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Figure legend: (Top) Trial design of the PIONEER IV study, a multicentre, open-label, randomized control trial comparing angiography-derived fractional flow reserve (QFR)-guided PCI versus usual care in an all-comer population. Patients received the Healing-Targeted Supreme sirolimus-eluting stent followed by 1 month of dual antiplatelet therapy and ticagrelor monotherapy up to 1 year. (Bottom) Kaplan-Meier cumulative event curves and event rates for the primary endpoint, the Patient-Oriented Composite Endpoint (POCE), at 1 year. The table details the individual components of POCE and key secondary endpoints, showing risk differences and p-values. *Non-inferiority for POCE was assessed using a one-sided Z-test with a threshold of 0.035. **Spontaeous Myocardial Infarction defined according to the Fourth Universal Definition while periprocedural MI defined according to the SCAI definition. ASA = acetylsalicylic acid; CABG = coronary artery bypass grafting; MI = myocardial infarction; PCI = percutaneous coronary intervention
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Summary
Background and Aims
Quantitative flow ratio (QFR), an angiography-based method for estimating fractional flow reserve (FFR), can guide lesion treatment selection and stent optimisation. The recent FAVOR III Europe trial failed to demonstrate clinical non-inferiority of QFR-guided percutaneous coronary intervention (PCI) compared to FFR-guided PCI, raising safety concerns. This interim analysis of PIONEER IV offers timely insights into the safety of QFR-guidance. 
Methods
PIONEER IV (NCT04923191) is a multicentre, 1:1 randomised, open-label, all-comer, non-inferiority trial comparing clinical outcomes of QFR-guided PCI versus usual care, with the Healing-Targeted Supreme sirolimus-eluting stent, followed by 1 month of dual-antiplatelet therapy and then ticagrelor monotherapy for up to 1 year. In the QFR arm, lesion treatment or deferral was guided by online QFR. Usual care PCI was performed according to the investigator's practice. The primary endpoint is the patient-oriented composite endpoint (POCE) at 12 months, comprising all-cause death, any stroke, any myocardial infarction, and any clinically and physiologically driven revascularisation with a noninferiority margin of 3.2% assuming a POCE event rate of 8.0% for both arms. An interim analysis of the first 1,270 patients with statistical adjustments for multiple looks was amended in the protocol. 
Results
The QFR arm included 631 patients, and the usual care arm 639 patients. Physiological assessment was performed in 92.1% versus 41.0% of lesions in the QFR and usual care arms, respectively. The proportion of lesion deferrals (QFR n=343/973, 35.3% vs. Usual care n=319/963, 33.1%,p=0.368) and the mean number of stents implanted per patient (1.6) were similar. The 1-year POCE rates were 6.9% and 6.8% for the QFR and Usual care arm, respectively, achieving non-inferiority with a risk difference of 0.11% (95% CI -2.70% to 2.92%, one-sided Pnoninferiority=0.015).  
Conclusion
In this interim analysis, QFR-guided PCI for lesion treatment selection and stent optimisation was noninferior to usual care but must be confirmed in the full population. 
Funding
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Introduction
Quantitative flow ratio (QFR), an angiography-based method for estimating fractional flow reserve (FFR) without pressure wire, can be integrated into percutaneous coronary intervention (PCI) workflows to guide lesion treatment selection and stent optimisation.1 . The FAVOR III China trial demonstrated superior clinical outcomes with QFR versus visual angiographic guidance, while the FAVOR III Europe trial failed to demonstrate clinical non-inferiority of QFR-guided PCI to FFR-guided PCI, raising concerns with increased rate of spontaneous myocardial infarction (MI), potentially impacting the Class I(B) guideline endorsement.2-4
To address these safety concerns, the PIONEER IV steering committee, consultatively advised by the DSMB, decided to report an interim analysis of the first 1270 patients (60%) in the trial to offer timely insights for the community. 
Methods
PIONEER IV (NCT04923191) is a multicentre, 1:1 randomised, open-label, all-comer, non-inferiority trial comparing clinical outcomes of  PCI guided by QFR versus usual care, enrolling  patients irrespective of clinical presentation or lesion complexity with unrestricted use in both arms of the Healing-Targeted Supreme sirolimus-eluting stent(HT Supreme, SINOMED, Tianjin, China), followed by a 1-month dual-antiplatelet therapy and ticagrelor monotherapy up to 1 year.5 
In the QFR arm, lesions were functionally assessed by investigators with QFR, with stenting indicated in lesions with a QFR ≤0.80. Post-stenting, QFR was repeated in the stented vessel(s), with post-dilatation or additional stenting recommended if vessel QFR<0.91, or if the delta QFR (across the stent) was >0.05, with use of intravascular imaging at the operator’s discretion. Usual care PCI was performed according to standard clinical practice, with pressure wire, angiographic physiology, and intravascular imaging use, left to the investigator's discretion.2  
The primary non-inferiority endpoint is 12-month patient-oriented composite endpoint (POCE) of all-cause death, any stroke, any MI, or any Academic Research Consortium (ARC)-2 clinically and physiologically driven revascularisation with a non-inferiority margin of 3.2%.6 The adjudication of ARC-2 Clinically and physiologically driven revascularisation  were performed by blinded clinical event committee (CEC) and imaging corelab (CORRIB lab, Ireland).7 MI were defined using the SCAI consensus for peri-procedure MI within 48 hours of the index procedure, and the Fourth Universal Definition of MI >48 hours after the index procedure.8 Secondary endpoints included the individual components of POCE and bleeding academic research consortium (BARC) bleedings.6,9  
The protocol was amended to accommodate an interim analysis with a modest reduction in the sample size from 2540 to 2130 patients lowering the statistical power from 90 to 85%. Considering the additional look, a one-sided p-value threshold of 0.035 was applied, based on the Lan-DeMets boundaries with Pocock alpha spending functions.10 
Event rate was estimated by the Kaplan-Meier (KM) method.The primary analysis was performed in the intention-to-treat population. 

Results
[bookmark: OLE_LINK2]Among the first 1270 patients, 631 were randomised to the QFR arm and 639 to the usual care arm, with 1-year follow-up data available for 622 (98.6%) patients and 618 (96.7%) patients in the QFR and the usual care arms, respectively, while vital status was available for all patients (Figure). The median age was 66.0 years (IQR 59.0-74.0), with 304 (23.9%) female participants, 405 (31.8%) presenting with ACS, 298 (23.5%) having diabetes mellitus and 258 (20.3%) classified as high bleeding risk (HBR). Mean corelab anatomic SYNTAX scores in the QFR arm was 9.7 (6.9) versus 9.6 (6.8) in the usual care arm. 

[bookmark: OLE_LINK1]In the QFR arm, among the 973 study lesions, 90 (9.2%) were not investigated with pre-procedural QFR with the most common reasons: vessel total occlusion (n=24), impaired or competitive flow (n=14), technical issues with the QFR software (n=13) and miscellaneous reasons (n=39). QFR was performed in 883 (90.8%) lesions and QFR guidance was followed in 862 (97.6%) lesions. In the usual care arm, pressure-wire-derived or angiography-derived physiological assessments in the cath lab were performed in 395 (41.0%) of the total 963 study lesions. Overall, a similar proportion of lesions in both arms were deferred (QFR n=343/973, 35.3% vs. Usual care n=319/963, 33.1%, p=0.368).
The mean number of implanted stents and the total stent length per patient were 1.6 stents and 34.0 mm in the QFR arm and 1.6 stents and 34.8 mm in the usual care arm. Intravascular imaging was used in 4.6% and 5.3% of the QFR and Usual care patients, respectively. Post-PCI physiology was assessed in 76.5% of the QFR arm patients, with 17.9% (56/313) having an angio-FFR<0.91, leading to additional treatment in 19.6% (11/56) of cases. After PCI, patients who were not on anticoagulant therapy were on DAPT at one month, with P2Y12 monotherapy used in 83.0% at 6 months.
The 1-year POCE rates were 6.9% in the QFR arm and 6.8% in the Usual care arm. With a risk difference of 0.11% (95% CI -2.70% to 2.92%, with a one-sided Pnoninferiority=0.015, Figure), non-inferiority was declared. 
The individual components of POCE were similar between the two arms. Importantly, there were no between-group differences in the rates of all-MI, periprocedural MI or spontaneous MI. Furthermore, only one MI and two revascularisations occurring in deferred vessels. One acute definite stent thrombosis was observed in the usual care arm, and one late probable stent thrombosis was observed in the QFR arm. The BARC 3 or 5 bleeding rates were 1.8% and 1.3% in the QFR and usual care arms, respectively (p=0.482).
Discussions
In the interim analysis of PIONEER IV: 
1. QFR guidance was non-inferior to usual care for POCE at 1-year, albeit with a limited statistical power of 70.6% (increased risk of type II error).
2. QFR and usual care resulted in a similar number of stents implantation and lesion deferral. 
3. In the QFR-arm, angiography-derived FFR was performed in 90.7% of study lesions, with 97.6% of treatments following QFR guidance. In the usual care arm, operators chose to use physiological assessment in 41.0% of lesions. 
4. There was no significant between-group difference in POCE or any of its components and event rates were rare for deferred lesions in both arms.	
The favorable outcomes relative to FAVOR III Europe likely reflect key design differences: PIONEER IV compared a QFR-guided strategy with usual care, whereas FAVOR III Europe mandated systematic FFR guidance. Consequently, PIONEER IV occupies an intermediate position on the “physiology spectrum,” with 41% invasive physiology use in the control arm, contrasting with the 100% FFR use in FAVOR III Europe and 0% in FAVOR III China. Furthermore, PIONEER IV mandated post-PCI QFR optimisation. This strategy was found to be impactful in the FLAVOUR II trial, although that trial utilised a different technology (FR) compared to the QFR used in PIONEER IV. Finally, rigorous site credentialing and centralized oversight ensured high protocol adherence (97.6%). Consequently, no alarming safety signals regarding spontaneous MI were observed. Limitations include the interim nature of the analysis and the open-label design.

In conclusion, QFR-guided PCI was non-inferior to usual care with no alarming safety signal These results must be confirmed in the whole population.
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