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ABSTRACT
This letter addresses Pravda's innovative review, which proposes hydrogen peroxide as the primary pathogenic factor in ulcerative colitis (UC). Although the author presents intriguing mechanistic insights and reports encouraging clinical outcomes with reducing agents, several methodological and clinical considerations require discussion. We examine three key aspects: the selective evidence synthesis approach; the need for rigorous clinical validation of proposed therapies; and the integration of this novel hypothesis with established inflammatory bowel disease pathogenesis. Given the complexity of UC, future therapeutic advances may require collaborative approaches that integrate redox-based mechanisms into existing evidence-based frameworks rather than replacing current paradigms.
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Core Tip: Pravda's hydrogen peroxide (H2O2) hypothesis provides mechanistic insights for ulcerative colitis but faces several clinical translation challenges. These include difficulties in H2O2 measurement, limited safety data for reducing agents, and the risk of patients abandoning proven therapies. We recommend conducting phase 2 trials, comprehensive safety assessments, and research approaches that integrate redox mechanisms with established frameworks. Collaborative strategies that balance scientific exploration with patient safety may ensure appropriate validation before clinical adoption.

TO THE EDITOR
Pravda's recent review[1] entitled "Ulcerative colitis: Timeline to a cure" presents a provocative perspective on ulcerative colitis (UC) pathogenesis by positioning colonocyte hydrogen peroxide (H2O2) as the primary etiological driver of this challenging inflammatory bowel disease. We find the systematic compilation of historical evidence intriguing and appreciate the author's effort to construct a novel therapeutic paradigm. However, several aspects of this hypothesis require closer examination.

Theoretical integration and clinical context
The H2O2-centric model requires integration with our current understanding of UC as a complex, multifactorial disease. The characterization of immune dysregulation as lacking evidence may overlook substantial research demonstrating specific immunological abnormalities in UC patients. These abnormalities include defective regulatory T-cell function, aberrant cytokine profiles, and compromised immune tolerance to commensal bacteria[2-4]. Modern approaches to UC pathogenesis recognize intricate interactions between genetic susceptibility[5], environmental triggers[6], microbiome composition[7], epithelial barrier function, and immune responses[8]. A singular focus on H2O2, while mechanistically appealing, may not fully account for this complexity. To provide a clearer comparison between the H2O2 hypothesis and current mainstream understanding of UC pathogenesis and treatment, we have summarized the key contrasts in Table 1.
The original review's characterization of current immunosuppressive therapies as representing primarily commercial interests rather than evidence-based medicine risks undermining patient confidence in treatments that have demonstrated clinical efficacy through rigorous randomized controlled trials. When alternative hypotheses are accompanied by sweeping dismissals of established therapies, patients may discontinue or refuse proven treatments based on incomplete evidence. Current immunosuppressive therapies, while not curative, have documented benefits in inducing and maintaining remission, improving quality of life, and reducing surgical interventions in many UC patients. Scientific progress benefits from challenging existing paradigms, but this must be balanced with responsibility toward patients who rely on current treatments. Novel therapeutic approaches should be evaluated using the same rigorous standards applied to existing therapies, rather than being promoted as alternatives to evidence-based care before adequate validation.

Systematic evaluation of evidence quality and clinical validation
The author's selective focus on < 12 studies across seven decades provides a historical perspective but raises concerns regarding the comprehensiveness of the evidence base. Although focused analyses can elucidate specific mechanisms, they may unintentionally omit contradictory findings or alternative explanations from decades of inflammatory bowel disease research. The emphasis on historical case reports, particularly H2O2 enema studies from the mid-20th century, provides mechanistic insights but limits extrapolation to spontaneous UC. Chemical-induced colitis models are useful for understanding acute inflammatory responses but often fail to replicate the chronic, relapsing-remitting pattern characteristic of human UC[9]. This discrepancy between experimental models and clinical reality warrants acknowledgment. The author's confidence in reducing agents as curative therapy, despite encouraging preliminary data demonstrating histological remission in 36 patients with refractory UC, requires more rigorous evaluation. Most importantly, randomized controlled trials comparing reducing agents to established therapies are needed before drawing definitive conclusions regarding curative potential. Dismissing current evidence-based therapies as merely immunosuppressive undervalues their sophisticated mechanisms of action and established clinical efficacy, as demonstrated in numerous well-designed clinical trials.

Methodological and implementation challenges
Although the H2O2 hypothesis provides plausible mechanistic insight into UC pathogenesis, its clinical translation is fundamentally constrained by the biochemical properties of H2O2. As a short-lived signaling molecule with a tissue half-life < 1 min, H2O2 exhibits rapid fluctuations influenced by dietary factors, microbiota composition, mucosal oxygenation, and sampling location[10,11]. These variables contribute to substantial heterogeneity in baseline H2O2 levels across studies, thereby precluding the establishment of consistent reference ranges – a prerequisite for diagnostic applications and therapeutic monitoring.
This measurement paradox directly undermines the proposed therapeutic approach using reducing agents such as sodium thiosulfate (STS) and R-dihydrolipoic acid (R-DHLA). Without reliable H2O2 quantification, confirming H2O2-mediated disease through therapeutic response lacks both validation and standardization. The long-term safety profiles of these agents in UC populations remain largely unknown. This knowledge gap is particularly concerning given the chronic nature of the disease, which necessitates prolonged treatment. Current safety data for these reducing agents are primarily derived from other clinical applications, such as STS use in calcific uremic arteriolopathy[12]. These applications differ significantly from potential UC protocols in patient populations, dosing regimens, and treatment duration. Available evidence indicates that STS may cause gastrointestinal symptoms (nausea and vomiting), electrolyte disturbances, and occasional hypersensitivity reactions. However, serious adverse events appear uncommon at therapeutic doses[13,14]. Although R-DHLA demonstrates theoretical biocompatibility as a lipophilic antioxidant, comprehensive safety evaluation in inflammatory bowel disease populations remains lacking[15]. Critical questions remain regarding the long-term effects on hepatic and renal function, potential drug–drug interactions with standard UC therapies, and the risk of withdrawal reactions in vulnerable populations.

Future directions and ethical implementation framework
Despite these concerns, the H2O2 hypothesis warrants rigorous scientific investigation. We recommend the following research priorities. First, well-designed mechanistic studies should quantify colonic H2O2 concentrations across different UC phenotypes and disease severities using standardized methodologies. Second, proof-of-concept randomized controlled trials should evaluate reducing agents in treatment-naïve UC patients, with predefined primary and secondary endpoints. Third, comprehensive safety studies must evaluate the long-term effects of candidate reducing agents in inflammatory bowel disease populations. Based on existing preliminary clinical evidence and current understanding of UC pathophysiology, we recommend conducting a multicenter, randomized, double-blind, placebo-controlled phase 2 clinical trial. The specific trial design protocol is detailed in Table 2.
[bookmark: OLE_LINK2331][bookmark: OLE_LINK2332]Although reducing agents demonstrate acceptable safety profiles as monotherapies in other indications, their combination use in UC lacks adequate nonclinical toxicological support. Existing safety data cannot be extrapolated to UC populations. This necessitates exceptionally cautious first-in-human studies. Once preliminary efficacy data emerge, investigators may face pressure for compassionate use from patients with refractory UC. This creates an ethical dilemma between denying potentially beneficial treatment to those with the greatest clinical need and exposing patients to unknown risks in the absence of sufficient evidence[16]. The complexity is amplified by the impact of UC on younger populations with extended life expectancies. This magnifies long-term treatment consequences and necessitates risk-benefit assessments that consider decades of safety data rather than short-term efficacy alone. If reducing agent therapy demonstrates curative potential, the benefits may justify certain risks; however, such assessments require exceptionally rigorous and comprehensive evidence. Systematic approaches are also required to address informed consent challenges, medical equity considerations, regulatory ethics, and research integrity oversight. H2O2-targeted therapy can advance only within an ethically sound framework that comprehensively addresses these considerations. Such thorough ethical deliberation is essential for translating theoretical innovations into clinical practice.

CONCLUSION
Pravda's[1] H2O2 hypothesis offers a valuable novel perspective on UC pathogenesis research. Its compilation of historical evidence and mechanistic analysis warrant serious consideration. However, translating this theory into clinical practice faces significant challenges. The short half-life of H2O2 limits its practicality as a diagnostic and monitoring biomarker. The long-term safety profile of reducing agents lacks adequate validation. Additionally, a single mechanism cannot fully explain the multifactorial complexity of UC. Given the heterogeneous nature of UC, future therapeutic advances may require several key strategies. These include integrating novel mechanistic insights such as the H2O2 pathway with established evidence-based treatments, validating reducing agent efficacy through rigorous randomized controlled trials, and exploring personalized treatment approaches while ensuring patient safety. Genuine progress in this field will depend on collaboration between investigators exploring novel hypotheses and those working within established frameworks. This approach should challenge existing paradigms while maintaining rigorous scientific standards, ultimately providing more effective therapeutic options for UC patients.

REFERENCES
[bookmark: OLE_LINK2329][bookmark: OLE_LINK2330]1 Pravda J. Ulcerative colitis: Timeline to a cure. World J Gastroenterol 2025; 31: 108375 [PMID: 40678706 DOI: 10.3748/wjg.v31.i26.108375]
2 Neurath MF. Strategies for targeting cytokines in inflammatory bowel disease. Nat Rev Immunol 2024; 24: 559-576 [PMID: 38486124 DOI: 10.1038/s41577-024-01008-6]
3 Smillie CS, Biton M, Ordovas-Montanes J, Sullivan KM, Burgin G, Graham DB, Herbst RH, Rogel N, Slyper M, Waldman J, Sud M, Andrews E, Velonias G, Haber AL, Jagadeesh K, Vickovic S, Yao J, Stevens C, Dionne D, Nguyen LT, Villani AC, Hofree M, Creasey EA, Huang H, Rozenblatt-Rosen O, Garber JJ, Khalili H, Desch AN, Daly MJ, Ananthakrishnan AN, Shalek AK, Xavier RJ, Regev A. Intra- and Inter-cellular Rewiring of the Human Colon during Ulcerative Colitis. Cell 2019; 178: 714-730.e22 [PMID: 31348891 DOI: 10.1016/j.cell.2019.06.029]
4 Forkel M, Mjösberg J. Dysregulation of Group 3 Innate Lymphoid Cells in the Pathogenesis of Inflammatory Bowel Disease. Curr Allergy Asthma Rep 2016; 16: 73 [PMID: 27645534 DOI: 10.1007/s11882-016-0652-3]
5 de Andrade STQ, Guidugli TI, Borrego A, Rodrigues BLC, Fernandes NCCA, Guerra JM, de Sousa JG, Starobinas N, Jensen JR, Cabrera WHK, De Franco M, Ibañez OM, Massa S, Ribeiro OG. Slc11a1 gene polymorphism influences dextran sulfate sodium (DSS)-induced colitis in a murine model of acute inflammation. Genes Immun 2023; 24: 71-80 [PMID: 36792680 DOI: 10.1038/s41435-023-00199-7]
6 Piovani D, Danese S, Peyrin-Biroulet L, Nikolopoulos GK, Lytras T, Bonovas S. Environmental Risk Factors for Inflammatory Bowel Diseases: An Umbrella Review of Meta-analyses. Gastroenterology 2019; 157: 647-659.e4 [PMID: 31014995 DOI: 10.1053/j.gastro.2019.04.016]
7 Lima SF, Gogokhia L, Viladomiu M, Chou L, Putzel G, Jin WB, Pires S, Guo CJ, Gerardin Y, Crawford CV, Jacob V, Scherl E, Brown SE, Hambor J, Longman RS. Transferable Immunoglobulin A-Coated Odoribacter splanchnicus in Responders to Fecal Microbiota Transplantation for Ulcerative Colitis Limits Colonic Inflammation. Gastroenterology 2022; 162: 166-178 [PMID: 34606847 DOI: 10.1053/j.gastro.2021.09.061]
8 Hu Y, Ye Z, Wu M, She Y, Li L, Xu Y, Qin K, Hu Z, Yang M, Lu F, Ye Q. The Communication Between Intestinal Microbiota and Ulcerative Colitis: An Exploration of Pathogenesis, Animal Models, and Potential Therapeutic Strategies. Front Med (Lausanne) 2021; 8: 766126 [PMID: 34966755 DOI: 10.3389/fmed.2021.766126]
9 Katsandegwaza B, Horsnell W, Smith K. Inflammatory Bowel Disease: A Review of Pre-Clinical Murine Models of Human Disease. Int J Mol Sci 2022; 23: 9344 [PMID: 36012618 DOI: 10.3390/ijms23169344]
10 Ledo A, Fernandes E, Salvador A, Laranjinha J, Barbosa RM. In vivo hydrogen peroxide diffusivity in brain tissue supports volume signaling activity. Redox Biol 2022; 50: 102250 [PMID: 35101799 DOI: 10.1016/j.redox.2022.102250]
11 Espey MG. Role of oxygen gradients in shaping redox relationships between the human intestine and its microbiota. Free Radic Biol Med 2013; 55: 130-140 [PMID: 23127782 DOI: 10.1016/j.freeradbiomed.2012.10.554]
12 Schlieper G, Brandenburg V, Ketteler M, Floege J. Sodium thiosulfate in the treatment of calcific uremic arteriolopathy. Nat Rev Nephrol 2009; 5: 539-543 [PMID: 19701230 DOI: 10.1038/nrneph.2009.99]
13 Cardona-Roca L, Borràs Trias L, Bueno Uceda R, Siles A, Vilariño Seijas A, Rudi Sola N, Seguí-Solanes C. [Translated article] Multicenter retrospective analysis of sodium thiosulfate as treatment for non-uremic calciphylaxis. Farm Hosp 2025; 49: T299-T303 [PMID: 40537301 DOI: 10.1016/j.farma.2025.05.015]
14 Hunt GM, Ryder HF. Metabolic acidosis after sodium thiosulfate infusion and the role of hydrogen sulfide. Clin Case Rep 2018; 6: 1595-1599 [PMID: 30147912 DOI: 10.1002/ccr3.1673]
15 Irrazabal T, Thakur BK, Croitoru K, Martin A. Preventing Colitis-Associated Colon Cancer With Antioxidants: A Systematic Review. Cell Mol Gastroenterol Hepatol 2021; 11: 1177-1197 [PMID: 33418102 DOI: 10.1016/j.jcmgh.2020.12.013]
16 Borysowski J, Ehni HJ, Górski A. Ethics review in compassionate use. BMC Med 2017; 15: 136 [PMID: 28735571 DOI: 10.1186/s12916-017-0910-9]
17 Tang X, Huang Y, Zhu Y, Xu Y. Immune dysregulation in ulcerative colitis: pathogenic mechanisms and therapeutic strategies of traditional Chinese medicine. Front Cell Dev Biol 2025; 13: 1610435 [PMID: 40538978 DOI: 10.3389/fcell.2025.1610435]
18 Chen ML, Sundrud MS. Cytokine Networks and T-Cell Subsets in Inflammatory Bowel Diseases. Inflamm Bowel Dis 2016; 22: 1157-1167 [PMID: 26863267 DOI: 10.1097/MIB.0000000000000714]
19 Zhu Y, Yang S, Zhao N, Liu C, Zhang F, Guo Y, Liu H. CXCL8 chemokine in ulcerative colitis. Biomed Pharmacother 2021; 138: 111427 [PMID: 33706134 DOI: 10.1016/j.biopha.2021.111427]
20 Zhao D, Ge A, Yan C, Liu X, Yang K, Yan Y, Hao M, Chen J, Daga P, Dai CC, Li C, Cao H. T helper cell 17/regulatory T cell balance regulates ulcerative colitis and the therapeutic role of natural plant components: a review. Front Med (Lausanne) 2024; 11: 1502849 [PMID: 40196424 DOI: 10.3389/fmed.2024.1502849]
21 Fuss IJ, Heller F, Boirivant M, Leon F, Yoshida M, Fichtner-Feigl S, Yang Z, Exley M, Kitani A, Blumberg RS, Mannon P, Strober W. Nonclassical CD1d-restricted NK T cells that produce IL-13 characterize an atypical Th2 response in ulcerative colitis. J Clin Invest 2004; 113: 1490-1497 [PMID: 15146247 DOI: 10.1172/JCI19836]
22 Singh S, Loftus EV Jr, Limketkai BN, Haydek JP, Agrawal M, Scott FI, Ananthakrishnan AN; AGA Clinical Guidelines Committee. AGA Living Clinical Practice Guideline on Pharmacological Management of Moderate-to-Severe Ulcerative Colitis. Gastroenterology 2024; 167: 1307-1343 [PMID: 39572132 DOI: 10.1053/j.gastro.2024.10.001]
23 In J, Kang H, Kim JH, Kim TK, Ahn EJ, Lee DK, Lee S, Park JH. Tips for troublesome sample-size calculation. Korean J Anesthesiol 2020; 73: 114-120 [PMID: 32229812 DOI: 10.4097/kja.19497]
24 Turner D, Ricciuto A, Lewis A, D'Amico F, Dhaliwal J, Griffiths AM, Bettenworth D, Sandborn WJ, Sands BE, Reinisch W, Schölmerich J, Bemelman W, Danese S, Mary JY, Rubin D, Colombel JF, Peyrin-Biroulet L, Dotan I, Abreu MT, Dignass A; International Organization for the Study of IBD. STRIDE-II: An Update on the Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) Initiative of the International Organization for the Study of IBD (IOIBD): Determining Therapeutic Goals for Treat-to-Target strategies in IBD. Gastroenterology 2021; 160: 1570-1583 [PMID: 33359090 DOI: 10.1053/j.gastro.2020.12.031]

Footnotes
Conflict-of-interest statement: All authors declare no conflict of interest in publishing the manuscript.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Provenance and peer review: Unsolicited article; Externally peer reviewed.

Peer-review model: Single blind

Specialty type: Gastroenterology and hepatology
Country of origin: China
Peer-review report’s classification
Scientific Quality: Grade A, Grade B, Grade C
Novelty: Grade B, Grade B, Grade B
Creativity or Innovation: Grade B, Grade C, Grade C
Scientific Significance: Grade A, Grade A, Grade C

P-Reviewer: Kaur A, PhD, Assistant Professor, India; Miyahara S, MD, PhD, Associate Professor, Japan S-Editor: Lin C L-Editor: Kerr C P-Editor: 

Table 1 Comparison of pathological mechanisms and treatment methods between the new hypothesis and traditional theories of ulcerative colitis
	Mechanism
	H2O2 hypothesis
	Traditional treatment

	Root cause
	Excessive H2O2 production and accumulation in colonic epithelial cells
	Abnormal activation or dysregulation of the immune system[17]

	Initial event
	Mitochondrial H2O2 generation increased - intracellular accumulation - transmembrane diffusion
	Aberrant T-cell activation - cytokine release[18]

	Neutrophil recruitment
	Direct chemotactic effect of H2O2
	IL-8, CXCL1, and other chemokine-mediated recruitment[19]

	Inflammatory cascade
	H2O2 - neutrophil infiltration - tissue damage - additional H2O2 release
	Th1/Th17 activation - TNF-α/IL-17 increased - inflammatory amplification[20]

	Tissue damage mechanism
	H2O2-mediated disruption of tight junction proteins - epithelial barrier dysfunction
	Cytotoxic T cells and NK cell-mediated epithelial cell killing[21]

	Primary drugs
	STS, R-DHLA
	Mesalazine, biologics, immunosuppressants, JAK inhibitors[22]

	Drug action
	H2O2 neutralization (extracellular and intracellular)
	Anti-inflammatory, immunosuppression


CXCL1: Chemokine CXC ligand 1; H2O2: Hydrogen peroxide; IL: Interleukin; JAK: Janus kinase; LPS: Lipopolysaccharide; NK: Natural killer; R-DHLA: R-Dihydrolipoic acid; STS: Sodium thiosulfate; TNF: Tumor necrosis factor

Table 2 Phase 2 randomized controlled trial design for mild to moderate active ulcerative colitis
	Design requirements
	Specific protocol
	Key considerations

	Study design
	Multicenter, randomized, double-blind, placebo-controlled phase 2 trial
	Compliance with ICH-GCP standards

	Target population
	Patients with mild to moderate active UC (PRO2 score 2–5 points)
	Balance baseline risk; standardize severity assessment

	Inclusion criteria
	Age 18–65 yr; MES score 1–2 points; discontinue biologics ≥ 8 wk
	Exclude severe UC and active infectious diseases

	Sample size
	180 subjects (90 per group)
	80% statistical power; anticipated 15% dropout rate[23]

	Randomization design
	1:1 randomized allocation by disease severity stratification
	Ensure balanced baseline characteristics and reduce bias

	Treatment groups
	Group A: 5-ASA + STS (extracellular H2O2 scavenger); Group B: 5-ASA + Placebo
	Specific dosing regimens determined through phase 1 dose-escalation studies

	Biomarker assessments
	Weeks 0, 4, 8, 12: CRP, fecal calprotectin, neutrophil count, serum 8-isoprostane F2α, malondialdehyde, GPx activity
	Based on STRIDE-II criteria[24]; combined oxidative stress biomarkers

	Primary Endpoint
	Clinical response rate at week 12 (PRO2 score reduction ≥ 50%)
	Meets STRIDE-II recommended patient-reported outcome measures

	Key Secondary Endpoints
	Clinical remission, endoscopic response, histological improvement, oxidative stress biomarker changes at week 12
	Endoscopic response: MES ≤ 1 point; Histological improvement: Geboes score < 2.0

	Safety Assessment
	Liver and kidney function tests at Weeks 0, 4, 8, 12; document and evaluate adverse events at each visit
	Balance safety monitoring requirements with patient convenience

	Follow-up plan
	Treatment period: 12 wk + long-term follow-up to 52 wk
	Evaluate long-term efficacy maintenance and safety


UC: Ulcerative colitis; ICH-GCP: International Council for Harmonisation-Good Clinical Practice; MES: Mayo Endoscopic Score; PRO2: Patient-Reported Outcome 2; 5-ASA: 5-aminosalicylic acid; GPx: Glutathione peroxidase; STRIDE-II: Selecting Therapeutic Targets in Inflammatory Bowel Disease Initiative update; CRP: C-reactive protein.
