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CORONARY INTERVENTIONS

Functional comparison hetween the BuMA Supreme
hiodegradable polymer sirolimus-eluting stent and a durable
polymer zotarolimus-eluting coronary stent using quantitative
flow ratio: PIONEER QFR substudy

5&,. Taku Asano'?, MD; Yuki Katagiri', MD; Carlos Collet', MD; Erhan Tenekecioglu®, MD;

b Yosuke Miyazaki®, MD, PhD; Yohei Sotomi', MD; Giovanni Amoroso*, MD, PhD;

Adel Aminian’, MD; Salvatore Brugaletta®, MD, PhD; Mathias Vr011x7, MD;

Rosana Hernandez-Antolin®, MD, PhD; Pim van de Harst”!°, MD, PhD; Andres Ifiiguez!!, MD, PhD;
Luc Janssens'?, MD; Pieter C. Smits'3, MD, PhD; Joanna Wykrzkowska', MD, PhD;

& Vasco Gama Ribeiro'*, MD; Helder Pereira'>, MD; Pedro Canas da Silva'¢, MD;

Jan J. Piek!, MD, PhD; Johan H.C. Reiber’, PhD; Clemens von Birgelen's, MD, PhD; Manel Sabate®, MD, PhD;
Yoshinobu Onuma3 9% MD, PhD; Patrick W. Serruys®°, MD, PhD

1. Academic Medical Center, University of Amsterdam, Amsterdam, the Netherlands; 2. Department of Cardiology, St. Luke's
International Hospital, Tokyo, Japan, 3. Thoraxcenter, Erasmus Medical Center, Rotterdam, the Netherlands, 4. Onze Lieve
Viouwe Gasthuis, Amsterdam, the Netherlands; 5. Centre Hospitalier Universitaire de Charleroi, Charleroi, Belgium, 6. Clinic
University Hospital, Cardiovascular Clinic Institute, Institut d’Investigacions Biomédiques. August Pi i Sunyer (IDIBAPS),
Barcelona, Spain; 7. Oost Limburg Hospital, Genk, Belgium; 8. University Hospital Ramon y:Cajal, Madrid, Spain; 9. University
of Groningen, Groningen, the Netherlands; 10. University Medical Center Groningen, Groningen, the Netherlands, 11. Hospital
Alvaro Cunqueiro, Vigo, Spain; 12. Imelda Hospital Bonheiden, Bonheiden, Belgium, 13. Maasstad Hospital, Rotterdam,

the Netherlands; 14. Gaia/Espinho Hospital Centers, Oporto, Portugal; 15:Hospital Garcia de Orta, Almada, Portugal; 16. Santa
Maria University Hospital - North Lisbon Hospital Center, Lisbon, Portugal; 17. Department of Radiology, Leiden University
Medical Center, Leiden, the Netherlands, 18. Thoraxcentrum Twente, Enschede, the Netherlands, 19. Cardialysis, Rotterdam,

the Netherlands; 20. International Centre for Circulatory Health, NHLI, Imperial College London, London, United Kingdom

GUEST EDITOR: Michail I. Papafaklis, MD, PhD, FESC; Department of Interventional Cardiology, Barts Heart Centre,
St Bartholomew's Hospital, London, United Kingdom

This paper also includes supplementary data published online at: http://www.pcronline.com/eurointervention/138th_issue/100

Abstract

Aims: Quantitative flow ratio (QFR) based on three-dimensional quantitative coronary angiography (3D-

KEYWORDS

QCA) is a novel method to assess physiological functionality after treatment with stents. The current

e drug-eluting stent

o fractional flow
reserve

¢ other technique

e stable angina

study aimed to evaluate the difference in physiological functionality nine months after implantation of
a bioresorbable polymer-based sirolimus-eluting stent with an electrografting base layer (BuMA Supreme:
B-SES) versus a durable polymer-based zotarolimus-eluting stent (Resolute: R-ZES).

Methods and results: The current post hoc analysis was performed in the PIONEER randomised trial
(1:1 randomisation to B-SES [83 patients/95 lesions] and R-ZES [87 patients/101 lesions]). QFR was meas-
ured in stented vessels in both arms at preprocedural, post-procedural and nine-month angiography without
pharmacologically induced hyperaemia (contrast QFR). At nine months, both the values of QFR distal to
the stent (B-SES: 0.89+0.10 vs. R-ZES: 0.89+0.11, p=0.97) and the number of vessels with QFR <0.8 were
not significantly different between the two groups (11.0% vs. 12.8%, p=0.72), while the in-stent binary
restenosis rate was also comparable (3.7% vs. 3.5%, p=1.00). QFR gradient across the device (AQFR) at
nine months was also similar between the groups (B-SES: 0.03+0.04 vs. R-ZES: 0.03+0.07, p=0.95).

Conclusions: Quantitative flow assessment nine months after stenting did not differ between B-SES and

R-ZES, despite a significant difference in in-stent late lumen loss.

*Corresponding author: Thoraxcenter, Erasmus Medical Center, P.O. Box 2125, 3000 CC Rotterdam, the Netherlands.
E-mail: yoshinobuonuma@gmail.com
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Abbreviations
AQFR  QFR gradient across the device

AUC area under the receiver operating characteristic curve
DES drug-eluting stent

FFR fractional flow reserve

LLL late lumen loss

QCA quantitative coronary angiography

QFR quantitative flow ratio

SES sirolimus-eluting stent

TLR target lesion revascularisation
ZES zotarolimus-eluting stent

Introduction

Angiographic late lumen loss (LLL) is considered a reliable dis-
criminator to differentiate the performances of various coronary
devices such as balloons, stents and bioresorbable scaffolds!=.
However, in the current drug-eluting stent (DES) era, new devices
within a very low LLL range have been compared which might
have low probabilities of restenotic events, even if there is a sta-
tistically significant difference in LLL between the two devices*”.
The clinical significance of comparing devices with very low LLL
is debatable.

Fractional flow reserve (FFR) has been considered an accurate
diagnostic tool due to its capacity to overcome the limitations of
angiography in assessing the functional severity of coronary steno-
sis®. An increasing body of evidence supports the safety and effi-
cacy of therapeutic decisions based on FFR in multiple clinical
and anatomical settings”®. Quantitative flow ratio (QFR) is a novel
approach enabling rapid computation of FFR pullbacks from
three-dimensional quantitative coronary angiography (3D-QCA)
without using a pressure wire'*!*. A QFR <0.80 with and without
hyperaemic computed flow (adenosine-flow QFR and contrast-
flow QFR) was reported to have favourable diagnostic accuracy in
identifying a wire-derived FFR of <0.80'°.

The PIONEER trial was a randomised trial which compared
the biodegradable polymer-based cobalt-chromium (CoCr) plat-
form sirolimus-eluting BuMA™ Supreme (SINOMED, Tianjin,
China) stent with an electrografting base layer (B-SES) with
the durable polymer-coated zotarolimus-eluting Resolute™ stent
(R-ZES) (Medtronic, Minneapolis, MN, USA) and aimed to dem-
onstrate the non-inferiority of the B-SES to the R-ZES in terms
of nine-month angiographic in-stent LLL. In the current trial, the
B-SES did not meet the primary endpoint of non-inferiority'.
Although the B-SES was significantly inferior to the R-ZES in
terms of in-stent LLL (0.29£0.34 mm vs. 0.14£0.37 mm, p, . -
iy =0-004), the incidence of device-oriented cardiovascular events
(DoCE) at 12 months was not different between the groups (4.9%
vs. 5.7% p=1.00). The in-stent binary restenosis rate of the B-SES
at nine months was also comparable to the R-ZES (3.3% vs. 4.4%,
p=1.00). It was questionable whether statistically different LLL
values within a low range impact on the functionality of the rest-
enotic stents. The functional significance of different LLL between
the B-SES and R-ZES remained to be investigated.

PIONEER QFR substudy

In the current study, we evaluated the physiological functional-
ity of the LLL in both stents with QFR analysis.

Methods

STUDY DESIGN AND POPULATION

The current study was a post hoc substudy of the PIONEER trial
comparing the B-SES with the R-ZES in patients with coronary
artery disease to demonstrate non-inferiority of the B-SES to the
R-ZES in terms of nine-month angiographic in-stent LLL. The
details of the protocol and the main results of the trial have already
been reported elsewhere'®. The inclusion and exclusion criteria are
described in the Supplementary Appendix.

CORONARY ANGIOGRAPHY

In the PIONEER trial, coronary angiography was repeated at
nine-month follow-up. All angiography was preceded by an
intracoronary injection of isosorbide dinitrate or nitroglycerine.
According to the protocol, target lesions were recorded with at
least two projections separated by more than 30° to obtain proper
LLL in matched angiographic views, from which the 3D lumen
reconstruction was derived in the current substudy. In the case of
target lesion revascularisation (TLR), pre-TLR angiographic data
were analysed as follow-up angiography.

2D QUANTITATIVE CORONARY ANGIOGRAPHY ANALYSIS

Off-line 2D-QCA was performed in an independent core labora-
tory (Cardialysis, Rotterdam, the Netherlands) with the CAAS
system, version 5.11 (Pie Medical Imaging, Maastricht, the
Netherlands) according to standard protocol. The following QCA
parameters were calculated: minimal lumen diameter, reference
vessel diameter (interpolated diameter of normal vessel), percent
diameter stenosis ([1-minimum lumen diameter/reference ves-
sel diameter|x100) and late lumen loss (difference between the
post-procedure and follow-up minimal lumen diameter). Binary
restenosis was defined as stenosis of 50 percent or greater in the
target lesion or segment at angiographic follow-up. Measurements
within the stented segment were defined as the in-stent analysis.
The in-segment analysis included both the in-stent segment and
the edge segments which were 5 mm segments proximal or distal

to the implantation site.

QUANTITATIVE FLOW RATIO CALCULATION
Details regarding the QFR calculation method have been reported
elsewhere!®'®. Briefly, the QFR calculation was based on the
3D-QCA reconstructed from two angiographic projections with
angles >25° apart and volumetric flow rate calculated by using
contrast bolus frame count. The 3D-QCA reconstruction and
measurements were performed as described previously'¢. The rate
of volumetric flow was assessed with a frame count based on the
TIMI frame counting method!”.

The QFRs at pre-procedure, post-procedure and nine-month fol-
low-up were assessed using validated software (QAngio XA 3D
research edition 1.0; Medis medical imaging systems bv, Leiden,
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the Netherlands), which received Conformité Européenne (CE)
marking certification for clinical usage in April 2017, by two
experienced observers (T. Asano and Y. Katagiri). In the current
study, the QFR value was computed by using projections without
pharmacologically induced hyperaemia (contrast-flow QFR) for
the analysis'’.

The QFR analysis was performed at the distal point of the tar-
get vessel (vessel QFR). The distal point was situated at least
distally of the last lesion as long as the lumen diameter was more
than 2 mm. In the post-procedural and follow-up angiography,
QFR gradient across the device (AQFR, , and AQFR, ) was
also analysed (Figure 1)'. For the assessment of the progres-
sion of flow limitation within the device at nine months, the dif-
ference in QFR gradient across the device (AQFR, -AQFR
was calculated.

POST)

STATISTICAL ANALYSIS

Data are expressed as meant+SD or median and interquartile
range with differences (95% confidence interval). Group means
for continuous variables with normal distributions were compared
using the Student’s t-test. Categorical variables were compared
using the Pearson’s chi-square test or Fisher’s exact test, as appro-
priate. A cubic polynomial regression analysis was performed to
correlate LLL and difference in QFR gradient across the device.
Statistical significance was assumed at a probability (p) value of
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<0.05. Statistical analyses were performed with SPSS, Version
24.0.0 (IBM Corp., Armonk, NY, USA).

Results

STUDY SUBJECTS

In the PIONEER trial, a total of 170 patients were included and
randomly assigned to undergo treatment with B-SES (83 patients
and 95 lesions) or R-ZES (87 patients and 101 lesions). For the
QFR analysis, the lesions without two appropriate angiographic
projections with angles >25° apart or the lesions without data for
autocalibration were excluded (Figure 2). All the lesions available
for QFR analysis were also analysable by 2D-QCA analysis at
each time point. Baseline demographics and procedural character-
istics are separately reported in Supplementary Table 1 ',

2D-QCA ANALYSIS

Table 1 summarises the results of 2D-QCA analysis of the population
with available QFR. In-stent LLL at nine months was 0.30£0.34 mm
in the B-SES group versus 0.13+0.35 mm in the R-ZES group
(p=0.004). In-stent %DS at nine months was 17.0+12.0% in
the B-SES group and 15.5£11.6% in the R-ZES group (p=0.06).

QFR ANALYSIS

The QFR analysis results are summarised in Table 2. The vessel
QFRs at nine months were not significantly different between the

Vessel QFR: 0.72

Stented segment

QFR gradient across the device
(In-stent AQFR)

Diameter diagram

Figure 1. The quantitative flow ratio (QFR) with QAngio XA 3D. QFR calculation was based on the 3D-QCA reconstructed from two
angiographic projections with angles >25° apart and volumetric flow rate calculated by using contrast bolus frame count. QFR analysis was

performed at the distal point of the target vessel (vessel QFR). OQFR gradient across the device (in-stent AOFR

analysed in the post-procedural and follow-up angiography.

and in-stent AQFR,, ) was

POST



PIONEER QFR substudy

PIONEER trial QFR substudy

BuMA Supreme SES
83 patients/95 lesions

Resolute-type ZES
87 patients/101 lesions

Pre-procedure Available 2D-QCA (L=92)
Available QFR (L=71)

— No appropriate 2 projections L=19

— No autocalibration data L=1

— Non-analysable (99% stenosis) L=1
Applied 2D-QCA (L=71)

Pre-procedure Available 2D-QCA (L=95)
Available QFR (L=84)

— No appropriate 2 projections L=7

— No autocalibration data L=3

— Non-analysable (99% stenosis) L=1
Applied 2D-QCA (L=84)

Post procedure Available 2D-QCA (L=93)
Available QFR (L=78)

— No appropriate 2 projections L=14

— No autocalibration data L=1
Applied 2D-QCA (L=78)

Post procedure Available 2D-QCA (L=98)
Available QFR (L=86)

— No appropriate 2 projections L=11

— No autocalibration data L=1
Applied 2D-QCA (L=86)

Death (N=1, L=1)
Refusal of invasive imaging investigation
(N=4, L=4)

Death (N=2, L=3)
Refusal of invasive imaging investigation (N=5, L=5)
Patient did not return for follow-up (N=1, L=1)

9-month follow-up Available 2D-QCA (L=90)
Available QFR (L=82)
— No appropriate 2 projections L=4
— No autocalibration data L=4
Applied 2D-QCA (L=82)
Late lumen loss available L=69
AQFR, ~AQGFR,; available L=69

POST

9-month follow-up Available 2D-QCA (L=91)
Available QFR (L=86)
— No appropriate 2 projections L=2
— No autocalibration data L=3
Applied 2D-QCA (L=86)
Late lumen loss available L=72

AQFR,~AQFR,, available L=72

two groups (B-SES: 0.89+0.10 vs. R-ZES: 0.89+0.11, p=0.97).
The number of lesions with QFR <0.8 was nine (11.0% [9/82])
in the B-SES group and 11 (12.8% [11/86]) in the R-ZES group  the device (AQFR, -AQFR

Figure 2. Flow chart of the current study. L: number of lesions; N: number of patients; QCA: quantitative coronary angiography;,
QFR: quantitative flow ratio,; SES: sirolimus-eluting stent; ZES: zotarolimus-eluting stent
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Figure 3. Cumulative frequency distribution curves of vessel QFR pre-procedure and post procedure. Vessel QFR pre-procedure (blue for the
BuMA Supreme SES group and red for the Resolute ZES group) and post procedure (light blue for the BuMA Supreme SES group and pink for
the Resolute ZES group). N: number of lesions

(p=0.72) (Figure 3, Figure 4). The QFR gradient across the device
at nine months (AQFR ) and the difference in QFR gradient across
) were also similar between the
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Table 1. Results of 2D-QCA analysis.

|
g
=8
1
5 | N | BSES | N | RZES | Difference (95%Cl) | pvalue
§ Pre-procedure Mean lumen diameter (mm) 71 2.25+0.35 84 2.34+0.42 -0.09 [-0.21, 0.03] 0.16
§ Minimum lumen diameter (mm) 71 1.01+£0.27 84 1.04+0.35 -0.04 [-0.14, 0.06] 0.47
g Reference lumen diameter (mm) 71 2.55+0.40 84 2.68+0.49 -0.13 [-0.28, 0.011 0.07
% % Diameter stenosis (%) 71 60.1+10.3 84 60.7£10.8 | -0.62[-3.99, 2.75] 0.72
g Lesion length (mm) 71 13.7£6.5 84 14.7£7.0 -0.95[-3.11, 1.2] 0.38
Post procedure Mean lumen diameter (mm) 78 2.81+0.37 86 2.88+0.40 -0.06 [-0.18, 0.05] 0.29
Minimum lumen diameter (mm) 78 2.44+0.37 86 2.45+0.40 | -0.01[-0.13,0.11] 0.92
Reference lumen diameter (mm) 78 2.71+0.40 86 2.77+0.44 -0.06 [-0.18, 0.07] 0.40
% Diameter stenosis (%) 78 9.71+6.54 86 11.4+5.6 -1.71 [-3.59, 0.16] 0.07
Acute gain (mm) 62 1.38+0.34 73 1.43+0.41 -0.04 [-0.17, 0.09] 0.53
9-month follow-up | Mean lumen diameter (mm) 82 2.62+0.39 86 2.85+0.49 -0.23 [-0.36, -0.11 0.001
Minimum lumen diameter (mm) 82 2.13+0.44 86 2.38+0.51 -0.25[-0.4, -0.111 0.001
Reference lumen diameter (mm) 82 2.63+0.40 86 2.81+0.46 | -0.18[-0.31, -0.05] 0.007
% Diameter stenosis (%) 82 17.0+£12.0 86 15.5+11.6 3.49[-0.11, 7.08] 0.06
Binary restenosis 82 3(3.7) 86 3(3.5) 1.00
Late lumen loss (mm) 69 0.30+0.34 72 0.13+0.35 0.17 [0.05, 0.28] 0.004
Post procedure Mean lumen diameter (mm) 78 2.74+0.39 86 2.79+0.41 -0.05[-0.18, 0.07] 0.39
Minimum lumen diameter (mm) 78 2.11+0.43 86 2.15+0.39 -0.04 [-0.16, 0.09] 0.55
Reference lumen diameter (mm) 78 2.62+0.41 86 2.72+0.46 -0.1[-0.23, 0.04] 0.15
% Diameter stenosis (%) 78 19.7+£7.5 86 20.7+7.0 -1.06 [-3.3, 1.18] 0.35
Acute gain (mm) 62 1.04+0.44 73 1.13+0.4 -0.09 [-0.23, 0.05] 0.21
9-month follow-up | Mean lumen diameter (mm) 82 2.60+0.39 86 2.78+0.47 -0.18 [-0.31, -0.05] 0.008
Minimum lumen diameter (mm) 82 1.96+0.47 86 2.12+0.48 -0.17 [-0.31, -0.02] 0.03
Reference lumen diameter (mm) 82 2.59+0.41 86 2.77+0.47 | -0.18[-0.31, -0.05] 0.009
% Diameter stenosis (%) 82 24.4+12.6 86 23.3+11.2 1.13[-2.49, 4.76] 0.54
Binary restenosis 82 5(6.1) 86 4(4.7) 0.74
Late lumen loss (mm) 69 0.14+0.38 72 0.05+0.31 0.09 [-0.03, 0.2] 0.13
Data are expressed as mean+SD or number (percentage).

Table 2. Results of QFR analysis.

N B-SES N R-ZES Difference (95% Cl) | p-value

Pre-procedure Vessel QFR 71 0.72+0.15 84 0.73+0.13 |-0.006 [-0.05, 0.04] 0.78
Post procedure Vessel QFR 78 0.92+0.05 86 0.93+0.05 |-0.005 [-0.02, 0.01] 0.51

In-stent QFR gradient (AQFR, ;) 78 0.01+0.01 86 0.01+0.01 0.001 [-0.003, 0.001| 0.68
9-month follow-up | Vessel QFR 82 0.89+0.10 86 0.89+0.11 |-0.001 [-0.03, 0.03] 0.97

Vessel QFR <0.8 82 9(11.0) 86 11 (12.8) 0.72

In-stent QFR gradient (AQFR. ) 82 0.03+0.04 86 0.03+0.07 |-0.001 [-0.02, 0.02] 0.95

AQFR_ ~AQFR, 69 0.01+0.05 72 0.02+0.07 |-0.003 [-0.02, 0.02] 0.75
Data are expressed as mean+SD or number (percentage).
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Figure 4. Cumulative frequency distribution curves of vessel QFR at nine months. Vessel QFR at nine-month follow-up (blue for the BuMA

Supreme SES group and red for the Resolute ZES group). N: number of lesions

two groups (AQFR,: 0.03+0.04 vs. 0.03+0.07, p=0.95, AQFR_ -
AQFR, . ;: 0.01+0.05 vs. 0.02+0.07, p=0.75). Figure 5 shows the
cumulative frequency distribution curves of QFR gradient across
the device at nine months (AQFR_, ) plotted with binary restenosis.

Figure 6 shows a correlation between in-stent LLL at nine
months and difference in QFR gradient across the device between

post procedure and follow-up (AQFR, -AQFR, ) with scatter

POST

plots, in which a regression curve is drawn. The regression curve
shows an unapparent increase of difference in QFR gradient across
the device (AQFR, -AQFR, ) within the range of low value of
LLL (<0.50 mm), where the LLLs of both device groups are dis-
tributed. In contrast, a sharp increase of difference in QFR gradi-
ent across the device is observed once LLL reaches more than
0.70 mm.

1.0 ’é\ —
- @9A &) &

A : )
N\

@ BuMA post procedure
© Resolute post procedure

BulVIA at Y months
Resolute at 9 months

A
O BUMA binary restenosis
O

g Resolute binary restenosis
o BuMA BuMA  Resolute  Resolute
N AGFR N aapR  PrYalve
9months 82  0.03=0.04 86 0.03£0.07 0.95

0.1

0.2 0.3 0.4
QFR gradient across the device at follow-up

0.5 0.6

FRey

Figure 5. Cumulative frequency distribution curves of in-stent AQFR at nine months. In-stent AQFR at nine-month follow-up (light blue for the
BuMA Supreme SES group and pink for the Resolute ZES group). Lesions with binary restenosis are indicated with a circle. N: number of lesions
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Figure 6. Correlation between difference in QFR gradient across the device and in-stent late lumen loss at nine months. A regression curve is

drawn (y=0.002—0.001x+0.027x*+0.054x, y=AQFR, ~AQFR
difference in QFR gradient across the device (AQFR,, ~AQFR

POST’

POST)

x=in-stent LLL at nine months). The curve shows an apparent increase in
within the range of low value LLL (<0.50 mm), where the LLLs of both

device groups are distributed. In contrast, a sharp increase in the difference in QFR gradient across the device is observed once LLL reaches

more than 0.70 mm. IQR: interquartile range

Discussion

The major findings of the current substudy can be summarised
as follows: 1) despite the in-stent LLL of the B-SES being signi-
ficantly larger compared to the R-ZES, vessel QFR and QFR gra-
dient across the device at nine-month follow-up (AQFR_ ) in the
B-SES arm were comparable to the R-ZES arm; 2) the in-stent
LLLs of both groups were still within the range where difference
in QFR gradient across the device between post procedure and

follow-up (AQFR, -AQFR, ) has no functional repercussions.

POST
3D-QCA-BASED FFR AND ANGIOGRAPHIC MEASUREMENT

The physiological assessment based on 3D-QCA (FFRQCA) has
already been validated with sufficient accuracy and reproducibil-
ity in several studies comparing it to wire-derived FFR!®!115.1920,
The diagnostic accuracy of the contrast-flow QFR for identifying
an FFR of <0.80 was reported to be 86% (95% CI: 78% to 93%).
This was comparable to the QFR value computed with hyperae-
mia (adenosine-flow QFR), which had a diagnostic accuracy of
87% (95% CI: 80% to 94%)'°. In the FAVOR Pilot study and the
WIFI 1II study, the diagnostic performance of QFR was compared
to 2D angiographic measurement'®!'. The area under the receiver
operating characteristic curve (AUC) of contrast-flow QFR to
identify a wire-derived FFR of <0.80 was larger than % diameter
stenosis (AUC: 0.92 [95% CI: 0.84-0.97] vs. 0.72 [95% CI: 0.60-
0.82] in the FAVOR Pilot study, 0.86 [95% CI: 0.81-0.91] vs. 0.69
[95% CI: 0.62-0.76] in the WIFI II study)'®!'. Tu et al showed

the superiority of FFRQCA compared to % area stenosis derived
from 3D angiography in terms of the predictive ability for a wire-
derived FFR value of <0.8 (AUC: 0.93 vs. 0.73)".

In addition to the difference in the concept between QFR and
conventional angiographic parameters, the less favourable predic-
tive ability of conventional angiographic parameters for an FFR
value of <0.8 is also ascribed to the difference of the region of
interest (lesion versus vessel). In the current study, the number of
lesions with QFR <0.8 was higher than that of angiographic binary
restenosis (number of QFR <0.8: 9 [11.0%] in the B-SES group
and 11 [11.0%] in the R-ZES group, number of binary resteno-
sis: 3 [3.7%] in the B-SES group versus 3 [3.5%] in the R-ZES
group) (Figure 4). Nevertheless, QFR gradient across the device
(AQFR) is more comparable to the conventional angiographic
parameter measured in the in-stent region of interest. However, as
Figure 5 shows, the discrepancy was still observed between AQFR
and binary restenosis, probably due to the fundamental difference

between functional and anatomical assessments.

CLINICAL IMPLICATIONS AND REGULATORY PERSPECTIVE

Figure 6 shows a discrepancy between in-stent LLL (difference
in angiographic minimum lumen diameter between post procedure
and follow-up) and AQFR, -AQFR, . (difference in QFR gradi-
ent across the device between post procedure and follow-up). As
Figure 6 shows, the difference of LLL within the low value range
(<0.50 mm) was less significant from the physiological point of



view. In this range of LLL, even if there is significant difference in
LLL between two devices, the functionality of these devices does
not differ. This suggests that LLL, a surrogate for in-stent neoin-
timal growth, may not be directly correlated with the ischaemia-
driven revascularisation, especially with low values of LLL.

In a pooled data analysis of 11 stent trials, Pocock et al dem-
onstrated that LLL and the probability of TLR were not correlated
linearly but exponentially’. LLL with a high value range (>0.5-
0.7 mm) was associated with an increased probability of TLR,
whereas LLL in a low value range was not.

For a quarter of century, LLL has been used as a gold standard
to assess the efficacy of coronary devices, not only in clinical
studies but also for regulatory purposes?. However, this para-
meter may no longer reflect device efficacy in the current DES
era, since the low values of LLL seem to have neither func-
tional significance nor clinical implication®. In contrast, low
LLL is potentially associated with safety issues such as delayed
neointimal healing, evagination and malapposition, which in
turn are strongly related with device thrombosis®*?. In addi-
tion, the efficacy assessment based on the LLL derived from six-
to nine-month angiography does not take into account the late
“catch-up” phenomenon, which is potentially different among
stent designs®. In contrast to durable polymer, bioresorbable
polymer has the potential to reduce the risk of progressive neoin-
timal hyperplasia in the late phase**.

The optimal parameter validating stent performance should be
related to physiological significance and clinical adverse events.
Functional assessment based on 3D-QCA has the potential to val-
idate stent performance more fundamentally with less invasive-
ness and a lower cost compared to wire-derived, although, to date,
studies directly evaluating the impact of QFR on clinical outcomes
have not been reported. The current post hoc analysis should be
considered as hypothesis-generating only and should be prospec-
tively and formally demonstrated.

Study limitations

The study was mainly designed for evaluating angiographic LLL.
The physiological assessment based on QFR is a retrospective and
non-pre-specified analysis. The number of data points was lim-
ited for drawing the regression curve that estimates the correlation
between difference in QFR gradient across the device between
post procedure and follow-up and in-stent LLL. The current QFR
algorithm is based on the classic equation (AP=FV+SV2) intro-
duced by Young et al and simplified by Gould et al where F is
the coefficient of pressure loss due to viscous friction in the sten-
otic segment (Poiseuille’s law) and S is the coefficient of pressure
loss due to flow separation at the diverging end of the stenosis
(Bernoulli’s law)'*??, Using this equation, QFR is calculated
based on lesion length, minimum lumen area and reference area
derived from two angiographic views and volumetric flow of
a single vessel calculated by using frame count'. This algorithm
is simplified compared to the computational flow dynamics (CFD)
using the Navier-Stokes equation.

PIONEER QFR substudy

Conclusions

In the PIONEER trial, the functional parameter (QFR) did not dif-
fer between B-SES and R-ZES at nine-month follow-up, despite
a significant difference in in-stent LLL. In the current DES era,
QFR may have the potential to serve as a novel type of assessment
of device performance.

Impact on daily practice

In the PIONEER trial, although there was significant differ-
ence in nine-month in-stent late lumen loss between B-SES and
R-ZES, the functional parameters of QFR did not differ between
the two groups. The difference in late lumen loss within the
very low value range did not have functional significance. In the
current DES era, QFR is potentially a more adequate method for
the assessment of device performance.
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Supplementary data

Supplementary Appendix. Inclusion and exclusion criteria of the PIONEER trial.
Patients were eligible for study enrolment if they met the eligibility criteria, listed
below: age 18 years or older; presence of stable or unstable angina or silent ischaemia
with clinical evidence of ischaemic heart disease and/or positive territorial functional
study; presence of one or two separate, de novo target lesions (a single target lesion per
major epicardial territory) with a 50-99% lumen diameter stenosis in a reference vessel
of 2.5-4.5 mm (visually determined), and a target lesion length that allowed treatment
with a single study stent; coronary flow grade 2 or 3 according to the Thrombolysis In

Myocardial Infarction (TIMI) classification in all target vessels.

Patients were not eligible if they met at least one of the following exclusion criteria:
female of child-bearing potential; evolving myocardial infarction; bifurcated target
lesion involving a side branch >2.0 mm; target lesion in the left main artery; aorto-ostial
target lesion; target lesion with the presence of angiographically visible thrombus;
restenotic target lesion; left ventricular ejection fraction <30%; renal insufficiency (e.g.,
serum creatinine >2.5 mg/dL, creatinine clearance <30 mL/min, or patient treated by
dialysis); intolerance for aspirin, heparin, antiplatelet medication specified for use in the

study, sirolimus, zotarolimus, or cobalt-chromium.



Supplementary Table 1. Baseline characteristics in the PIONEER trial.
B-SES R-ZES .
(N=83) (N=87) 'f;gf(‘f/; e

Age, years 64.3+8.9 62.5+9.3 1.7 [-1.0,4.5]
Male sex 62 (74.7) 64 (73.6) 1.1[-12.0, 14.3]
BMI 27.8+4.8 27.8+4.2 0.1[-1.3,1.4]
Coexisting condition
Diabetes mellitus 24 (28.9) 20 (23) 5.9[-7.2,19.1]

Insulin-treated diabetes 10 (12.0) 6 (6.9) 5.2 [-3.6,13.9]

Non-insulin-treated diabetes 14 (16.9) 14 (16.1) 0.8 [-10.4,11.9]
Hypertension 47 (56.6) 57 (65.5) -8.9[-235,5.7]
Dyslipidaemia** 54 (65.1) 53 (61.6) 3.4[-11.1, 18.0]
Current or previous smoker

Current smoker*# 21 (25.6) 22 (25.6)

Previous smoker*# 35 (42.7) 35 (40.7)
Family history of CAD*# 35 (42.7) 37 (43.0) -0.3[-15.3, 14.6]
Previous myocardial infarction 15 (18.1) 15 (17.2) 0.8 [-10.6, 12.3]
Previous percutaneous coronary intervention 18 (21.7) 16 (18.4) 3.3[-8.7,15.3]
Previous coronary artery bypass grafting 4(4.8) 3(3.4) 1.4 [-4.6,7.4]
COPD 5 (6.0) 4 (4.6) 1.4[-5.3,8.2]
Initial clinical presentation
Unstable angina 20 (24.1) 15 (17.2)
Stable angina 42 (50.6) 52 (59.8)
Silent ischaemia 21(25.3) 20 (23.0)

Data are expressed as mean+SD or number (percentage).
* Missing data for one patient in B-SES arm; # missing data for one patient in R-ZES arm.

BMI: body mass index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease



