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Supplementary Table S1. Complete search strategies
	Database
	Search strategy

	PubMed  
	("Respiratory Insufficiency"[MeSH Terms] OR "Respiratory Insufficiency"[Title/Abstract] OR "acute hypoxemic respiratory failure"[Title/Abstract] OR "acute respiratory failure"[Title/Abstract] OR "respiratory failure*"[Title/Abstract]) AND ("high flow oxygen"[Title/Abstract] OR "high flow nasal oxygen"[Title/Abstract] OR "standard oxygen"[Title/Abstract] OR "conventional oxygen"[Title/Abstract] OR "oxygen*"[Title/Abstract] OR "Oxygen"[MeSH Terms]) AND ("randomized controlled trials"[All Fields] OR "RCT"[All Fields] OR "clinical trials"[All Fields] OR "trial"[All Fields])

	Embase 

	('respiratory failure'/exp OR 'respiratory insufficiency':ti,ab,kw OR 'acute hypoxemic respiratory failure':ti,ab,kw OR 'acute respiratory failure':ti,ab,kw OR 'respiratory failure':ti,ab,kw) AND ('oxygen'/exp OR oxygen:ti,ab,kw OR 'conventional oxygen':ti,ab,kw OR 'standard oxygen':ti,ab,kw OR 'high flow nasal oxygen':ti,ab,kw OR 'high flow oxygen':ti,ab,kw) AND ('randomized controlled trial'/exp OR 'randomized controlled trial':ti,ab,kw OR 'clinical trial':ti,ab,kw OR trial:ti,ab,kw OR rct:ti,ab,kw)

	Cochrane library

	((respiratory failure):ti,ab,kw OR (respiratory insufficiency):ti,ab,kw OR(acute respiratory failure):ti,ab,kw OR (acute hypoxemic respiratory failure):ti,ab,kw) AND ((oxygen):ti,ab,kw OR (conventional oxygen):ti,ab,kw OR (standard oxygen):ti,ab,kw OR (high flow nasal oxygen):ti,ab,kw OR (high flow oxygen):ti,ab,kw) AND ((randomized controlled trials):ti,ab,kw OR (trials):ti,ab,kw)

	Web of Science

	(TS=(respiratory failure) OR TS=(acute respiratory failure) OR TS=(acute hypoxemic respiratory failure)) AND (TS=(oxygen) OR TS=( conventional oxygen) OR TS=(standard oxygen) OR TS=( high flow nasal oxygen) OR TS=( high flow oxygen)) AND (TS=(randomized controlled trials) OR TS=(trials))


Abbreviations: MeSH terms: Medical Subject Headings; exp: explosion in Emtree searching of selected subject terms and related subjects; ti, ab, kw: title, abstract, keyword fields. TS: Topic



Supplementary Table S2. Full-text reports excluded after eligibility assessment and reasons for exclusion
	No.
	Study or record
	Category
	Specific reason for exclusion

	1
	COVID-HIGH trial registry, 2020
	Trial registry or protocol
	Registry record only; the completed primary COVID-HIGH trial report was included separately.

	2
	HiFlo-COVID trial registry, 2020
	Trial registry or protocol
	Registry record only; the completed HiFlo-COVID primary trial report was included separately.

	3
	Azoulay HIGH protocol, 2018
	Trial registry or protocol
	Protocol only; the final HIGH trial report was included separately.

	4
	SOHO protocol, 2024
	Trial registry or protocol
	Protocol only; the final SOHO trial report was included separately.

	5
	Carpenter and Steel, 2022
	Secondary report, evidence summary, or commentary
	Evidence summary of an included trial; not an original randomized clinical trial report.

	6
	Crimi et al., 2026
	Secondary report, reanalysis, or commentary
	Bayesian reanalysis of the COVID-HIGH trial; not the primary randomized clinical trial report.

	7
	Frat et al., 2016
	Secondary report, reanalysis, or commentary
	Post hoc subgroup analysis of a previous randomized trial; not an independent eligible randomized clinical trial report.

	8
	Mang et al., 2026
	Secondary report, evidence summary, or commentary
	Commentary on the SOHO trial; no original randomized clinical trial data.

	9
	Neto, 2026
	Secondary report, evidence summary, or commentary
	Editorial/commentary; no original randomized clinical trial data.

	10
	Prada et al., 2023
	Secondary report, reanalysis, or commentary
	Economic analysis based on an included trial; not the primary clinical-outcome randomized clinical trial report.

	11
	Frat et al., 2019
	Ineligible intervention or comparison
	[bookmark: _GoBack]Evaluated preoxygenation before intubation and compared noninvasive ventilation with HFNC; not HFNC versus SOT as the initial respiratory-support strategy for AHRF.

	12
	Frat et al., 2015
	Ineligible intervention or comparison
	Three-arm randomized trial comparing HFNC, SOT, and noninvasive ventilation; excluded because eligibility was restricted to two-arm, parallel-group RCTs directly comparing HFNC with SOT.

	13
	Perkins et al., 2022 
	Ineligible intervention or comparison
	Three-arm randomized trial comparing continuous positive airway pressure, HFNC, and conventional oxygen therapy; excluded because eligibility was restricted to two-arm, parallel-group RCTs directly comparing HFNC with SOT.

	14
	Mendil et al., 2019
	Duplicate or preliminary report
	Conference abstract/preliminary report; the full Mendil 2021 trial report was included separately.


Abbreviations: AHRF, acute hypoxemic respiratory failure; HFNC, high-flow nasal cannula; RCT, randomized controlled trial; SOT, standard oxygen therapy.
Note: When multiple records referred to the same trial, the most complete primary trial report was retained for data extraction. Protocols, trial registries, editorials, commentaries, secondary analyses, economic analyses, and preliminary abstracts were excluded from the quantitative synthesis. Frat et al. 2022 was retained only for the predefined COVID-19 subgroup analysis because it was a COVID-19-specific report from the SOHO trial, whereas Frat et al. 2026 was used for the overall analysis to avoid double counting of participants.



















Supplementary Table S3. Intervention characteristics and outcome assessment windows across included studies.
	[bookmark: OLE_LINK4][bookmark: OLE_LINK10]Study
	Experimental intervention
	Control intervention
	Mortality assessment
	[bookmark: OLE_LINK12]Intubation assessment

	Azoulay 2018
	Continuous HFNC therapy, initiated at a flow rate of ≥50 L/min with an FiO₂ of 100%
	SOT delivered through a thin nasal cannula, face mask with or without a reservoir bag, or Venturi mask
	Day 28
	By day 28

	Bell 2015 
	Humidified HFNC therapy, initiated at a flow rate of 50 L/min with an FiO₂ of 30%
	SOT delivered through nasal prongs or a face mask
	NR
	[bookmark: OLE_LINK13]Within 2 h

	Crimi 2022a
	Continuous HFNC therapy, initiated at 40 L/min and increased as required up to 60 L/min; FiO₂ titrated to maintain an SpO₂ of 92%–96%
	SOT, preferably delivered through a Venturi mask; alternative oxygen-delivery devices were permitted
	Day 28
	Initial escalation to IMV by day 28

	Jones 2016
	Humidified HFNC therapy, initiated at 40 L/min with an FiO₂ of 0.28
	SOT delivered through conventional oxygen-delivery devices
	Day 90
	[bookmark: OLE_LINK11]Hospital follow-up; exact time point NR

	Lemiale 2015
	HFNC therapy, initiated at 40–50 L/min with an FiO₂ of 100% during the 2-h intervention period
	SOT delivered through a Venturi mask
	NR
	Within 2 h

	Frat 2022b 
	Continuous HFNC therapy delivered through large-bore binasal prongs at a flow rate of ≥50 L/min
	SOT delivered through a non-rebreathing face mask, initially set at ≥10 L/min
	Day 28
	[bookmark: OLE_LINK14]By day 28

	Frat 2026
	Continuous HFNC therapy delivered through large-bore binasal prongs at a flow rate of ≥50 L/min
	SOT continuously delivered through a non-rebreathing face mask at a flow rate of ≥10 L/min
	Day 28
	By day 28

	Mendil 2021 
	HFNC therapy, initiated at 30 L/min with an FiO₂ of 100% and titrated according to patient tolerance and oxygenation
	SOT delivered through nasal prongs or a face mask without a reservoir bag
	Day 28
	Within 7 days

	Andino 2020 
	HFNC therapy, with the FiO₂ adjusted to maintain an SpO₂ of ≥93%
	SOT delivered through a Venturi mask
	Until hospital discharge
	Until hospital discharge

	Ospina-Tascón 2021
	Continuous HFNC therapy delivered through large-bore binasal prongs, initiated at 60 L/min with an FiO₂ of 1.0
	SOT delivered through nasal prongs, a face mask with or without a reservoir bag, or a Venturi mask
	Day 28
	By day 28

	Ardestani 2024 
	HFNC therapy, initiated at 35 L/min and adjustable within a range of 30–60 L/min
	SOT delivered through a nasal cannula or non-rebreathing mask at a maximum flow rate of 10–15 L/min
	NR
	Assessed after 60-min treatment; exact window unclear


Abbreviations: FiO₂, fraction of inspired oxygen; HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation; NR, not reported; SOT, standard oxygen therapy; SpO₂, peripheral oxygen saturation. ᵃ In Crimi 2022, IMV refers to invasive mechanical ventilation selected as the initial strategy for escalation of respiratory support, rather than the cumulative incidence of intubation during follow-up. ᵇ Frat 2022 (SOHO-COVID) was an ancillary study of the SOHO trial reported in Frat 2026. Because the two reports include overlapping participants, they should not be included simultaneously in the same pooled analysis.















Supplementary Table S4. Summary of risk-of-bias considerations informing GRADE certainty assessment
	Outcome
	Main risk-of-bias considerations
	Interpretation for certainty assessment
	GRADE decision

	Endotracheal intubation
	Most trials were open-label, and intubation or escalation of respiratory support could be influenced by clinician judgment, local escalation thresholds, and differences in outcome definitions or assessment windows across trials. One study was judged at high risk of bias, and several studies raised some concerns.
	Risk of bias was considered serious for endotracheal intubation.
	Downgraded by one level for risk of bias.

	All-cause mortality
	Mortality is an objective outcome and is less likely to be affected by lack of blinding or clinician-dependent decision-making. Most concerns were related to trial design, reporting, or follow-up rather than outcome measurement.
	Risk of bias was not considered serious for all-cause mortality.
	Not downgraded for risk of bias.


Abbreviations: GRADE, Grading of Recommendations Assessment, Development and Evaluation; RoB 2, revised Cochrane risk-of-bias tool for randomized trials.
Note: Domain-level RoB 2 judgments for endotracheal intubation are shown in Supplementary Figures S1 and S2. This table summarizes how risk-of-bias considerations were incorporated into the GRADE certainty assessment. Frat et al. 2022 was a COVID-19-specific report from the SOHO trial, whereas Frat et al. 2026 reported the overall SOHO trial population; therefore, Frat et al. 2022 was used only for the COVID-19 subgroup analysis and was not counted as an independent trial in the overall meta-analysis when Frat et al. 2026 was included.










Supplementary Table S5. Trial sequential analysis sensitivity analyses for endotracheal intubation.
	Analysis
	Dataset
	Anticipated RRR 
	Power
	Cumulative sample size
	DARIS
	Conventional meta-analysis
	TSA interpretation

	Main TSA
	All independent RCTs 
	12.26%
	80%
	3162
	8601
	Favored HFNC
	Conventional boundary crossed; TSA boundary not crossed

	TSA-S1
	All independent RCTs
	10%
	80%
	3162
	12933
	Same as main TSA
	[bookmark: OLE_LINK16]Consistent with main TSA

	TSA-S2
	All independent RCTs
	15%
	80%
	3162
	5722
	Same as main TSA
	Consistent with main TSA

	TSA-S3
	All independent RCTs
	12.26%
	90%
	3162
	11515
	Same as main TSA
	Consistent with main TSA under 90% power

	TSA-S4
	Restricted cumulative intubation trials 
	12.26%
	80%
	2231
	7200
	Favored HFNC; RR = 0.86, 95% CI 0.78–0.95
	More conservative TSA estimate: RR = 0.84, 95% CI 0.71–1.00; neither boundary crossed


Abbreviations: CI, confidence interval; DARIS, diversity-adjusted required information size; HFNC, high-flow nasal cannula; RCT, randomized controlled trial; RR, risk ratio; RRR, relative risk reduction; TSA, trial sequential analysis.
The main TSA used an anticipated RRR of 12.26%, a control event proportion of 48.4%, a two-sided α of 5%, and 80% power. TSA-S1 and TSA-S2 varied the anticipated RRR to 10% and 15%, respectively. TSA-S3 increased the statistical power to 90%. TSA-S4 was restricted to trials reporting clinically comparable cumulative intubation outcomes, including Azoulay 2018, Frat 2026, Mendil 2021, Andino 2020, and Ospina-Tascón 2021. “Conventional boundary” refers to the conventional statistical significance boundary, whereas “TSA boundary” refers to the trial sequential monitoring boundary. “Neither boundary crossed” indicates that the cumulative Z-curve crossed neither the conventional significance boundary nor the trial sequential monitoring boundary.
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	Supplementary Figure S1. Risk-of-bias summary for the endotracheal intubation outcome using the RoB 2 tool. Risk of bias was assessed using the Cochrane Risk of Bias 2 tool for randomized trials, targeting the effect of assignment to intervention. Judgments are shown for each RoB 2 domain and for the overall risk of bias. Green indicates low risk of bias, yellow indicates some concerns, and red indicates high risk of bias. RoB 2, Risk of Bias 2.
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	Supplementary Figure S2. Study-level risk-of-bias judgments for the endotracheal intubation outcome using the RoB 2 tool. Risk of bias was assessed using the Cochrane Risk of Bias 2 tool for randomized trials, targeting the effect of assignment to intervention. Each row represents an included study or study report, and columns show judgments for the five RoB 2 domains and the overall risk of bias. Green indicates low risk of bias, yellow indicates some concerns, and red indicates high risk of bias. RoB 2, Risk of Bias 2.
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	Supplementary Figure S3. Subgroup analysis of endotracheal intubation stratified by immunosuppression status. Squares indicate study-specific risk ratios, with square size proportional to study weight; horizontal lines indicate 95% confidence intervals. Diamonds represent pooled estimates from the random-effects model within each subgroup. A risk ratio below 1 indicates a lower risk of endotracheal intubation with HFNC than with SOT. The test for subgroup differences evaluates whether the treatment effect differs according to immunosuppression status. CI, confidence interval; HFNC, high-flow nasal cannula; RR, risk ratio; SOT, standard oxygen therapy.
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	Supplementary Figure S4. Subgroup analysis of endotracheal intubation stratified by COVID-19 status. Squares indicate study-specific risk ratios, with square size proportional to study weight; horizontal lines indicate 95% confidence intervals. Diamonds represent pooled estimates from the random-effects model within each subgroup. A risk ratio below 1 indicates a lower risk of endotracheal intubation with HFNC than with SOT. The test for subgroup differences evaluates whether the treatment effect differs according to COVID-19 status. CI, confidence interval; COVID-19, coronavirus disease 2019; HFNC, high-flow nasal cannula; RR, risk ratio; SOT, standard oxygen therapy.
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	Supplementary Figure S5. Subgroup analysis of endotracheal intubation stratified by baseline PaO₂/FiO₂ ratio. Squares indicate study-specific risk ratios, with square size proportional to study weight; horizontal lines indicate 95% confidence intervals. Diamonds represent pooled estimates from the random-effects model within each subgroup. A risk ratio below 1 indicates a lower risk of endotracheal intubation with HFNC than with SOT. The test for subgroup differences evaluates whether the treatment effect differs according to baseline PaO₂/FiO₂ ratio. CI, confidence interval; HFNC, high-flow nasal cannula; PaO₂/FiO₂, ratio of arterial oxygen partial pressure to fraction of inspired oxygen; RR, risk ratio; SOT, standard oxygen therapy.
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	Supplementary Figure S6. Subgroup analysis of all-cause mortality stratified by immunosuppression status. Squares indicate study-specific risk ratios, with square size proportional to study weight; horizontal lines indicate 95% confidence intervals. Diamonds represent pooled estimates from the random-effects model within each subgroup. A risk ratio below 1 indicates a lower risk of death with HFNC than with SOT. The test for subgroup differences evaluates whether the treatment effect on all-cause mortality differs according to immunosuppression status. CI, confidence interval; HFNC, high-flow nasal cannula; RR, risk ratio; SOT, standard oxygen therapy.
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	Supplementary Figure S7. Subgroup analysis of all-cause mortality stratified by COVID-19 status. Squares indicate study-specific risk ratios, with square size proportional to study weight; horizontal lines indicate 95% confidence intervals. Diamonds represent pooled estimates from the random-effects model within each subgroup. A risk ratio below 1 indicates a lower risk of death with HFNC than with SOT. The test for subgroup differences evaluates whether the treatment effect on all-cause mortality differs according to COVID-19 status. CI, confidence interval; COVID-19, coronavirus disease 2019; HFNC, high-flow nasal cannula; RR, risk ratio; SOT, standard oxygen therapy.
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	Supplementary Figure S8. Subgroup analysis of all-cause mortality stratified by baseline PaO₂/FiO₂ ratio. Squares indicate study-specific risk ratios, with square size proportional to study weight; horizontal lines indicate 95% confidence intervals. Diamonds represent pooled estimates from the random-effects model within each subgroup. A risk ratio below 1 indicates a lower risk of death with HFNC than with SOT. The test for subgroup differences evaluates whether the treatment effect on all-cause mortality differs according to baseline PaO₂/FiO₂ ratio. CI, confidence interval; HFNC, high-flow nasal cannula; PaO₂/FiO₂, ratio of arterial oxygen partial pressure to fraction of inspired oxygen; RR, risk ratio; SOT, standard oxygen therapy.
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	Supplementary Figure S9. Leave-one-out sensitivity analysis for endotracheal intubation. Each row shows the pooled risk ratio and 95% confidence interval after omitting one study at a time. Estimates were calculated using a random-effects model. This analysis evaluates the influence of individual studies on the overall effect estimate. A risk ratio below 1 indicates a lower risk of endotracheal intubation with HFNC than with SOT. CI, confidence interval; HFNC, high-flow nasal cannula; RR, risk ratio; SOT, standard oxygen therapy.
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	Supplementary Figure S10. Sensitivity meta-analysis of endotracheal intubation excluding studies with very short follow-up windows or limited clinical comparability. This sensitivity analysis excluded studies in which the endotracheal intubation outcome was assessed over a very short follow-up window or had limited clinical comparability with cumulative intubation outcomes. Squares indicate study-specific risk ratios, with square size proportional to study weight; horizontal lines indicate 95% confidence intervals. The diamond represents the pooled estimate from the random-effects model. A risk ratio below 1 indicates a lower risk of endotracheal intubation with HFNC than with SOT. CI, confidence interval; HFNC, high-flow nasal cannula; RR, risk ratio; SOT, standard oxygen therapy.
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	Supplementary Figure S11. Restricted meta-analysis of clinically comparable cumulative endotracheal intubation outcomes. This restricted analysis included studies reporting clinically comparable cumulative endotracheal intubation outcomes. Squares indicate study-specific risk ratios, with square size proportional to study weight; horizontal lines indicate 95% confidence intervals. The diamond represents the pooled estimate from the random-effects model. A risk ratio below 1 indicates a lower risk of endotracheal intubation with HFNC than with SOT. CI, confidence interval; HFNC, high-flow nasal cannula; RR, risk ratio; SOT, standard oxygen therapy.
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	Supplementary Figure S12. Funnel plot for endotracheal intubation. Each point represents an individual study included in the meta-analysis of endotracheal intubation. The horizontal axis represents the study-specific treatment effect, and the vertical axis represents its standard error. The vertical line indicates the pooled effect estimate. Visual inspection of the funnel plot was used to assess potential small-study effects or publication bias. HFNC, high-flow nasal cannula; SOT, standard oxygen therapy.
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	Supplementary Figure S13. Trial sequential analysis for endotracheal intubation using an anticipated relative risk reduction of 10%. The cumulative Z-curve was constructed according to the chronological order of the included trials. Trial sequential monitoring boundaries were calculated using a two-sided α of 5%, 80% power, and an anticipated relative risk reduction of 10%. Under this conservative effect assumption, the diversity-adjusted required information size was 12,933 patients. The cumulative Z-curve crossed the conventional significance boundary but did not cross the trial sequential monitoring boundary, indicating that the evidence remains insufficient to confirm a conclusive reduction in endotracheal intubation. DARIS, diversity-adjusted required information size; HFNC, high-flow nasal cannula; RRR, relative risk reduction; SOT, standard oxygen therapy; TSA, trial sequential analysis.
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	Supplementary Figure S14. Trial sequential analysis for endotracheal intubation using an anticipated relative risk reduction of 15%. The cumulative Z-curve was constructed according to the chronological order of the included trials. Trial sequential monitoring boundaries were calculated using a two-sided α of 5%, 80% power, and an anticipated relative risk reduction of 15%. Under this effect assumption, the diversity-adjusted required information size was 5,722 patients. The cumulative Z-curve crossed the conventional significance boundary but did not cross the trial sequential monitoring boundary, indicating that the evidence remains insufficient to confirm a conclusive reduction in endotracheal intubation. DARIS, diversity-adjusted required information size; HFNC, high-flow nasal cannula; RRR, relative risk reduction; SOT, standard oxygen therapy; TSA, trial sequential analysis.
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	Supplementary Figure S15. Trial sequential analysis for endotracheal intubation using 90% statistical power. The cumulative Z-curve was constructed according to the chronological order of the included trials. Trial sequential monitoring boundaries were calculated using a two-sided α of 5%, 90% power, and an anticipated relative risk reduction of 12.26%. Under this more stringent power assumption, the diversity-adjusted required information size was 11,515 patients. The cumulative Z-curve crossed the conventional significance boundary but did not cross the trial sequential monitoring boundary, indicating that the evidence remains insufficient to confirm a conclusive reduction in endotracheal intubation. DARIS, diversity-adjusted required information size; HFNC, high-flow nasal cannula; RRR, relative risk reduction; SOT, standard oxygen therapy; TSA, trial sequential analysis.
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	Supplementary Figure S16. Restricted trial sequential analysis for clinically comparable cumulative endotracheal intubation outcomes. The cumulative Z-curve was constructed according to the chronological order of trials included in the restricted analysis. This analysis included studies reporting clinically comparable cumulative endotracheal intubation outcomes. Trial sequential monitoring boundaries were calculated using a two-sided α of 5%, 80% power, and an anticipated relative risk reduction of 12.26%. The diversity-adjusted required information size was 7,200 patients. The cumulative Z-curve did not cross the conventional significance boundary or the trial sequential monitoring boundary, indicating that the restricted evidence remains insufficient to confirm a conclusive reduction in endotracheal intubation. DARIS, diversity-adjusted required information size; HFNC, high-flow nasal cannula; RRR, relative risk reduction; SOT, standard oxygen therapy; TSA, trial sequential analysis.
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Immunocompromised
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