18.0
(12.5-23.5)

	GPT-OSS-20B
	86.2
(79.2-92.6)
	72.0
(66.7-78.4)
	78.3
(72.7-83.3)
	47.1
(33.3-61.5)
	82.9
(73.7-93.3)
	82.5
(77.8-87.5)
	38.8
(27.6-49.1)
	25.5
(0.0-57.1)
	68.0
(66.7-69.2)
	76.5
(58.8-85.8)
	83.2
(78.3-88.0)
	66.6
(63.2-70.0)

	CALM3-22B
	82.1
(75.0-88.5)
	43.3
(38.9-47.5)
	18.6
(16.7-20.4)
	62.0
(44.4-80.0)
	57.6
(50.0-66.7)
	48.5
(45.2-51.6)
	33.5
(26.0-41.1)
	8.4
(0.0-17.4)
	31.3
(31.0-31.6)
	26.0
(18.2-30.6)
	52.3
(48.8-55.8)
	31.2
(30.8-31.6)

	DeepSeek-32B
	89.8
(82.6-96.2)
	61.4
(56.1-66.7)
	44.0
(40.0-47.6)
	51.2
(36.4-66.7)
	83.4
(73.7-94.1)
	73.8
(70.0-77.8)
	41.0
(32.9-48.8)
	20.3
(0.0-44.4)
	80.1
(78.3-81.8)
	56.4
(41.7-64.4)
	81.7
(76.2-87.0)
	55.7
(53.3-58.1)

	DeepSeek-70B
	87.2
(80.0-93.9)
	62.8
(56.6-69.1)
	94.7
(88.9-100.0)
	51.2
(36.4-66.7)
	75.5
(66.7-85.7)
	79.1
(73.7-84.2)
	49.8
(38.3-60.9)
	18.4
(0.0-40.0)
	80.1
(78.3-81.8)
	72.8
(55.6-82.0)
	56.2
(50.0-62.5)
	24.3
(23.5-25.0)

	Llama-3.1-Swallow-70B
	87.5
(80.0-94.1)
	74.4
(68.1-80.8)
	41.9
(38.1-45.5)
	47.1
(33.3-61.5)
	82.9
(73.7-93.3)
	75.1
(70.0-80.0)
	51.3
(41.2-60.5)
	18.4
(0.0-40.0)
	83.8
(81.8-85.7)
	52.4
(38.5-60.1)
	81.4
(76.9-85.7)
	57.2
(56.0-58.3)

	MedLLM-72B
	86.2
(79.2-92.6)
	67.7
(61.8-73.7)
	62.1
(57.1-66.7)
	38.0
(26.7-50.0)
	85.0
(76.2-94.7)
	60.8
(57.1-64.3)
	41.2
(33.3-48.9)
	14.4
(0.0-30.8)
	76.7
(75.0-78.3)
	72.8
(55.6-82.0)
	66.5
(60.0-72.7)
	71.1
(69.6-72.7)

	PhenoAgent
	87.5
(80.0-94.1)
	84.8
(76.9-92.3)
	85.7
(80.0-90.9)
	56.0
(40.0-72.7)
	82.9
(73.7-93.3)
	75.2
(70.6-80.0)
	43.2
(29.3-55.3)
	34.3
(0.0-80.0)
	83.8
(81.8-85.7)
	80.7
(62.5-90.1)
	79.8
(73.7-85.7)
	64.9
(63.2-66.7)





b) Per-query precision for the Tohoku development cohort.
Per-query Precision (% with 95% CI from physician-sampling bootstrap) for the Tohoku dataset, by method × query. Last row in light gray = PhenoAgent (proposed method).
	Method
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Q11
	Q12

	Keyword Search
	85.8
(71.4-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	37.1
(25.0-50.0)
	100.0
(100.0-100.0)
	85.7
(85.7-85.7)
	0.0
(0.0-0.0)
	0.0
(0.0-0.0)
	100.0
(100.0-100.0)
	78.6
(57.1-100.0)
	66.7
(66.7-66.7)
	100.0
(100.0-100.0)

	Semantic Search (ICD-10)
	81.9
(72.7-90.9)
	23.6
(20.8-26.4)
	100.0
(100.0-100.0)
	37.1
(25.0-50.0)
	83.3
(83.3-83.3)
	85.7
(85.7-85.7)
	25.2
(16.7-33.3)
	33.6
(0.0-66.7)
	50.0
(50.0-50.0)
	75.0
(50.0-100.0)
	66.7
(66.7-66.7)
	100.0
(100.0-100.0)

	BM25
	83.4
(72.2-94.4)
	34.3
(31.2-37.5)
	75.0
(75.0-75.0)
	73.9
(50.0-100.0)
	50.0
(50.0-50.0)
	75.0
(75.0-75.0)
	32.9
(22.2-44.4)
	0.0
(0.0-0.0)
	44.4
(44.4-44.4)
	90.1
(80.0-100.0)
	20.0
(20.0-20.0)
	18.8
(12.5-25.0)

	GPT-OSS-20B
	78.6
(67.9-89.3)
	59.9
(53.3-66.7)
	64.6
(57.1-71.4)
	33.0
(22.2-44.4)
	100.0
(100.0-100.0)
	87.5
(87.5-87.5)
	32.8
(22.8-42.9)
	20.2
(0.0-40.0)
	52.9
(52.9-52.9)
	62.5
(41.7-75.2)
	76.9
(69.2-84.6)
	59.1
(54.5-63.6)

	CALM3-22B
	76.0
(66.7-85.2)
	29.4
(25.0-33.9)
	10.3
(9.1-11.4)
	49.5
(33.3-66.7)
	100.0
(100.0-100.0)
	34.2
(31.8-36.4)
	21.8
(16.2-27.5)
	4.8
(0.0-9.5)
	18.8
(18.8-18.8)
	15.0
(10.0-18.1)
	35.5
(32.3-38.7)
	20.0
(20.0-20.0)

	DeepSeek-32B
	84.6
(73.1-96.2)
	47.2
(40.5-54.0)
	28.3
(25.0-31.2)
	37.1
(25.0-50.0)
	93.4
(87.5-100.0)
	70.0
(70.0-70.0)
	28.6
(21.3-36.1)
	14.4
(0.0-28.6)
	69.2
(69.2-69.2)
	39.5
(26.3-47.5)
	81.8
(72.7-90.9)
	38.6
(36.4-40.9)

	DeepSeek-70B
	85.4
(75.0-95.8)
	49.8
(44.1-55.9)
	90.5
(80.0-100.0)
	37.1
(25.0-50.0)
	100.0
(100.0-100.0)
	75.2
(70.0-80.0)
	49.8
(37.5-62.5)
	12.6
(0.0-25.0)
	69.2
(69.2-69.2)
	57.7
(38.5-69.4)
	90.0
(80.0-100.0)
	25.0
(25.0-25.0)

	Llama-3.1-Swallow-70B
	84.0
(72.0-96.0)
	64.7
(55.6-74.1)
	26.6
(23.5-29.4)
	33.0
(22.2-44.4)
	100.0
(100.0-100.0)
	68.3
(63.6-72.7)
	39.1
(30.4-50.0)
	12.6
(0.0-25.0)
	75.0
(75.0-75.0)
	35.7
(23.8-43.0)
	68.7
(62.5-75.0)
	43.8
(43.8-43.8)

	MedLLM-72B
	78.6
(67.9-89.3)
	52.6
(47.2-58.3)
	45.2
(40.0-50.0)
	24.7
(16.7-33.3)
	84.8
(80.0-90.0)
	44.8
(42.1-47.4)
	28.5
(22.2-34.9)
	9.2
(0.0-18.2)
	64.3
(64.3-64.3)
	57.7
(38.5-69.4)
	70.0
(60.0-80.0)
	57.1
(57.1-57.1)

	PhenoAgent
	84.0
(72.0-96.0)
	86.8
(79.0-94.7)
	75.4
(66.7-83.3)
	42.4
(28.6-57.1)
	100.0
(100.0-100.0)
	85.7
(85.7-85.7)
	45.3
(27.3-63.6)
	33.6
(0.0-66.7)
	75.0
(75.0-75.0)
	68.2
(45.5-82.0)
	88.8
(77.8-100.0)
	60.0
(60.0-60.0)





c) Per-query sensitivity for the Tohoku development cohort.
Per-query Sensitivity (% with 95% CI from physician-sampling bootstrap) for the Tohoku dataset, by method × query. Last row in light gray = PhenoAgent (proposed method).
	Method
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Q11
	Q12

	Keyword Search
	52.3
(45.8-59.1)
	10.1
(8.7-11.8)
	67.2
(60.0-75.0)
	86.4
(66.7-100.0)
	10.2
(8.3-12.5)
	67.2
(60.0-75.0)
	0.0
(0.0-0.0)
	0.0
(0.0-0.0)
	10.6
(10.0-11.1)
	73.6
(57.1-87.5)
	18.3
(16.7-20.0)
	11.8
(11.1-12.5)

	Semantic Search (ICD-10)
	78.5
(71.4-86.4)
	85.5
(77.3-94.4)
	67.2
(60.0-75.0)
	86.4
(66.7-100.0)
	50.8
(41.7-62.5)
	67.2
(60.0-75.0)
	6.4
(3.6-10.0)
	38.3
(0.0-100.0)
	10.6
(10.0-11.1)
	80.0
(66.7-88.9)
	18.3
(16.7-20.0)
	11.8
(11.1-12.5)

	BM25
	65.4
(58.3-72.7)
	27.6
(22.7-33.3)
	67.2
(60.0-75.0)
	43.1
(25.0-66.7)
	40.6
(33.3-50.0)
	67.2
(60.0-75.0)
	12.4
(7.4-18.2)
	0.0
(0.0-0.0)
	42.3
(40.0-44.4)
	61.0
(44.4-83.3)
	18.3
(16.7-20.0)
	17.4
(12.5-22.2)

	GPT-OSS-20B
	95.8
(90.9-100.0)
	90.5
(81.0-100.0)
	100.0
(100.0-100.0)
	86.4
(66.7-100.0)
	71.0
(58.3-87.5)
	78.3
(70.0-87.5)
	47.8
(36.0-58.3)
	38.3
(0.0-100.0)
	95.1
(90.0-100.0)
	100.0
(100.0-100.0)
	90.9
(90.0-91.7)
	76.4
(75.0-77.8)

	CALM3-22B
	89.4
(82.6-95.7)
	82.7
(76.2-89.5)
	100.0
(100.0-100.0)
	86.4
(66.7-100.0)
	40.6
(33.3-50.0)
	83.8
(77.8-88.9)
	72.9
(63.2-81.8)
	38.3
(0.0-100.0)
	95.1
(90.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	70.8
(66.7-75.0)

	DeepSeek-32B
	95.8
(90.9-100.0)
	87.8
(81.0-94.7)
	100.0
(100.0-100.0)
	86.4
(66.7-100.0)
	75.6
(63.6-88.9)
	78.3
(70.0-87.5)
	73.1
(62.5-85.0)
	38.3
(0.0-100.0)
	95.1
(90.0-100.0)
	100.0
(100.0-100.0)
	81.7
(80.0-83.3)
	100.0
(100.0-100.0)

	DeepSeek-70B
	89.2
(82.6-95.7)
	85.1
(79.0-90.0)
	100.0
(100.0-100.0)
	86.4
(66.7-100.0)
	60.9
(50.0-75.0)
	83.8
(77.8-88.9)
	50.1
(39.1-61.9)
	38.3
(0.0-100.0)
	95.1
(90.0-100.0)
	100.0
(100.0-100.0)
	40.9
(36.4-45.5)
	23.6
(22.2-25.0)

	Llama-3.1-Swallow-70B
	91.5
(86.4-95.8)
	87.8
(81.0-94.7)
	100.0
(100.0-100.0)
	86.4
(66.7-100.0)
	71.0
(58.3-87.5)
	83.8
(77.8-88.9)
	75.3
(65.0-87.0)
	38.3
(0.0-100.0)
	95.1
(90.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	82.6
(77.8-87.5)

	MedLLM-72B
	95.8
(90.9-100.0)
	95.2
(89.5-100.0)
	100.0
(100.0-100.0)
	86.4
(66.7-100.0)
	85.8
(72.7-100.0)
	95.0
(88.9-100.0)
	75.1
(64.7-87.0)
	38.3
(0.0-100.0)
	95.1
(90.0-100.0)
	100.0
(100.0-100.0)
	63.5
(60.0-66.7)
	94.4
(88.9-100.0)

	PhenoAgent
	91.5
(86.4-95.8)
	83.1
(73.9-94.1)
	100.0
(100.0-100.0)
	86.4
(66.7-100.0)
	71.0
(58.3-87.5)
	67.2
(60.0-75.0)
	41.6
(30.0-52.2)
	38.3
(0.0-100.0)
	95.1
(90.0-100.0)
	100.0
(100.0-100.0)
	72.6
(70.0-75.0)
	70.8
(66.7-75.0)





d) Per-query specificity for the Tohoku development cohort.
Per-query Specificity (% with 95% CI from physician-sampling bootstrap) for the Tohoku dataset, by method × query. Last row in light gray = PhenoAgent (proposed method).
	Method
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Q11
	Q12

	Keyword Search
	99.8
(99.5-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	99.4
(99.3-99.5)
	100.0
(100.0-100.0)
	99.9
(99.9-99.9)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	99.8
(99.6-100.0)
	99.9
(99.9-99.9)
	100.0
(100.0-100.0)

	Semantic Search (ICD-10)
	99.5
(99.3-99.8)
	93.3
(93.1-93.5)
	100.0
(100.0-100.0)
	99.4
(99.3-99.5)
	99.9
(99.9-99.9)
	99.9
(99.9-99.9)
	99.5
(99.4-99.5)
	99.8
(99.6-99.9)
	99.9
(99.9-99.9)
	99.8
(99.5-100.0)
	99.9
(99.9-99.9)
	100.0
(100.0-100.0)

	BM25
	99.6
(99.4-99.9)
	98.7
(98.7-98.8)
	99.9
(99.9-99.9)
	99.9
(99.9-100.0)
	99.5
(99.5-99.5)
	99.8
(99.8-99.8)
	99.3
(99.1-99.4)
	100.0
(100.0-100.0)
	99.4
(99.4-99.4)
	99.9
(99.9-100.0)
	99.0
(99.0-99.0)
	99.2
(99.2-99.3)

	GPT-OSS-20B
	99.3
(98.9-99.6)
	98.5
(98.3-98.8)
	99.7
(99.6-99.8)
	99.3
(99.2-99.4)
	100.0
(100.0-100.0)
	99.9
(99.9-99.9)
	97.1
(96.7-97.5)
	99.5
(99.4-99.6)
	99.0
(99.0-99.0)
	99.5
(99.2-99.6)
	99.6
(99.5-99.8)
	99.5
(99.4-99.5)

	CALM3-22B
	99.2
(98.9-99.5)
	95.2
(94.9-95.5)
	95.3
(95.2-95.3)
	99.6
(99.5-99.8)
	100.0
(100.0-100.0)
	98.3
(98.2-98.3)
	92.4
(91.8-92.9)
	97.6
(97.5-97.7)
	95.3
(95.3-95.3)
	94.9
(94.6-95.1)
	97.6
(97.5-97.7)
	97.1
(97.1-97.1)

	DeepSeek-32B
	99.5
(99.2-99.9)
	97.6
(97.3-97.9)
	98.6
(98.6-98.7)
	99.4
(99.3-99.5)
	99.9
(99.9-100.0)
	99.6
(99.6-99.6)
	94.7
(94.2-95.2)
	99.3
(99.2-99.4)
	99.5
(99.5-99.5)
	98.6
(98.3-98.8)
	99.8
(99.6-99.9)
	98.4
(98.3-98.4)

	DeepSeek-70B
	99.6
(99.3-99.9)
	97.9
(97.7-98.2)
	99.9
(99.9-100.0)
	99.4
(99.3-99.5)
	100.0
(100.0-100.0)
	99.7
(99.6-99.8)
	98.5
(98.2-98.9)
	99.2
(99.0-99.3)
	99.5
(99.5-99.5)
	99.3
(99.0-99.5)
	99.9
(99.9-100.0)
	99.3
(99.3-99.3)

	Llama-3.1-Swallow-70B
	99.5
(99.2-99.9)
	98.8
(98.5-99.1)
	98.5
(98.5-98.6)
	99.3
(99.2-99.4)
	100.0
(100.0-100.0)
	99.6
(99.5-99.6)
	96.6
(96.1-97.2)
	99.2
(99.0-99.3)
	99.6
(99.6-99.6)
	98.4
(98.1-98.6)
	99.4
(99.3-99.5)
	98.9
(98.9-98.9)

	MedLLM-72B
	99.3
(98.9-99.6)
	97.9
(97.7-98.2)
	99.3
(99.3-99.4)
	98.9
(98.8-99.0)
	99.8
(99.8-99.9)
	98.7
(98.7-98.8)
	94.5
(94.0-95.0)
	98.8
(98.7-98.9)
	99.4
(99.4-99.4)
	99.3
(99.0-99.5)
	99.6
(99.5-99.8)
	99.3
(99.3-99.3)

	PhenoAgent
	99.5
(99.2-99.9)
	99.7
(99.5-99.9)
	99.8
(99.8-99.9)
	99.5
(99.4-99.6)
	100.0
(100.0-100.0)
	99.9
(99.9-99.9)
	98.5
(98.1-99.0)
	99.8
(99.6-99.9)
	99.6
(99.6-99.6)
	99.6
(99.3-99.8)
	99.9
(99.8-100.0)
	99.5
(99.5-99.5)





e) Per-query F1 score for the Okayama external evaluation cohort.
Per-query F1 (% with 95% CI from physician-sampling bootstrap) for the Okayama dataset, by method × query. Last row in light gray = PhenoAgent (proposed method).
	Method
	Q1
	Q2
	Q7
	Q9
	Q10
	Q11
	Q12

	Keyword Search
	0.0
(0.0-0.0)
	66.7
(66.7-66.7)
	0.0
(0.0-0.0)
	0.0
(0.0-0.0)
	100.0
(100.0-100.0)
	40.0
(40.0-40.0)
	34.0
(28.6-40.0)

	Semantic Search (ICD-10)
	0.0
(0.0-0.0)
	25.0
(25.0-25.0)
	0.0
(0.0-0.0)
	0.0
(0.0-0.0)
	100.0
(100.0-100.0)
	40.0
(40.0-40.0)
	34.0
(28.6-40.0)

	BM25
	0.0
(0.0-0.0)
	50.0
(50.0-50.0)
	28.6
(25.0-33.3)
	50.0
(50.0-50.0)
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	22.4
(20.0-25.0)

	GPT-OSS-20B
	100.0
(100.0-100.0)
	80.0
(80.0-80.0)
	31.5
(21.1-42.1)
	100.0
(100.0-100.0)
	66.7
(66.7-66.7)
	100.0
(100.0-100.0)
	81.4
(72.7-90.9)

	CALM3-22B
	0.0
(0.0-0.0)
	40.0
(40.0-40.0)
	47.0
(35.3-58.8)
	80.0
(80.0-80.0)
	57.1
(57.1-57.1)
	100.0
(100.0-100.0)
	50.6
(44.4-57.1)

	DeepSeek-32B
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	43.7
(37.5-50.0)
	57.1
(57.1-57.1)
	80.0
(80.0-80.0)
	100.0
(100.0-100.0)
	82.6
(72.7-92.3)

	DeepSeek-70B
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	42.9
(37.5-50.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	22.4
(20.0-25.0)

	Llama-3.1-Swallow-70B
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	40.7
(34.8-47.6)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	89.6
(80.0-100.0)

	MedLLM-72B
	100.0
(100.0-100.0)
	66.7
(66.7-66.7)
	41.4
(34.5-48.3)
	100.0
(100.0-100.0)
	66.7
(66.7-66.7)
	100.0
(100.0-100.0)
	89.6
(80.0-100.0)

	PhenoAgent
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	41.3
(30.8-54.5)
	100.0
(100.0-100.0)
	66.7
(66.7-66.7)
	100.0
(100.0-100.0)
	89.6
(80.0-100.0)





f) Per-query precision for the Okayama external evaluation cohort.
Per-query Precision (% with 95% CI from physician-sampling bootstrap) for the Okayama dataset, by method × query. Last row in light gray = PhenoAgent (proposed method).
	Method
	Q1
	Q2
	Q7
	Q9
	Q10
	Q11
	Q12

	Keyword Search
	0.0
(0.0-0.0)
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	0.0
(0.0-0.0)
	100.0
(100.0-100.0)
	25.0
(25.0-25.0)
	100.0
(100.0-100.0)

	Semantic Search (ICD-10)
	0.0
(0.0-0.0)
	16.7
(16.7-16.7)
	0.0
(0.0-0.0)
	0.0
(0.0-0.0)
	100.0
(100.0-100.0)
	25.0
(25.0-25.0)
	100.0
(100.0-100.0)

	BM25
	0.0
(0.0-0.0)
	50.0
(50.0-50.0)
	33.3
(33.3-33.3)
	50.0
(50.0-50.0)
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	25.0
(25.0-25.0)

	GPT-OSS-20B
	100.0
(100.0-100.0)
	66.7
(66.7-66.7)
	27.5
(18.2-36.4)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	74.5
(66.7-83.3)

	CALM3-22B
	0.0
(0.0-0.0)
	25.0
(25.0-25.0)
	44.7
(33.3-55.6)
	66.7
(66.7-66.7)
	40.0
(40.0-40.0)
	100.0
(100.0-100.0)
	66.7
(66.7-66.7)

	DeepSeek-32B
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	29.2
(25.0-33.3)
	40.0
(40.0-40.0)
	66.7
(66.7-66.7)
	100.0
(100.0-100.0)
	71.0
(57.1-85.7)

	DeepSeek-70B
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	50.0
(50.0-50.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	25.0
(25.0-25.0)

	Llama-3.1-Swallow-70B
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	32.1
(28.6-35.7)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	89.4
(80.0-100.0)

	MedLLM-72B
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	28.7
(23.8-33.3)
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	100.0
(100.0-100.0)
	89.4
(80.0-100.0)

	PhenoAgent
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	62.4
(50.0-75.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	89.4
(80.0-100.0)





g) Per-query sensitivity for the Okayama external evaluation cohort.
Per-query Sensitivity (% with 95% CI from physician-sampling bootstrap) for the Okayama dataset, by method × query. Last row in light gray = PhenoAgent (proposed method).
	Method
	Q1
	Q2
	Q7
	Q9
	Q10
	Q11
	Q12

	Keyword Search
	0.0
(0.0-0.0)
	50.0
(50.0-50.0)
	0.0
(0.0-0.0)
	0.0
(0.0-0.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	20.5
(16.7-25.0)

	Semantic Search (ICD-10)
	0.0
(0.0-0.0)
	50.0
(50.0-50.0)
	0.0
(0.0-0.0)
	0.0
(0.0-0.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	20.5
(16.7-25.0)

	BM25
	0.0
(0.0-0.0)
	50.0
(50.0-50.0)
	25.2
(20.0-33.3)
	50.0
(50.0-50.0)
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	20.5
(16.7-25.0)

	GPT-OSS-20B
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	37.3
(25.0-50.0)
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	100.0
(100.0-100.0)
	90.8
(80.0-100.0)

	CALM3-22B
	0.0
(0.0-0.0)
	100.0
(100.0-100.0)
	49.9
(37.5-62.5)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	41.1
(33.3-50.0)

	DeepSeek-32B
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	87.7
(75.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)

	DeepSeek-70B
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	37.8
(30.0-50.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	20.5
(16.7-25.0)

	Llama-3.1-Swallow-70B
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	56.3
(44.4-71.4)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	90.8
(80.0-100.0)

	MedLLM-72B
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	75.1
(62.5-87.5)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	90.8
(80.0-100.0)

	PhenoAgent
	100.0
(100.0-100.0)
	0.0
(0.0-0.0)
	31.1
(22.2-42.9)
	100.0
(100.0-100.0)
	50.0
(50.0-50.0)
	100.0
(100.0-100.0)
	90.8
(80.0-100.0)





h) Per-query specificity for the Okayama external evaluation cohort.
Per-query Specificity (% with 95% CI from physician-sampling bootstrap) for the Okayama dataset, by method × query. Last row in light gray = PhenoAgent (proposed method).
	Method
	Q1
	Q2
	Q7
	Q9
	Q10
	Q11
	Q12

	Keyword Search
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	98.5
(98.5-98.5)
	100.0
(100.0-100.0)

	Semantic Search (ICD-10)
	100.0
(100.0-100.0)
	97.4
(97.4-97.4)
	99.5
(99.5-99.5)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	98.5
(98.5-98.5)
	100.0
(100.0-100.0)

	BM25
	99.5
(99.5-99.5)
	99.5
(99.5-99.5)
	97.9
(97.8-97.9)
	99.5
(99.5-99.5)
	100.0
(100.0-100.0)
	99.5
(99.5-99.5)
	98.4
(98.4-98.4)

	GPT-OSS-20B
	100.0
(100.0-100.0)
	99.5
(99.5-99.5)
	95.8
(95.2-96.3)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	99.2
(99.0-99.5)

	CALM3-22B
	100.0
(100.0-100.0)
	96.9
(96.9-96.9)
	97.3
(96.8-97.9)
	99.5
(99.5-99.5)
	98.5
(98.5-98.5)
	100.0
(100.0-100.0)
	99.5
(99.5-99.5)

	DeepSeek-32B
	100.0
(100.0-100.0)
	99.5
(99.5-99.5)
	91.0
(90.4-91.5)
	98.5
(98.5-98.5)
	99.5
(99.5-99.5)
	100.0
(100.0-100.0)
	98.9
(98.4-99.5)

	DeepSeek-70B
	100.0
(100.0-100.0)
	99.5
(99.5-99.5)
	98.4
(98.4-98.4)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	98.4
(98.4-98.4)

	Llama-3.1-Swallow-70B
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	94.9
(94.7-95.2)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	99.7
(99.5-100.0)

	MedLLM-72B
	100.0
(100.0-100.0)
	99.0
(99.0-99.0)
	92.0
(91.5-92.5)
	100.0
(100.0-100.0)
	99.0
(99.0-99.0)
	100.0
(100.0-100.0)
	99.7
(99.5-100.0)

	PhenoAgent
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	99.2
(98.9-99.5)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	100.0
(100.0-100.0)
	99.7
(99.5-100.0)
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Supplementary Table 2. Agreement between each method and the physician-concordant reference standard.
Macro Cohen’s κ between each method and the two-physician AND consensus reference standard for the Tohoku dataset (12 queries, 842 admissions) and the Okayama dataset (7 queries, 196 admissions). Higher κ indicates closer agreement with the consensus standard.
	Method
	Tohoku, κ
	Okayama, κ

	Keyword Search
	0.441
	0.380

	Semantic Search (ICD-10)
	0.456
	0.305

	BM25
	0.459
	0.381

	GPT-OSS-20B
	0.612
	0.599

	CALM3-22B
	0.315
	0.503

	DeepSeek-32B
	0.537
	0.549

	DeepSeek-70B
	0.591
	0.606

	Llama-3.1-Swallow-70B
	0.578
	0.646

	MedLLM-72B
	0.540
	0.600

	PhenoAgent
	0.686
	0.684





Supplementary Table 3. Self-correction frequency and JSON-rescue effectiveness.
Self-correction frequency, JSON-rescue rate, and macro F1 impact, across 6 LLMs and 3 evaluation configurations. Self-correction trigger rate = fraction of (case, query) pairs in which the first attempt failed JSON schema validation. JSON-rescue rate = fraction of triggered pairs that produced valid JSON within three attempts. ΔF1 = macro F1 of the realized pipeline minus the counterfactual macro F1 in which all failed attempts default to negative. PhenoAgent applies the AND-style ensemble across the six LLMs.
	Model
	Tohoku SC rate
	Tohoku rescue rate
	Okayama SC rate
	Okayama rescue rate
	ΔF1 Tohoku vs physicians
	ΔF1 Tohoku vs routinely recorded labels
	ΔF1 Okayama vs physicians

	CALM3-22B
	0.0%
	–
	0.0%
	–
	0.0
	0.0
	0.0

	DeepSeek-32B
	0.04%
	100%
	0.13%
	100%
	+0.2
	+0.2
	−0.2

	DeepSeek-70B
	7.43%
	83.8%
	5.95%
	77.1%
	+1.5
	0.0
	0.0

	GPT-OSS-20B
	12.91%
	98.8%
	11.61%
	98.2%
	+0.5
	+1.6
	−1.0

	Llama-3.1-Swallow-70B
	0.0%
	–
	0.0%
	–
	0.0
	0.0
	0.0

	MedLLM-72B
	0.01%
	0%
	0.13%
	0%
	0.0
	0.0
	0.0

	PhenoAgent
	—
	—
	—
	—
	+1.3
	+2.5
	−0.6






Supplementary Table 4. Clinical queries used for evaluation.
Twelve clinical queries with the canonical English names used throughout the main text, figures, and tables and the original Japanese query names used for physician adjudication. Query IDs correspond to the per-query results in Supplementary Tables 1a–h.
	Query ID
	English
	Japanese

	Q1
	Cardiac arrest + ECMO
	心停止 + ECMO

	Q2
	Cardiac arrest + Hypoxic encephalopathy
	心停止 + 低酸素性脳症

	Q3
	Abdominal stab wound + Laparotomy
	腹部刺創 + 開腹術

	Q4
	Hypothermia + ECMO
	低体温 + ECMO

	Q5
	Myocardial infarction + ECMO
	心筋梗塞 + ECMO

	Q6
	Heart failure + NPPV
	心不全 + NPPV

	Q7
	Sepsis + AKI
	敗血症 + 急性腎障害 (AKI)

	Q8
	Sepsis + DIC
	敗血症 + 播種性血管内凝固 (DIC)

	Q9
	Acute drug poisoning + Activated charcoal
	急性薬物中毒 + 活性炭投与

	Q10
	Pelvic fracture + External fixation
	骨盤骨折 + 創外固定

	Q11
	Pelvic fracture + IVR
	骨盤骨折 + IVR (画像下治療)

	Q12
	Pelvic fracture + Hemorrhagic shock
	骨盤骨折 + 出血性ショック





Supplementary Table 5. Model identifiers and corresponding Hugging Face Model IDs.
Model identifiers (left) used throughout the main and supplementary text and figures, with their corresponding canonical Hugging Face identifiers (right).
	Internal identifier
	Hugging Face Model ID

	GPT-OSS-20B
	openai/gpt-oss-20b

	CALM3-22B
	cyberagent/calm3-22b-chat

	DeepSeek-32B
	cyberagent/DeepSeek-R1-Distill-Qwen-32B-Japanese

	DeepSeek-70B
	deepseek-ai/DeepSeek-R1-Distill-Llama-70B

	Llama-3.1-Swallow-70B
	tokyotech-llm/Llama-3.1-Swallow-70B-Instruct-v0.3

	MedLLM-72B
	pfnet/Preferred-MedLLM-Qwen-72B
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[bookmark: _Toc230876843]Supplementary Figure 1. Macro performance of each method in the Tohoku and Okayama cohorts.
Six-panel macro performance forest plots for the 10 methods. Panels (a–c) show the Tohoku development dataset and (d–f) the Okayama evaluation dataset, each in the order (a, d) Macro Precision, (b, e) Macro Sensitivity, (c, f) Macro Specificity. Error bars are 95% physician-sampling bootstrap CIs.
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Supplementary Figure 2. Ensemble selection and external validation workflow.
Six candidate LLMs were evaluated on the TUH-DEM data, and models marked with † were selected as the PhenoAgent ensemble. The selected ensemble was fixed and evaluated on the OUH-DEM data.
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Supplementary Box 1. Semantic Parser prompt (build_first_prompt, src/pipeline/utils.py)
	# System message
以下は、タスクを説明する指示です。要求を適切に満たす応答を書きなさい。

# User message
あなたは医療に関する質問に答えるAIアシスタントです。以下の質問文を構造化してください。
以下はまず出力例を示しています。
心不全の患者の中で、肺水腫の患者は何人？"という質問に答えるために最低限必要な医学的な構造化項目を書いてください。json形式で出力してください。
回答：
[
  {
    "fieldName": "心不全診断",
    "fieldType": "ブール値",
    "description": "患者が心不全と診断されているかどうか (true または false)",
  },
  {
    "fieldName": "肺水腫診断",
    "fieldType": "ブール値",
    "description": "患者が肺水腫と診断されているかどうか (true または false)"
  }
]
出力例はここまでです。続いて、以下の質問に答えるために最低限必要な医学的な構造化項目を書いてください。jsonとしてparseできるようにjson形式で出力してください。回答のjsonのみを1回だけ出力してください。
回答：

# Query
{query}
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Supplementary Box 2.  Semantic Evaluator prompt (build_second_prompt, src/pipeline/utils.py)
	# System message
以下は、タスクを説明する指示です。要求を適切に満たす応答を書きなさい。

# User message
あなたは医療に関する質問に答えるAIアシスタントです。以下の質問文を構造化してください。
json_for_structuring:
{schema_from_semantic_parser}

上記のjsonに従って、以下のデータを構造化してください。
ehr_data:
{clinical_narrative_text}

== json出力の例 ==
```json
{
  "心停止診断": {
    "value": false,
    "reason": "そのvalueを選択した詳細な理由を書く"
  },
  "ECMO使用": {
    "value": false,
    "reason": "そのvalueを選択した詳細な理由を書く"
  }
}
```
== json出力の例 ==

json_for_structuringのそれぞれについて、ehr_dataに該当するかどうかをtrueかfalseで出力してください。
また、その理由も書いてください。
回答は上の例のように、トップレベルが1つのJSONオブジェクトとなるように出力してください。
回答:
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Supplementary Box 3. Self-correction retry prompts (retry_prompt_additions, src/pipeline/end2end.py)
	# Attempt 2 (appended to the original Semantic Evaluator prompt on first JSON-validation failure)
再確認：必ずJSON形式の出力で、正確に2つの診断項目のみを含めてください。

# Attempt 3 (appended on second failure)
再度確認：以下の形式を厳密に守ってください：
{"項目1": {"value": true/false, "reason": "詳細な理由"}, "項目2": {"value": true/false, "reason": "詳細な理由"}}




image1.png
(a) Tohoku — Macro Precision (%)

Keyword Search

Semantic Search (ICD-10)

BM25

GPT-0SS-20B

CALM3-22B

DeepSeek-32B

DeepSeek-70B

Llama-3.1-Swallow-70B

MedLLM-72B

PhenoAgent

40 50 60 70 80 90 100

Precision (%)

0 10 20 30

—@— LLM (Individual) =@= PhenoAgent

—@— Query methods  —@— Ranking methods

(b) Tohoku — Macro Sensitivity (%)

Keyword Search

Semantic Search (ICD-10)

BM25

GPT-0SS-20B

CALM3-22B

DeepSeek-32B

DeepSeek-70B

Llama-3.1-Swallow-70B

MedLLM-72B

PhenoAgent

40 50 60 70 80 90 100

Sensitivity (%)

20 30

—@— LLM (Individual) =@= PhenoAgent

—@— Query methods  —@— Ranking methods
(c) Tohoku — Macro Specificity (%)
Keyword Search [l
Semantic Search (ICD-10) °
BM25 °
GPT-0SS-20B °
CALM3-22B °
DeepSeek-32B °
DeepSeek-70B °
Llama-3.1-Swallow-70B °
MedLLM-72B °
PhenoAgent 4

e L O Y N |
0 10 20 30 40 50 60 70 80 90 100

Specificity (%)

—@— Query methods  —@— Ranking methods  —@— LLM (Individual) =@= PhenoAgent

(d) Okayama — Macro Precision (%)

Keyword Search °

Semantic Search (ICD-10) °

BM25 °

GPT-0SS-20B

CALM3-22B

DeepSeek-32B

DeepSeek-70B °

Llama-3.1-Swallow-70B

MedLLM-72B

PhenoAgent

40 50 60 70 80 90 100

Precision (%)

20 30

—@— LLM (Individual) =@= PhenoAgent

—@— Query methods  —@— Ranking methods
(e) Okayama — Macro Sensitivity (%)
Keyword Search -
Semantic Search (ICD-10) -
BM25
GPT-0SS-20B
CALM3-22B
DeepSeek-32B
DeepSeek-70B
Llama-3.1-Swallow-70B

MedLLM-72B

PhenoAgent

40 50 60 70 80 90 100

Sensitivity (%)

20 30

—@— LLM (Individual) =@= PhenoAgent

—@— Query methods  —@— Ranking methods
(f) Okayama — Macro Specificity (%)
Keyword Search e
Semantic Search (ICD-10) °
BM25 °
GPT-0SS-20B °
CALM3-22B °
DeepSeek-32B °
DeepSeek-70B °
Llama-3.1-Swallow-70B °

MedLLM-72B °

PhenoAgent 4

e L O Y N |
0 10 20 30 40 50 60 70 80 90 100

Specificity (%)

—@— Query methods  —@— Ranking methods  —@— LLM (Individual) =@= PhenoAgent




image2.emf

