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EXACT and NARROW denote matched and finer-than-code mention granularity, respectively; the credit gap is mean Wu–Palmer minus mean exact match within a stratum. Unless stated otherwise, three-benchmark sequences are reported in DisTEMIST/MedProcNER/SympTEMIST order.
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Supplementary Figure S1. Credit-gap direction under alternative depth conventions. NARROW/EXACT credit-gap ratios under Wu–Palmer with longest-path (primary) and mean-path node depths, plus a depth-free ancestor-set Jaccard control (DisTEMIST, n = 678). Ratios exceed 1 (dashed line, “no gap”) for all five systems under all three controls.
Alt text: A line plot of the NARROW-over-EXACT credit-gap ratio for five systems in a fixed display order under three controls: Wu-Palmer longest-path, Wu-Palmer mean-path and depth-free ancestor-set Jaccard. Every series remains above the dashed no-gap line at 1.
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Supplementary Figure S2. System ranking across four scoring metrics. In DisTEMIST (n = 678), (a) absolute scores shift with the metric, whereas (b) rank order is identical under exact match, Wu–Palmer, normalized inverse LCA path distance and ancestor-set Jaccard (all pairwise Spearman = Kendall = 1.0; zero reversals).
Alt text: Two-panel supplementary figure on metric robustness for 678 DisTEMIST mentions. Panel a: a line plot of mean credit for five systems across four scoring metrics (exact match plus Wu–Palmer, normalized inverse LCA path distance and ancestor-set Jaccard); absolute scores shift with the metric but the lines do not cross. Panel b: a rank plot (rank 1 to 5) showing identical ordering across all four metrics, with SapBERT fine-tuned first, SapBERT second, LLM reranker third, Lexical TF-IDF fourth and LLM generator fifth, as flat horizontal lines.
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Supplementary Figure S3. Graph connectivity within the flat seen/novel split. In the full DisTEMIST test set (n = 2,507), mentions split into 60.8% code-seen, 32.9% novel-but-ancestor-seen and 6.3% fully isolated. The conventional “novel” set is 39.2%, but 84% of those mentions are graph-connected to a training-seen ancestor through the is-a graph. This classification records training-to-test graph connectivity.
Alt text: A single horizontal 100 percent stacked bar of the full DisTEMIST test set, split into a large code-seen segment (60.8 percent), a novel-ancestor-seen segment (32.9 percent) and a small fully-isolated segment (6.3 percent). A bracket spans the two right-hand segments marking the flat “novel” set at 39.2 percent.
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Supplementary Figure S4. Nearest-seen-ancestor distance is not a monotonic difficulty axis. (a) Distribution of test mentions by nearest-seen-ancestor is-a distance (DisTEMIST full test n = 2,507: seen 60.8%, one-edge 14.5%, two-edge 9.6%, three-or-more 8.8%, isolated 6.3%; SympTEMIST 800-mention evaluation sample). (b, c) Performance by distance band (LLM reranker): top-1 Wu–Palmer varies non-monotonically across connected distance bands and drops sharply in the fully-isolated band. Edge distance uses the fixed OLS4 graph retrieved on 18–19 July 2026.
Alt text: A three-panel supplementary figure. Panel a: a grouped bar chart of the percentage of DisTEMIST test mentions and SympTEMIST evaluation-sample mentions by nearest-seen-ancestor is-a distance, with most mentions code-seen (about 61 and 63 percent) and the novel-ancestor mass spread across one, two and three-or-more edges. Panels b and c: line plots of exact-match and Wu-Palmer by distance band for the LLM reranker; Wu-Palmer varies non-monotonically across the connected bands and drops sharply in the fully isolated band.
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Supplementary Figure S5. Bootstrap intervals for the additive credit gap. Mention-level bootstrap (B = 10,000) for ΔG = gap_NARROW − gap_EXACT across the 14 system×benchmark cells. Thirteen intervals exclude zero (dark); the single interval crossing zero (light) is the MedProcNER LLM generator (+0.034 [−0.019, +0.087]; main text, Table 2 and Figure 3).
Alt text: Forest plot of the additive credit gap (NARROW gap minus EXACT gap) for fourteen system-by-benchmark cells grouped by benchmark, one row per cell (lexical, SapBERT, SapBERT-ft, LLM reranker, LLM generator). Thirteen cells have dark points whose 95 percent mention-level bootstrap intervals exclude zero; a single light cell, the MedProcNER LLM generator, has an interval crossing the dashed zero line.
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Supplementary Figure S6. Participant-system credit gaps on graph-resolvable MedProcNER predictions. (a) Five CLEF-2023 ieeta-pt subtask-2 runs are shown on their resolvable-prediction domain (filled squares) and all-matched-prediction domain (hollow squares), alongside our MedProcNER systems. Horizontal positions are domain-specific; vertical credit-gap ratios are interpreted within domain. On the resolvable domain, ieeta ratios were 2.84–3.20; the all-matched domain was near or below 1 because out-of-space predictions received zero. (b) NARROW predictions resolve inside the corpus-relative concept space at about one-third the rate of EXACT predictions (about 17% versus 56%).
Alt text: Two-panel figure on the CLEF-2023 ieeta-pt competition system on MedProcNER. Panel a plots credit-gap ratio against exact-match accuracy calculated within each displayed scope; five filled squares for ieeta’s resolvable-prediction runs sit at ratios of about 2.84 to 3.20, while hollow squares for the all-matched domain sit near or below the no-gap line at ratio 1. Panel b shows across the five runs that predictions fall inside the corpus-relative concept space at about 0.56 for EXACT mentions but only about 0.16 to 0.17 for NARROW mentions, approximately one-third the rate.
Supplementary Methods
Terminology, translation and candidate spaces
Labels and is-a ancestors were retrieved through OLS4 on 18–19 July 2026. In the poly-hierarchy, depth was the longest root-to-node path and the LCA was the deepest common ancestor. Sensitivity analyses covered mean-path and depth-free alternatives. The shortest-path node-depth convention was not retained because it is degenerate under this LCA rule and can yield Wu–Palmer > 1. Spanish mentions were translated to English with Qwen2.5-32B-Instruct (revision 5ede1c97; greedy decoding) before matching English labels. MedMentions required no translation.
The primary corpus-relative inventories for DisTEMIST, MedProcNER and SympTEMIST contained 3,002, 1,687 and 1,810 concepts, respectively. Each combined the training gold codes with the gold codes of the evaluated test items. For MedProcNER and SympTEMIST, a complete benchmark-wide test candidate catalogue was unavailable, so only the evaluated test golds were added; these inventories contain fewer distractors than DisTEMIST. The corresponding transitive-ancestor universes contained 7,416, 3,876 and 4,153 concepts, respectively. A hierarchy map was available for the gold code of approximately 95% of flat-novel mentions. Unresolved or inactive codes remained exact-match targets but earned no hierarchy credit. Depth and ancestor maps generated from the OLS4 state retrieved on 18–19 July 2026 were fixed for scoring. The public-release boundary and recalculable outputs are specified in Availability. The training-only sensitivity removed every test-only code. Both candidate-space arms are corpus-relative rather than full-SNOMED CT evaluations.
System and fine-tuning details
Fine-tuned SapBERT used symmetric in-batch multiple-negatives loss (0.5·(CE(sim)+CE(simᵀ)) over the B×B cosine matrix; scale 20, temperature 0.05), batch size 32, learning rate 2×10⁻⁵, 3 epochs and a fixed seed. This probe was run on DisTEMIST and SympTEMIST, not MedProcNER or MedMentions.
Both LLM systems used one 80 GB GPU, greedy decoding (temperature 0) and fixed prompts. When the reranker returned invalid identifiers, predictions fell back to lexical order in 7.2–10.0% of Spanish mentions (DisTEMIST 49/678, MedProcNER 49/625, SympTEMIST 80/800). Open weights and pinned model revisions support rerunning the pipeline; decoded outputs may vary with GPU libraries and hardware.
The fine-tuning exposure analysis used code-seen, ancestor-seen and fully-isolated buckets defined relative to codes seen in the fine-tuning pairs. These are separate from the identically named base-training overlap buckets used for the seen/novel analysis. In either split, the flat “novel” set is the union of the ancestor-seen and fully-isolated buckets.
Metric implementation
Ancestor-augmented sets contained each concept and all transitive ancestors; the LCA was their deepest intersection. Off-map pairs scored zero. Resolved pairs sharing only SNOMED CT root 138875005 also scored zero because its depth is 0; these comprised 18.4%, 4.2% and 8.7% of non-exact predictions. A root-depth-1 rule would instead assign small positive credit. The robustness metrics were normalized inverse LCA path distance = 1 − (d(pred) + d(gold) − 2·d(LCA)) / (2·MAXDEPTH) and ancestor-set Jaccard, where MAXDEPTH was the maximum node depth in the benchmark-specific depth map supplied to the scorer.
Robustness and inference protocols
Metric robustness compared four metrics using pairwise Spearman and Kendall correlations, rank reversals and bootstrap top-1 stability (1,000 resamples). Depth checks used longest- and mean-path node depth, with depth-free Jaccard evaluated separately.
The human reproducibility study used a balanced stratified 150-mention sample, with 25 native-corpus EXACT and 25 native-corpus NARROW labels from each Spanish benchmark. The interface displayed each English gloss together with the original Spanish mention and the linked SNOMED CT concept; all three clinical annotators used the same fixed app and item set. They worked independently with the native corpus labels and system outputs withheld. We calculated per-annotator Cohen’s κ against the native labels, Fleiss κ across all three annotators, and majority-vote consensus κ against the native labels. Confidence intervals used 5,000 fixed-seed item-bootstrap resamples (seed 42). The balanced design estimates agreement rather than population label frequencies.
xMEN ran in candidate-generation mode with subtract-mean SapBERT and FAISS, without its cross-encoder. Its spaces contained 2,720 / 2,085 / 2,327 Spanish concepts and 1,181 MedMentions concepts, versus 3,002 / 1,687 / 1,810 in the primary-analysis spaces. Externally computed embeddings were injected into xMEN’s wrapper, with tokenizer fidelity confirmed by 0 of 400 token-ID mismatches. We used xMEN to compare directional patterns across datasets.
We decomposed all 14 cells into error incidence and conditional proximity and classified errors as ancestor, descendant, sibling or unresolved. Mention-level additive-gap bootstraps used B = 10,000 and a fixed seed. Conditional-proximity differences were calculated within each system×benchmark cell as mean Wu–Palmer among NARROW errors minus the corresponding EXACT-error mean. Benchmark and overall summaries gave equal weight to their constituent cells; fixed-stratum item bootstraps (B = 10,000; seed 42) used the same resampled items across systems within a benchmark. Logistic regression and ROC AUC tested whether concept depth proxied NARROW in the three Spanish corpora; MedMentions provided English corroboration using depth bands. Translation checks reran SapBERT after NLLB-200-distilled-600M translation and xMEN without translation. Fine-tuning used paired McNemar tests.
Fixed-seed bootstraps resampled mentions rather than mention×system outcomes to retain dependence across systems; they did not model document clustering. Pooled risk and odds ratios used Mantel–Haenszel estimation. Analyses used Python (NumPy/SciPy/statsmodels). Cell- and benchmark-specific sensitivity intervals are pointwise and descriptive; the primary panel summary is the mention-resampled incidence risk ratio.
Supplementary Results
Human re-annotation of the granularity label
For the fixed 150-mention study sample, rater-versus-native-corpus Cohen’s κ values for R1, R2 and R3 were 0.61, 0.63 and 0.67 (95% CIs 0.48–0.73, 0.50–0.74 and 0.54–0.79; raw agreement 80.7%, 81.3% and 83.3%). Inter-annotator agreement was moderate (Fleiss κ = 0.519, 95% CI 0.41–0.62), and majority-vote consensus agreed with the native corpus labels at κ = 0.73 (95% CI 0.61–0.84).
R1, R2 and R3 assigned NARROW to 90, 53 and 72 of 150 mentions, respectively; the native-corpus count was 75.
Depth-proxy validity and English corroboration
MedMentions gaps increased across shallow/mid/deep bands for every system; for example, lexical 0.058 → 0.174 → 0.191 and LLM reranker 0.053 → 0.152 → 0.176. In the Spanish validity check, depth predicted NARROW weakly in DisTEMIST (OR 1.06 per level, 95% CI [1.00, 1.13]) and SympTEMIST (OR 1.07 [1.01, 1.13]), but not MedProcNER (OR 0.95 [0.87, 1.03]); AUC was 0.48–0.56. Depth is therefore a weak proxy and is partly mathematically coupled to Wu–Palmer.
Fine-tuning exposure buckets
On DisTEMIST, the NARROW exact-match gain was +6.4 points versus +2.7 for EXACT. Ancestor-seen mentions gained +6.1 points (n = 261, 95% CI [+2.3, +10.3]); code-seen mentions gained +2.9 (n = 381, 95% CI [−0.3, +6.3]). Their difference was +3.2 points (95% CI [−1.9, +8.6]); base accuracies were 0.617 for ancestor-seen and 0.667 for code-seen. The isolated bucket contained 36 mentions (+0.0 points, 95% CI [−8.3, +8.3]). Overall McNemar p = 2×10⁻³. These exposure buckets refer to fine-tuning pairs, not model pretraining.
Incidence and proximity decomposition
Per-system ORs all exceeded 2.7: lexical 2.77, SapBERT 5.54, LLM generator 5.42, reranker 3.39 and fine-tuned SapBERT 3.57. Cell estimates ranged from 2.2 to 15.4; the crude 2×2 OR was 3.25.
The equal-cell mean conditional-proximity difference was +0.007 (95% CI −0.022 to +0.037). Benchmark means differed in direction: +0.018 on DisTEMIST, −0.086 on MedProcNER and +0.071 on SympTEMIST (Supplementary Table S1). These opposing directions explain the near-zero overall mean. With conditional Wu–Palmer near 0.40, error incidence accounts for most of the credit gap.
Supplementary Table S1. Conditional proximity among non-exact predictions, overall and by benchmark.
	Scope
	System×benchmark cells
	Mean NARROW − EXACT difference [95% CI]

	All three benchmarks
	14
	+0.007 [−0.022, +0.037]

	DisTEMIST
	5
	+0.018 [−0.038, +0.073]

	MedProcNER
	4
	−0.086 [−0.131, −0.041]

	SympTEMIST
	5
	+0.071 [+0.024, +0.119]


Within each cell, the estimate is mean Wu–Palmer among NARROW errors minus mean Wu–Palmer among EXACT errors. The summaries give equal weight to the available system cells. The fixed-stratum item bootstrap (B = 10,000; seed 42) used the same resampled item indices across systems within each benchmark.
Relation-type and credit shares
For a descriptive Qwen-family summary, we pooled the reranker and generator; per-system shares are reported separately in the deposited outputs. Siblings accounted for 78%, 72% and 73% of error counts and had mean Wu–Palmer 0.31, 0.40 and 0.27. They contributed 58%, 56% and 67% of summed Wu–Palmer credit among non-exact predictions, leaving 42%, 44% and 33% for ancestor/descendant errors. Descendants accounted for 5–23% of error counts on EXACT mentions. Within NARROW, siblings contributed 62%, 64% and 66% of summed non-exact Wu–Palmer credit. DisTEMIST encoder shares were lower (SapBERT 0.51; fine-tuned 0.47) but remained 0.66–0.73 on MedProcNER and SympTEMIST. The corpora do not provide severity or laterality labels for clinical interpretation of these errors.
Binary is-a sensitivity
As a stricter sensitivity that excludes lateral credit, we replaced Wu–Palmer with binary same-lineage consistency and defined the stratum uplift as mean(is-a) − mean(exact). Absolute is-a consistency was lower on NARROW mentions in all 14 cells. The NARROW-minus-EXACT uplift, however, was positive in 9 of 14 cells—including all eight SapBERT, fine-tuned SapBERT and reranker cells—but negative in five of six lexical or generator cells. Its bootstrap 95% CI excluded zero in 6 of 14 cells, all in the SapBERT, fine-tuned SapBERT or reranker families. Thus, the universal direction of the graded Wu–Palmer gap did not extend to binary ancestor/descendant consistency.
Supplementary Table S2. Binary same-lineage sensitivity by native-corpus granularity label.
	Benchmark
	System
	Uplift_EXACT
	Uplift_NARROW
	Δ uplift [95% CI]

	DisTEMIST
	SapBERT-ft
	0.065
	0.187
	+0.122 [+0.069, +0.178]

	DisTEMIST
	SapBERT
	0.059
	0.174
	+0.116 [+0.062, +0.169]

	DisTEMIST
	LLM reranker
	0.081
	0.162
	+0.080 [+0.028, +0.134]

	DisTEMIST
	lexical
	0.120
	0.115
	−0.005 [−0.055, +0.047]

	DisTEMIST
	LLM generator
	0.122
	0.119
	−0.003 [−0.053, +0.049]

	MedProcNER
	SapBERT
	0.102
	0.119
	+0.018 [−0.042, +0.080]

	MedProcNER
	LLM reranker
	0.136
	0.172
	+0.035 [−0.033, +0.106]

	MedProcNER
	lexical
	0.149
	0.201
	+0.053 [−0.020, +0.129]

	MedProcNER
	LLM generator
	0.185
	0.157
	−0.029 [−0.097, +0.043]

	SympTEMIST
	SapBERT-ft
	0.025
	0.117
	+0.092 [+0.046, +0.141]

	SympTEMIST
	SapBERT
	0.032
	0.127
	+0.095 [+0.048, +0.144]

	SympTEMIST
	LLM reranker
	0.046
	0.142
	+0.096 [+0.045, +0.148]

	SympTEMIST
	lexical
	0.096
	0.086
	−0.010 [−0.054, +0.037]

	SympTEMIST
	LLM generator
	0.088
	0.086
	−0.002 [−0.045, +0.045]


Uplift = mean(binary is-a consistency) − mean(exact match) within a stratum; Δ uplift = uplift_NARROW − uplift_EXACT. The fixed-seed stratified item bootstrap (B = 10,000; seed 42) used the same resampled item indices across systems within each benchmark. Positive values indicate more same-lineage credit beyond exact match on NARROW mentions.
Descendant availability in the frozen graph
Using the frozen ontology maps, we asked whether each gold concept had at least one descendant in the candidate-space-plus-ancestor graph and repeated the incidence analysis among mentions for which it did. The three graph universes contained 7,416, 3,876 and 4,153 concepts for DisTEMIST, MedProcNER and SympTEMIST. This restriction isolates non-leaf gold concepts in the frozen graph.
Descendant availability was 46.8% in NARROW versus 44.2% in EXACT mentions on DisTEMIST, 48.5% versus 48.3% on MedProcNER, and 43.7% versus 30.3% on SympTEMIST. After restriction, the NARROW/EXACT incidence ratio remained above 1 in all 14 cells and rose in 13; the panel-weighted Mantel–Haenszel odds ratio was 6.01 (95% CI 4.79–7.69), compared with 3.89 (95% CI 3.33–4.56) in all mentions (Supplementary Table S3). The benchmark contrast therefore persisted after gold concepts that were leaves in the frozen graph were excluded.
Supplementary Table S3. Error incidence after descendant-availability restriction.
	Benchmark
	System
	n with descendant
	pErr NARROW (all)
	pErr EXACT (all)
	Ratio (all)
	pErr NARROW (restricted)
	pErr EXACT (restricted)
	Ratio (restricted)

	DisTEMIST
	lexical
	306
	0.638
	0.445
	1.44
	0.745
	0.495
	1.51

	DisTEMIST
	SapBERT
	306
	0.566
	0.255
	2.22
	0.745
	0.250
	2.98

	DisTEMIST
	SapBERT-ft
	306
	0.502
	0.228
	2.20
	0.664
	0.235
	2.83

	DisTEMIST
	LLM reranker
	306
	0.540
	0.275
	1.96
	0.691
	0.296
	2.34

	DisTEMIST
	LLM generator
	306
	0.894
	0.596
	1.50
	0.927
	0.587
	1.58

	MedProcNER
	lexical
	302
	0.746
	0.505
	1.48
	0.769
	0.468
	1.64

	MedProcNER
	SapBERT
	302
	0.709
	0.263
	2.70
	0.800
	0.257
	3.11

	MedProcNER
	LLM reranker
	302
	0.642
	0.332
	1.93
	0.662
	0.325
	2.04

	MedProcNER
	LLM generator
	302
	0.858
	0.721
	1.19
	0.785
	0.692
	1.13

	SympTEMIST
	lexical
	269
	0.797
	0.524
	1.52
	0.826
	0.492
	1.68

	SympTEMIST
	SapBERT
	269
	0.761
	0.303
	2.51
	0.919
	0.251
	3.65

	SympTEMIST
	SapBERT-ft
	269
	0.574
	0.265
	2.16
	0.593
	0.197
	3.02

	SympTEMIST
	LLM reranker
	269
	0.680
	0.373
	1.82
	0.721
	0.322
	2.24

	SympTEMIST
	LLM generator
	269
	0.970
	0.673
	1.44
	1.000
	0.563
	1.78


pErr = exact-match error rate within the stratum; Ratio = pErr(NARROW)/pErr(EXACT). The restriction retains mentions whose gold concept has at least one descendant in the frozen graph. Cell sizes are identical across systems within a benchmark because the restriction depends only on the gold concept. Panel-weighted Mantel–Haenszel odds ratio: 3.89 (95% CI 3.33–4.56) over all mentions and 6.01 (95% CI 4.79–7.69) under the restriction. Both intervals use mention bootstraps (B = 10,000; seed 12345) that apply the same sampled indices to every system within a benchmark.
Exploratory heterogeneity tests
Because the five systems score the same mentions, Breslow–Day tests were run within system across disjoint benchmark mention sets. Unadjusted P values were below 0.05 for off-the-shelf SapBERT and the LLM generator. In a Holm family-wise sensitivity across five tests, only the generator remained below 0.05 (Supplementary Table S4). Every benchmark-specific odds ratio exceeded 2. These exploratory results support a consistent direction in the sampled panel, not a common magnitude.
Supplementary Table S4. Exploratory Breslow–Day tests across benchmarks, within system.
	System
	Benchmarks
	MH odds ratio
	Benchmark odds ratios
	χ²
	df
	Unadjusted P
	Holm P

	lexical
	Dis / MP / Symp
	2.77
	2.20, 2.88, 3.56
	3.61
	2
	0.16
	0.49

	SapBERT
	Dis / MP / Symp
	5.54
	3.81, 6.84, 7.32
	7.96
	2
	0.019
	0.075

	SapBERT-ft
	Dis / Symp
	3.57
	3.42, 3.72
	0.13
	1
	0.72
	1.00

	LLM reranker
	Dis / MP / Symp
	3.39
	3.09, 3.61, 3.57
	0.48
	2
	0.79
	1.00

	LLM generator
	Dis / MP / Symp
	5.42
	5.70, 2.34, 15.45
	17.08
	2
	0.0002
	0.0010


Benchmark order matches the Benchmarks column (Dis = DisTEMIST, MP = MedProcNER, Symp = SympTEMIST). Fine-tuned SapBERT was not run on MedProcNER. Holm values adjust the five system-level tests.
Interval for the NARROW/EXACT gap ratio
For per-cell intervals, a fixed-seed bootstrap resampled EXACT and NARROW mentions independently within each cell (B = 2,000; seed 20260805). For the geometric mean across cells, each benchmark–stratum draw used the same sampled mention indices across systems, preserving repeated-measure dependence. The geometric mean was 1.87 (95% CI 1.71–2.05). Per-cell intervals excluded 1 in 13 of 14 cells, with the MedProcNER LLM generator the only exception (1.10, 95% CI 0.95–1.26). Values are in main-text Table 2 and B_credit_gap_ratio_bootstrap_ci.csv.
Schema of the deposited per-mention metric files
Supplementary Table S5. Exact nine-column schema of the 28 identifier-free per-mention metric files, with an illustrative NARROW row.
	CSV column
	Meaning
	Illustrative value

	benchmark
	source benchmark
	DisTEMIST

	candidate_space
	candidate-space arm
	oracle

	system
	normalization system
	illustrative system

	item_id
	stable release-local item identifier
	DIS-0001

	semantic_rel
	reference granularity stratum
	NARROW

	exact
	exact-match indicator
	0

	is_a
	same-lineage (is-a) indicator
	1

	wup
	Wu–Palmer score
	0.80 (near in the is-a hierarchy)

	relation_type
	pre-derived ontology relation class
	ancestor


The example is illustrative, not a scored item. candidate_space=oracle is the legacy file label for the primary corpus-relative inventory, which combines training gold codes with the gold codes of the evaluated test items; train denotes the training-only inventory. semantic_rel is EXACT or NARROW; NARROW means that the mention is more specific than its assigned code. exact and is_a are binary indicators, and wup ranges from zero to one. relation_type is exact, ancestor, descendant, sibling or unresolved; ancestor means that the prediction is an ancestor of gold, and descendant means the reverse. item_id is stable across systems and candidate-space arms. No mention text, SNOMED CT identifiers or concept descriptions are included.
Adjusted incidence model
A modified-Poisson model of exact-match error, with system fixed effects and variance clustered on the source document, was fitted on SympTEMIST (4,000 mention×system rows; 213 document clusters). The unadjusted granularity risk ratio was 1.77 (95% CI 1.61–1.94). Adjusting for log mention length, log(1 + gold-code training frequency), log(1 + candidate-space sibling density) and gold-code depth gave 1.55 (95% CI 1.40–1.72). Among the covariates, longer mentions were associated with more error (risk ratio 1.15, 95% CI 1.06–1.25, per log character) and deeper gold concepts with less (0.92, 95% CI 0.90–0.94, per level); sibling density was weakly protective (0.95, 95% CI 0.92–0.99) and training frequency was not distinguishable from null (0.97, 95% CI 0.92–1.02). The model was limited to SympTEMIST because source-row alignment was retained only for that benchmark.
Descriptive label-agreement audit
Across all 150 mentions, three-rater majority-vote consensus agreed with the corpus label on 130 (86.7%; Cohen’s κ = 0.733). Consensus confirmed 64 of 75 corpus-NARROW labels and 66 of 75 corpus-EXACT labels.
Metric and depth robustness
Normalized inverse LCA path distance and ancestor-set Jaccard retained NARROW > EXACT in all 14 cells.
Training-only candidate-space sensitivity
DisTEMIST removed 800 of 3,002 codes (to 2,202), SympTEMIST 276 of 1,810 (to 1,534) and MedProcNER 171 of 1,687 (to 1,516). Exact match fell: fine-tuned SapBERT 0.677→0.403 on DisTEMIST and 0.659→0.441 on SympTEMIST; SapBERT 0.637→0.391 and reranker 0.633→0.366 on DisTEMIST. Reranker fallback rose from 7–10% to 12–19%.
Additive-gap 95% CIs excluded zero in 10 of 14 cells, versus 13 of 14 under oracle; the four cells whose CIs included zero were the DisTEMIST lexical system and the three generators. Ratios remained ≥1 in all 14 cells (minimum 1.00; strong-system range 1.42–2.01). Separately, overall Wu–Palmer-minus-exact uplifts increased for SapBERT (0.189→0.333) and fine-tuned SapBERT (0.180→0.344) because exact match fell faster. Predicting the nearest seen ancestor yielded mean Wu–Palmer 0.837, an oracle ceiling rather than observed system credit.
xMEN audit details
On separate stratified 800-mention draws for each Spanish benchmark, Spanish exact scores were 0.666 / 0.611 / 0.476 and Wu–Palmer scores were 0.751 / 0.782 / 0.657. Translation-free xMEN ratios were 4.09 / 2.04 / 2.41 versus 3.72 / 2.05 / 2.49 after translation. On DisTEMIST, the higher translation-free ratio mainly reflected a smaller EXACT denominator: the NARROW gap was 0.153 without translation versus 0.176 after translation. These point estimates provide a directional cross-check.
On MedMentions, xMEN exact/Wu–Palmer was 0.694 / 0.801; depth-band gaps were 0.034 → 0.133 → 0.161 (deep/shallow 4.78×), versus SapBERT 2.78×. The xMEN audit used 1,181 concepts and a separate stratified 800-mention draw; we use its depth-band pattern as the comparison.
Shared-task participant graph-coverage diagnostic
Five public ieeta-pt MedProcNER CLEF-2023 runs were rescored, and the scorer reproduced our gaps to |Δ| < 5×10⁻⁵. Filename/span alignment yielded 80.0% matches with 100% surface-text agreement, indicating detection rather than offset error. About 57 NARROW predictions per run remained graph-resolvable. Supplementary Figure S6 contrasts the resolvable and all-matched domains to show the effect of differential graph coverage.
Extended limitations
DisTEMIST and SympTEMIST lack scoreable participant outputs. NLLB and Qwen produced identical English translation strings for only 31–36% of mentions, yet SapBERT ratios remained 2.3×, 1.8× and 2.4×. The NLLB check reran SapBERT only; Qwen handled both translation and normalization in the Qwen-system analyses.
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