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Abstract

Background: Paclitaxel-containing devices (PTXD) significantly reduce reintervention in
patients with symptomatic femoropopliteal peripheral artery disease (PAD). A recent aggregate-
data meta-analysis reported increased late mortality in PAD patients treated with PTXD. We
performed an individual patient data (IPD) meta-analysis to evaluate mortality.

Methods: Manufacturers of FDA approved and commercially available devices in the United
States provided de-identified IPD for independent analysis. Cox proportional hazards one-stage
meta-analysis models using intention-to-treat (ITT) methods were used for the primary analysis. A
secondary analysis of additionally recovered missing vital status data was performed. The impact
of control crossover to PTXD, cause-specific mortality and drug dose-mortality were assessed.

Results: 2,185 subjects and 386 deaths from eight PTXD trials with 4-year median follow-up
were identified. The primary analysis indicated a 38% (95% confidence interval [Cl], 6% to 80%)
increased relative mortality risk, corresponding to 4.6% absolute increase, at 5 years associated
with PTXD use. Control and treatment arm loss to follow-up and withdrawal were 24% and 23%,
respectively. With inclusion of recovered vital status data the excess relative mortality risk was
27% (95% Cl, 3% to 58%). This observation was consistent across various scenarios, including as-
treated analyses, with no evidence of increased risk over time with PTXD. Mortality risk tended to
be increased for all major causes of death. There were no subgroup differences. No drug dose-
mortality association was identified.

Conclusions: This IPD meta-analysis, based on the most complete available data set of
mortality events from PTXD randomized controlled trials, identified an absolute 4.6% increased
mortality risk associated with PTXD use.

Keywords
Peripheral arterial disease; drug coated balloons; drug eluting stents; mortality; meta-analysis

Introduction

Paclitaxel-coated angioplasty balloons and paclitaxel-eluting stents have demonstrated
effectiveness in treating femoropopliteal peripheral artery disease (PAD) by reducing
reintervention through 5-year follow-up.l: 2 However, an aggregate-level meta-analysis3
raised concerns of increased all-cause late mortality, manifest = 2 years after exposure to
paclitaxel-containing devices (PTXD). In response to this report, the US Food and Drug
Administration (FDA) issued three advisory letters to healthcare providers -6 suggesting
use of alternate non-paclitaxel based endovascular devices and heightened surveillance of
patients exposed to these devices until additional data were available. To overcome the
limitations of meta-analyses using aggregate-level published data, VIVA Physicians
collaborated with the four US manufacturers of PTXDs to transfer individual patient data
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from their regulatory Investigational Device Exemption (IDE) randomized controlled trials
to an independent third-party medical research organization for an IPD meta-analysis.

Protocol, Study Selection, Data Collection

Because of the sensitive nature of the data collected for these analyses, requests to access the
datasets from qualified researchers trained in human subject confidentiality protocols may
be sent to the individual industry members research organizations noted below. The final
content of a Statistical Analysis Plan (SAP) (Supplement Materials) was approved by a four-
member independent multispecialty Data Steering Committee assembled by VIVA
Physicians and was based on formal discussions with the U.S. Food and Drug
Administration (FDA) with review and approval by industry members. Following agreed
upon FDA guidance, eligible studies were required to be randomized controlled trials
(RCTs) with individual patient data available from study sponsors and =2 years of follow-up
evaluating US-licensed PTXDs (IN.PACT™ Admiral™, Medtronic, Santa Rosa, CA.;
Lutonix® Paclitaxel-Coated Balloon, Bard/Becton Dickinson, Covington, GA, Stellarex™
Paclitaxel-Coated Balloon, Philips Medical, The Netherlands; and Zilver® PTX® Stent,
Cook Medical, Bloomington, IN) for use in the femoropopliteal artery compared with a
control arm using a non-drug-coated balloon or a bare metal stent. The patient population
included subjects with PAD involving the superficial femoral and/or popliteal artery with
intermittent claudication or ischemic rest pain (Rutherford Class 2 to 4). Only devices
commercially available in the United States as of March 2019 were included in this analysis
to inform US regulatory decision-making. NAMSA (Minneapolis, MN) independently
performed all statistical analyses.

Sponsors provided anonymized data on mortality and baseline characteristics for each
patient in the RCT(s) and were responsible for data monitoring, reviewing and quality.
Individual patient data were reviewed for integrity and re-coded as necessary to facilitate
harmonization of variables and definitions across datasets. Previously unreported vital status
data received after the approval of the SAP were included in sensitivity analyses.
Institutional Review Board (IRB) approval was not required for this individual patient-level
meta-analysis.

Outcome and Analysis Methods

The primary outcome was all-cause mortality. The measure of effect was the hazard ratio
(HR), with values greater than 1 indicating an increased risk of mortality associated with
PTXD treatment relative to bare-metal stent and balloon treatment. Confidence intervals that
exclude a hazard ratio of 1 are considered statistically significant.

All analyses were pre-specified in the SAP. The primary analysis utilized an intent-to-treat
approach (ITT) with subjects analyzed according to their original randomized assignment.

The primary outcome was summarized using a one-stage meta-analysis approach.” Methods
of survival analysis were used to account for the number and timing of deaths, as well as the
specific amount of observed follow-up for subjects surviving. The primary model was a Cox
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proportional hazards model stratified by study, with a normally distributed random study
effect. Kaplan-Meier analyses employed Hall-Wellner 95% confidence bands.8 We assessed
the effects of control subject crossover to PTXD, informative censoring, “as-treated”
populations (analyses according to the actual treatment received at the index procedure),
cause-specific mortality, and additional longer-term follow-up data for vital status based on
efforts to collect participant outcomes beyond the original study data collection. An “as-
treated” analysis adjusted for covariates to account for possible bias due to departure from
the ITT principle was performed. The adjustment was made via propensity score
stratification based on quintiles of the propensity score estimated separately for each study.
Covariates for the propensity score model were pre-specified in the SAP (Table S1).
Subgroup analyses based on pre-randomization factors were performed to further explore
differences in mortality between study arms by assessing treatment by covariate interactions.
Risk of bias was assessed for the set of studies using the Cochrane Collaboration’s tool for
assessing risk of bias®.

A potential drug dose-mortality relation was explored. Index procedure nominal load data
(Hg/mm?) were provided by each sponsor and standardized within each study. Total
paclitaxel dose received at the index procedure was post-hoc standardized (log transformed,
mean centered and scaled) within each study so that the standardized distribution within
each study had a mean of zero and standard deviation of 1. The association of mortality with
standardized dose was calculated from a proportional hazards model with stratification by
study and propensity score weighting, with a penalized spline to show the shape of the
association of dose with mortality risk.10 Analyses included both assessments of exposure
categories (controls vs. dose categories based on within-study tertile of exposure, i.e., low/
medium/high) and continuous dose. Propensity score adjustment was used to account for
potential confounding due to the non-randomized nature of the dose-mortality analysis. The
analytic exposure modeling strategy was included in the SAP.

Statistical analyses were conducted using SAS version 9.4 or later (SAS Institute Inc., Cary,
NC) and R (version R 3.5.3 or later). Key R packages were used: survival package (version
2.44.1.1), coxme package (version 2.2-10), metafor package (version 2.1.0), metagen
package (version 1.0), and forest plot package (version 1.9).

Included studies

De-identified individual patient data were obtained from 8 RCTs (Figure 1).11 Study
characteristics are summarized in Table 1. There were 7 RCTs of paclitaxel-coated balloons
and one study of a paclitaxel-eluting stent. A median of 4 years (range 2 to 5 years) of
follow-up was obtained. Risk of bias is summarized in Figure 2; there is a high and
consistent risk of bias from the open label nature of long-term assessments of vital status as
well as the extent of missing data. Of note, 428 subjects (19.6% of the total) exited
prematurely from these 8 studies. IPD was not available for two potentially eligible studies:
the BATTLE Trial2 (n=181), a RCT comparison of Zilver® PTX® coated stent which
included patients with in-stent restenosis and limited six-month follow-up; and the

Circulation. Author manuscript; available in PMC 2021 April 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rocha-Singh et al.

Page 5

DEBELLUM Trial!3 (n=50), a RCT comparison of IN.PACT™ SFA DCB vs. PTA in
claudicants with limited one-year follow-up.

Our analyses include data for 2,185 patients of whom 1,382 were assigned to PTXD and 803
to control. There were 271 deaths included in the primary analysis, and 386 in the updated
analysis. Baseline clinical characteristics are summarized in Table S2. Average age by study
ranged from 67 to 75 years and 24% to 41% of subjects were female. Most subjects had
claudication (91%) and 94% were Rutherford category < 3.

Primary Results

Results from the primary analysis model are displayed in Figure 3. The overall hazard ratio
(HR) was 1.38 (95% confidence interval [CI], 1.06 to 1.80) indicating a 38% relative
increase in mortality for PTXD relative to control. There was no evidence of a violation of
the proportional hazards assumption (p=0.87). Figure 4 and Table S3 summarize the Kaplan-
Meier analysis for all studies. Mortality for the PTXD and control groups through 5 years
was 18.3% for PTXD and 13.7% for control, an absolute difference of 4.6%.

Sensitivity Analyses

Table 2 shows the results of pre-specified sensitivity analyses as well as results from updated
analyses. In “as treated” analyses, the unadjusted (HR 1.36, 95% Cl, 1.04 to 1.78) and
adjusted results (HR 1.37, 95% CI, 1.04 to 1.80) based on a one-stage approach were similar
to our primary analysis.

A “tipping point” analysis revealed a sensitivity of results to the potential pattern of vital
status among subjects with missing data (Table S4). In an attempt to resolve the impact of
missing data, beyond the original study data used for our primary analysis, sponsor efforts to
further determine vital status of exited patients (from IN.PACT™ SFA I/Il, Levant Il, and
Zilver® PTX®) through direct queries to clinical sites and searches of the National Death
Index (NDI) further reduced loss to follow-up to 9.8% for control subjects and 9.3% for
PTXD subjects. This resulted in attenuation of the mortality hazard ratio (HR 1.27, 95% ClI,
1.03 to 1.58).

Analyses censoring control subjects at crossover to PTXD (HR 1.31, 95% ClI, 1.00 to 1.72)
and an analysis to address potential informative censoring'* (using inverse probability of
censoring weighting, HR 1.36, 95% ClI, 1.05 to 1.77) were consistent with the primary
findings (Table 2 and Figure S1).

Two-stage meta-analysis using both fixed effect and random effects models produced
estimates similar to our primary model” The random effects model had a lower confidence
limit of 1.01, in contrast to the lower bound of 1.06 for the primary one-stage meta-analysis
model, which also employed random effects. We pre-specified use of a restricted maximum
likelihood approach; other methods produced a lower estimate of study variability, and
results more similar to the one-stage approach. Study heterogeneity estimated from the two-
stage model was still small, with 7% of the variation across studies due to heterogeneity
(i.e., 2 =7%). Analyses of drug-coated balloon and sensitivity analysis related to drug-
eluting stent (Zilver® PTX®) specific mortality are reported in Table 3.
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Analysis of Dose Response Relation

Exploratory analyses revealed no association of mortality risk and increasing drug dose?.
Compared to non-paclitaxel exposed subjects, the HR was 1.30 (95% CI, 0.92 to 1.82) for
the low exposure group, 1.23 (95% CI, 0.87 to 1.73) for the medium exposure group, and
1.41 (95% Cl, 0.96 to 2.07) for the high exposure group showing that mortality risk did not
increase with exposure (Figure 5).

Causes of Death

Causes of mortality are summarized in Table 3 based on simple unadjusted percentages.
There was higher crude incidence of mortality for PTXD relative to control across all causes
with no specific cause identified as particularly responsible for the overall increase.

Subgroup Analyses

Subgroup analyses were performed according to baseline variables of age, sex, race,
smoking, body mass index (BMI), coronary artery disease (CAD), hypertension,
hyperlipidemia, diabetes, renal insufficiency, history of myocardial infarction (MI), history
of PCI, baseline medication use (antiplatelet, antithrombotic agents, statins, angiotensin-
converting enzyme (ACE) inhibitor/angiotensin receptor blocker (ARB), beta-blockers),
Rutherford class, target limb ankle brachial index (ABI), number of target lesions, lesion
type, location, length, percent stenosis, and minimal lumen and vessel diameter. None
showed substantial evidence for treatment interaction (Figures S2-S4, all interaction
p>0.05).

Discussion

This IPD meta-analysis demonstrated a 38% relative increase in risk of death in patients
treated with PTXD for femoropopliteal PAD compared to controls and an estimated absolute
risk increase of 4.6% over 5 year follow-up. Inclusion in the analysis of supplemental vital
status data recovered after the primary analysis showed a 27% relative increased mortality
risk. This observation was consistent across a wide range of pre-specified sensitivity
analyses that made different assumptions and used different statistical models, including ITT
and AT analyses. The estimate of increased mortality is smaller than previously reported
from an aggregate meta-analysis® that included 28 trials (4,663 patients) at 1 year, 12 trials
(2,316 patients) at 2 years and 3 trials (863 patients) at 4 to 5 years of follow-up and
reported a 93% increased relative risk and 6.6% increased absolute risk of all-cause
mortality in patients exposed to PTXDs compared to controls at 4-5 years.

Our findings suggest selection bias is influential when using an aggregate data approach
made worse by the limited number of long-term follow-up studies.® Recent publications
using other data sets provide detailed product-specific patient-level data but either combined
a limited number of randomized studies with non-randomized observational cohort studies1®
or reported considerable rates of missing vital status. 2 17 These disparate study designs,
mixed data sources, and variable ascertainment rates may explain differences in reported
mortality outcomes. Our analysis minimized these limitations by using only patient-level
data derived from randomized trials and analyzing recovered, previously unreported vital
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status data. Exclusion of two studies without patient-level data available may introduce bias,
though this would be small given the studies modest size and duration of follow-up.
Exclusion of studies with shorter follow-up may also introduce bias, however, this analysis
sought the assessment of a longer-term outcome. The mortality hazard in our IPD meta-
analysis has probative value and should be used to inform clinical practice.

Under a range of conservative assumptions, and a number of sensitivity analyses with
missing data, the results remained consistent. Despite this, we cannot exclude the possibility
that missing data affects importantly the current estimates of mortality risk. An effort was
made to retrieve missing vital status information for participants in the trials, but 9.5% of the
participants remained lost or withdrew without complete follow-up. Inclusion of previously
unreported recovered vital status data analyses reduced the hazard ratio from 1.38 to 1.27;
however, the reduction was modest relative to the width of the confidence intervals. The
potential of a selection bias in the late data recovery must be acknowledged. The possibility
that ascertainment bias may exert a disproportional influence on study conclusions was
demonstrated in the Vascular Quality Initiative, a prospective multicenter registry of vascular
and endovascular therapies, where patients treated with endovascular devices and
subsequently lost to follow up had a 6-fold increase in mortality at one year.18

Despite the large sample size and number of deaths, the overall pattern in this cohort
suggests increases in risk with PTXD for all reported causes of death. Therefore, any causal
inferences need to be made with caution. Furthermore, we did not observe evidence for
effect modification of the mortality risk across a number of patient subgroups, including
Rutherford classification. As a final consideration, our drug dose-mortality analysis utilized
patient level index procedure drug load data (total pg/mm?2) and did not establish an
association between increasing drug exposure and mortality through 5 years. Dose-mortality
analysis is not protected by randomization, and while we adjusted for covariates, the
potential for residual confounding cannot be ruled out.

In this regard, while it would be tempting to use preclinical data to more accurately predict
the patient exposure index, such an approach would also introduce uncontrolled errors as the
fraction of tissue transferred drug varies not only with the balloon coating type, but for a
given coating can vary several-fold owing to differences in arterial morphology. This is
supported by clinical data showing reduced efficacy of PTXD with the length and arc of
arterial calcificationl?, likely owing to a combination of suboptimal apposition and
diminished drug distribution properties2?. Moreover, preclinical studies with fully apposed
PTXD demonstrated that paclitaxel transfer affected by species. Thus, our classification of
treatments using procedural nominal loads as an index are a recognized limitation of all
current meta-analyses of PTXD, and point to the need for further research into the
determinants of coating transfer from PTXD and similar technologies using sirolimus.

Nonetheless, our methodology is superior to a previous report? that relied on summary data
of PTXD dose, mean lesion lengths, reference vessel diameters and defined drug exposure as
a function of the duration of study follow-up, the latter inducing potentially spurious
correlation. This also assumes that paclitaxel tissue residence is time invariant, which is
inconsistent with preclinical and clinical data showing a decline in tissue and blood content
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over time.2! Computational modeling of paclitaxel tissue uptake and distribution resulting
from the dissolution of locally delivered coating particles predicts that soluble paclitaxel
retention is mediated via high affinity binding to its pharmacological target (intracellular
microtubules) limiting late systemic exposure.?? Indeed, these analyses raise questions
regarding the plausibility of a direct relation between paclitaxel exposure and late mortality.
Taken together, we have been unable to identify a mechanism of death. The lack of both a
drug dose-mortality relation and a causal explanation for the mortality risk defines an area
requiring further investigation. The increased all-cause mortality risk with PTXD in these
analyses must be considered in context with contemporary literature of their use in other
vascular beds and the use of paclitaxel in other disease states. Paclitaxel-eluting stents were
originally used in the coronary arteries and fell out of favor on the basis of a small increase
in late stent thrombosis. A substantial majority of the coronary paclitaxel stent literature23-27
shows no increase in all cause or cardiovascular mortality, although there is an exception
that reported a modest increase in composite rate of cardiac death or myocardial infarction
and stent thrombosis when compared to bare metal coronary stents in a smaller patient
cohort (n=1,400). 28 Further, intravenous paclitaxel, formulated with cremophor in pregnant
women with breast cancer in concentrations 50-fold higher than those used in the peripheral
arteries, was safe for both patient and fetus.2® Though this chemotherapeutic modality
differs from paclitaxel released from PTXD, the experience does underscore that there is
currently no support for a residual pool of paclitaxel available after intravascular exposure to
cause late mortality events, as paclitaxel is receptor bound. 30 31 Preclinical reports provide
additional insight into the metabolism of paclitaxel and its elution prolife. Schornl et al.,
reported nanomolar paclitaxel retention in arterial tissue out to 180 days after treatment with
paclitaxel coated balloons32 results in picomolar concentrations of unbound PTX in the
arterial wall?2 and whose slow elution back into circulation has no biological relevance.
Moreover, in vitro immersion of paclitaxel coated balloons in porcine plasma at body
temperature suggest that any coating particles in free circulation will dissolve within hours33
to days and be eliminated from the body with a half life of 13-20 hours.34

Two large analyses of Medicare PAD patients offer additional insights into PTXD use and
mortality. Secemsky et al. demonstrated no increase in mortality in combined paclitaxel
DCB and DES patients compared to non-PTXDs (n = 16,560) at a median of 389 [IQR 277
—507] days or for DES vs. BMS patients (n = 51,456) at a median follow-up of 2 [IQR 1.2 -
3.0] years. 3% 36 |n a contemporary analysis of over 92,000 individuals in the German
BARMER Health Insurance system, Freisinger et al. analyzed de-identified data from
23,137 patients who underwent an endovascular revascularization that included PTXDs from
2007 through 2017.37 A multivariable Cox regression analysis showed no increased
mortality in patients receiving PTXDs compared to those receiving balloon angioplasty or
bare metal stents over 11 year follow-up. While claims-based observational data suffer from
uncontrolled residual confounding and selection bias, the size and completeness of vital
status based analyses are valuable. Despite these contrary data from large population studies,
safety in coronary trials, and established drug safety for its systemic use, the issue of risk
versus benefit must be considered given the increased mortality we are reporting.
Nevertheless, some patients may prefer gains in quality of life and reduced revascularization
procedures even at the expense of potentially increased mortality risk.
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We acknowledge several important limitations of this analysis. Overall, the dataset has a
limited number of events to adequately evaluate an unplanned safety endpoint. Moreover, in
acceptance with FDA guidance and agreement with industry collaborators, our analysis was
restricted to patient level data sets of FDA approved, commercially available PTXDs with at
least two-year follow-up as of March 2019. As such, any direct comparisons with other
larger aggregate meta-analytic data sets® is not possible. Additionally, the lack of patient
comorbidity data may have hindered better ascertainment of the etiology of excess mortality.
Additionally, the losses to follow-up and study withdrawal rates in the control and treatment
arms of the RCTs evaluated in this IPD meta-analysis were 24% and 23%, respectively
(Figure S5). Despite aggressive efforts at reducing patient loss, approximately 10% of
patient remained lost to follow up. As such, the challenges addressed by this IPD meta-
analysis offer an important lesson for future clinical trials of endovascular devices.
Compared to another contemporary PAD trial of ticagrelor versus clopidogrel, loss to
follow-up was 2% of the cohort over a median follow up of 30 months.38 Thus, future
endovascular device trial designs must incorporate strategies and methods to maximize
patient retention and facilitate long-term assessment and reporting of vital statistics. Such
efforts should be undertaken in concert with added focus on preclinical, pharmacokinetic
and computational models of novel agents.

In conclusion, this IPD meta-analysis demonstrated a 38% increased mortality risk
associated with PTXD exposure using an ITT analysis. No association between drug dose
and mortality was established. Loss to follow-up and study withdrawal rates in both
treatment arms were high; inclusion of available recovered data further reduced the mortality
risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective
What is new?

. This comprehensive patient-level data meta-analysis derived from 8
randomized, controlled trials of FDA-approved paclitaxel-coated devices
(paclitaxel balloons and stents) compared to balloon angioplasty observed a
4.6% absolute risk of increased mortality associated with paclitaxel-coated
device use compared to balloon angioplasty at a median 4-year follow-up.

. Significant lost to follow-up and withdrawal rates of 24% and 23% in the
balloon angioplasty and paclitaxel cohorts, respectively, through 5-years were
observed.

. Recovery of lost vital status data reduced the observed paclitaxel device

associated mortality rate.
. No paclitaxel drug dose-mortality relationship was identified.
What are the Clinical Implications?

. An aggregate meta-analysis of paclitaxel containing devices by Katsanos et.
al., reported statistically significant increased late all-cause mortality at 2 and
5 years post treatment although no causal relationship was identified.

. Freedom of target lesion revascularization and quality of life are improved
with paclitaxel device use; as such, a discussion of the risk versus benefits of
their use must be considered in the patient consent process.

. To minimize selection bias, future endovascular device trial designs must
incorporate strategies and methods to maximize patient retention and facilitate
long-term assessment and reporting of clinical outcome and vital statistics.
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8 studies had IPD available

Number of participants for whom data
were provided: 2,185

[

2 studies were excluded as IPD was not
available
Number of participants for whom IPD
were not available: 221

Number of studies included in analysis: 8
Number of patients included in analysis:
2,185

[ Analysed data ]

Figure 1.
Study Flow Diagram?!
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Figure 2. Risk of Bias Assessment
Risk of bias is assessed for components of each study with green (+) indicating low risk, red

(=) indicating high risk, and yellow (?) indicating uncertain risk. The unique design of the
Zilver PTX study, with a secondary randomization to paclitaxel, increased the potential for
bias with regards to the choice of analysis and the interpretation
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Figure 3. Primary Analysis Showing Results of ITT Meta-analysis
Study heterogeneity, 2 = 7%, from the two-stage model
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Figure 4. Kaplan-Meier 5-year Cumulative Mortality

Two deaths occurred after 5 years and thus are not displayed. The two events are
incorporated into all of the analyses, including the Kaplan-Meier estimates.
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Relative Mortality

Standardized Dose

Figure 5. Dose Response Spline Fit
Values of relative mortality greater than 1 (horizontal line) indicate an increased risk relative

to the mean standardized dose. Dashed lines are based on +/— 1.96 times the standard error.
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Table 2.

Sensitivity Analyses
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Lost to Follow-up/Withdrawn

Models Effect” (95% CI) Paclitaxel Control
VIVA original analyses 23% 24%

Primary, intent-to-treat 1.38 (1.06, 1.80)

As treated, unadjusted 1.36 (1.04, 1.78)

As treated, adjusted 1.37 (1.04, 1.80)

Censoring at control crossover to paclitaxel 1.31(1.00, 1.72)

Missing data sensitivity / weighted analysis 1.36 (1.05, 1.77)

Fixed effect two-stage meta-analysis 1.36 (1.05, 1.77)

Random effects two-stage meta-analysis 1.34(1.01, 1.78)

DCB only devices 1.25(0.92, 1.69)

Zilver PTX 2nd randomization instead of primary | 1.19 (0.89, 1.60)
Additional analyses

JAHA original, December 2018 (RR) 1.93(1.27,2.93) NR NR

JAHA update, May 2019 (RR) 1.62(1.20,2.17) | NR NR

FDA, as treated (RR) 1.72(1.22,2.38) | 24% 24%

VIVA, additional follow-up #1 (Late May 2019) 1.30 (1.03, 1.63) 15% 16%

VIVA, additional follow-up #2 (August 2019) 1.27 (1.03, 1.58) 9% 10%

1duosnuey Joyiny

1duosnuen Joyiny

*
Estimate is hazard ratio (HR) unless indicated otherwise

CI: Confidence interval; DCB: Drug-coated balloon; PTX: Paclitaxel; JAHA: Journal of the American Heart Association; RR: Relative Risk; NR:
Not reported

JAHA/FDA analyses are based only on studies with 4-5 years of follow-up; VIVA analyses are based on survival analysis methods incorporating
all available follow-up. Data for the FDA analysis and VVIVA primary analysis were provided to the FDA in advance of the Circulatory Systems
Advisory Panel meeting. The additional follow-up data sets in the VIVVA analysis were based on additional follow-up for vital status that was
provided by manufacturers.
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