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Paclitaxel-coated peripheral artery devices are not
associated with increased mortality
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ABSTRACT

Objective: Long-term safety concerns have been raised that the use of paclitaxel-coated balloons and stents is linked to
excess mortality. Our objective was to compare outcomes in patients treated with paclitaxel vs uncoated devices and to
analyze long-term mortality.

Methods: We conducted a retrospective single-institution review of 1170 consecutive patients who underwent femo-
ropopliteal percutaneous revascularization by angioplasty, atherectomy, stent placement, or combination between 2011
and 2018. The primary outcome measure was all-cause mortality. Groups were divided into patients who received
paclitaxel (n = 652) and those who did not (n = 518). Categorical variables were assessed using y? analysis and continuous
variables with the Wilcoxon signed rank test. A multivariable analysis was performed using multivariable logistic
regression models. Mortality was compared using Kaplan-Meier survival analysis.

Results: Demographics, risk factors, and Rutherford class were similar between the groups, except that the paclitaxel
group was more likely to have diabetes (60.9% vs 55.0%; P = .04), was less likely to be on dialysis (10.7% vs 14.9%; P = .04),
and had lower average creatinine concentration (1.6 = 1.8 mg/dL vs 2.0 = 2.3 mg/dL; P = .003). There were nho differences
in all-cause mortality through 2 years between paclitaxel and no-paclitaxel cohorts (25.5% vs 30.3%; log-rank, P =.098). At
3 years and 3.5 years, mortality was significantly lower in the paclitaxel group: year 3, 32.1% vs 39.4% (log-rank, P = .041);
year 3.5, 35.2% vs 43.9% (log-rank, P = .027). Survival rates were not significantly different in examining subgroups by
diabetes, chronic kidney disease, presence of chronic limb-threatening ischemia, or paclitaxel-coated balloon manu-
facturer. Multivariable analysis demonstrated that age, dialysis, chronic limb-threatening ischemia, chronic kidney dis-
ease, and congestive heart failure were independent risk factors for mortality, whereas paclitaxel use was associated with
lower mortality.

Conclusions: The use of paclitaxel-coated balloons and stents does not increase mortality compared with uncoated

devices out to 3.5 years. Paclitaxel-coated devices can be used with continued caution, especially in patients at increased
risk of restenosis. Further long-term studies are needed to determine the risk of late mortality. (J Vasc Surg 2019;m:1-9.)
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Paclitaxel-coated balloons and stents are associated
with decreased rates of restenosis and target vessel
revascularization when they are used to treat femoropo-
pliteal artery occlusive disease.'” Long-term safety con-
cerns were raised by a meta-analysis that reported
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increased mortality after the use of drug-coated balloon
(DCB) and drug-eluting stent (DES) compared with
uncoated percutaneous transluminal angioplasty and
bare-metal stents (BMSs).° In that study, the authors
examined published summary-level data from random-
ized controlled trials (RCTs) and reported an increased
crude mortality rate at 2 years and 5 years. This report
generated widespread attention, a pause of two RCTs,
and a safety review by U.S. and UK regulatory bodies.”®
In this study, we analyzed our institution’s data of
patients who underwent femoropopliteal artery percuta-
neous revascularization to determine whether applica-
tion of paclitaxel is associated with decreased survival.
Our objective was to compare patients who were treated
with a paclitaxel-coated device with those who were not.

METHODS

Study design. We conducted a retrospective chart
review of 1170 consecutive patients who underwent fem-
oropopliteal artery percutaneous revascularization by an-
gioplasty, atherectomy, stent placement, or combination
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between 2011 and 2018 at University Hospitals. Patients
who had simultaneous intervention proximal or distal
to the femoropopliteal segment were included. We
gueried the data from our hospital system using Interna-
tional Classification of Diseases and Current Procedural
Terminology codes. We examined the electronic records
from University Hospitals inpatient and outpatient elec-
tronic medical record systems, imaging records (PACS
IDS7; Sectra AB, Linkdping, Sweden), and the Physician
Portal, which collects records including archived records
from across our hospital system from muiltiple inpatient
and ambulatory sites. The portal also contains operative
reports from outside the University Hospitals system.
The exact balloons and stents were examined in the Sun-
rise Clinical Manager (Allscripts, Chicago, lll), which
records all disposable items used during a procedure.
We also queried the Ohio Heath Information Exchange,
which is a compendium of inpatient and outpatient re-
cords in Ohio, and the publicly available Social Security
Death Index (https://www.ssa.gov/dataexchange/index.
html) and searched publicly available obituaries for
death by name and birth date of patients at risk. The
study was approved by the Institutional Review Board
of University Hospitals before enrollment (20180661),
with a waiver of informed consent granted for retrospec-
tive data analysis.

Patients. Patients were separated into groups based on
exposure to paclitaxel (DCB or DES). The primary
outcome measure was all-cause mortality. Baseline
demographics and comorbidities were ascertained by
review of the medical record. Operative reports were
reviewed for data on revascularization location, tech-
nigue, and device specifications.

Multiple ipsilateral interventions. Because this was a
mortality study, for patients who had undergone muilti-
ple ipsilateral revascularizations, the index procedure
was defined as the first time a paclitaxel-coated device
was used, regardless of prior percutaneous transluminal
angioplasty, BMS, or atherectomy use. If no paclitaxel
devices were used, the index procedure was defined as
the first revascularization during the study period.

Bilateral interventions. Patients undergoing bilateral
femoropopliteal revascularizations were also grouped
according to paclitaxel exposure. If either limb was
treated with a paclitaxel device, it was placed in the
paclitaxel arm, with the index procedure date defined
as the first revascularization with paclitaxel. If neither
limb was treated with paclitaxel, it was entered in the
no-paclitaxel arm, and the index procedure was the
first revascularization during the study period.

Statistical analysis. All baseline demographics, comor-
bidities, and outcomes are on a patient basis, not a
limb basis. Continuous variables are described as
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ARTICLE HIGHLIGHTS

- Type of Research: Single-center retrospective cohort
study

- Key Findings: An analysis of 1170 patients who un-
derwent femoropopliteal percutaneous revasculari-
zation with paclitaxel-coated and non-drug-coated
devices was conducted. Patients undergoing revas-
cularization with paclitaxel-coated devices were not
at increased risk of mortality out to 3.5 years.

- Take Home Message: Regardless of sex and pres-
ence of diabetes, chronic kidney disease, or chronic
limb-threatening ischemia, the application of pacli-
taxel devices was not associated with increased mor-
tality. Paclitaxel devices can be used with continued
caution, especially in patients at increased risk of
restenosis.

mean = standard deviation and were compared using
Wilcoxon signed rank test. Categorical variables are pre-
sented as counts and percentages and were compared
using x? analysis. Multivariable analysis was performed
using multivariable logistic regression models. Variables
were eliminated one at a time using the variable with
the largest P value until all covariates had P values <.2.
Mortality was assessed using Kaplan-Meier survival anal-
ysis. Log-rank test was used to evaluate for differences
between groups on Kaplan-Meier analysis. Statistical
significance was set at P < .05. All statistical analyses
were performed using JMP Pro statistical software
(version 14; SAS Institute, Cary, NC).

RESULTS

There were 1170 patients who underwent femoropopli-
teal artery percutaneous revascularization between 2011
and 2018 at University Hospitals. Mean age of the overall
cohort was 70.4 * 12.6 years; 663 (56.7%) were male. Their
baseline characteristics are summarized in Table |.
Patients in the paclitaxel group had a slightly higher
rate of diabetes and were less likely to be on dialysis,
with lower average creatinine concentration. Both
groups had a similar proportion presenting with chronic
limb-threatening ischemia (CLTI). Mean follow-up was
27 months (range, 0.1-102 months).

Revascularization details are summarized in Table Il. Of
the 1170 patients, 652 (55.7%) were treated with at least
one paclitaxel device and 518 (44.3%) without paclitaxel.
In the no-paclitaxel group, angioplasty as a stand-alone
procedure and BMS placement were more common. In
the paclitaxel group, atherectomy was more common.
The two groups were not entirely contemporaneous.
Before 2015, paclitaxel use at our institution occurred
only during the Lutonix Paclitaxel-Coated Balloon for
the Prevention of Femoropopliteal Restenosis (LEVANT
2) trial® with use of the Lutonix DCB (BD Bard, Tempe,
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Table I. Baseline characteristics of patients undergoing femoropopliteal artery revascularization, stratified by exposure to
paclitaxel vs no exposure to paclitaxel

Male 663 (56.7) 308 (59.5) 355 (54.5) .10

Hyperlipidemia 778 (66.5) 334 (64.5) 444 (68.1) 21

Carotid artery disease 212 (18.1) 90 (17.4) 122 (18.7) .59

CHF 263 (22.5) 124 (23.9) 139 (21.3) 29

CKD 401 (34.3) 188 (36.3) 213 (32.7) 21

Smoking 845 (72.2) 374 (72.2) 471 (72.2) >.99

Current 356 (30.5) 156 (30.2) 200 (30.7) >.99

CLTI 806 (68.9) 356 (68.7) 450 (69.0) .95

Table Il. Interventional details of patients in the paclitaxel vs no-paclitaxel groups

PTA + stenting 125 (19.2) <.0001

176 (34.0)

PTA + stenting + atherectomy 14 (2.7) 34 (5.2) .04

Ariz) and involved a total of six patients. Follow-up was
therefore longer in the no-paclitaxel group as wide-
spread paclitaxel use did not occur until 2016 in our
institution.

There was no difference in cumulative all-cause mortal-
ity by Kaplan-Meier analysis in the paclitaxel group vs the
no-paclitaxel group at 1 year or 2 years (Fig 1): year 1,16.1%
vs 18.8% (log-rank, P = .216); year 2, 25.5% vs 30.3% (log-
rank, P = .098). At 3 years and 3.5 years, mortality was
significantly lower in the paclitaxel group: year 3, 32.1%
vs 39.4% (log-rank, P = .041); year 3.5, 35.2% vs 43.9%
(log-rank, P = .027).

Patients with diabetes or chronic kidney disease (CKD)
had decreased survival compared with patients without
diabetes or CKD. Treatment with paclitaxel, however,
had no effect on survival in these groups (Figs 2 and 3,
respectively).

Patients with CLTI demonstrated decreased survival
compared with those with claudication (Fig 4). Kaplan-
Meier survival curves examining paclitaxel vs no-

paclitaxel groups were not significantly different for
patients with claudication or CLTI.

We found that women had inferior survival compared
with men at 35 years (562% vs 623%; log-rank,
P = .015; Fig 5). Treatment with paclitaxel had no statisti-
cally significant effect on survival in men, but there was
improved survival in women treated with paclitaxel
(63.7% vs 49.8%; log-rank, P = .012).

In the paclitaxel group, 647 patients were treated with a
DCB. IN.PACT Admiral (Medtronic, Santa Rosa, Calif) was
used in 377 (58.3%) and Lutonix in 270 (41.7%). Balloon
selection was based on availability and the physician’s
preference. There was improved survival in patients
treated with the IN.PACT Admiral compared with the
Lutonix DCB (70.6% vs 59.9%; log-rank, P = .05; Fig 6).
The average number of balloons used per case (IN.PACT,
1.71; Lutonix, 1.56) and overall average total balloon length
(IN.PACT, 20.1 cm; Lutonix, 17.2 cm) were similar.

Characteristics of patients who survived vs died are
shown in Table lll. Patients who died were older and
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Fig 1. Kaplan-Meier survival analysis of patients treated
with paclitaxel-coated devices (PTX) vs those without
paclitaxel exposure (No PTX).

had higher rates of diabetes, congestive heart failure
(CHF), renal dysfunction, CLTI, and current smoking.
Multivariable analysis of all patients was performed
(Table 1V). Predictors of increased risk of mortality
included age, dialysis, CLTI, CHF, and CKD. Paclitaxel
use was protective for mortality by multivariable analysis.

DISCUSSION

The controversy about the use of paclitaxel to treat fem-
oropopliteal artery disease was generated by the finding
of increased mortality in patients treated with paclitaxel-
coated devices in a meta-analysis by Katsanos et al.®
They reviewed summary-level data from 28 RCTs
involving the Zilver DES (Cook Medical, Bloomington,
Ind) and 12 individual DCBs (many of which are not
commercially available in the United States) involving a
total of 4663 patients and reported increased all-cause
mortality at 2 years and 5 years in the patients treated
with paclitaxel. As pointed out by the Vascular InterVen-
tional Advances Physician group’s Vascular Leaders
Forum report, this meta-analysis of summary-level data
is good to initiate a hypothesis but less reliable than an
analysis of patient-level data.'”

In our analysis of 1170 patients who underwent femoro-
popliteal artery revascularization, we found that the use
of paclitaxel-coated devices (using IN.PACT Admiral,
Lutonix, or Zilver DES) was not associated with an in-
crease in mortality compared with non-drug-coated de-
vices out to 35 years. Regardless of sex, presence of
diabetes, CKD, or CLTI, the studied paclitaxel devices
were not associated with excess mortality.

Our data, in fact, showed a statistically significant sur-
vival benefit in patients treated with paclitaxel at 3 years
and 3.5 years. These data of improved survival should be
viewed with caution as we had limited humbers of pacli-
taxel patients out to that time interval because of the
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Fig 2. Kaplan-Meier survival comparing patients by pres-
ence of diabetes mellitus (DM) with and without paclitaxel
(PTX) exposure. A, Survival patients with and without DM.
B, Survival patients without DM treated with and without
PTX. C, Survival patients with DM treated with and without
PTX.

noncontemporaneous nature of the patient distribution.
Paclitaxel did not become widely used in our institution
until 2016, so paclitaxel patient numbers are lower at the
longer time intervals. The same can be said for the
apparent survival benefit in women treated with pacli-
taxel and in patients treated with the IN.PACT Admiral
vs Lutonix DCB in our study—a limited number of
patients reached the longer time intervals.
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Fig 3. Kaplan-Meier survival comparing patients by pres-
ence of chronic kidney disease (CKD) with and without
paclitaxel (PTX) exposure. A, Survival patients with and
without CKD. B, Survival patients without CKD treated
with and without PTX. C, Survival patients with CKD
treated with and without PTX.

Furthermore, in our report, we included patients with
claudication and CLTI. In contrast, almost 90% of the
patients in the report of Katsanos et al® were claudicants.
When we analyzed patients by symptoms, we found, as
expected, significantly improved survival in claudicants,
with a 2-year and 5-year mortality of 13.3% and 21.5%.
This is similar to the overall expected outcome for
patients treated for claudication but shows higher 2-
year mortality than the 5% to 8% cited in many
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Fig 4. Kaplan-Meier survival comparing patients with
chronic limb-threatening ischemia (CLTI/) vs claudication
with and without paclitaxel (PTX) exposure. A, Survival
CLTI vs claudication. B, Survival patients with claudication
with and without PTX. C, Survival patients with CLTI with
and without PTX.

superficial femoral artery (SFA) device trials."? This
higher rate is likely to be due to the strict inclusion and
exclusion criteria in the device trials, in which lesion
length was limited and few patients had renal dysfunc-
tion. Nevertheless, our data show comparable survival
in all claudicants regardless of paclitaxel exposure.

Our analysis of patients who died vs survived was similar
for the paclitaxel vs no-paclitaxel groups and reflects the
increased risk of death in patients who are older, smoke,
and have diabetes, CHF, and renal impairment.
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Fig 5. Kaplan-Meier survival comparing patients by sex
with and without paclitaxel (PTX) exposure. A, Survival
male vs female. B, Survival male patients treated with and
without PTX. C, Survival female patients treated with and
without PTX.

Multivariable analysis confirms that all of these comor-
bidities are risk factors for mortality in both groups.
Several studies also found no association between
paclitaxel-coated devices and survival.?'® A report of
16,560 Medicare and Medicaid beneficiaries in a nation-
wide, multicenter retrospective review found no differ-
ence in all-cause mortality out to 600 days of groups
treated with and without paclitaxel-coated devices.” In
another report, 51,456 Centers for Medicare and Medicaid
Services beneficiaries who received either DES or BMS
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Fig 6. Kaplan-Meier survival by drug-coated balloon (DCB)
manufacturer: Medtronic IN.PACT Admiral vs Bard Lutonix
DCB.

were studied, and the authors found no relationship be-
tween paclitaxel exposure and excess mortality out to
4] years." These studies, however, are based on adminis-
trative databases and are limited in patient-level data.

Anantha-Narayanan et al'® performed a meta-analysis
that differed from the Katsanos study in that the authors
examined only RCTs of DCB vs non-drug-coated angio-
plasty. Their mortality analysis excluded trials of in-stent
restenosis and DES and those that had a BMS arm.
They found no significant difference in all-cause mortal-
ity with a mean follow-up of 21.6 = 14.4 months.

Katsanos et al® further suggested that there was a pacli-
taxel dose response. Based on their use of meta-
regression analysis, they concluded that higher doses of
paclitaxel were associated with increased mortality.
They cited the Bradford Hill criteria linking a dose
response to causality for a pharmacologic agent.'®
Schneider et al'? examined paclitaxel dose in relation
to mortality from patient-level data of four IN.PACT Ad-
miral DCB trials. Two of the trials were prospective, multi-
center, randomized single-blinded trials that allocated
the patients 2:1 in favor of DCB (IN.PACT SFA randomized
trial [n = 288] and IN.PACT Japan [n = 96]), and two were
single-arm, prospective DCB trials (IN.PACT China
[n =129] and IN.PACT Global [n =12301).""""° The authors
performed a dosing analysis by stratifying the DCB
patients into paclitaxel dosing terciles. They found no
mortality difference in the three groups out to 5 years
based on dose. The lack of a dose response to paclitaxel
contradicts Katsanos' assertion and reinforces the idea
that the mortality signal may be more of an association
rather than an effect.””

There are a number of considerations to place the re-
sults of Katsanos in context. First, the trials in the meta-
analysis had limited patient follow-up. Although Katsa-
nos included data from 28 RCTs of 4663 patients, only
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Table Ill. Characteristics of patients who survived vs died

Male 273 (55.6) 82 (50.9) 32 205 (64.3) 103 (51.8) .006

Hyperlipidemia 331 (67.4) 13 (70.2) .56 219 (68.7) 15 (57.8) .01

Carotid artery disease 91 (18.5) 31 (19.3) .82 59 (18.5) 31 (15.6) 41

CHF 87 (17.7) 52 (32.3) .002 58 (18.2) 66 (33.2) .0001

CKD 128 (26.1) 85 (52.8) <.0001 84 (26.3) 104 (52.3) <.0001

Smoking 370 (75.4) 101 (62.7) .002 256 (80.3) 18 (59.3) <.0001

Current 172 (35.0) 28 (17.4) <.0001 120 (37.6) 36 (18.2) <.0001

CLTI 213 (63.5) 138 (85.7) <.0001 188 (58.9) 168 (84.4) <.0001

Table IV. Multivariable analysis of predictors of mortality in all patients through 3.5-year follow-up

Dialysis 0.778 0123 4.748 (2.936-7.681) <.0001

Paclitaxel use —0.341 0.072 0.505 (0.381-0.671) <.0001

CKD 0181 0.086 1.437 (1.025-2.015) .035

12 of the 28 trials (2316 patients) had follow-up to 2 years,
and just 3 of the 28 trials had follow-up past 2 years
(IN.PACT SFA trial reported 4-year data; Local Taxan
With Short Time Contact for Reduction of Restenosis in
Distal Arteries [THUNDER] and Zilver PTX randomized
clinical trial reported 5-year data).??°?' The increased
risk of death at 5 years in the paclitaxel arm of 14.7%
compared with 81% in controls was the most striking
finding in the report of Katsanos et al. This finding was
based not on the 4663 total patients studied but on
863 patients who had reached this follow-up interval.
Second, their findings were based on a somewhat
incomplete and possibly misleading data set. Of the three
trials that make up the reported 5-year mortality signal,
only one, Zilver PTX randomized trial, truly reported
5-year data” The THUNDER 5-year data were generated
when the authors decided to relook at the patient popu-
lation to examine long-term patency after the study had

been closed?® Patients were ‘invited” to participate.
Those who had undergone more than one target lesion
revascularization, bypass, or amputation of the target
limb were not invited and others were lost to follow-up.
This resulted in nearly half of the study population
missing from the analysis. The IN-PACT SFA randomized
trial study referred to by Katsanos had only published
their 3-year data! The 4-year data they reference are
from a nonadjudicated podium presentation that briefly
summarized mortality in regard to safety end points.®?'

Third, these trials were designed and powered to study
efficacy, not mortality.'° The death rates are reported as
crude death rates and not death rates based on time-
to-event analysis or Kaplan-Meier analysis. As pointed
out by other authors, this is not a valid method to mea-
sure mortality.'>'*?2?* Furthermore, the methodology
used to calculate crude mortality differed for each of
the studies that made up the 5-year data.?*
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Fourth, the meta-analysis included only published
reports (and a podium presentation for IN.PACT
SFA).5?>?> They did not have access to data that the
device manufacturers collected but never publicly
released. As part of their Food and Drug Administration
(FDA) approval, paclitaxel device manufacturers were
required to continue to collect data for ongoing safety
analysis.”® There are data out to 5 years for Lutonix and
IN.PACT Admiral DCB and 3 years for Stellarex DCB
(Spectranetics Corp, Colorado Springs, Colo) that have
not previously been published.?® Katsanos et al did not
have access to these data, which thus are not included
in their analysis.

The US. FDA performed a meta-analysis of 5-year data
of three U.S. RCTs of paclitaxel devices (IN.PACT SFA, Zil-
ver PTX, and LEVANT 2).%4%° At 5 years, a crude mortality
of 19.8% was reported for patients treated with paclitaxel
and 12.7% for patients treated with uncoated devices,
yielding a hazard ratio of 1.57 (95% confidence interval,
116-2.13).>%* The FDA pointed out that these data were
generated by <1000 patients, which might be too small
to accurately “characterize the presence, magnitude and
causality of a mortality signal.” The FDA further noted
that a significant number of patients were missing at
5 years, ranging from 2.7% to 26% (14.8% pooled). In their
letter of August 7, the FDA stated that the magnitude of
the signal should be viewed with caution because of
these limitations and pointed out that there is still no
clear evidence of a mechanism whereby paclitaxel
causes mortality, and there does not appear to be a
dose effect on mortality.”

Limitations. This is a retrospective, nonrandomized
study in a referral center. The choice of intervention
was left to the patient’s physician, leading to inherent
biases. The population of patients described in our
report is different from the randomized trials; they
include all Rutherford classes, often had complex
multilevel interventions, and were treated with a DCB
or DES alone or by a combination of therapies. These
more complex patients with increased comorbidities
may have overwhelmed a mortality signal. In addition,
because of the retrospective nature of this study, it
remains possible that a limited number of patients
may have had paclitaxel exposure before the proced-
ure at our institution.

CONCLUSIONS

Despite the limitations of our study, we conclude that
the use of paclitaxel-coated devices does not increase
mortality compared with uncoated devices out to
3.5 years. Regardless of sex and presence of diabetes,
CKD, or CLTI, the application of paclitaxel devices was
not associated with excess mortality. We believe that
paclitaxel can be used with continued caution, especially
in patients at increased risk of restenosis. Larger studies
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and longer follow-up are needed to determine the ef-
fects of paclitaxel use on outcomes, including late
mortality.
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