Supplementary Information
Section 1. Universe definition, subsite terms, and partition rules
Search term. MeSH term "Head and Neck Neoplasms" in the AACT mirror of ClinicalTrials.gov (snapshot September 3, 2026). Retrieval date: September 5, 2026.
Sixteen head and neck subsite-specific terms: Squamous Cell Carcinoma of the Head and Neck; Nasopharyngeal Neoplasms; Nasopharyngeal Carcinoma; Oropharyngeal Neoplasms; Hypopharyngeal Neoplasms; Laryngeal Neoplasms; Mouth Neoplasms; Lip Neoplasms; Salivary Gland Neoplasms; Parotid Neoplasms; Tongue Neoplasms; Gingival Neoplasms; Palatal Neoplasms; Nose Neoplasms; Paranasal Sinus Neoplasms; Thyroid Neoplasms.
Exclusion triggers (organ-specific to another site): Esophageal, Gastrointestinal, Digestive System; and pan-tumour/basket or other-organ terms (Uterine Cervical, Cervix, Lung, Bronchial, Breast, Colorectal, Rectal, Colonic, Stomach, Gastric, Pancreatic, Liver, Ovarian, Endometrial, Prostatic, Renal Cell, Bladder, Melanoma, Skin, Brain, Central Nervous System, Leukemia, Lymphoma, Bone, Sarcoma, Thymus, Adrenal, Pleural).
Partition rule. For each record carrying the MeSH term "Head and Neck Neoplasms", the set of MeSH terms attached to that record was inspected. A record was assigned to "subsite-specific" (included) if any tag was one of the 16 subsite terms; otherwise it was assigned to "umbrella-general" (included) if no tag was an exclusion trigger; otherwise it was assigned to "overlabeled" (excluded). Result: of 8,271 records, 4,355 were subsite-specific and 1,354 were umbrella-general, giving a site-focused universe of 5,709; 2,562 overlabeled records were excluded.
Section 2. Radiotherapy and immune checkpoint inhibitor term dictionaries
Radiotherapy detection. A trial was RT-positive if any of the following matched:
1. the structured intervention type equal to "RADIATION" (structured).
2. A MeSH term in the RT allowlist: Radiotherapy; Radiotherapy, Computer-Assisted; Radiotherapy, Conformal; Radiotherapy, Intensity-Modulated; Radiation; Chemoradiotherapy; Radiosurgery; Heavy Ion Radiotherapy; Radiation, Ionizing (excluding Radiography, Radioisotope, Radionuclide, Radiographic, Radiofrequency Ablation, Electromagnetic Radiation).
3. The intervention name, trial title, or arm title matched the broad RT term dictionary (35 terms): radiotherapy; radiation therapy; chemoradiotherapy; chemoradiation; radiation; sbrt; sabr; stereotactic body; stereotactic ablative; imrt; intensity-modulated; vmat; volumetric arc; igrt; image-guided radiation; image guided radiation; proton therapy; proton beam; mr-linac; mri-guided radiation; mr-guided radiation; brachytherapy; brachy; radiosurgery; gamma knife; cyberknife; tomotherapy; electron beam; 3d-crt; conformal radiation; total body irradiation; tbi; palliative radiation; definitive radiation; adjuvant radiation; neoadjuvant radiation; preoperative radiation; postoperative radiation; hypofractionated radiation; dose-escalated radiation; heavy ion radiotherapy; carbon ion; ionizing radiation.
- Narrow subdictionary (sensitivity, 11 terms): radiotherapy; radiation therapy; chemoradiotherapy; sbrt; sabr; imrt; vmat; proton therapy; brachytherapy; radiosurgery; chemoradiation.
Immune checkpoint inhibitor detection. A trial was IO-positive if the intervention name, arm title, or MeSH term matched any of the following agent names: PD-1 (pembrolizumab, nivolumab, cemiplimab, retifanlimab, dostarlimab, spartalizumab, toripalimab, tolipimab, sintilimab, camrelizumab, tislelizumab, penpulimab, serplulimab, zimberelimab, budigalimab, pidilizumab, lambrolizumab); PD-L1 (durvalumab, atezolizumab, avelumab, sugemalimab, adebrelimab, envafolimab, cosibelimab); CTLA-4 (ipilimumab, tremelimumab); LAG-3 (relatlimab); TIGIT (tiragolumab); or the bispecifics (cadonilimab, balstilimab, zalifrelimab, cotiralimab, cetrelimab, sasanlimab, manelimab); the agent classes (PD-1 inhibitor/blocking antibody/antibody; anti-PD-1; anti-PD-L1/anti-PDL1; PD-L1 inhibitor; immune checkpoint inhibitor; checkpoint inhibitor; anti-CTLA-4; CTLA-4 inhibitor; anti-LAG-3; LAG-3 inhibitor; anti-TIGIT; TIGIT inhibitor; anti-TIM-3; TIM-3 inhibitor); or the MeSH terms "Immune Checkpoint Inhibitors" and "CTLA-4 Antigen".
Exclusions. Imaging-only ICI tracers (positron-emission tomography, 89Zr-labelled, copper-64, gallium-68, "imaging agent", "diagnostic", "scan", "microscopy", "stain") and non-ICI immunotherapies (chimeric antigen receptor T-cell, NK-cell, tumour vaccine, immunohistochemistry reagents) were excluded. Free-text arm-group descriptions were excluded from matching; only structured intervention name/type and arm-group title fields were used, to avoid false positives from background or standard-of-care radiotherapy described in narrative text.
Section 3. Natural-language-processing validation
Sampling. Using a fixed random seed (2026-09-05), we sampled 100 trials stratified by the index category: 40 RT+IO and 20 each of RT-only, IO-only, and neither.
Reviewer rules. Two reviewers independently assigned RT and IO status using the same predefined criteria: RT-positive if any structured field (intervention type "RADIATION", RT MeSH allowlist, or RT term dictionary) matched; IO-positive if any structured field matched the agent/class/MeSH list. Free-text arm-group descriptions were ignored. Boundary cases were flagged.
Agreement. Inter-reviewer agreement was Cohen's κ = 0.918 (94% unweighted agreement). Against the consensus reference, the RT+IO assignment had positive predictive value 100% and sensitivity 87.5%; RT-only classification agreed in 96% of the sample. As noted in the main text, the final reported validation metrics (κ = 0.918; PPV 100%) are the consensus-based Reviewer-2 metrics; the preliminary self-audit of Reviewer 1 (PPV 95–97.5%) is superseded by the final independent, two-reviewer consensus and is not used for reporting.
Boundary cases. Two cases were classified as RT+IO at the trial level but flagged and handled separately in the arm-level analysis: (1) a single-agent ICI-versus-chemoradiotherapy comparator design (RT used only as a comparator arm) and (2) an observational real-world study of immunotherapy maintenance after chemoradiotherapy (non-interventional). Per-case reviewer assignments are available from the corresponding author on reasonable request.
Section 4. Reproducibility environment and model diagnostics
Environment. Analyses were run in R version 4.6.1 (2026-06-24, ucrt). Random seed: 2026-09-05. Key packages: survival, survminer, ggplot2, meta, tableone, MatchIt (association and figure code). The classification, preprocessing, analysis, and figure scripts are available from the corresponding author on reasonable request. The AACT snapshot date (September 3, 2026) is documented in the extraction manifest. AACT is available at https://aact.ctti-clinicaltrials.org/.
Model diagnostics (reproduced). From the multivariable logistic model (outcome = RT+IO vs RT-only, n = 1,576 interventional RT trials): McFadden pseudo R² = 0.188; variance inflation factors all < 2 (phase 3, 1.05; nasopharyngeal subsite, 1.59; Chinese site, 1.59; industry sponsorship, 1.04); Hosmer–Lemeshow χ² = 47.35, df = 8, P < 0.001. The poor calibration indicates that the model's predicted probabilities do not match observed frequencies well, which is consistent with the descriptive (rather than predictive) purpose of the model; it is reported for transparency and should not be interpreted as evidence against the observed associations.
Section 5. S2 File data dictionary
	Column
	Meaning

	nct_id
	ClinicalTrials.gov registry identifier

	universe
	Inclusion in the site-focused universe (all rows = "included")

	partition
	Partition of the MeSH "Head and Neck Neoplasms" set: subsite / generic / excluded

	category
	Trial category: RT+IO / RT-only / IO-only / neither (strict immune checkpoint inhibitor definition)

	rt_broad, rt_narrow
	Radiotherapy-positive under the broad (35-term) and narrow (11-term) dictionaries

	io_ici, io_broad
	Immune checkpoint inhibitor-positive under the strict ICI and broad immunotherapy definitions

	has_combo_arm
	1 if at least one arm contained both radiotherapy and an immune checkpoint inhibitor (same-arm co-administration)

	study_type
	INTERVENTIONAL / OBSERVATIONAL

	phase
	Trial phase (PHASE1 to PHASE3, PHASE2/PHASE3, NA)

	status
	Overall recruitment status (as of the AACT snapshot)

	year
	Year of first posted date (0 = missing)

	results_posted
	1 if results were first posted to the registry

	china
	1 if any listed country was China

	any_country
	1 if any country was listed

	subsite
	Mutually exclusive head and neck subsite (assignation priority: NPC, SCCHN, Oral, Oropharynx, Larynx, Hypopharynx, Salivary, Thyroid, Other_HN, Generic_HN)

	industry_sponsor
	1 if any sponsor was classified as industry

	enrollment
	Target or actual enrolment



Supplementary tables
Supplementary Table 1. Multivariable logistic regression of RT+IO status among interventional head and neck radiotherapy trials (n = 1,576)
	Term
	Odds ratio
	95% CI
	P

	Year (centred on 2015, per +1 year)
	1.19
	1.15-1.24
	<0.001

	Phase 3 or 2/3
	0.92
	0.61-1.40
	0.705

	Nasopharyngeal subsite
	1.00
	0.66-1.51
	0.995

	Chinese site
	2.75
	1.85-4.08
	<0.001

	Industry sponsorship
	5.66
	3.83-8.39
	<0.001



Sensitivity analyses
Across universe definitions, the RT+IO proportion of RT trials was 13.1% in the site-focused universe (237 of 1,805), 17.2% in the subsite-specific universe (211 of 1,230), and 14.3% in the full MeSH universe that retained overlabeled records (366 of 2,552) (Table 6). Results on the narrow RT and wide IO definitions were consistent in direction (Table 6), and the design and regional patterns above were unchanged.
Supplementary Table 2. Sensitivity analyses of the RT+IO proportion across universe definitions
	Universe
	n
	RT trials (n)
	RT+IO (n)
	RT+IO share (%)

	Site-focused (primary)
	5,709
	1,805
	237
	13.1

	Subsite-specific only
	4,355
	1,230
	211
	17.2

	Full MeSH universe (overlabeled retained)
	8,271
	2,552
	366
	14.3







