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Executive Summary

At Boston Scientific (“BSC”), patient safety is paramount. BSC reaffirms our commitment to
patient safety with our continued desire to assist global regulatory agencies and physician
organizations such as VIVA Physicians in interpreting the observed mortality signal for
peripheral paclitaxel devices reported in the meta-analysis by Katsanos et al.6
BSC’s ELUVIA drug-eluting stent for use in the peripheral vasculature was not included in the
Katsanos study, and is substantially different from the devices in the meta-analysis, including
FDA-approved paclitaxel-coated peripheral devices (i.e., Cook Zilver PTX, Medtronic IN.PACT,
BD Lutonix, Phillips Stellarex), with regard to the drug release mechanism, formulation of the
drug, initial dose and dose over time.
ELUVIA has a demonstrated safety profile, which is supplemented with data from patients
treated with BSC’s TAXUS coronary paclitaxel-eluting stents in the coronary and peripheral
vasculature. The ELUVIA peripheral stent and TAXUS coronary stent are similar in design and
have the same mechanism of action. They deliver the same drug via a polymer-matrix elution
mechanism, albeit with a different polymer. Both yield sustained, targeted paclitaxel delivery
directly to the vascular lesion. BSC’s TAXUS polymer matrix-based drug-eluting stents have a
well-established, strong safety profile with data on more than 4000 patients followed out to 5
years.2,4,5,7-9 Furthermore, no link between paclitaxel and all-cause mortality is present in
comparative data between TAXUS and uncoated therapies out to 5 years.10,11 Any effect of
paclitaxel exposure via polymer-matrix drug-eluting stents on mortality would have been
observed with coronary and infrapopliteal use; however, no mortality signal was identified in
these studies. Paclitaxel eluted through a polymer matrix has a long and well-established safety
profile which has been demonstrated through rigorous clinical evidence from the coronary
vasculature.
Unlike other paclitaxel-coated devices, the ELUVIA stent is designed with a polymer matrix layer
which allows for controlled, localized, low-dose amorphous paclitaxel delivery to lesions in
peripheral vessels over time, with minimal systemic distribution or particulate loss. This design
feature of ELUVIA presents significant differences in drug dose, in both the immediate- and
long-term, and drug distribution compared to the other FDA-approved devices, which utilize
paclitaxel coatings that result in a high initial bolus release.
ELUVIA has demonstrated significant clinical benefit in treatment of peripheral arterial lesions in
terms of providing a high patency rate and avoiding target lesion reintervention, with no overt
all-cause mortality risk in the short- to mid-term.1,12 In addition, patients had improved
symptoms, health-related quality of life, and walking function compared with baseline.1 Longterm follow-up from clinical studies of ELUVIA including more than 1000 paclitaxel-treated
patients is ongoing.
In light of the differences between ELUVIA and peripheral paclitaxel-coated products, attribution
of any observed mortality signal with the devices in the Katsanos et al., meta-analysis6 and
other similar analyses to ELUVIA is unsubstantiated. There is no evidence in the data on any of
BSC’s polymer-based paclitaxel eluting devices of an increased mortality risk. BSC urges FDA
and the Panel to consider the differences in the devices so that the products are not
inappropriately grouped together as a class given their potentially disparate safety and efficacy
profiles.
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Paclitaxel-Eluting Stent Clinical Experience: TAXUS

ELUVIA is a paclitaxel-eluting stent that employs a polymer-based elution mechanism to treat
lesions in the femoropopliteal arteries, as described in Section 3. The ELUVIA peripheral drugeluting stent and TAXUS coronary drug-eluting stent are similar in design intent and mechanism
of action. With the same drug and comparable low-dose controlled drug elution profiles
achieved via a polymer matrix, the ELUVIA peripheral stent bears greater similarity to the
TAXUS coronary stent than to any peripheral paclitaxel-coated balloon or non-polymeric
paclitaxel-coated stent with respect to design features and drug release kinetics. Signals for any
potential long-term systemic effects of targeted paclitaxel eluted from a stent polymer matrix
would be apparent in patients treated with TAXUS. Therefore, data on the controlled, localized
and low dose paclitaxel elution by TAXUS in the coronary or infrapopliteal vasculature can be
used to gauge potential systemic effects of paclitaxel eluted from ELUVIA.
TAXUS stent use has been extensively studied with more than 14 years of commercial
experience and clinical trial data out to 10 years in patients with coronary2,7,8,10 implants and 5
years for those with infrapopliteal11 implants. Newer generation coronary drug-eluting stents
have improved upon the TAXUS design to use a more thromboresistant PVDF-HFP polymer
(the one used on ELUVIA), and now typically utilize limus drugs, which were found to have
improved efficacy in the coronary vessels. However, in the femoropopliteal segment, limusbased stents have failed to show benefit over bare metal as evidenced in the SIROCCO and
STRIDES clinical studies, making paclitaxel the proven drug of choice for devices used in the
peripheral vasculature.13,14 Although BSC discontinued distribution of TAXUS stents, this was
based on physician perceived disadvantage of higher late lumen loss, and not due to any safety
concern.
In the TAXUS stent family series of coronary studies, paclitaxel-based treatment did not
differentially affect long-term all-cause mortality as compared to bare stent treatment. Stone et
al.10 report 5-year patient-level pooled results from nearly 2800 patients in randomized studies
showing that all-cause mortality for patients treated with TAXUS was similar to that of patients
treated with the bare metal platform (9.8% vs 9.1%, p=0.53). Kaplan-Meier event rate analysis
of mortality through 5 years for patients treated with TAXUS (n=1400) compared to patients
treated with the bare metal platform (n=1397) is shown in Figure 1 (log-rank p=0.5283). These
analyses represent approximately triple the sample size of the studies with >2 year data
included in the Katsanos meta-analysis6 and in FDA’s analysis of 5-year data from paclitaxelcoated devices.15 In addition, long-term data from more than 4,000 patients who received
coronary TAXUS in randomized2,4,5,8,9 and nonrandomized7 studies show mortality rates
consistent with those expected for this patient population.16,17
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Figure 1. Kaplan-Meier Plot for Mortality (TAXUS Coronary DES vs Bare Metal Stent)

Five-year all-cause mortality for patients treated with TAXUS was similar to that of patients treated with the bare
metal platform (log-rank p=0.5283). BSC Data on file.

Consistent with the similar all-cause mortality rates observed between paclitaxel-eluting and
bare metal stents in the coronary vasculature, in the periphery, infrapopliteal artery treatment
with TAXUS in the randomized PADI study of 137 patients with critical limb ischemia revealed
similar mortality rates for paclitaxel-eluting vs uncoated device treatments (5-year mortality
62.3% vs 63.0%, log-rank test p=0.45).11 The overall low survival rates in the study highlight the
high mortality of patients with critical limb ischemia.11
TAXUS use has also been compared with newer generation limus-eluting coronary stents with
follow-up to 53-5 and 10 years,2 with all-cause mortality rates consistent with those expected for
patients treated for coronary artery disease. Although some smaller individual studies have
shown statistically significant differences in long-term mortality between paclitaxel-eluting and
limus-eluting stents, taken together, results from these studies suggest no difference in mortality
risk for coronary artery patients treated with paclitaxel-eluting vs. limus-eluting stents (Figure 2).
An additional meta-analysis of coronary-treated patients demonstrated similar long-term
mortality risk for those with drug-eluting or bare-metal stents.18

Advisory Committee Panel Pack
ELUVIA™ Paclitaxel-Eluting Stent System

Page 5 of 21

Boston Scientific Corporation

CONFIDENTIAL

Figure 2. All-cause Mortality Risk in Randomized Studies of TAXUS vs Limus-eluting
Coronary Stents

Forest plot of risk ratios for allcause mortality in randomized
studies of TAXUS vs limuseluting drug-eluting coronary
stents with at least 5 years of
follow up.2-5 Square size is
proportional to sample size.
BSC Data on file.

Although mortality rates for patients treated for PAD are not directly comparable to rates for
patients with coronary artery or infrapopliteal disease due to appreciable differences in baseline
risk, an additive effect due to low dose paclitaxel elution over time; if it exists, would have been
observed in patients receiving treatment in these vessel beds; however, no mortality signal was
identified in any of these studies.
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The ELUVIA drug-eluting stent is indicated for improving luminal diameter in the treatment of
symptomatic de-novo or restenotic lesions in the native superficial femoral artery (SFA) and/or
proximal popliteal artery with reference vessel diameters ranging from 4.0 - 6.0 mm and total
lesion lengths up to 190 mm. The ELUVIA drug-eluting stent is designed to elute paclitaxel
directly to the vessel lesion in a low dose sustained over time. ELUVIA utilizes low-dose
paclitaxel (drug density on the stent is 0.167 µg/mm2) in the same amorphous form as is used in
the BSC TAXUS family of coronary stents.
The self-expanding nitinol stent has a dual layer coating; a primer layer to enhance adhesion of
the polymer matrix layer and an active drug/polymer matrix layer as illustrated in Figure 3.
Paclitaxel release from drug-eluting stents (ELUVIA, TAXUS, PROMUS/XIENCE) occurs in two
phases: an initial release of surface paclitaxel followed by a sustained slow release phase
resulting from the dissolution and diffusion of paclitaxel through the drug/polymer matrix. An
illustration of this mechanism, which is substantially similar to that of TAXUS and
PROMUS/XIENCE stents, is shown in Figure 4.
Figure 3. ELUVIA Dual Layer Coating Design

Figure 4. Paclitaxel Release Progression

Diffusion-controlled elution mechanism of drug-eluting stents (top) and dissolution of crystalline drug from coated
devices (bottom).

Advisory Committee Panel Pack
ELUVIA™ Paclitaxel-Eluting Stent System

Page 7 of 21

Boston Scientific Corporation

CONFIDENTIAL

The ELUVIA primer and copolymer layers are the same as those used on the FDA-approved
PROMUS/XIENCE coronary stents. The polymer matrix layer plays an essential role in drugeluting stent safety and performance impacting biocompatibility, ability to control the drug
release, coating integrity, stability and processability. The fluorinated polymer PVDF-HFP
(poly(vinylidene fluoride-co-hexafluoropropylene) used in ELUVIA to control the release of
paclitaxel directly to the vessel wall is highly vascular- and hemo-compatible and its fluorine-rich
composition leads to low surface tension and high lubricity. More importantly, the fluorine-rich
surfaces adsorb higher ratios of albumin to fibrinogen which passivates the drug coating
surface,19,20 resulting in significant reductions in platelet adhesion and activation and increased
thromboresistance. The PVDF-HFP polymer for ELUVIA is utilized with the PROMUS/XIENCE
stents, which have been implanted in more than 20 million vessels and studied in more than
100,000 patients in clinical trials.21,22 ELUVIA design characteristics are compared with TAXUS
and PROMUS/XIENCE in Table 1.
Table 1. Comparison Between ELUVIA Peripheral Drug-eluting Stent and Coronary Drugeluting Stents

Drug

ELUVIA
(P180011)

TAXUS Express2
(P030025)

TAXUS Liberté
(P060008)

PROMUS/XIENCE
(P110010/P070015)

PTx

PTx

PTx

Everolimus

Coating Morphology
Polymer
Drug : Polymer Ratio (w/w)
Drug Dose Density
Total Dose
Drug Delivery Mechanism

Amorphous
PVDF-HFP

SIBS

SIBS

PVDF-HFP

1:9

1:10.4

1:10.4

1:4.9

0.167 µg/mm2

1.0 µg/mm2

1.0 µg/mm2

1.0 µg/mm2

135 µg
(6.0 mm x 40 mm)

282 µg
(4.0 mm x 38 mm)

273 µg
(4.0 mm x 38 mm)

242 µg
(4.0 mm x 38 mm)

Controlled release via diffusion through polymer matrix

Coating Placement

Conformal

Abbreviations: PTx, paclitaxel; PVDF-HFP, poly(vinylidene fluoride-co-hexafluoropropylene), SIBS, poly(styrene-block-isobutyleneblock-styrene).

3.2

ELUVIA is Fundamentally Different from Non-polymeric Peripheral Paclitaxelcoated Devices

ELUVIA is different from peripheral paclitaxel-coated devices due to its targeted, controlled, lowdose paclitaxel elution with minimal systemic loss and particulate loss. While each of the FDAapproved devices deliver paclitaxel to the vessel wall, there are significant differences in the
device designs which impact drug dose, release mechanism and kinetics as summarized in
Table 2.
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Table 2. Comparison of ELUVIA Drug-eluting Stent to FDA-approved Drug-coated
Peripheral Products
PaclitaxelEluting

Paclitaxel-Coated

ELUVIA DES

Zilver PTX

PTx

PTx

Drug

DCB
IN.PACT

Lutonix

Stellarex

PTx

PTx

PTx

Polymer

PVDF-HFP

Excipient

N/A

N/A

Coating
Morphology

Amorphous

Amorphous

Drug Dose
Density
(µg/mm2)

0.167

3

3.5

2

2

Total Dose
(6 mm x 120
mm)

409 µg

1103 µg

8448 µg

4500 µg

4721 µg

Control Drug
Delivery
Mechanism

Diffusion
through
polymer
matrix

Dissolution of
solid drug

N/A
Urea

Polysorbate, Sorbitol Polyethylene Glycol
Crystalline

Dissolution of crystalline drug

Abbreviations: DCB, drug-coated balloon; DES, drug-eluting stent; N/A, not applicable; PTx, paclitaxel; PVDF-HFP,
poly(vinylidene fluoride-co-hexafluoropropylene).

3.2.1

Paclitaxel Dose

ELUVIA is the only paclitaxel-containing product for the treatment of PAD that uses a polymer to
attain targeted and controlled drug release. As a result, ELUVIA utilizes the lowest therapeutic
paclitaxel dose to achieve efficacy, as demonstrated by clinical data.1,12 As shown in Figure 5,
the total paclitaxel dose on ELUVIA compared with equivalent-length paclitaxel-coated devices
is approximately 3 times less than Zilver PTX and more than 20 times less than IN.PACT.
Figure 5. Total Paclitaxel Dose on ELUVIA, Zilver PTX and IN.PACT Devices

Ptx Dose (µg)

10000
8000
6000

ELUVIA

4000

Zilver

2000
0

In.Pact
40

80

Total paclitaxel dose on ELUVIA is
approximately 3 times less than Zilver PTX
and >20 times less than IN.PACT
(equivalent-length devices). Data from the
respective IFUs.

120

Device Length (mm)
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In addition to dose on the device, it is also important to consider the drug release kinetics. As
shown in Figure 6, ELUVIA delivers a lower initial dose to achieve therapeutic drug concentration
and thereafter paclitaxel is eluted through a diffusion-controlled mechanism. In contrast, paclitaxel
is released from Zilver PTX in a high initial burst dose, then rapidly declines, similar to the release
profile of drug-coated balloons (DCB), which inherently only have a high dose bolus release as
these devices are not implanted in the vessel. Zilver PTX coating has no polymer or excipient and
thus the release mechanism is solely based on paclitaxel dissolution, rather than a controlled
elution.
Figure 6. Daily Paclitaxel Dose for ELUVIA and Zilver PTX

The daily dose of paclitaxel released calculated from the preclinical in vivo release curves. ELUVIA: P180011. Zilver
PTX: Dake et. al.23

3.2.2

Targeted Delivery and Systemic Exposure

Of the FDA-approved peripheral paclitaxel devices, only ELUVIA utilizes a polymer matrix to
modulate paclitaxel release over time and ensure delivery of paclitaxel directly to the vessel wall
with minimal systemic loss. With an excipient rather than polymer matrix, the DCBs utilize
paclitaxel in a crystalline form. Crystalline paclitaxel exhibits lower solubility than the amorphous
form utilized in polymer-matrix based drug-eluting stents and drug-coated stents, and a majority
of the crystalline paclitaxel is lost to the systemic circulation and end organs while less than
10% of the crystalline paclitaxel coating is transferred at the intended lesion site.24-27
The localization of paclitaxel eluted from ELUVIA in treated arterial tissue is demonstrated by
the preclinical GLP pharmacokinetic (PK) study. As shown in Figure 7, drug transferred to the
tissue is localized in the stented vessel area. At 14 days post-implant (i.e., the time of maximum
tissue concentration), the first 5 mm of tissue proximal and distal to the stented region had
paclitaxel tissue concentrations of less than 10% of the concentration within the stented region.
Similar paclitaxel localization in the stented segment was observed across all study time points.
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Figure 7. Paclitaxel Localization Following ELUVIA Implantation

Top panel: Paclitaxel concentrations were analyzed in tissue samples from the arterial region directly contacting the
stent (green), and in segments 5 mm and 10 mm proximal to and distal to the stent in swine arteries that had been
implanted with ELUVIA.
Bottom panel: At each timepoint, paclitaxel tissue concentration is highly localized in the stented area, with
concentrations greatest in the samples directly contacting the stent and decreasing with distance from the stent.

Preclinical PK GLP study results show that paclitaxel is undetectable in plasma 24 hours after
stent implantation and remains undetectable for all later measured time points. Therefore, the
major systemic loss of paclitaxel occurs immediately following implantation with a total systemic
loss of less than 1% of the total drug (Figure 8). Clinical results were consistent with the
preclinical findings: systemic paclitaxel was below detectable levels 30 minutes following
ELUVIA implantation in the IMPERIAL Pharmacokinetics Sub-study.1
Figure 8. Minimal Systemic Loss of Paclitaxel Released from ELUVIA

Paclitaxel released from ELUVIA
remains localized in the stented arterial
tissue, with <1% total systemic loss of
the total drug.
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Systemic paclitaxel exposure following ELUVIA implantation can be estimated from the area
under the curve (AUC) from the IMPERIAL Pharmacokinetics Sub-study. Figure 9 compares
the systemic paclitaxel exposure from ELUVIA with Zilver PTX and IN.PACT DCB (i.e., the two
FDA-approved paclitaxel-coated devices with data >2 years implicated in the meta-analysis by
Katsanos et al.6). The greatest systemic paclitaxel exposure was found for IN.PACT DCB, which
has the highest paclitaxel dose and no polymer or other mechanism to protect the drug coating
from systemic release during delivery to the target lesion. In contrast, ELUVIA’s localized lowdose drug delivery with minimal systemic loss meets BSC’s design intent of maximizing
effectiveness and minimizing potential systemic side effects, as described above.
Figure 9. Human Systemic Paclitaxel Exposure Following ELUVIA, Zilver PTX, or IN.PACT
Implantation

Systemic paclitaxel exposure is minimal following
ELUVIA implantation. ELUVIA P180011 and Gray,
2018.1 Zilver PTX and IN.PACT data from
pharmacokinetics tables in the respective IFUs.

3.2.3

Particulate Loss

Quantification of the size and numbers of downstream particulates has been required by
regulatory agencies for both quality control and safety purposes. BSC has conducted
particulates testing per FDA guidance for ELUVIA, and also for commercially available
paclitaxel-coated peripheral devices. Particulate counts from simulated use testing (Table 3 and
Table 4) show that ELUVIA has the lowest particulate burden among these devices by orders of
magnitude, and therefore the lowest downstream embolic risk. As shown in Table 3, ELUVIA
counts typically approach or are below the lower limit of quantification in the large particulate
bins (25-50µm and >50µm). In addition, particulate counts for ELUVIA were similar to those of
EverFlex Entrust, an FDA-approved non-coated bare metal stent with wide commercial
utilization. These low particulate counts for ELUVIA are expected due to the fundamentally
different polymer-based coating design, which encapsulates the amorphous form of the drug
within the polymer matrix.
Table 3. Particulate Counts for FDA-Approved SFA Stents
Particulate Size
≥10µm
≥25µm
≥50µm

Bare Metal Stent
EverFlex Entrust
1,524
56*
16*

Paclitaxel-Eluting
ELUVIA DES
1,308
63
10*

Paclitaxel-Coated
Zilver PTX
10,771
1,106
51

Testing of 6mmx120mm devices in a simulated use in a tortuous vessel model under clinically relevant flow
conditions. *Limit of Quantification is 360 particle count for ≥10 µm, 60 particle count for ≥25µm; and 30 particle count
for ≥50µm. BSC Data on file
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Table 4. Particulate Counts for FDA-Approved SFA Paclitaxel-Coated Balloons
Particulate Size
10-25µm
25-50µm
>50µm

IN.PACT
510,223
51,424
5,785

Lutonix
158,853
32,009
19,458

Stellarex
165,288
22,617
6,063

Testing of 6mmx80mm devices in a simulated use in a tortuous vessel model under clinically relevant flow conditions.
*Limit of Quantification = 360 particle count for 10-25µm; 60 particle count for 25-50µm; and 30 particle count for
≥50µm. BSC Data on file.

The results from BSC’s extensive bench, preclinical, and clinical studies demonstrate that
ELUVIA has a targeted local paclitaxel delivery, the lowest systemic and end organ paclitaxel
exposure, and minimal downstream particulate counts. These differentiating characteristics form
the mechanistic basis for ELUVIA’s efficacy and safety profile.
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4.

Paclitaxel-Eluting Stent Clinical Experience: ELUVIA

4.1

PAD Mortality

Patients with PAD have elevated mortality risk relative to individuals without PAD, with rates of
15%-30% reported at 5 years.28-30 Mortality risk increases depending on the PAD stage, and can
vary greatly even within symptomatic cohorts.29-31 Those who receive interventional treatment
represent higher-risk subsets of PAD patients, with risk factors such as average age >65 years,
comorbid coronary artery disease, diabetes, hypertension, and hyperlipidemia highly prevalent
within clinical populations.29-31 Mortality risk also increases with time, with an inflection point for
increased risk approximately 2-3 years after presentation which is especially pronounced
among patients with more severe PAD.30 Although mortality rates for patients with PAD are high
relative to a healthy population, death remains a relatively low frequency occurrence as
reflected in the clinical literature.
4.2

ELUVIA Mortality

The ELUVIA paclitaxel-eluting stent has been prospectively studied in two trials with complete
follow-up through defined time points: MAJESTIC and IMPERIAL. The MAJESTIC first-inhuman single-arm study followed 57 patients enrolled at 13 centers in Europe, Australia, and
New Zealand and is complete with follow-up through 3 years. IMPERIAL enrolled 369 patients
treated with ELUVIA across 3 cohorts: a randomized study (n=310) of ELUVIA vs. the
paclitaxel-coated Zilver PTX stent, a single-arm study of patients with long lesions (ELUVIA only
n=50), and a single-arm study of paclitaxel pharmacokinetics (ELUVIA only; n= 13; 4 patients
were enrolled in both the long lesion and pharmacokinetics sub-studies). IMPERIAL was
conducted at 65 centers in the United States, Austria, Belgium, Canada, Germany, Japan, and
New Zealand. Two-year follow-up is complete in the IMPERIAL study, and long-term follow-up
planned to 5 years. Additionally, ELUVIA is being compared with bare metal stents in the
currently enrolling EMINENT RCT (N=500 ELUVIA, 250 bare metal stent), which is being
conducted in Europe.
As treated mortality data from these ELUVIA clinical studies are shown in Table 5 and Table 6.
Pooled analysis of patients in MAJESTIC and IMPERIAL yielded a 2-year mortality rate of 6.5%
(26/398). This rate aligns with cumulative incidence estimates (5-11% 2 years after
presentation) for PAD patients meeting criteria for symptomatic PAD.30 No additional deaths
occurred among patients in MAJESTIC from 2 to 3 years of follow-up. The currently-available
data from EMINENT show similar mortality rates between the ELUVIA and bare metal study
arms (Table 6).
Table 5. Cumulative Mortality Rates in MAJESTIC and IMPERIAL
Complete Follow-upa

1 year
Cardiovascular
Noncardiovascular
2 year
Cardiovascular
Noncardiovascular
3 year
Cardiovascular
Noncardiovascular

MAJESTIC (N=57)
0.0% (0/56)
0.0% (0/56)
0.0% (0/56)
3.6% (2/56)
1.8% (1/56)
1.8% (1/56)
3.6% (2/55)
1.8% (1/55)
1.8% (1/55)

IMPERIAL ELUVIA
RCT, LL, PK (N=369)b
1.7% (6/359)
0.8% (3/359)
0.8% (3/359)
7.0% (24/342)
4.1% (14/342)
2.9% (10/342)
NA
NA
NA

Total MAJESTIC +
IMPERIAL (N=426)b
1.4% (6/415)
0.7% (3/415)
0.7% (3/415)
6.5% (26/398)
3.8% (15/398)
2.8% (11/398)
NA
NA
NA

Abbreviations: RCT, randomized controlled trial; LL, long lesion; PK, pharmacokinetics. aMAJESTIC follow-up is final
at 3 years. IMPERIAL follow-up is complete through 2 years and ongoing through 5 years. bAs treated.
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Table 6. Mortality in EMINENT
Incomplete Follow-upa
EMINENT
ELUVIA (N=332)b
2.1% (3/145)
1.4% (2/145)
0.7% (1/145)

1 year
Cardiovascular
Noncardiovascular

EMINENT
BMS (N=184)b
1.4% (1/72)
0.0% (0/72)
1.4% (1/72)

Abbreviations: BMS, bare metal stent aEMINENT enrollment is ongoing. Crude rate calculated based on total deaths
per number of patients at 1 year post-procedure; data lock 27 Mar 2019. bAs treated.

4.3

ELUVIA Benefit-Risk Profile

Patients with symptomatic lower limb PAD have pain, impaired mobility and diminished quality
of life and are at risk for progression to critical limb ischemia and amputation. Treatment with
uncoated balloons or stents may improve patency in the short term, but lesions frequently
restenose in a relatively short time frame necessitating repeat interventions, which are not
without risk to the patient and cost to the healthcare system.32,33 For example, reported 1-year
target lesion revascularization rates following bare metal stenting in the femoropopliteal arterial
segment are typically about 13%-14%,34-42 and uncoated balloon angioplasty yields rates of
about 27%-29%.43,44 Patients with diabetes or lesions that are long, occluded, or severely
calcified are generally considered to be at increased risk for restenosis. These characteristics
were highly prevalent among patients treated with ELUVIA in clinical studies (Table 7).

TLR

Table 7. Target Lesion Revascularization in Studies of the ELUVIA Drug-eluting
Stent
IMPERIAL (N=368)
RCT
RCT
Long
Diabetic
RCT CTO
Moderate/
Lesions
Subgroup
Subgroup
severe Ca
Sub-study
MAJESTIC
RCT (N=309)
(n=116)
(n=96)
(n=193)
(N=50)
(N=57)
1 year 4.5% (13/292)
2 years
NA
3 years
NA

Reference

P180011_R001
and Gray et al,
20181

3.7% (4/108)
NA
NA
MüllerHülsbeck,
201945

7.9% (7/89)
NA
NA
Vermassen,
201946

2.8% (5/181)
NA
NA
Vermassen,
201946

6.5% (3/46)
NA
NA
Gray, 201847

3.6% (2/56)
7.1% (4/56)
14.5% (8/55)

BSC data on
file and MüllerHülsbeck et
al12

Abbreviations: CTO, chronic total occlusion; RCT, randomized controlled trial; TLR, target lesion revascularization.

Paclitaxel has been shown to be an effective antirestenotic agent when applied to balloons or
stents.48-51 ELUVIA is the only peripheral device featuring targeted, controlled drug elution via a
polymer matrix and the efficacy of its low dose and sustained elution has been verified clinically.
Trial results have confirmed some of the highest patency rates and among the lowest target
lesion revascularization rates attributed to endovascular treatments for symptomatic
femoropopliteal PAD. Specifically, the single-arm first-in-human MAJESTIC study yielded a low
TLR rate through 3 years (Table 7),12 and in the IMPERIAL RCT, ELUVIA demonstrated a
significantly improved patency rate through 1 year compared to the higher-dose, non-polymeric,
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paclitaxel-coated comparator Zilver PTX.1 In addition, patients treated with ELUVIA had a TLR
rate of 4.5%.1 This low TLR rate corresponded with a low hospital readmission rate, with
ELUVIA-treated patients readmitted about half as often as patients treated with Zilver PTX over
12 months (3.9% vs 7.1%) and fewer hospital days.1 In addition, patients in both arms of the
study had improved symptoms, health-related quality of life, and walking function compared with
baseline.1 These benefits, specifically, low reintervention rates together with improved patient
outcomes, were consistently observed even across patient subgroups typically at increased risk
for restenosis at 1 year, including those with long lesions,47 diabetes,45 baseline occluded
lesions or moderate/severe calcification (Table 7).46
In its March 15 Letter, FDA referred to the need to assess benefit-risk profile for individual
patients stating that: “For some individual patients at particularly high risk for restenosis,
clinicians may determine that the benefits of using a paclitaxel-coated product may outweigh the
risks.”15 Importantly, ELUVIA has demonstrated significant benefits across the entire spectrum
of restenosis risk without evidence of significant safety or mortality tradeoffs.
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Presence of a Signal and Causality

5.1

Mortality Analyses of Paclitaxel-containing Devices
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It remains questionable and unproven that the root cause of the observed higher mortality in
certain retrospective meta-analyses has a direct relationship to the presence of paclitaxel in the
evaluated devices. In the March 15 Letter To Health Care Providers,15 the FDA observed,
“These data should be interpreted with caution for several reasons. First, there is large
variability in the risk estimate of mortality due to the limited amount of long-term data. Second,
these studies were not originally designed to be pooled, introducing greater uncertainty in the
results. Third, the specific cause and mechanism of the increased mortality is unknown.”
Notably, the number of studies, patients, and devices contributing to the mortality calculations
significantly decreased with the longer follow-up time frames. In addition, understanding
possible effects of paclitaxel exposure is not possible without complete analysis of uniformly readjudicated patient level data, particularly with treatment arm crossover and previous
interventions or subsequent reinterventions with paclitaxel-coated devices, which occurred in
the analyzed studies.
Explanations unrelated to drug exposure may account for the signal observed in the metaanalysis by Katsanos et al. These include preferential follow-up for control-arm patients (i.e.,
more physician visits, closer monitoring, enhanced comorbidity management), which may
improve survival in these arms. Not adjusting for between-arm imbalance of predisposing
conditions or comorbidities associated with increased mortality risk in the cohort-level analysis
could also contribute to a false signal.
Many flaws have been pointed out with the meta-analysis by Katsanos et al, yet the metaanalysis ultimately does not apply to polymer matrix-based paclitaxel eluting devices, such as
ELUVIA, which were not included.6 The forthcoming VIVA analysis will also not include ELUVIA
due to the paclitaxel-coated randomized control arm instead of an uncoated device control arm,
and lack of data beyond two years in IMPERIAL. Beyond not being directly represented in these
analyses, ELUVIA presents substantial differences compared with the products addressed in
these analyses with regard to drug delivery, initial dose and dose over time, and formulation of
the drug, that limit generalizability of the results to ELUVIA. Therefore, concluding that any
observed mortality signal in the Katsanos meta-analysis or other analyses of paclitaxel-coated
products would also be applicable to ELUVIA and is inappropriate.
No evidence to date suggests increased all-cause mortality risk for patients treated with ELUVIA
or with TAXUS, a polymer-matrix paclitaxel-eluting stent with a comparable mechanism of
action. Longer-term results from IMPERIAL, as well as results from the currently enrolling
EMINENT RCT, which includes ELUVIA and bare metal stent arms, will help to provide direct
evidence regarding long-term all-cause mortality in patients treated with ELUVIA. However, as
with the other studies underlying the Katsanos meta-analysis, long-term mortality was not a
powered endpoint in these studies.
5.2

No Causal Link between Paclitaxel and All-Cause Mortality

Currently, no plausible mechanistic link between paclitaxel and death has been postulated or
established. To the contrary, systemic paclitaxel infusions are known to improve survival among
cancer patients.52,53 The periodically-repeated systemic doses of paclitaxel for chemotherapy
are multiple orders of magnitude greater54 than the doses following treatment with either
paclitaxel-coated devices23,27,55,56 or ELUVIA.1,57 It is extremely unlikely that localized microdoses associated with peripheral device use would have a negative effect on long-term survival.
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As no local vascular-based causes of mortality have been identified, any paclitaxel effect on
mortality would occur via a systemic or non-vascular mechanism and would be apparent
following paclitaxel exposure regardless of the administration route or implant location. No such
effect on mortality was seen among thousands of patients who received a TAXUS paclitaxeleluting coronary stent with a design very similar to that of ELUVIA, and no systemic effect
should be expected with peripheral application.

6.

Next Steps

Maintaining patient access to beneficial treatment options where benefit outweighs potential risk
is critical. BSC will continue to work with the FDA, industry partners, health care professionals,
and patients to provide safe devices and to communicate information appropriately as more is
learned through additional analyses.
BSC intends to continue enrollment; to the extent possible, and diligent follow-up for studies of
ELUVIA, as shown in Table 8, and continue post-market surveillance through MDR reporting.
Table 8: ELUVIA Clinical Studies
Study Name
Design
IMPERIAL
EMINENT
REGAL

RCT 2:1 –
ELUVIA vs.
Zilver PTX
RCT 2:1 –
ELUVIA vs.
BMS
Registry

Status

Total Enrollment

Follow-up

Enrolling

465 RCT
50 long lesion
13 PK
750

Number of
ELUVIA Subjects
309 RCT
50* long lesion
13 PK*
500

Long-term follow
up

Enrolling

500

500

2 years

5 years
3 years

*4 patients are included in both the long lesion and PK sub-studies

BSC will work with relevant groups on potential next steps such as guideline enhancements, the
design and conduct of future PAD studies, and assessment of larger data sets which could
potentially be used to investigate causality.

7.

Conclusion

BSC is committed to patient safety. No causal link with paclitaxel and mortality has been
established. The totality of clinical evidence from BSC’s TAXUS coronary drug-eluting stents
(DES) and ELUVIA has demonstrated that no mortality signal exists for polymer matrix-based
drug-eluting stents. Furthermore, ELUVIA clinical data did not contribute to the signal in the
original Katsanos analysis or in any subsequent meta-analyses completed to date.
BSC strongly recommends that the FDA and panel not group ELUVIA in the class of devices
included in the various meta-analyses given the design differences reasonably justify that this
unique device should be considered separately from paclitaxel-coated peripheral devices.
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