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Paclitaxel DCB and DES-2019
• On the ground

• Patients must be informed, Paclitaxel as secondary treatment, 
Trials? Physicians and institutions decide with FDA guidance, 
medical-legal concerns.

• 30,000 foot view
• DCB a major advance--more restenosis, Future of paclitaxel? 

Patient-level meta-analysis, Time frame? May not be resolved, 
Thousands of patients will receive less efficacious treatment.

• 50,000 foot view
• Likely to wipe out dozens of vascular start ups, R&D funding? 

Vascular clinical trial research in limbo, class action? Search for 
other anti-restenotic compounds? Blast effect. 



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
Konstantinos Katsanos, MD, PhD, MSc, EBIR; Stavros Spiliopoulos, MD, PhD; Panagiotis Kitrou, MD, PhD; Miltiadis Krokidis, MD, PhD;
Dimitrios Karnabatidis, MD, PhD

Background-—Several randomized controlled trials (RCTs) have already shown that paclitaxel-coated balloons and
stents significantly reduce the rates of vessel restenosis and target lesion revascularization after lower extremity
interventions.

Methods and Results-—A systematic review and meta-analysis of RCTs investigating paclitaxel-coated devices in the femoral and/
or popliteal arteries was performed. The primary safety measure was all-cause patient death. Risk ratios and risk differences were
pooled with a random effects model. In all, 28 RCTs with 4663 patients (89% intermittent claudication) were analyzed. All-cause
patient death at 1 year (28 RCTs with 4432 cases) was similar between paclitaxel-coated devices and control arms (2.3% versus
2.3% crude risk of death; risk ratio, 1.08; 95% CI, 0.72–1.61). All-cause death at 2 years (12 RCTs with 2316 cases) was
significantly increased in the case of paclitaxel versus control (7.2% versus 3.8% crude risk of death; risk ratio, 1.68; 95% CI, 1.15–
2.47; —number-needed-to-harm, 29 patients [95% CI, 19–59]). All-cause death up to 5 years (3 RCTs with 863 cases) increased
further in the case of paclitaxel (14.7% versus 8.1% crude risk of death; risk ratio, 1.93; 95% CI, 1.27–2.93; —number-needed-to-
harm, 14 patients [95% CI, 9–32]). Meta-regression showed a significant relationship between exposure to paclitaxel (dose-time
product) and absolute risk of death (0.4!0.1% excess risk of death per paclitaxel mg-year; P<0.001). Trial sequential analysis
excluded false-positive findings with 99% certainty (2-sided a, 1.0%).

Conclusions-—There is increased risk of death following application of paclitaxel-coated balloons and stents in the femoropopliteal
artery of the lower limbs. Further investigations are urgently warranted.

Clinical Trial Registration-—URL: www.crd.york.ac.uk/PROSPERO. Unique identifier: CRD42018099447. ( J Am Heart Assoc.
2018;7:e011245. DOI: 10.1161/JAHA.118.011245.)
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T o date, percutaneous transluminal angioplasty and
stenting have developed to the mainstream treatment

of symptomatic peripheral arterial disease with constantly
increasing numbers of procedures worldwide.1,2 The femor-
opopliteal artery is the most common site of involvement in
atherosclerosis of the lower limb and is typically characterized
by multilevel steno-occlusive disease, often complex calcified
morphology, and aggressive postangioplasty neointimal

hyperplasia associated with high rates of early vessel
restenosis and failure.3 Drug-eluting stents (DESs) and drug-
coated balloons (DCBs) have been extensively investigated as
a potential solution to inhibit vessel restenosis and improve
clinical outcomes after endovascular revascularization of the
femoropopliteal artery.4

Following testing in numerous randomized controlled trials
(RCTs) and various commercial coating formulations,
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risk of death) versus 27 deaths out of 334 cases in the control
(8.1% crude risk of death) with a pooled risk ratio of 1.93 (95%
CI, 1.27–2.93). Absolute risk difference was 7.2% (95% CI,
3.1–11.3%) and NNH was 14 patients (95% CI, 9–32). There
was no statistically significant heterogeneity between studies
(P=0.92; Figure 3).

Sensitivity and Subgroup Analyses
There was no visual asymmetry of the respective funnel
plots to suggest publication bias at 1 year (Horbold-Egger
test, 0.27; P=0.66), 2 years (Horbold-Egger test, 0.47;
P=0.55), or 4 to 5 years of follow-up (Horbold-Egger test,
!0.43; P=0.11; Figure S3). We opted to report summary
estimates from a frequentist random effects model to
account for conceptual and study design differences among
different RCTs. The randomized studies included here tested

numerous designs of paclitaxel-coated devices with variable
drug dosages and different drug excipients in slightly
different patient populations. Hence, a different, but similar
treatment effect was assumed as the basis for the random
effects modeling.58 In addition, different methods of anal-
yses (with or without continuity correction and Bayesian
methods) were employed to interrogate potential bias and
uncertainty arising from meta-analysis of low event rates as
recommended elsewhere.59 Bayesian methods generally
increased the size of treatment effect (Table S4). The
pooled point estimates remained consistent across sensi-
tivity and subgroup analyses with some variation in the
magnitude of effect size. There were also differences in the
estimated long-term risk of death when examining different
paclitaxel doses, although those results are underpowered,
with variable follow-up periods, and informed by few studies
in each case (Table 2).

Figure 2. Random effects forest plot of all-cause death at 2 years. Pooled point estimate was expressed as risk ratio (RR).

Figure 3. Random effects forest plot of all-cause death at 4 to 5 years. Pooled point estimate was expressed as risk ratio (RR).
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Deaths After Paclitaxel Interventions in the Leg Katsanos et al
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Coincidental, statistical aberration, real danger sign?

What is the mechanism?

Summary Level Meta-analysis versus Patient Level Meta-analysis



Mortality in SFA Trials: Putting this mess in perspective 
All-Cause Death at 2 Years

Laird J, et al. J Am Coll Cardiol 2015: 66; 2329-38
IN.PACT Japan Presented by Iida, O. LINC 2018, Leipzig Germany
IN.PACT Global Micari A, et al. J Am Coll Cardiol –Cardiovasc Interv 2018: 11; 945-53
LEVANT 1 Scheinert D, et al. J Am Coll Cardiol - Cardiovasc Interv 2014: 7; 10-19
LEVANT 2 Lutonix IFU
ILLUMENATE US Presented by Mathews S, NCVH 2018, New Orleans, USA
ILLUMENATE EU Presented by Schroder H, CIRSE 2017, Copenhagen, Denmark
ACOART-I Presented by Guo W, LINC 2017, Leipzig, Germany
CONSEQUENT Albrecht T, et al. Cardiovasc Intervent Radiol 2018: 41; 1008-14

ZILVER PTX Dake M, et al. J Am Coll Cardiol 2013: 61; 2417-27
Majestic Muller-Hulsbeck S, et al. Cardiovasc Interv Radiol 2017:40;1832-1838
SMART SES and BMS Duda et al. J Endovasc Ther 2006: 14; 701-710
Complete SE SFA Data on file. Medtronic, Inc.
Durability II Rocha-Singh K, et al. Cather Cardiovasc Interv 2015 : 86; 164-170
ETAP BMS Rastan A, et al. J Endovasc Ther 2015: 22; 22-27
RESILIENT BMS LifeStent IFU. Revised 2/04-16.
Dashed Line: Caro J, Migliaccio-Walle K, Ishak KJ and Proskorovsky I. BMC Cardiovasc  Disord. 2005;5:14.



Drug-eluting Devices
Unique characteristics of the 3 trials with 5 year follow-up.

• Powered for short-term patency, not long-term mortality.
• Small control groups (some RCTs 2:1).
• Expected attrition over 5y due to age and co-morbid factors.
• Missing data, censored patients not accounted.
• Assumptions about drug kinetics and doses.
• Not valid to include DCB and DES in same analysis.
• Chance results (lowest mortality ever in RCT PTA group).
• No way to know who got paclitaxel (15% annual TLR rate).
• 28 RCTs 4663 patients vs 3 RCTs at 5 years with 863 patients 



THUNDER trial

After WD and LTFU,
41 patients in each arm remain 

with mortality data at 5 years
29% (12/41) and 20% (8/41) 

RR: 1.45 (not 1.69)

Courtesy of William Gray



Corrected follow-up of JAHA Meta-analysis 

Study Paclitaxel Control RR

THUNDER 12/41 29% 8/41 20% 1.45

ZILVER PTX 47/211 22% 18/133 14% 1.57

IN.PACT SFA 29/184 16% 10/104 10% 1.60

1.54 [0.88-2.54]

Courtesy of William Gray



IN.PACT DEB
(N=239 Subjects)

Standard PTA
(N=119 Subjects) p-value

Primary Composite Endpoint 57.1% (120/210) 55.2% (58/105) 0.810

Major Adverse Event1 62.4% (131/210) 58.1% (61/105) 0.465

Death, any 34.8% (73/210) 41.0% (43/105) 0.322

IN.PACT BTK DCB was recalled because of a lack of effectiveness and a 
trend toward more amputations in the DCB group.
The fully enrolled trial included patient follow-up through 5 years. 

1. Death of any Cause, Major and Minor Amputation of target limb

What about new data?
IN.PACT DEEP Trial: Outcomes Through 5 Years



What about new data?
Paclitaxel versus non-Paclitaxel 
Devices

No difference in survival in adjusted analysis
Adjusted HR 0.97; 95% CI, 0.91-1.04; P = .43

34.3%
32.5%

Secemsky et al. JAMA Cardiology 2019

16,560 Medicare recipientsxx



PTA or Paclitaxel DCB

Secemsky et al. JAMA Cardiology 2019

xx

Bare Metal Stent or Drug Eluting Stent

Critical Limb Ischemia: Drug or No Drug

Claudication: Drug or No Drug



Long Term Survival: bare Metal Stent or DES

No difference in survival in adjusted analysis
Adjusted HR 0.98; 95%CI, 0.93-1.03; P = .53

51.7%
50.1%

Secemsky et al. JACC 2019

51,456 Medicare recipients



Who got paclitaxel and who didn’t?
This is why population-based data is important

Paclitaxel devices were available of those in the PTA 
groups that required repeat intervention.

• Excess of TLR in PTA groups across trials was approx. 
10-15% per year.

• Continued annual need for treatment of failures.
• This information was not gathered in ANY RCTs.
• Contralateral limb: another few percent per year.
• New Zealand-40% of controls at 2 years.



Independently conducted by the Baim Institute 
(formerly Harvard Clinical Research Institute)

Objective: Determine if there is a correlation between paclitaxel exposure and mortality by conducting 
an independent patient-level meta-analysis of 1,980 patients with up to five-year follow-up. 

Analysis Conducted
1. Review of baseline, procedure, and follow-up 

data of individual patients.
2. Comparison of Survival vs. Mortality between 

treatment group.
3. Nominal dosage (mg) between Survival and 

Mortality (DCB n=1837). 
4. Testing for alternative hypothesis.

IN.PACT 
SFA I&II 

Trial

DCB n=220
PTA n=111

IN.PACT 
Japan Trial

DCB n=68
PTA n=32

IN.PACT 
China 
Study

DCB n=143

IN.PACT 
Global 
Study

DCB 
n=1406

All Subjects
(Clinical events committee-

adjudicated)

DCB n=1837
PTA n=143

What about new data?
Patient-Level Meta-Analysis from IN.PACT Program 



No significant 
difference in 

mortality between 
groups.

IN.PACT Clinical Program: Patient-Level Meta-Analysis 
Distribution of Paclitaxel in DCB Group by Tercile



Dose-time product

Reported a dose effect.
Unlikely that estimation of dose is correct.
Dose relationship is essential to the argument.
Pharmacological side effects are dose-related.
No dose effect=random (stochastic-eg; genetics, radiation)
Can be an association, but not a causal relationship.

Katsanos et al. Journal of the American Heart Association. 2018;7:e011245.

Time is also…
associated with death



IN.PACT Clinical Program: Patient-Level Meta-Analysis 
Independent Predictors of Mortality Cox Regression Multivariable Analysis

Predictors of Death though 5 years
Hazard Ratio 

[95% CI]
P-value

Age (yrs) 1.056 [1.038, 1.074] <.001
Insulin Dependent Diabetes Mellitus  (Y vs. N) 1.836 [1.304, 2.585] <.001
Previous Target Limb Amputation (Y vs. N) 3.270 [1.649, 6.485] <.001
Renal Insufficiency (baseline serum creatinine >= 1.5 ng/dl) 
(Y vs. N)

1.840 [1.216, 2.786] 0.004

Previous Non-Target Limb Amputation (per limb) (Y vs. N) 2.607 [1.339, 5.077] 0.005
On Dialysis (Y vs. N) 2.019 [1.077, 3.787] 0.029
Coronary Heart Disease  (Y vs. N) 1.324 [0.971, 1.805] 0.076
Hyperlipidemia (Y vs. N) 0.756 [0.542, 1.054] 0.099

*Paclitaxel dose levels were NOT identified by the model selection process as a predictor of mortality through 5 years  

NOT Predictive of Mortality*

Paclitaxel Dose Tercile (mid vs. lower) 1.044 [0.734, 1.484] 0.812
Paclitaxel Dose Tercile (upper vs. lower) 0.987 [0.678, 1.437] 0.947



Oncologic Applications of Paclitaxel
Another Perspective

Lack of Mortality Signal in Oncology Applications with Paclitaxel
Adjuvant Paclitaxel in a Curative Breast Cancer Population1

▪ There is a huge dose difference between Oncologic and Endovascular applications of Paclitaxel
▪ The JAHA paper noted the short half life of IV Paclitaxel (~ 6 hours) compared to the prolonged tissue 

exposure of Paclitaxel eluting devices (especially DCBs) and postulate this may explain excess mortality1

Vermassen, MAC 2017 conference

1. Katsanos K,  et al. Journal of the American Heart Association 2018; 7: e011245. 

From Andrew Holden
RCT of 4,000 low risk patients followed to 6 years
Compared different paclitaxel regimens
No association with increased mortality in early stage breast cancer patients.

Shulman et al. JCO 2014, presented by Mayer E at VLF, Washington DC Feb 2019



Alternative Hypotheses
Risk of Bias in SFA Trials

Katsanos et al. Journal of the American Heart Association. 2018;7:e011245.

PERFORMANCE Bias
DETECTION Bias

How does this issue manifest itself in the Experimental arm or Control arm?
Performance bias in managing patients receiving different treatment.
Detection bias in assessment of mortality.



Clinic Visit Compliance After Treatment

PTA patients had more frequent follow-up

Schneider et al. JACC 2019



Dual Antiplatelet Therapy 
After Treatment

PTA patients more 
likely to continue
dual antiplatelet 
therapy

Schneider et al. JACC 2019



Non-Drug 
Meta-

Analysis
No. Studies 22

No. Subjects 2451

Risk Ratio 
(random effects)

1.69

95% CI 1.11-2.57

P-Value 0.01

* This meta-analysis is incomplete. Additional data from authors is being sought for some studies. 
Courtesy Ramon Varcoe

Meta-analysis of Non-paclitaxel Vascular 
Device Trials

Higher Mortality in Experimental Group and Lower Mortality in Control Group
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PCR STATEMENT on clinical outcomes after interventions with paclitaxel drug-
coated balloons
Interventions with paclitaxel drug-coated balloons – a PCR Statement
Paris, France, 21 May 2019. This PCR statement on paclitaxel drug-coated balloons (DCB) use in peripheral interventions addresses the controversy raised by the
meta-analysis of K. Katsanos, MD, PhD (Patras University Hospital, Rion, Greece) and colleagues, published in late 2018
(https://doi.org/10.1161/JAHA.118.011245). The Katsanos meta-analysis prompted widespread concern in the interventional community by suggesting that treatment
with paclitaxel-eluting stents or DCBs for femoropopliteal disease is associated with increased death beyond 1 year out to 5 years compared with uncoated balloon
therapy.

The Statement outlines that, as for any meta-analysis, the Katsanos analysis is subject to major inherent methodological limitations that prevent reliable interpretation
of the primary findings. These include the use of study-level (rather than patient-level) data, limited longterm data and high dropout rates (>80% loss of patient data
at 4-5 years), unknown repeated exposure to paclitaxel during re-interventions, lack of adjudication of causes of death, and subsequent corrections to primary source
data (announced in February 2019).
The Statement acknowledges that, while the results of the meta-analysis itself were far from conclusive, further evaluation is warranted given the widespread use of
paclitaxel in peripheral interventions and the implications of the reported hazard. The publication did serve as a wakeup call and swift action on the part of the
interventional community, including industry and the FDA, to convene collaborative discussions, new analyses and presentations of patient level pooled data. A
planned industry-wide pooled analysis is anticipated to be presented at an upcoming FDA panel meeting in mid-June, with rapid dissemination of preliminary
findings and planned next steps to the broader physician community.
The Statement emphasises that additional evidence from individual sponsor-driven patientlevel analyses of clinical trial data, as well as large-scale claims data, have
failed to replicate the results of the meta-analysis with respect to an association of paclitaxel exposure with long-term mortality. Furthermore, no safety signal has
ever been shown in coronary DCB applications in the long-term.
PCR acknowledges the vital need for a carefully conducted and adjudicated industry-wide patient level pooled analysis to compare long-term safety outcomes. This
analysis is planned to be presented at the upcoming FDA panel on June 19th and 20th. Finally, PCR strongly supports resuming, under careful safety oversight, two
large prospective randomised trial (BASIL 3 and SWEDPAD) that were suspended shortly after the Katsanos publication. These trials would provide the vital
evidence necessary to evaluate the safety of DCB to better inform clinicians in everyday practice.
Pending the availability of more conclusive data, there is currently no strong evidence to justify changing clinical practice and clinicians should continue to use best
judgment in theuse of paclitaxel-based DCBs.

NOTES TO EDITORS
Key informationKey information
� A PCR statement on clinical outcomes after interventions with paclitaxel drug-coated balloons presented by Alexandra Lansky (/Physicians/Alexandra-Lansky)

� Palais des Congrès Porte Maillot – Paris, France

� Tuesday 21 May 2019 - 15:30- Theatre Bordeaux

About EuroPCR 2019About EuroPCR 2019
The World-Leading Course in interventional cardiovascular medicine and the official annual meeting of the European Association of Percutaneous Cardiovascular
Interventions (EAPCI) will take place from 21 to 24 May 2019 at the Palais des Congrès - Paris, France. The detailed Course Programme is available on:
https://www.pcronline.com/Courses/EuroPCR (https://www.pcronline.com/Courses/EuroPCR)

About PCRAbout PCR
The mission of PCR (/About-PCR/Who-we-are/Mission-statement) is to serve the needs of each individual patient by helping the cardiovascular community to
share knowledge, experience and practice. PCR offers a large range of many other educational meetings and resources for the continuing education of the
interventional cardiovascular community. These include major annual Courses (/Courses) across the globe, e-Learning with high-profile PCR Webinars
(/Courses/Online-Education/PCR-Webinars), Courses specifically dedicated to valvular heart disease, tailor-made PCR Seminars on specific topics, online
resources and medical publications such as EuroIntervention (/PCR-Publications/Journals/EuroIntervention), the official journal of the EAPCI
(/Network/EAPCI).

Gateways to all PCR activities are available on www.pcronline.com (http://www.pcronline.com)

For further information, please contact Célia Vilà: cvila@europa-group.com (mailto:cvila@europa-group.com)

D O W N L O A D  T H E  P R E S S  R E L E A S E S  I N  P D F ( H T T P S : / / W W W . P C R O N L I N E . C O M / C O U R S E S / E U R O P C R / P R E S S # R E L E A S E S )( H T T P S : / / W W W . P C R O N L I N E . C O M / C O U R S E S / E U R O P C R / P R E S S # R E L E A S E S )

21 MAY 2019

The Latest
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Safety of DCB and DES
Conclusion

• Meta-analysis had limitations
• New data not consistent with danger signal
• Alternative hypotheses
• More new data

• Patient-level meta-analysis (FDA, VIVA, SVS, other)
• Sweden, Germany, VQI, VA, Kaiser

• FDA panel June 19/20
• Working through it together


