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Paclitaxel Update

Lessons on the use of paclitaxel-coated devices in femoropopliteal disease from the long-term

RCT and registry data.

By Peter A. Schneider, MD

ndovascular intervention for femoropopliteal
occlusive disease is practiced widely in patients who
require lower extremity revascularization for chronic
limb-threatening ischemia (CLTI) or claudication,
the main benefit of which is its less invasive nature com-
pared with that of open surgery. However, the longer-term
patency with endovascular mechanical manipulation
alone (ie, balloons, atherectomy, stents) has been poor
compared with surgical bypass, especially in patients with
long lesions (TransAtlantic Inter-Society Consensus C
and D). Biologic therapy added to mechanical therapy has
been a major step forward in improved patency and has
resulted from use of paclitaxel-coated balloons (PCBs) and
paclitaxel-eluting stents (PESs).

Multiple trials have been conducted in the femoro-
popliteal arteries using PCBs or PESs. Trials have included
prospective randomized trials of coated versus non-
coated devices; prospective randomized trials of different
coated devices in a head-to-head fashion; and prospec-
tive single-arm trials, registries, observational studies, and
database analyses. The most important of these trials are
the IN.PACT SFA, LEVANT, ILLUMENATE, RANGER SFA,
Zilver PTX, and IMPERIAL trials.™"" Although a summary
of all these studies is beyond the scope of this article, the
dramatic improvement in patency with PCBs and PESs
has been routinely evident. As a result, numerous PCBs
and two PESs have been cleared by the FDA for use in the
femoropopliteal arteries.

THE PACLITAXEL META-ANALYSIS

At the end of 2018, a summary-level meta-analysis was
published by Katsanos et al that evaluated international
randomized trial results up until that time."? The article
demonstrated substantial risk of mortality with a hazard
ratio (HR) of 1.93 at 5 years in patients who received
paclitaxel compared with those treated with uncoated

devices. The study also claimed a biologic gradient or
dose response. This was calculated with the dose equal
to the amount of estimated paclitaxel on the balloon or
stent multiplied by time. The authors’ conclusion stated,
“There is increased risk of death following application of
paclitaxel-coated balloons and stents in the femoropop-
liteal artery of the lower limbs. Further investigations are
urgently warranted.”™

This very definitive conclusion led to a drastic and
immediate change in the use of PCBs and PESs. Prior to
that time, drug-coated balloons (DCBs) and drug-eluting
stents (DESs) had been included in the treatment algo-
rithm in up to half of cases of femoropopliteal interven-
tions performed. As clinicians, researchers, institutions,
regulatory bodies, manufacturers, and all associated per-
sonnel sought to understand this to ensure patient safety,
use of these devices came to a stop.

Key factors in evaluating whether an agent is causing
harm include dose response (biologic gradient), cluster-
ing of deaths as to cause (suggesting a mechanism), and
a consistent danger signal. In the ensuing 3.5 years, a sub-
stantial amount of inquiry has been undertaken and addi-
tional data have accumulated. Although it is beyond the
scope of this article to list these data in line-item fashion,
there has not been a single credible subsequent study that
showed a late mortality risk anywhere approaching that
asserted by the summary-level meta-analysis after pacli-
taxel usage in the femoropopliteal arteries.

These data have included additional follow-up of pre-
existing randomized controlled trials (RCTs). A substantial
effort was undertaken to ascertain the vital status of
patients who had been lost to follow-up or withdrawn.
The passage of additional time and the maturation of
additional RCTs resulted in a dramatic increase in avail-
able 5-year data from three studies (863 patients) to
nine studies (2,288 patients).”> Additional RCTs had been
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designed for other purposes but also became available
for post hoc analysis of any evidence of a mortality signal.
A prospective RCT (VOYAGER PAD), which included
drug-coated devices in 31% of 4,316 patients, and a pro-
spective RCT of drug-coated versus plain devices from
Sweden (SWEDEPAD, n = 2,289) both demonstrated no
difference in mortality between those who received pacli-

taxel and those who underwent treatment with uncoated

devices.'*1> Data were analyzed from various databases,
including the BARMER database from Germany with up
to 11 years of follow-up, a study of tens of thousands of
Medicare recipients (SAFE-PAD), the Optum database of
United States Medicare Advantage patients, a study from
the United States Veterans Administration, the Vascular
Quality Initiative, and others.’®2° With added follow-up
to the previous RCTs and identification of many of the

patients lost to follow-up, the steps of the initial summary-
level meta-analysis were retraced with the same operations

and the larger cohort of long-term follow-up, and this

demonstrated no significant difference between paclitaxel-

coated and uncoated devices with respect to mortality."

LESSONS LEARNED

A summary-level meta-analysis showed an increase in
mortality'? that shut down worldwide use of one of our
most effective treatments for femoropopliteal occlusive
disease, but we subsequently have been unable to detect
this initially very dramatic and threatening signal of harm
to our patients. In any complex system with multiple fail-
safe mechanismes, it is usually multifactorial when there is

a malfunction, and this appears to have been the case with

the paclitaxel mortality signal. The following are factors
related to epidemiology, clinical practice, and trial design
that have emerged and lessons that we will carry forward
to enhance our development of patient-care algorithms.
- DCBs and DESs were effective, with improved
results of the treatment of femoropopliteal lesions
at 5 years. PCBs and PESs were not used for almost
4 years and were not of value to patients because
of our mistaken interpretation of the situation. We

would like to optimize results and minimize harm for

our patients. Restricting the use of efficacious treat-
ments also produces some degree of harm.

« A summary-level meta-analysis is a hypothesis-
generating tool. It should not be used for dictat-
ing practice. Inclusion of the Zilver PTX trial in the

meta-analysis is a case in point. In the Zilver PTX trial,

because of the dual randomization scheme with a
secondary randomization of suboptimal percutane-
ous transluminal angioplasty (PTA) to bare-metal
stents versus PESs and because many patients who
had optimal PTA in the original PTA group subse-
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quently crossed over to paclitaxel, about 70% of the
study participants received paclitaxel. When analyzed
“as treated,” the trial actually showed no difference in
mortality between coated and noncoated stents.” The
authors of the meta-analysis could not have known
this because these details were not thought to be
germane and were not published at the time.”?! This
is important because the Zilver PTX trial comprised
47.7% of the weight of the 5-year data available in the
summary-level meta-analysis and had the largest HR
demonstrating a mortality risk (2.09).

The summary-level meta-analysis was published with
an unsupported equation for dose response, which

is an important factor in establishing causation of

a harmful agent. Dose response was the purported
“smoking gun” for an offending agent in this case that
moved the discussion from association to causation.
Mortality is an extremely important patient-related
issue for both claudication patients and those with
CLTL. As a field of specialists, we have developed a
much better understanding of mortality, its causes,
and its impact on our patient population. Mortality
will continue to be a more important facet of clinical
trials going forward than it has been in the past.
Studies designed for regulatory approval have been
powered for 1-year efficacy, not long-term mortality.
Sample sizes in some of the studies were small enough
that a few events one way or the other could drastically
change the result. An example of this was seen in the
IN.PACT trial in which the PTA group had the lowest-
ever reported mortality measured in a peripheral artery
disease trial at 1 and 2 years.! Smaller sample sizes can
lead to unstable estimates, especially when doing a sub-
sequent analysis of a variable for which the trial was not
powered to assess.

With respect to trial design, a 1-year follow-up

is important for understanding efficacy, but
longer-term follow-up with more complete data is
required to understand the bigger picture. Approval
trials are typically committed to 5 years of follow-up;
however, the number of patients lost to follow-up
beyond 1 year in these trials was excessive, and going
forward, this must be corrected.

Ascertainment bias was present in the paclitaxel
RCTs. In other words, patients were randomized going
into the trials but were not randomized in the way

in which they were lost to follow-up or withdrawn.
Within each study, some patients previously lost to
follow-up or withdrawn were identified and their vital
status was ascertained, and the difference in mortality
between the control group and the paclitaxel group
became smaller. Thus, the actual mortality rate for



paclitaxel was lower than thought and/or the actual
mortality for PTA was higher than it seemed.??

+ An RCT can still have treatment bias. These studies
cannot be double-blinded trials because they involve
treatment with a specific device, and as a result,
patients in each group may have been treated
differently. There was circumstantial evidence to
support the presence of treatment bias in some
studies.®> Where the data exist, the veracity of clinical
visit follow-up was higher for those in the control
group who received the less efficacious treatment
than those in the experimental group who received
the more efficacious treatment, suggesting that other
differences in treatment—such as smoking cessation,
statins, antiplatelet agents, and antihypertensives—
may also have taken place.

« No dose response was identified. This was true with
each of the DCBs and DESs that were evaluated in
multiple studies.

« No clustering of deaths was identified that would
assist us in hypothesizing a mechanism of action for
how paclitaxel could be causing harm.

« There was substantial geographic variation of mor-
tality. Why would an agent that is causing mortality
be more harmful in one geography and of no harm in
another?

+ In these trials of DCBs and DESs, medications were
generally not monitored, including statins, anti-
platelet, antihypertensive, and antiglycemic drugs, all
of which likely have a significant effect on mortality,
especially in the long term.

« In most situations, we place the value of real-world
data (such as an insurance database or Social
Security database) at a lower level of quality than
that generated by an RCT. However, in the case of
mortality analysis—because it is a binary and binding
variable and an insurance program cannot function
without highly accurate data about who has died—
real-world data in tens of thousands of patients over
many years and broad geographic areas may be more
applicable than an RCT with a few hundred or even a
few thousand patients.

CONCLUSION

Moving forward, this enhanced understanding of
epidemiology, clinical practice, and trial design will help
us to develop a more sophisticated and more robust
approach in our efforts to offer efficacious and safe
treatments to our patients. M
1. Schneider PA, Laird JR, Tepe G, et al. Treatment effect of drug-coated balloons is durable to 3 years in

the femoropopliteal arteries: long-term results of the IN.PACT SFA randomized trial. Circ Cardiovasc Interv.
2018;11:¢005891. doi: 10.1161/CIRCINTERVENTIONS. 117.005891

58 ENDOVASCULAR TODAY SEPTEMBER 2022 VOL.21, NO. 9

2. Scheinert D, Duda S, Zeller T, et al. The LEVANT I (Lutonix paclitaxel-coated balloon for the prevention of
femoropopliteal restenosis) trial for femoropopliteal revascularization: first-in-human randomized trial of low-dose
drug-coated balloon versus uncoated balloon angioplasrt. JACC Cardiovasc Interv. 2014;7:10-19. doi: 10.1016/j.
Jin.2013.05.022

3. Brodmann M, Werner M, Meyer DR, et al. Sustainable antirestenosis effect with a low-dose drug-coated balloon:
the ILLUMENATE European randomized clinical trial 2-year results. JACC Cardiovasc Interv. 2018;11:2357-2364.
doi: 10.1016/j.jcin.2018.08.034

4. Krishnan P, Faries P, Niazi K, et al. Stellarex drug-coated balloon for treatment of femoropopliteal disease:
twelve-month outcomes from the randomized ILLUMENATE pivotal and pharmacokinetic studies. Circulation.
2017;136:1102-1113. doi: 10.1161/CIRCULATIONAHA.117.028893

5. Baushack Y, Willfort-Ehringer A, Sievert H, et al. Six-month results from the initial randomized study of

the Ranger paclitaxel-coated balloon in the femoropopliteal segment. J Endovasc Ther. 2017;24:459-467.

doi: 10.1177/1526602817710770

6. Sachar R, Soga Y, Ansari MM, et al. 1-year results from the RANGER Il SFA randomized trial of the Ranger drug-
coated balloon. JACC Cardiovasc Interv. 2021;14:1123-1133. doi: 10.1016/}.cin.2021.03.021

7. Dake MD, Ansel GM, Jaff MR, et al. Durable clinical effectiveness with paclitaxel-eluting stents in the femoro-
popliteal artery: 5-year results of the Zilver PTX randomized trial. Circulation. 2016;133:1472-1483. doi: 10.1161/
CIRCULATIONAHA.115.016900

8. Gray WA, Keirse K, Soga Y, et al. A polymer-coated, paclitaxel-eluting stent (Eluvia) versus a polymer-free,
paclitaxel-coated stent (Zilver PTX) for endovascular femoropopliteal intervention (IMPERIAL): a randomized,
non-inferiority trial. Lancet. 2018;392:1541-1551. doi: 10.1016/50140-6736(18)32262-1

9. Miiller-Hiilsbeck S, Benko A, Soga Y, et al. Two-year efficacy and safety results from the IMPERIAL randomized
study of the Eluvia polymer-coated drug-eluting stent and the Zilver PTX polymer-free drug-coated stent.
(ardiovasc Intervent Radiol. 2021;44:368-375. doi: 10.1007/500270-020-02693-1

10. Rosenfield K, Jaff MR, White CJ, et al. Trial of a paclitaxel-coated balloon for femoropopliteal artery disease.
NEnglJ Med. 2015;373:145-153. doi: 10.1056/NEJMoa 1406235

11. Lyden SP, Faries PL, Niazi KAK, et al. No mortality signal with Stellarex low-dose paclitaxel DCB: ILLUMENATE
pivotal 4-year outcomes. J Endovasc Ther. Published online January 8, 2022. doi: 10.1177/15266028211068769
12. Katsanos K, Spiliopoulos S, Kitrou P, et al. Risk of death following application of paclitaxel-coated balloons and
stents in the femoropopliteal artery of the leg: a systematic review and meta-analysis of randomized controlled
trials. J Am Heart Assoc. 2018;7:¢011245. doi: 10.1161/JAHA.118.011245

13. Dinh K, Limmer AM, Chen AZL, et al. Mortality rates after paclitaxel-coated device use in patients with
occlusive femoropopliteal disease: an updated systematic review and meta-analysis of randomized controlled trials.
J Endovasc Ther. 2021;28:755-777. doi: 10.1177/15266028211023505

14. Bonaca MP, Bauersachs RM, Anand SS, et al. Rivaroxaban in peripheral artery disease after revascularization.

N Engl ) Med. 2020;382:1994-2004. doi: 10.1056/NEJM0a2000052

15. Nordanstig J, James S, Andersson M, et al. Mortality with paclitaxel-coated devices in peripheral artery disease.
NEngl J Med. 2020;383:2538-2546. doi: 10.1056/NEJM0a2005206

16. Freisenger £, Koeppe J, Gerss J, et al. Mortality after use of paclitaxel-based devices in peripheral arteries: a real-
world safety analysis. Eur Heart J. 2020;41:3732-3739. doi: 10.1093/eurheartj/ehz698

17. Secemsky EA, Shen C, Schermerhorn M, Yeh RW. Longitudinal assessment of safety of femoropopliteal
endovascular treatment with paclitaxel-coated devices among Medicare beneficiaries: the SAFE-PAD study. JAMA
Intern Med. 2021;181:1071-1080. doi: 10.1001/jamainternmed.2021.2738

18. Secemsky EA, Barrette E, Bockstedt L, et al. Long-term safety of drug-coated devices for peripheral revasculari-
sation. Eurolntervention. 2021;17:590-598. doi: 10.4244/E1)-D-20-01018

19. Gutierrez JA, Rao SV, Jones WS, et al. Survival and causes of death among veterans with lower extremity
revascularization with paclitaxel-coated devices: insights from the Veterans Health Administration. J Am Heart
Assoc. 2021;10:6018149. doi: 10.1161/JAHA.120.018149

20. Bertges DJ, Sedrakyan A, Sun T, et al. Mortality after paclitaxel coated balloon angioplasty and stenting of
superficial femoral and popliteal artery in the Vascular Quality Initiative. Circ Cardiovasc Interv. 2020;13:¢008528.
doi: 10.1161/CIRCINTERVENTIONS.119.008528

21. Dake MD, Ansel GM, Bosiers M, et al. Paclitaxel-coated Zilver PTX drug-eluting stent treatment does not result
inincreased long-term all-cause mortality compared to uncoated devices. Cardiovasc Intervent Radiol. 2020;43:8-
19. doi: 10.1007/500270-019-02324-4

22. Schneider PA, Laird JR, Doros G, et al. Mortality not correlated with paclitaxel exposure: an independent
patient-level meta-analysis of a drug-coated balloon. J Am Coll Cardiol. 2019;73:2550-2563. doi: 10.1016/].
jacc.2019.01.013

23. Schneider PA, Varcoe RL, Secemsky , et al. Update on paclitaxel for femoral-popliteal occlusive disease in

the 15 months following a summary level meta-analysis demonstrated increased risk of late mortality and dose
response to paclitaxel. J Vasc Surg. 2021;73:311-322. doi: 10.1016/j.jv5.2020.07.093

Peter A. Schneider, MD

Professor of Surgery

Division of Vascular & Endovascular Surgery
University of California, San Francisco

San Francisco, California
peteraschneidermd@gmail.com

Disclosures: Consultant to Medtronic, Surmodics,
Boston Scientific Corporation, and Philips.




