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Prevalence and Predictors of Early Termination, Non-Publication, and Primary Endpoint Discrepancy in 2,125 Minimally Invasive Gastrointestinal Surgery Randomized Controlled Trials (2015–2024): A Three-Repository Meta-Epidemiological Study


ABSTRACT
Background: The prevalence of early termination, non-publication, and primary endpoint discrepancies has not been assessed across multiple subspecialties of minimally invasive gastrointestinal (MIS GI) surgery in a single registry-linked cohort.
Aims: To quantify prevalence and predictors of early termination, non-publication, time-to-publication, and primary endpoint discrepancy across MIS GI RCTs (2015–2024).
Methods: This meta-epidemiological study examined 2,125 randomised MIS GI trials first submitted to ClinicalTrials.gov between 2015 and 2024. Records were linked to 5,373 candidate PubMed identifiers and 5,153 Crossref digital object identifiers. Trial status, publication outcomes, time to publication, and agreement between registered and reported primary endpoints were examined using multivariable logistic regression, Kaplan–Meier analysis, and a token-based endpoint audit.
Results: Among 2,125 RCTs (1,294 [60.9%] laparoscopic, 146 [6.9%] robotic, 685 [32.2%] hybrid/other; 960 in 2015–2019, 1,165 in 2020–2024), 973 (45.8%) were completed and 124 (5.84% overall; 11.30% of 1,097 closed trials) stopped early, mainly from slow accrual (32.3%). In closed RCTs, sample <100 (aOR = 6.52, p < 0.0001) and Western location (aOR = 3.97, p < 0.0001) predicted early termination, while blinding was protective (aOR = 0.51, p = 0.0012). Among 881 mature completed RCTs (≥24 months post-completion), 531 (60.3%) were unpublished; industry funding (aOR = 2.34, p = 0.0081) and sample <100 (aOR = 1.62, p = 0.0011) increased non-publication, while multicentre design (aOR = 0.54, p = 0.0039), Western location (aOR = 0.57, p = 0.0004), and robotic modality (aOR = 0.50, p = 0.0490) reduced non-publication. Median time-to-publication was 26.9 months for multicentre and 28.0 months for robotic RCTs. Across 584 published RCTs with structured abstracts, 364 (62.3%) had endpoint discrepancies (45.5% timeframe modification, 13.7% outcome switching, 3.1% selective multi-primary reporting).
Conclusion: Substantial accrual failure, non-publication, and endpoint modification affect MIS GI RCTs, requiring multicentre networks and registry-to-manuscript concordance audits.
Keywords: Minimally invasive gastrointestinal surgery; robotic surgery; laparoscopic surgery; randomised controlled trials; early termination; publication bias; outcome switching; meta-epidemiology.







1. INTRODUCTION
1.1 Evolution of Minimally Invasive Gastrointestinal Surgery and Randomised Evidence
Minimally invasive gastrointestinal surgery (MIS GI) has transformed oesophagogastric, hepatopancreatobiliary (HPB), colorectal, bariatric, and abdominal wall procedures over the past decade (Feng et al., 2025; Lu, Xu, et al., 2024). Multiport laparoscopy established attenuated surgical trauma and faster recovery, while multi-arm robotic platforms introduced wristed articulation, tremor filtration, and stereoptic visualisation into narrow operative corridors (Téoule et al., 2025; Angehrn et al., 2026). Landmark randomised controlled trials (RCTs)—including the REAL rectal cancer trial, gastrectomy trials, the PRESSURE hepatectomy trial, and the ROGER hernia trial—confirm that randomisation is indispensable for evaluating surgical innovations (Angehrn et al., 2026; Marcus et al., 2024). Yet surgical RCTs face operator learning curves, hospital volume thresholds, and complex perioperative pathways that differ from drug trials (Chapman et al., 2014; Rosenthal et al., 2015; Speich et al., 2025; Long et al., 2023; McKigney et al., 2026); premature termination or non-publication exposes patients to experimental risks without public benefit and distorts clinical guidelines (Long et al., 2023; Dai et al., 2025). A recent randomised trial assessed laparoscopic ventral mesh rectopexy for internal rectal prolapse, illustrating the continued evaluation of minimally invasive colorectal procedures in prospective comparisons (El Manawy & Rageh, 2026). A separate review of anorectoplasty techniques identified limited long-term comparative evidence for laparoscopic- and robotic-assisted approaches (Eke et al., 2026).
1.2 Structural Vulnerabilities: Accrual Fragility, Negative Confounding, and Outcome Switching
Three vulnerabilities threaten the MIS GI evidence base (Dai et al., 2025; Shadbolt et al., 2023). First, accrual fragility from patient preferences and surgeon loss of equipoise hinders recruitment in complex oncological procedures such as robotic-assisted minimally invasive oesophagectomy (RAMIE), pancreaticoduodenectomy, D2 gastrectomy, and rectal total mesorectal excision (TME) (Shadbolt et al., 2023; Davies et al., 2021; Ingram et al., 2022; Ninomiya et al., 2023; Natarajan et al., 2024; Vakili-Ojarood et al., 2024; Jia et al., 2025). Second, corporate device sponsorship creates selective non-publication risk (Inga-Zapata et al., 2026; Geropoulos et al., 2025); because industry trials are disproportionately multicentre and Western-based—features promoting publication—crude comparisons mask corporate withholding via negative confounding unless multivariable adjustment is undertaken (Geropoulos et al., 2025). Third, unacknowledged registry-to-publication primary endpoint discrepancies (timeframe modification, outcome switching, or selective co-primary reporting) inflate type I error and abstract spin (Song et al., 2026; Livsey et al., 2026; Abdel Khalik et al., 2026). A registry-based analysis in cerebrovascular neurosurgery likewise described recruitment difficulties and non-publication among discontinued randomised trials (Butler et al., 2025). The CONSORT 2025 reporting guideline emphasises transparent documentation of trial registration, prespecified outcomes and changes from planned methods (Hopewell et al., 2025).
1.3 Evidence Gaps and Study Objectives
Previous surgical research-waste audits examined selected cohorts (Chapman et al., 2014; Rosenthal et al., 2015; Shadbolt et al., 2023) or isolated specialty subsets (Kawka et al., 2023; Mirza, Cheema, et al., 2025; Huang et al., 2025; Armengol-García et al., 2025; Mirza, Dadan, et al., 2025; Pompeu et al., 2025; Yu et al., 2026; Almiron da R Soares et al., 2025), without census-scale linkage across digestive surgery subspecialties. A recent abdominal-surgery registry cohort examined the pathway from trial registration to publication and reported discrepancies between registered and published primary outcomes (Narbekovas et al., 2026). Nevertheless, an integrated assessment spanning multiple MIS GI subspecialties and operative modalities remains limited in the literature considered here. We conducted a three-repository programmatic meta-epidemiological census of all 2,125 MIS GI RCTs registered on ClinicalTrials.gov (2015–2024), linked to PubMed Entrez E-Utilities (5,373 candidate PMIDs) and Crossref REST API (5,153 verified DOIs) , to quantify: (1) decade registration trends and subspecialty divergence; (2) early termination reasons, sample deficits, and multivariable predictors; (3) post-completion non-publication, negative confounding by industry sponsorship, and Kaplan–Meier survival kinetics; and (4) primary endpoint discrepancies between registry protocols and published structured abstracts.
2. MATERIALS AND METHODS
2.1 Study Design and Programmatic Protocol Extraction
This observational meta-epidemiological study followed established meta-epidemiological and CONSORT-NPT guidelines (Boutron et al., 2017; Hopewell et al., 2025). Using token-based pagination (1,000 JSON records/page), we queried the ClinicalTrials.gov REST API v2 (https://clinicaltrials.gov/api/v2/studies) for all trials meeting three criteria: (1) interventional randomised design (studyType = INTERVENTIONAL; allocation = RANDOMIZED); (2) laparoscopic, single-incision (SILS), natural orifice (NOTES), robotic, or hybrid MIS GI procedures across six subspecialties (HPB, colorectal/appendiceal, general/mixed GI, bariatric/metabolic, oesophagogastric/upper GI, and abdominal wall/hernia) (Arunthavanathan et al., 2025; Abosayed et al., 2026); and (3) first submission (studyFirstSubmitDate) between January 1, 2015 and December 31, 2024 (N = 2,125 RCTs).
2.2 Variable Operationalisation and Three-Layer Bibliometric Linkage
Automated parsing extracted nctId, recruitment status (Completed [n = 973], Discontinued [n = 124: 73 Terminated, 47 Withdrawn, 4 Suspended], Active/Recruiting [n = 325], Unknown [n = 703]), verbatim whyStopped reasons (eight categories), start and completion dates, sample size (<100 [n = 1,065] vs. ≥100 [n = 1,060]), funding source (Industry [n = 113] vs. Academic/Hospital/Government [n = 2,012]), centre structure (Multicentre ≥2 sites [n = 474] vs. Single-Centre [n = 1,651]), region (Europe [n = 462] and North America [n = 310] combined as Western Region [n = 772] vs. Asia & Rest of World [n = 1,353]), masking (Blinded [n = 1,344] vs. Open-Label [n = 781]), registration timing (Prospective ≤45 days [n = 1,433] vs. Retrospective >45 days [n = 692]), summary results posting (hasResults [n = 134]), and registered outcomes.
A deterministic three-layer bibliometric pipeline linked ClinicalTrials.gov to PubMed and Crossref. Layer 1 queried all 2,125 NCT IDs in batches of 80 across PubMed [si] and [tiab] fields. Layer 2 extracted PMIDs from the registry referencesModule (RESULT, DERIVED, or BACKGROUND); to exclude pre-trial background citations, candidate PMIDs were validated as trial results only if: (a) the NCT ID appeared in the PubMed abstract or XML <AccessionNumber> tag; (b) the registry tagged it as RESULT or DERIVED; or (c) it reported clinical outcomes published in or after the start year (pub-year ≥ start-year) and was not a protocol or review. Layer 3 retrieved XML metadata for 5,373 candidate PMIDs via efetch.fcgi and verified 5,153 unique DOIs via the Crossref REST API. Baseline characteristics are summarised in Table 1.

Table 1. Baseline Characteristics of 2,125 Minimally Invasive Gastrointestinal Surgery RCTs (2015–2024)
	Protocol Characteristic
	All RCTs
(N = 2,125)
	Completed
(n = 973)
	Discontinued
(n = 124)
	Published
(n = 613)

	Total Registered Trial Protocols
	2,125 (100.0%)
	973 (100.0%)
	124 (100.0%)
	613 (100.0%)

	Registration Era: 2015–2019
	960 (45.2%)
	494 (50.8%)
	76 (61.3%)
	344 (56.1%)

	Registration Era: 2020–2024
	1,165 (54.8%)
	479 (49.2%)
	48 (38.7%)
	269 (43.9%)

	Modality: Pure Laparoscopic
	1,294 (60.9%)
	650 (66.8%)
	51 (41.1%)
	356 (58.1%)

	Modality: Robotic / Robotic vs. Laparoscopic
	146 (6.9%)
	49 (5.0%)
	11 (8.9%)
	49 (8.0%)

	Modality: Other MIS GI / Hybrid
	685 (32.2%)
	274 (28.2%)
	62 (50.0%)
	208 (33.9%)

	Funding: Industry / Corporate Sponsor
	113 (5.3%)
	58 (6.0%)
	16 (12.9%)
	34 (5.5%)

	Funding: Academic / Hospital / Government
	2,012 (94.7%)
	915 (94.0%)
	108 (87.1%)
	579 (94.5%)

	Structure: Multicenter (≥2 Sites)
	474 (22.3%)
	156 (16.0%)
	27 (21.8%)
	149 (24.3%)

	Structure: Single-Center (1 Site)
	1,651 (77.7%)
	817 (84.0%)
	97 (78.2%)
	464 (75.7%)

	Region: Europe
	462 (21.7%)
	194 (19.9%)
	24 (19.4%)
	181 (29.5%)

	Region: North America
	310 (14.6%)
	140 (14.4%)
	60 (48.4%)
	82 (13.4%)

	Region: Asia & Rest of World
	1,353 (63.7%)
	639 (65.7%)
	40 (32.3%)
	350 (57.1%)

	Sample Size: Small (<100 Subjects)
	1,065 (50.1%)
	567 (58.3%)
	107 (86.3%)
	266 (43.4%)

	Sample Size: Medium–Large (≥100 Subjects)
	1,060 (49.9%)
	406 (41.7%)
	17 (13.7%)
	347 (56.6%)

	Masking: Blinded / Masked (Single–Quadruple)
	1,344 (63.2%)
	692 (71.1%)
	69 (55.6%)
	391 (63.8%)

	Masking: Open-Label (Unmasked)
	781 (36.8%)
	281 (28.9%)
	55 (44.4%)
	222 (36.2%)

	Registration: Prospective / Timely (≤45 Days)
	1,433 (67.4%)
	530 (54.5%)
	104 (83.9%)
	391 (63.8%)

	Registration: Retrospective (>45 Days)
	692 (32.6%)
	443 (45.5%)
	20 (16.1%)
	222 (36.2%)

	Results Posted on ClinicalTrials.gov
	134 (6.3%)
	108 (11.1%)
	19 (15.3%)
	48 (7.8%)


Note: Values are n (%). Closed RCTs (N = 1,097) include Completed (n = 973) and Discontinued (n = 124: 73 Terminated, 47 Withdrawn, 4 Suspended); remaining protocols are Active/Recruiting (n = 325 [15.3%]) or Unknown status (n = 703 [33.1%]). Western Region combines Europe and North America (772 [36.3%]).

2.3 Endpoint Concordance, Logistic Regression, and Survival Modelling
Among 613 published RCTs, 584 had structured abstracts in PubMed XML (29 were brief letters). An NLP auditor compared registered primaryOutcomes against abstract Methods and Results after synonym harmonization, computing token-stem Jaccard similarity J(Sreg, Spub) = |Sreg ∩ Spub| / |Sreg ∪ Spub| and timeframe match (Treg, Tpub) to classify trials as: (1) Fully Concordant (Treg = Tpub); (2) Timeframe Modification (Treg ≠ Tpub); (3) Primary Outcome Switched/Omitted; or (4) Selective Multi-Primary Reporting (≥3 co-primary outcomes with subset reporting) (Song et al., 2026; Livsey et al., 2026).
Multivariable logistic regression modeled μi = P(yi = 1 | xi) via ln[μi / (1 − μi)] = xiT β = β0 + ∑j=1p βj xij, maximizing ln L(β) = ∑i=1N [yi ln(μi) + (1 − yi) ln(1 − μi)] via IRLS updates β(t+1) = β(t) + (XT W(t) X)-1 XT (y − μ(t)) with W(t) = diag[μi(t) (1 − μi(t))] until ||β(t+1) − β(t)||∞ < 10-10. From Cov(β) = (XT W X)-1, we derived SE(βj), Wald Zj = βj / SE(βj), pj = 2[1 − Φ(|Zj|)], aORj = exp(βj), 95% CIs exp(βj ± 1.96 × SE(βj)), McFadden R2McFadden = 1 − (ln Lfull / ln Lnull), G2 = −2(ln Lnull − ln Lfull), VIFj = 1 / (1 − R2j) (all ≤ 1.18), and Benjamini–Hochberg FDR q(i) = mink ≥ i [min(1, (p / k) p(k))] across Model 1A (closed RCTs, N = 1,097), Model 1B (all RCTs, N = 2,125), Model 2A (mature Completed ≥24m, N = 881), Model 2B (all Completed, N = 973), and Model 3 (published RCTs, N = 584). Across N = 1,093 closed trials with valid dates (973 Completed, 120 Discontinued), Kaplan–Meier S(t) = ∏t-k ≤ t (1 − dk / nk), cumulative publication F(t) = 1 − S(t), Greenwood Var[S(t)] = S(t)2 ∑t-k ≤ t [dk / (nk (nk − dk))], and log-rank χ2LR = [∑k=1m (O1k − E1k)]2 / ∑k=1m V1k were estimated.
3. RESULTS
3.1 Decade Registration Dynamics, Robotic Expansion, and Subspecialty Divergence
From 2015 to 2024, 2,125 MIS GI RCTs were registered on ClinicalTrials.gov (mean of 212.5 per year), increasing by 64.2% from 162 in 2015 to 205 (2016), 192 (2017), 202 (2018), and 199 (2019)—totaling 960 RCTs (45.2%) in 2015–2019—and rising to 204 (2020), 215 (2021), 220 (2022), 260 (2023), and 266 (2024)—totaling 1,165 RCTs (54.8%) in 2020–2024. Laparoscopic procedures comprised 1,294 trials (60.9%), robotic trials 146 (6.9%), and hybrid/other MIS 685 (32.2%). Annual robotic share more than doubled from 3.7% (4% rounded; 6/162) in 2015 to 6.8% (2016), 7.3% (2017), 7.9% (2018), 6.5% (2019), 5.9% (2020), 6.0% (2021), 8.2% (2022), 6.2% (2023), and 9.0% (9% rounded; 24/266) in 2024.
Overall, 1,097 RCTs (51.6%) were closed—973 Completed (45.8%) and 124 Discontinued (5.84% overall; 11.30% of closed)—while 325 (15.3%) were recruiting and 703 (33.1%) had an Unknown status. Subspecialty stratification revealed an inverse divergence between early termination and mature non-publication (Table 2 and Figure 1): HPB led volume (519 [24.4%]; 288 Completed, 12 Discontinued), followed by colorectal/appendiceal (496 [23.3%]; 190 Completed, 33 Discontinued), general/mixed GI (405 [19.1%]; 182 Completed, 26 Discontinued), bariatric/metabolic (319 [15.0%]; 164 Completed, 24 Discontinued), oesophagogastric/upper GI (244 [11.5%]; 76 Completed, 18 Discontinued), and abdominal wall/hernia (142 [6.7%]; 73 Completed, 11 Discontinued). Early termination among closed trials was highest in oesophagogastric (19.1%), colorectal (14.8%), and hernia surgery (13.1%), and lowest in HPB (4.0%). Conversely, mature non-publication (≥24m) was highest in HPB (68.7%) and bariatric surgery (65.3%), intermediate in oesophagogastric (60.0%), general GI (57.7%), and hernia (55.2%), and lowest in colorectal surgery (47.3%).

Table 2. Registration Volume, Early Termination, and Non-Publication Across Six GI Surgical Subspecialties
	Anatomical Subspecialty
	Registered, n (%)
	Completed (n)
	Discontinued (n)
	Closed (n)
	Terminated (% Closed)
	Terminated (% Total)
	Unpublished (% Mature ≥24m)

	Hepatopancreatobiliary (HPB)
	519 (24.4%)
	288
	12
	300
	4.0%
	2.3%
	68.7%

	Colorectal & Appendiceal
	496 (23.3%)
	190
	33
	223
	14.8%
	6.7%
	47.3%

	General / Mixed GI
	405 (19.1%)
	182
	26
	208
	12.5%
	6.4%
	57.7%

	Bariatric & Metabolic
	319 (15.0%)
	164
	24
	188
	12.8%
	7.5%
	65.3%

	Esophagogastric / Upper GI
	244 (11.5%)
	76
	18
	94
	19.1%
	7.4%
	60.0%

	Abdominal Wall & Hernia
	142 (6.7%)
	73
	11
	84
	13.1%
	7.7%
	55.2%

	Total Cohort
	2,125 (100.0%)
	973
	124
	1,097
	11.30%
	5.84%
	60.3%


Note: Mature Completed RCTs (N = 881) had completion dates ≥24 months before audit cutoff (531 [60.3%] unpublished).
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Figure 1. Decade registration dynamics and subspecialty landscape across 2,125 MIS GI RCTs (2015–2024): (A) annual registration and robotic share, and (B) early termination versus mature non-publication across six GI subspecialties.

3.2 Taxonomy of Early Discontinuation Reasons and Sample Size Deficits
The 124 discontinued RCTs included 73 terminated (58.9%), 47 withdrawn before enrolment (37.9%; sample = 0), and 4 suspended trials (3.2%). Verbatim whyStopped coding identified eight mechanisms (Table 3 and Figure 2): slow accrual led at 32.3% (40/124; 3.65% of closed; median n = 13; 7.5% [3/40] published; e.g., NCT05553795, NCT02607488), followed by administrative closures at 26.6% (33/124; median n = 2; 12.1% [4/33] published; e.g., NCT05257941, NCT03475680), funding/sponsor decisions at 14.5% (18/124; median n = 0; 11.1% [2/18] published; e.g., NCT02866344), logistical/PI/IRB barriers at 11.3% (14/124; median n = 0; 14.3% [2/14] published; e.g., NCT03133533, NCT03133715), interim futility/efficacy stopping at 6.5% (8/124; median n = 46; 12.5% [1/8] published; e.g., NCT04434378, NCT02749071), COVID-19 disruption at 4.8% (6/124; median n = 19; 0.0% published; e.g., NCT04168060), unspecified reasons at 3.2% (4/124; median n = 41; 0.0% published), and safety/adverse events at 0.8% (1/124; n = 24; 0.0% published; NCT04938973). Completed RCTs achieved a median sample of 83 (IQR 60–142) and Suspended trials 140 (IQR 99–1,172), whereas Terminated RCTs collapsed to 19 (IQR 8–70) and Withdrawn trials to 0 (IQR 0–0). Across 73 Terminated trials, 6,238 patients were randomised, yet 62/73 (84.9%) Terminated and 112/124 (90.3%) Discontinued trials remained unpublished.

Table 3. Taxonomy of Early Discontinuation Reasons (whyStopped) and Sample Size Deficits Among 124 Discontinued RCTs
	Discontinuation Reason (whyStopped)
	n (% of 124)
	% Closed (N = 1,097)
	Median Sample (n)
	Published, n (%)
	Mechanism & Illustrative ClinicalTrials.gov Record

	Slow / Insufficient Accrual
	40 (32.3%)
	3.65%
	13
	3 / 40 (7.5%)
	Equipoise loss or narrow eligibility (NCT05553795: RAMIE, n = 49; NCT02607488: Bariatric Lidocaine, n = 180).

	Other / Administrative Reason
	33 (26.6%)
	3.01%
	2
	4 / 33 (12.1%)
	Institutional restructuring or scheduling shifts (NCT05257941: Colorectal ESP Block, n = 116; NCT03475680, n = 193).

	Funding / Sponsor Decision
	18 (14.5%)
	1.64%
	0
	2 / 18 (11.1%)
	Grant expiration or sponsor withdrawal (NCT02866344: Liver Metastasis Resection vs. Ablation, n = 1).

	Logistical / Operational / PI Change
	14 (11.3%)
	1.28%
	0
	2 / 14 (14.3%)
	PI leave, supply chain, or IRB closure (NCT03133533 & NCT03133715: Robotic Hernia RCTs, n = 0).

	Interim Analysis / Futility / Efficacy
	8 (6.5%)
	0.73%
	46
	1 / 8 (12.5%)
	Statistical futility or equivalence boundary (NCT04434378: Hernia Tamsulosin, n = 170; NCT02749071, n = 161).

	COVID-19 Pandemic Disruption
	6 (4.8%)
	0.55%
	19
	0 / 6 (0.0%)
	Elective surgery suspension (NCT04168060: Sleeve Gastrectomy Crural Dissection, n = 124).

	Unspecified / Not Reported
	4 (3.2%)
	0.36%
	41
	0 / 4 (0.0%)
	Terminated/Withdrawn without verbatim whyStopped entry.

	Safety / Adverse Events
	1 (0.8%)
	0.09%
	24
	0 / 1 (0.0%)
	Perioperative complication threshold (NCT04938973: Fluorescence-Guided RAMIE, n = 24).

	Total Discontinued Cohort
	124 (100.0%)
	11.30%
	19 (Terminated)
	12 / 124 (9.7%)
	73 Terminated trials randomized 6,238 patients (median 19, IQR 8–70 vs. Completed 83, IQR 60–142); 84.9% (62/73) unpublished.


Note: Discontinued RCTs (N = 124) comprise 73 Terminated (median n = 19, IQR 8–70), 47 Withdrawn (median n = 0, IQR 0–0), and 4 Suspended (median n = 140, IQR 99–1,172) trials.
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Figure 2. Early discontinuation taxonomy and sample size deficits: (A) verbatim discontinuation reasons (whyStopped, n = 124), and (B) sample size distributions on a log10(N + 1) scale across completion statuses.

3.3 Multivariable Predictors of Early Trial Termination (Models 1A and 1B)
Predictors of early termination in closed RCTs (Model 1A: N = 1,097; 124 events [11.30%]; McFadden R2 = 0.155; LLR p = 7.18 × 10-16) and all RCTs (Model 1B: N = 2,125; 124 events [5.84%]; McFadden R2 = 0.172; LLR p = 1.42 × 10-23) are shown in Table 4 and Figure 3. Small sample (<100 vs. ≥100) was the strongest predictor of termination in Model 1A (15.9% [107/674] vs. 4.0% [17/423]; OR = 4.51; aOR = 6.52, 95% CI 3.70–11.48, p < 0.0001, q < 0.0001) and Model 1B (10.0% [107/1,065] vs. 1.6% [17/1,060]; OR = 6.85; aOR = 9.00, 95% CI 5.21–15.55, p < 0.0001, q < 0.0001), reflecting both registry overwriting of the target sample size upon termination and small-trial fragility. Western region independently increased termination in Model 1A (20.1% [84/418] vs. 5.9% [40/679]; aOR = 3.97, 95% CI 2.57–6.13, p < 0.0001, q < 0.0001) and Model 1B (10.9% vs. 3.0%; aOR = 4.03, 95% CI 2.66–6.10, p < 0.0001, q < 0.0001). Blinding was associated with 49% lower odds of termination in Model 1A (9.1% [69/761] vs. 16.4% [55/336]; aOR = 0.51, 95% CI 0.34–0.77, p = 0.0012, q = 0.0033) and 40% in Model 1B (aOR = 0.60, p = 0.0122, q = 0.0245). Crude associations for industry funding (OR = 2.34, p = 0.0047 in 1A) and robotic modality (OR = 1.84, p = 0.081 in 1A) were attenuated after adjustment (industry aOR = 1.45, p = 0.285 in 1A; aOR = 1.79, p = 0.073 in 1B; robotic aOR = 1.29, p = 0.501 in 1A; aOR = 1.23, p = 0.559 in 1B). Multicentre design (aOR = 1.56, p = 0.107) and major resection (aOR = 0.97, p = 0.889) were non-significant, while 2020–2024 registration was lower in Model 1B (aOR = 0.54, p = 0.0024) but not Model 1A (aOR = 0.80, p = 0.298).

Table 4. Logistic Regression Predictors of Early Termination in Closed (Model 1A, N = 1,097) and All Registered RCTs (Model 1B, N = 2,125)
	Predictor (Exposure vs. Reference)
	Exposed, n/N (%)
	Reference, n/N (%)
	Univariable OR (95% CI)
	Uni p
	Multivariable aOR (95% CI)
	Multi p
	BH-FDR q
	VIF

	Model 1A: Closed RCTs (N = 1,097; 124 Discontinued [11.30%]; McFadden R2 = 0.155; LLR p = 7.18 × 10-16)
	—
	—
	—
	—
	—
	—
	—
	—

	Robotic Modality (vs. Laparoscopic/Other)
	11/60 (18.3%)
	113/1,037 (10.9%)
	1.84 (0.93–3.63)
	0.081
	1.29 (0.62–2.70)
	0.501
	0.573
	1.02

	Industry Sponsor (vs. Academic/Gov)
	16/74 (21.6%)
	108/1,023 (10.6%)
	2.34 (1.30–4.21)
	0.0047
	1.45 (0.74–2.85)
	0.285
	0.397
	1.10

	Small Sample (<100 vs. ≥100)
	107/674 (15.9%)
	17/423 (4.0%)
	4.51 (2.66–7.64)
	<0.0001
	6.52 (3.70–11.48)
	<0.0001
	<0.0001
	1.06

	Multicenter (vs. Single-Center)
	27/183 (14.8%)
	97/914 (10.6%)
	1.46 (0.92–2.31)
	0.108
	1.56 (0.91–2.69)
	0.107
	0.214
	1.15

	Blinded / Masked (vs. Open-Label)
	69/761 (9.1%)
	55/336 (16.4%)
	0.51 (0.35–0.75)
	0.0005
	0.51 (0.34–0.77)
	0.0012
	0.0033
	1.02

	Western Region (vs. Asia/Other)
	84/418 (20.1%)
	40/679 (5.9%)
	4.02 (2.70–5.99)
	<0.0001
	3.97 (2.57–6.13)
	<0.0001
	<0.0001
	1.13

	Major Resection (vs. Hernia/Bariatric)
	63/617 (10.2%)
	61/480 (12.7%)
	0.78 (0.54–1.14)
	0.196
	0.97 (0.65–1.46)
	0.889
	0.889
	1.03

	Era 2020–2024 (vs. 2015–2019)
	48/527 (9.1%)
	76/570 (13.3%)
	0.65 (0.44–0.95)
	0.0281
	0.80 (0.53–1.22)
	0.298
	0.397
	1.04

	Model 1B: All Registered RCTs (N = 2,125; 124 Discontinued [5.84%]; McFadden R2 = 0.172; LLR p = 1.42 × 10-23)
	—
	—
	—
	—
	—
	—
	—
	—

	Robotic Modality (vs. Laparoscopic/Other)
	11/146 (7.5%)
	113/1,979 (5.7%)
	1.35 (0.71–2.56)
	0.366
	1.23 (0.62–2.45)
	0.559
	0.701
	1.01

	Industry Sponsor (vs. Academic/Gov)
	16/113 (14.2%)
	108/2,012 (5.4%)
	2.91 (1.66–5.11)
	0.0002
	1.79 (0.95–3.39)
	0.073
	0.117
	1.06

	Small Sample (<100 vs. ≥100)
	107/1,065 (10.0%)
	17/1,060 (1.6%)
	6.85 (4.08–11.52)
	<0.0001
	9.00 (5.21–15.55)
	<0.0001
	<0.0001
	1.10

	Multicenter (vs. Single-Center)
	27/474 (5.7%)
	97/1,651 (5.9%)
	0.97 (0.62–1.50)
	0.883
	1.14 (0.69–1.88)
	0.613
	0.701
	1.16

	Blinded / Masked (vs. Open-Label)
	69/1,344 (5.1%)
	55/781 (7.0%)
	0.71 (0.50–1.03)
	0.072
	0.60 (0.41–0.90)
	0.0122
	0.0245
	1.05

	Western Region (vs. Asia/Other)
	84/772 (10.9%)
	40/1,353 (3.0%)
	4.01 (2.72–5.91)
	<0.0001
	4.03 (2.66–6.10)
	<0.0001
	<0.0001
	1.09

	Major Resection (vs. Hernia/Bariatric)
	63/1,259 (5.0%)
	61/866 (7.0%)
	0.70 (0.48–1.00)
	0.0497
	0.94 (0.64–1.38)
	0.746
	0.746
	1.03

	Era 2020–2024 (vs. 2015–2019)
	48/1,165 (4.1%)
	76/960 (7.9%)
	0.50 (0.34–0.73)
	0.0003
	0.54 (0.37–0.81)
	0.0024
	0.0064
	1.02


Note: OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval; BH-FDR q, Benjamini–Hochberg FDR q-value; VIF, variance inflation factor.
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Figure 3. Multivariable logistic regression forest plots of adjusted odds ratios (aOR, 95% CI) for early termination in (A) Closed RCTs (Model 1A, N = 1,097) and (B) All Registered RCTs (Model 1B, N = 2,125).

3.4 Multivariable Predictors of Non-Publication and Negative Confounding (Models 2A and 2B)
Overall, 613/2,125 RCTs (28.8%) were published. In Mature Completed RCTs ≥24m (Model 2A: N = 881; McFadden R2 = 0.052; LLR p < 0.0001) and All Completed RCTs (Model 2B: N = 973; McFadden R2 = 0.045; LLR p < 0.0001), 531/881 (60.3%) and 594/973 (61.0%) remained unpublished (Table 5 and Figure 4). Model 2A unmasked negative confounding (suppression) by industry sponsorship: crude non-publication was similar (64.8% [35/54] vs. 60.0% [496/827]; OR = 1.23, p = 0.482), but after multivariable adjustment, industry funding more than doubled non-publication odds (Model 2A aOR = 2.34, 95% CI 1.25–4.40, p = 0.0081, q = 0.0161; Model 2B aOR = 1.93, 95% CI 1.07–3.50, p = 0.0289, q = 0.058). Small sample (<100 vs. ≥100) also increased non-publication in Model 2A (66.6% [347/521] vs. 51.1% [184/360]; aOR = 1.62, 95% CI 1.21–2.17, p = 0.0011, q = 0.0046) and Model 2B (aOR = 1.61, p = 0.0008). Conversely, three features reduced non-publication in Model 2A: multicentre design (43.1% [56/130] vs. 63.2% [475/751]; aOR = 0.54, 95% CI 0.35–0.82, p = 0.0039, q = 0.0104; Model 2B aOR = 0.62, p = 0.0143), Western region (48.6% [144/296] vs. 66.2% [387/585]; aOR = 0.57, 95% CI 0.42–0.78, p = 0.0004, q = 0.0033; Model 2B aOR = 0.59, p = 0.0004), and robotic modality (41.0% [16/39] vs. 61.2% [515/842]; aOR = 0.50, 95% CI 0.25–1.00, p = 0.0490, q = 0.078; Model 2B aOR = 0.60, p = 0.094). Retrospective registration (aOR = 1.17, p = 0.282) and blinding (aOR = 1.14, p = 0.398) were non-significant.

Table 5. Logistic Regression Predictors of Non-Publication in Mature ≥24m (Model 2A, N = 881) and All Completed RCTs (Model 2B, N = 973)
	Predictor (Exposure vs. Reference)
	Exposed Unpub, n/N (%)
	Ref Unpub, n/N (%)
	Univariable OR (95% CI)
	Uni p
	Multivariable aOR (95% CI)
	Multi p
	BH-FDR q
	VIF

	Model 2A: Mature Completed RCTs ≥24m (N = 881; 531 Unpublished [60.3%]; McFadden R2 = 0.052; LLR p < 0.0001)
	—
	—
	—
	—
	—
	—
	—
	—

	Robotic Modality (vs. Laparoscopic/Other)
	16/39 (41.0%)
	515/842 (61.2%)
	0.44 (0.23–0.85)
	0.0142
	0.50 (0.25–1.00)
	0.0490
	0.078
	1.03

	Industry Sponsor (vs. Academic/Gov)
	35/54 (64.8%)
	496/827 (60.0%)
	1.23 (0.69–2.19)
	0.482
	2.34 (1.25–4.40)
	0.0081
	0.0161
	1.10

	Small Sample (<100 vs. ≥100)
	347/521 (66.6%)
	184/360 (51.1%)
	1.91 (1.45–2.51)
	<0.0001
	1.62 (1.21–2.17)
	0.0011
	0.0046
	1.08

	Multicenter (vs. Single-Center)
	56/130 (43.1%)
	475/751 (63.2%)
	0.44 (0.30–0.64)
	<0.0001
	0.54 (0.35–0.82)
	0.0039
	0.0104
	1.18

	Blinded / Masked (vs. Open-Label)
	388/628 (61.8%)
	143/253 (56.5%)
	1.24 (0.92–1.67)
	0.149
	1.14 (0.84–1.56)
	0.398
	0.398
	1.03

	Retrospective Reg (>45d vs. ≤45d)
	277/429 (64.6%)
	254/452 (56.2%)
	1.42 (1.08–1.86)
	0.0112
	1.17 (0.88–1.58)
	0.282
	0.323
	1.10

	Western Region (vs. Asia/Other)
	144/296 (48.6%)
	387/585 (66.2%)
	0.48 (0.36–0.64)
	<0.0001
	0.57 (0.42–0.78)
	0.0004
	0.0033
	1.17

	Era 2020–2024 (vs. 2015–2019)
	255/397 (64.2%)
	276/484 (57.0%)
	1.35 (1.03–1.78)
	0.0298
	1.19 (0.89–1.58)
	0.247
	0.323
	1.06

	Model 2B: All Completed RCTs (N = 973; 594 Unpublished [61.0%]; McFadden R2 = 0.045; LLR p < 0.0001)
	—
	—
	—
	—
	—
	—
	—
	—

	Robotic Modality (vs. Laparoscopic/Other)
	23/49 (46.9%)
	571/924 (61.8%)
	0.55 (0.31–0.97)
	0.0402
	0.60 (0.33–1.09)
	0.094
	0.126
	1.03

	Industry Sponsor (vs. Academic/Gov)
	37/58 (63.8%)
	557/915 (60.9%)
	1.13 (0.65–1.97)
	0.659
	1.93 (1.07–3.50)
	0.0289
	0.058
	1.09

	Small Sample (<100 vs. ≥100)
	381/567 (67.2%)
	213/406 (52.5%)
	1.86 (1.43–2.41)
	<0.0001
	1.61 (1.22–2.12)
	0.0008
	0.0030
	1.09

	Multicenter (vs. Single-Center)
	73/156 (46.8%)
	521/817 (63.8%)
	0.50 (0.35–0.71)
	<0.0001
	0.62 (0.42–0.91)
	0.0143
	0.0382
	1.18

	Blinded / Masked (vs. Open-Label)
	433/692 (62.6%)
	161/281 (57.3%)
	1.25 (0.94–1.65)
	0.126
	1.12 (0.83–1.50)
	0.461
	0.527
	1.03

	Retrospective Reg (>45d vs. ≤45d)
	284/443 (64.1%)
	310/530 (58.5%)
	1.27 (0.98–1.64)
	0.074
	1.07 (0.81–1.41)
	0.650
	0.650
	1.10

	Western Region (vs. Asia/Other)
	168/334 (50.3%)
	426/639 (66.7%)
	0.51 (0.39–0.66)
	<0.0001
	0.59 (0.44–0.79)
	0.0004
	0.0030
	1.16

	Era 2020–2024 (vs. 2015–2019)
	314/479 (65.6%)
	280/494 (56.7%)
	1.45 (1.12–1.88)
	0.0046
	1.33 (1.02–1.74)
	0.0377
	0.060
	1.04


Note: Industry funding shows negative confounding (OR = 1.23, p = 0.482 vs. aOR = 2.34, p = 0.0081 in Model 2A) due to enrichment for multicenter and Western trials.
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Figure 4. Multivariable logistic regression forest plots of adjusted odds ratios (aOR, 95% CI) for post-completion non-publication in (A) Mature Completed RCTs ≥24m (Model 2A, N = 881) and (B) All Completed RCTs (Model 2B, N = 973).

3.5 Kaplan–Meier Time-to-Publication Survival Kinetics
Kaplan–Meier analysis across N = 1,093 closed trials (973 Completed with 379 publications; 120 Discontinued with 12 publications) is shown in Table 6 and Figure 5. In Completed RCTs, cumulative publication F(t) = 1 − S(t) rose from 21.6% (12m) to 32.5% (24m) and 36.9% (36m), plateauing thereafter with only a 3.6 percentage-point gain from 36 to 60 months (39.5% at 48m, 40.5% at 60m; median not reached), whereas Discontinued RCTs remained flat at 8.3% (12m), 9.3% (24m), and 10.3% (36–60m; log-rank χ2 = 31.32, p = 2.19 × 10-8). Only two Completed subgroups reached a median time-to-publication: robotic RCTs (26/49 published; median 28.0 months; 32.0% [12m], 48.2% [24m], 56.2% [36–48m], 59.9% [60m] vs. laparoscopic/other 21.1%, 31.8%, 36.0%, 38.6%, 39.6%; log-rank χ2 = 6.34, p = 0.0118) and multicentre RCTs (83/156 published; median 26.9 months; 33.4% [12m], 47.0% [24m], 53.5% [36m], 56.3% [48–60m] vs. single-centre 19.3%, 29.8%, 33.9%, 36.4%, 37.6%; log-rank χ2 = 22.70, p = 1.90 × 10-6). Industry-sponsored Completed RCTs lagged at 24m (22.5% vs. 33.2%) and 36m (32.0% vs. 37.3%) before converging at 60m (38.8% vs. 40.6%; log-rank χ2 = 0.39, p = 0.531).

Table 6. Kaplan–Meier Cumulative Publication Probabilities (F[t] = 1 − S[t]), Medians, and Log-Rank Tests (N = 1,093)
	Analytical Stratum
	Published, n/N
	12 Mo
	24 Mo
	36 Mo
	48 Mo
	60 Mo
	Median Time
	Log-Rank Test

	Status: Completed RCTs
	379 / 973
	21.6%
	32.5%
	36.9%
	39.5%
	40.5%
	Not Reached
	χ2 = 31.32, p = 2.19 × 10-8

	Status: Discontinued RCTs
	12 / 120
	8.3%
	9.3%
	10.3%
	10.3%
	10.3%
	Not Reached
	(Ref: Completed vs. Discontinued)

	Modality: Robotic
	26 / 49
	32.0%
	48.2%
	56.2%
	56.2%
	59.9%
	28.0 months
	χ2 = 6.34, p = 0.0118

	Modality: Laparoscopic / Other
	353 / 924
	21.1%
	31.8%
	36.0%
	38.6%
	39.6%
	Not Reached
	(Ref: Robotic vs. Laparoscopic)

	Funding: Industry-Sponsored
	21 / 58
	20.7%
	22.5%
	32.0%
	34.2%
	38.8%
	Not Reached
	χ2 = 0.39, p = 0.531

	Funding: Academic / Gov
	358 / 915
	21.7%
	33.2%
	37.3%
	39.8%
	40.6%
	Not Reached
	(Ref: Industry vs. Academic/Gov)

	Structure: Multicenter (≥2 Sites)
	83 / 156
	33.4%
	47.0%
	53.5%
	56.3%
	56.3%
	26.9 months
	χ2 = 22.70, p = 1.90 × 10-6

	Structure: Single-Center (1 Site)
	296 / 817
	19.3%
	29.8%
	33.9%
	36.4%
	37.6%
	Not Reached
	(Ref: Multicenter vs. Single-Center)


Note: Evaluated across N = 1,093 closed trials with valid completion/termination dates (973 Completed, 120 Discontinued).
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Figure 5. Kaplan–Meier cumulative publication incidence curves (F[t] = 1 − S[t]) with Greenwood 95% confidence bands across N = 1,093 closed trials by (A) completion status, (B) modality, (C) funding, and (D) center structure.

3.6 Programmatic Registry-to-Publication Primary Endpoint Concordance Audit (Model 3)
Across 584 published RCTs with structured abstracts, NLP auditing showed that only 220 (37.7%) were Fully Concordant (e.g., NCT04378868 [PMID 37717589] and NCT02718261 [PMID 31480045]), whereas 364 (62.3%) had primary endpoint discrepancies (Table 7 and Figure 6): 266 (45.5%) Timeframe Modification (e.g., NCT04270721 [PMID 37189166]); 80 (13.7%) Primary Outcome Switched/Omitted (e.g., NCT02966483 [PMID 31586244] and NCT03631160 [PMID 26036221]); and 18 (3.1%) Selective Multi-Primary Reporting (e.g., NCT02753465 [PMID 17082922] and NCT05105945 [PMID 25487303]; major switching/selective reporting = 98/584 [16.8%]). In Model 3 (N = 584; McFadden R2 = 0.006; LLR p = 0.742), discrepancy rates did not differ significantly across all covariates: ≥2 primary endpoints (59.8% vs. 63.1%; aOR = 0.90, p = 0.601), industry funding (63.6% vs. 62.3%; aOR = 0.98, p = 0.961), robotic modality (61.2% vs. 62.4%; aOR = 0.97, p = 0.911), small sample <100 (58.0% vs. 65.7%; aOR = 0.75, p = 0.099), multicentre design (66.2% vs. 61.1%; aOR = 1.16, p = 0.504), retrospective registration (61.8% vs. 62.6%; aOR = 1.03, p = 0.865), and Western region (62.9% vs. 61.9%; aOR = 1.00, p = 0.979; all q ≥ 0.691).

Table 7. Registry-to-Publication Primary Endpoint Concordance and Multivariable Predictors (Model 3, N = 584)
	Audit Dimension / Predictor
	Exposed / Count (%)
	Ref Count (%)
	Univariable OR (95% CI)
	Uni p
	Multivariable aOR (95% CI)
	Multi p
	BH-FDR q
	VIF / Illustrative Trial

	Part A: Primary Endpoint Concordance Across Published Structured Abstracts (N = 584)
	—
	—
	—
	—
	—
	—
	—
	—

	1. Fully Concordant (Measure & Timeframe)
	220 / 584 (37.7%)
	—
	—
	—
	—
	—
	—
	NCT04378868 (PMID 37717589, N = 1,800)

	2. Timeframe Modification (Altered Window)
	266 / 584 (45.5%)
	—
	—
	—
	—
	—
	—
	NCT04270721 (PMID 37189166, N = 4,400)

	3. Primary Outcome Switched / Omitted
	80 / 584 (13.7%)
	—
	—
	—
	—
	—
	—
	NCT02966483 (PMID 31586244, N = 1,115)

	4. Selective Multi-Primary Reporting
	18 / 584 (3.1%)
	—
	—
	—
	—
	—
	—
	NCT02753465 (PMID 17082922, N = 200)

	Part B: Model 3 Logistic Regression for Any Discrepancy (364 / 584 [62.3%]; McFadden R2 = 0.006; LLR p = 0.742)
	—
	—
	—
	—
	—
	—
	—
	—

	Multiple Primary Endpoints (≥2 vs. 1)
	79/132 (59.8%)
	285/452 (63.1%)
	0.87 (0.59–1.30)
	0.504
	0.90 (0.60–1.34)
	0.601
	0.979
	1.03

	Industry Sponsor (vs. Academic/Gov)
	21/33 (63.6%)
	343/551 (62.3%)
	1.06 (0.51–2.20)
	0.873
	0.98 (0.46–2.10)
	0.961
	0.979
	1.07

	Robotic Modality (vs. Laparoscopic/Other)
	30/49 (61.2%)
	334/535 (62.4%)
	0.95 (0.52–1.73)
	0.868
	0.97 (0.53–1.78)
	0.911
	0.979
	1.02

	Small Sample (<100 vs. ≥100)
	148/255 (58.0%)
	216/329 (65.7%)
	0.72 (0.52–1.01)
	0.060
	0.75 (0.53–1.06)
	0.099
	0.691
	1.06

	Multicenter (vs. Single-Center)
	94/142 (66.2%)
	270/442 (61.1%)
	1.25 (0.84–1.86)
	0.275
	1.16 (0.76–1.77)
	0.504
	0.979
	1.14

	Retrospective Reg (>45d vs. ≤45d)
	131/212 (61.8%)
	233/372 (62.6%)
	0.96 (0.68–1.37)
	0.840
	1.03 (0.72–1.48)
	0.865
	0.979
	1.07

	Western Region (vs. Asia/Other)
	156/248 (62.9%)
	208/336 (61.9%)
	1.04 (0.74–1.46)
	0.806
	1.00 (0.71–1.43)
	0.979
	0.979
	1.07


Note: Evaluated across 584 published RCTs with structured abstracts in PubMed XML (total discrepant = 364/584 [62.3%]; major switching or selective reporting = 98/584 [16.8%]).
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Figure 6. Registry-to-publication primary endpoint concordance across N = 584 published RCTs with structured abstracts: (A) concordance category distribution, and (B) Model 3 multivariable logistic regression forest plot.

4. DISCUSSION
4.1 Principal Findings and Global Meta-Epidemiological Context
This 10-year census of 2,125 MIS GI RCTs establishes that research waste spans three bottlenecks: (1) 11.30% (124/1,097) of closed trials discontinued prematurely—primarily from slow accrual (32.3%)—collapsing median sample size from 83 to 19 patients and leaving 6,238 patients in 73 Terminated trials with an 84.9% non-publication rate (Rikken et al., 2025; Mills et al., 2024; Scantlebury et al., 2021; Arundel & Mott, 2023); (2) 60.3% (531/881) of mature Completed RCTs remained unpublished ≥24 months post-completion, plateauing after 36 months (36.9% to 40.5% at 60 months) and exhibiting a more than twofold increase in non-publication under industry sponsorship (aOR = 2.34, p = 0.0081) (Chapman et al., 2014; Rosenthal et al., 2015; Speich et al., 2025); and (3) 62.3% (364/584) of published abstracts modified their registered primary endpoint (Song et al., 2026; Livsey et al., 2026). Compared with early surgical cohorts (21%–43% discontinuation, 34%–44% non-publication) and recent specialty audits (11%–28% termination, 45%–68% non-publication) (Liu et al., 2026; Khriesat et al., 2026; Singh et al., 2024; Lu, Chen, et al., 2024; Butler et al., 2024; Liang et al., 2025), lower formal termination in MIS GI (11.30%) is offset by 33.1% Unknown status protocols (703 trials) and 60.3% mature non-publication.
4.2 Subspecialty Plausibility, Truncation Bounds, and Negative Confounding
The inverse subspecialty divergence reflects operative complexity versus academic structure (Liang et al., 2025). Oesophagogastric (19.1% termination) and colorectal trials (14.8% termination) evaluate complex oncological resections (RAMIE, D2 gastrectomy, rectal TME) with narrow neoadjuvant windows and steep proficiency curves that cause single-centre accrual failure, whereas completed colorectal trials achieved the highest publication rate (52.7%). Conversely, HPB (4.0% termination, 68.7% non-publication) and bariatric cohorts (65.3% non-publication) include numerous single-centre perioperative trials around routine laparoscopic cholecystectomy or sleeve gastrectomy that accrue rapidly but remain unpublished due to low power (Liang et al., 2025; Peng et al., 2025). In Models 1A–1B, the association of sample <100 with termination (aOR = 6.52 and 9.00) reflects both registry overwriting of the target sample size with truncated actual enrolment upon termination and small-trial fragility (Kahana et al., 2026); in Mature Completed trials (Model 2A), where truncation is absent, sample <100 independently predicted non-publication (aOR = 1.62, p = 0.0011) . Model 2A also unmasked classical negative confounding for industry funding (crude OR = 1.23, p = 0.482 vs. multivariable aOR = 2.34, p = 0.0081): positive correlation between corporate sponsorship (X1) and protective multicentre (X2; aOR = 0.54) and Western (X3; aOR = 0.57) architectures masked corporate withholding until conditioned upon multivariably .
4.3 Global Health Equity, Governance Roadmap, and Limitations
Western trials (36.3% of cohort) showed fourfold higher formal termination (aOR = 3.97) but 43% lower non-publication (aOR = 0.57) than Asian/rest-of-world trials (63.7%), reflecting high-volume East Asian patient accrual, stricter Western enforcement of formal Terminated updates versus un-updated Unknown status (33.1%), and linguistic/APC barriers in Medline journals. Uniform endpoint discrepancy across all strata (Model 3 LLR p = 0.742) confirms a systemic peer-review blind spot (Song et al., 2026; Livsey et al., 2026). We propose a four-pillar governance roadmap: (1) IDEAL Stage 2a/2b feasibility piloting, qualitative equipoise training (QuinteT), and multicentre consolidation; (2) automated registry auditing of Unknown status records and funder mandates tied to the 36-month dissemination plateau; (3) mandatory publication rights and FDAAA 801 12-month results posting in device contracts; and (4) mandatory Registry Concordance Tables during peer review per CONSORT-NPT. Strengths include the 10-year census of 2,125 RCTs, three-layer linkage across 5,373 PMIDs and 5,153 DOIs with BACKGROUND exclusion, IRLS modelling with VIF and BH-FDR control, and NLP auditing of 584 abstracts. Limitations include restriction to ClinicalTrials.gov (excluding trials solely in ChiCTR, UMIN-CTR, ISRCTN, or CTRI), potential uncaptured non-Medline publications, focus on structured abstracts rather than full-text tables, and potential inclusion of adjacent perioperative protocols in keyword queries.
5. CONCLUSION
5.1 Principal Conclusions
Across 2,125 MIS GI RCTs registered on ClinicalTrials.gov (2015–2024), 11.30% (124/1,097) of closed trials terminated prematurely—primarily from slow accrual (32.3%)—leaving 6,238 randomised surgical patients in 73 Terminated trials with an 84.9% non-publication rate. Small sample size (<100; aOR = 6.52) and Western location (aOR = 3.97) predicted early termination, while blinding was protective (aOR = 0.51). Among 881 mature Completed RCTs, 60.3% remained unpublished ≥24 months post-completion, plateauing after 36 months. Multivariable modelling unmasked negative confounding by industry sponsorship (aOR = 2.34) alongside small sample size (aOR = 1.62), whereas multicentre design (aOR = 0.54; median time-to-publication 26.9 months), Western location (aOR = 0.57), and robotic modality (aOR = 0.50; median 28.0 months) promoted publication. Finally, 62.3% (364/584) of published abstracts had primary endpoint discrepancies. Multicentre consolidation, mandatory corporate results reporting, and peer-review registry concordance checks are essential for evidence-based digestive surgery.
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