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DEB Control P value

Late Lumen Loss mm -0.05 0.61 0.003

6-month Angio – FU PACIFIER

TLR after 12 months 7,1 % vs. 27,9%



• ILLUMENATE 

PIVOTAL Trial

@LINC 2020
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COMPARE RCT



IN.PACT IDE and Japan Trials: Patency Through 3 Years

* Primary patency defined as freedom from CD-TLR and freedom from restenosis as determined by duplex ultrasound (DUS); Peak Systolic Velocity Ratio (PSVR) ≤ 2.4.

Presented by Schneider P, Circulatory System Devices Panel Meeting, Gaithersburg, MD June 19, 2019. 6
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1. Katsanos K, et al., J Am Heart Assoc 2018;7:e011245. DOI: 10.1161/JAHA.118.011245.

CONCLUSION #1

PTX ASSOCIATED 

WITH HIGHER 

MORTALITY

CONCLUSION #2

MORTALITY RELATED 

TO PTX dose

1228 3
# of studies

samples size

Followup [years]

Katsanos, et al. paclitaxel meta-analysis



Characteristics of these RCTs :

Powered for one-year patency, not long-term mortality.

Small control groups (some RCTs 2:1)=unstable 

estimates.

Was there bias in mortality assessment  (ascertainment 

bias)?

Were both groups treated the same (treatment bias?)

Increased Mortality Risk of Paclitaxel?
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Bradford-Hill-Criteria*

*Austin Bradford-Hill. Criteria for causation, 1965

Is there a dose response (biologic gradient)?

Is there clustering of deaths as to cause (mechanism)?

Is there a consistent danger signal?

Is this a causal relationship or an association?



Dose Issue Is Readily Evaluated

Assumption: continuous, linear and increasing exposure over time.

• Tissue paclitaxel in pre-clinical models decreases over 6 months 
to nearly non-detectable levels.

• Time is disproportionately available for studies with longer-term 
follow-up.

• The longer you follow someone and the older the patient, the 
higher likelihood of a mortality event.

Katsanos et al. JAHA 2018;7:e011245



1837 DCB patients

FDA Panel June 19-20, 2019 Figures 37-40

Schneider et al. J Am Coll Cardiol 2019;73:2550

Paclitaxel-Coated DCB and DES Late Mortality Panel 
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To further assess the potential effect of paclitaxel dose on survival time, a univariate Cox 

proportional hazard (PH) model for all-cause mortality was conducted with dose as the only 

exploratory variable.  

 

Cook ZILVER PTX RCT. Patients treated in the Zilver PTX DES group received a mean total 

paclitaxel dose during the index procedure of 1.1 ± 0.5 mg (range of 0.3-3.2 mg). In Figure 37, 

the scatter plot shows no evident trend between the dose and 5-year mortality. The lack of an 

association is supported by the univariate Cox PH model analysis (p-value for Dose = 0.5155). 

 

Figure 37. Five-Year All-Cause Mortality Rate for Paclitaxel Dose Groups: ZILVER PTX 
RCT (AT Population) 

 
*Patients were separated into 7 dose groups based on the following dose range cutoffs (in mg): [0.3, 0.5), 

[0.5, 1.0), [1.0, 1.5), [1.5, 2.0), [2.0, 2.5), [2.5, 3.0), and [3.0, 3.5]. Numbers in blue indicate the number 

of patients included in the specific dose group. The red line indicates the 95% confidence intervals for 

the group mortality rate.  

 

LUTONIX LEVANT 2 RCT. Patients treated in the Lutonix 035 DCB group received a mean total 

paclitaxel dose during the index procedure of 3.5 ± 1.8 mg (range 1.0-11.3 mg). In Figure 38, 

the scatter plot suggests a trend of increased 5-year mortality as a function of increased paclitaxel 

dose, but there is overlap in the 95% CIs. The possible association between the dose and survival 

time is supported by the univariate Cox PH model (p-value = 0.0382).  

 

Zilver PTX

Paclitaxel-Coated DCB and DES Late Mortality Panel 
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Figure 39. Five-Year All-Cause Mortality Rate for Paclitaxel Dose: IN.PACT SFA I  & I I  
(AT Population) 

 
*Patients were separated into 9 dose groups based on the following dose range cutoffs (in mg): [1, 3), [3, 

5), [5, 7), …, [21, 23]. Numbers in blue indicate the number of patients included in the specific dose 

group. The red line indicates the 95% confidence intervals for the group mortality rate. 

 

Philips ILLUMENATE RCT. Patients treated in the Stellarex DCB group received a mean total 

paclitaxel dose during the index procedure of 4.2 ± 1.8 mg (range 1.3-9.4 mg). In Figure 40, the 

scatter plot shows no evident trend between paclitaxel dose and 3-year mortality. The p-value of 

the univariate Cox PH model is 0.8013. 

 

IN.PACT IDE Paclitaxel-Coated DCB and DES Late Mortality Panel 
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Figure 40. Three-Year All-Cause Mortality Rate for Paclitaxel Dose: ILLUMENATE RCT 
(AT Population) 

 
*Patients were separated into 9 dose groups based on the following dose range cutoffs (in mg): [1, 2), 

[2, 3), [3, 4), …, [9, 10]. Numbers in blue indicate the number of patients included in the specific dose 

group. The red line indicates the 95% confidence intervals for the group mortality rate. 

 

There was no consistent association between dose and mortality detected across studies. The 

LEVANT 2 RCT suggested possible increased mortality with increased dose, while no clear 

relationship between dose and mortality was identified in ZILVER PTX RCT, IN.PACT SFA I 

& II, and ILLUMENATE RCT. The sample size was small for many of the dose range groups, 

which limited the interpretation of the data in some cases. 

 

  Pre-clinical Safety and Pharmacology/Toxicology Evaluations 

Data from all pre-clinical safety, safety margin, and pharmacokinetic (PK) animal studies were 

evaluated in FDA’s review of the initial marketing applications for each of the five FDA-

approved devices. As part of FDA’s evaluation of the late mortality signal observed in the 

clinical trials, a CDRH veterinary pathologist and a CDER pharmacologist/toxicologist 

reevaluated these pre-clinical studies, focused on potential biological mechanisms for the late 

mortality observed in clinical trial patients.  

  

 Large Animal Safety Studies 

Across all applications, there were 23 separate vascular safety studies conducted between 2004 

and 2018 at various animal study facilities. A total of 566 animals were exposed to the test 

and/or control devices (either uncoated PTA catheter balloons or bare metal stents). All studies 

were conducted in either non-diseased domestic crossbred or Yucatan mini-swine. Study designs 

Illumenate

Paclitaxel-Coated DCB and DES Late Mortality Panel 
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Figure 38. Five-Year All-Cause Mortality Rate for Paclitaxel Dose: LEVANT 2 RCT (AT 
Population) 

 
*Patients were separated into 8 dose groups based on the following dose range cutoffs (in mg): [1.0, 2.0), 

[2.0, 3.0), …, [11.0, 12.0]. Numbers in blue indicate the number of patients included in the specific dose 

group. The red line indicates the 95% confidence intervals for the group mortality rate. 

 

IN.PACT SFA I & II RCT. Patients treated in the IN.PACT Admiral DCB group received a 

mean total paclitaxel dose during the index procedure of 7.5 ± 3.7 mg (range 1.9-21.7 mg). In 

Figure 39, the scatter plot suggests no clear trend of the 5-year all-cause mortality by dose (p-

value = 0.0869 based on the univariate Cox PH model).  

 

Levant 2

Dose effect and mortality

Dose administered vs All-cause mortality Dose tercile vs 

Freedom from All-cause mortality



Dose effect and mortality
Pooled IN.PACT IDE and Japan Trials
5-Year Mortality by Dose Tercile (As Treated)

Presented by L. Mauri, MD
FDA Panel , June 19, 2019.

FDA Letter August 7, 2019
“…no clear evidence of a 

paclitaxel dose effect on 

mortality, and no identified 

pathophysiologic mechanism 

for the late deaths.”

Lowest tercile had highest mortality

K Rocha-Singh, TCT 2019

VIVA/Namsa Individual 

Patient Data Project

No dose effect:

Medium dose lower risk 

than low or high dose.



E Whatley PhD. FDA Presentation. FDA Panel. June, 2019 

No Clustering of Deaths: What is the mechanism?

65

CV Death Subtypes

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

1.8%

2.0%
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Non-CV Death Subtypes

0.0%

1.0%

2.0%

3.0%

4.0%

5.0%

6.0%

Biological mechanism?



Missing Data at 5 Years: Pivotal RCTs

Effort to Locate Withdrawn or Lost to Follow-up

Study Device N Pre-FDA Panel After Search

Zilver PTX DES 300 38.3% 26.0%

PTA 174 36.2% 25.9%

Levant 2 DCB 316 15.8% 12.7%

PTA 186 14.4% 11.3%

IN.PACT SFA DCB 220 19.1% 2.7%

PTA 110 14.5% 2.7%

FDA Panel packet for June, 2019: Table 4

Whatley E. FDA presentation at Panel Meeting. June, 2019 



Missing Data at 5 Years: Pivotal RCTs :
Withdrawn or Lost to Follow-up

Study Device N Pre-FDA Panel After Search % Missing Patients 

Located

Zilver PTX DES 300 38.3% 26.0% 32%

PTA 174 36.2% 25.9% 28%

Levant 2 DCB 316 15.8% 12.7% 20%

PTA 186 14.4% 11.3% 22%

IN.PACT SFA DCB 220 19.1% 2.7% 86%

PTA 110 14.5% 2.7% 81%

FDA Panel packet for June, 2019: Table 4

Whatley E. FDA presentation at Panel Meeting. June, 2019 

20%-86% of

missing patients
Impact on datas?



Pooled IN.PACT IDE and Japan: Mortality difference 

between DCB and PTA through 5 years Before (4%)

and after (2.7%) updated vital status data (As Treated)

Ascertainment bias

Paclitaxel-Coated DCB and DES Late Mortality Panel 
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Figure 13. Forest plot of relative risk for the AT population based on 3-year data 

 
 

 

Figure 14. Forest plot of relative risk for the AT population based on 5-year data 

 
 

Results of analyses of year 1, year 2, and year 3 data, which consist of four pivotal RCTs, show a 

trend of an increasing relative risk point estimate for mortality in patients treated with paclitaxel-

coated devices compared to control devices. This trend continued in year 4 (see Appendix F, 

Figure F.9) and year 5, which included three pivotal RCTs. The RR estimate based on 5-year 

data is 1.72 with the lower limit of the 95% CI >1.  

 

Based on the available information, the Panel will be asked to discuss and comment on the 

presence and clinical significance of the late mortality signal (Question 1), and whether the 

signal likely represents a class effect among paclitaxel-coated devices (Question 2). 

5 Year Point Estimate from FDA: RR 1.72

43

Risk ratio based on 5-year data

After Vital Status Ascertainment: 1.57

Decrease 21%

FDA panel packet June 19-20, 2019

Whatley E. Presentation at FDA panel: June 19, 2019

Hazard Ratio 1.63    1.39

Decrease 38%

Mauri L. Presentation at FDA panel June 20, 2019



Geographic bias: signal of mortality not 

consistent

58

KM Plots by Geography
US (N=180) IN.PACT SFA     OUS (N=150)

US (N=301) LEVANT 2       OUS (N=175)
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KM Plots by Geography
US (N=180) IN.PACT SFA     OUS (N=150)

US (N=301) LEVANT 2       OUS (N=175)

E Whatley PhD. FDA Presentation FDA Panel. June, 2019 

Why more dangerous in one 

geography than another?

L Mauri MD. Manufacturers Presentation. FDA Panel. June  2019

Major mortality difference in the US but not in other geographies

IN.PACT Japan 



1. Presented by Mauri L, Circulatory System Devices Panel Meeting, Gaithersburg, MD June 19, 2019.

2. p-value derived from Cox Proportional Hazard model by testing treatment-by-region-interaction term.

Pooled IN.PACT IDE and Japan Trials
Hazard Ratio for Mortality by Region DCB vs PTA (as treated)1

Favors PTAFavors DCB



Presented by L Mauri MD. FDA Panel. June 19, 2019.

IN.PACT: SFA I and II and Japan RCTs

Follow-up Visit Attendance by Region

Treatment bias

DCB and PTA patients treated differently

Difference in treatment greater in US than other geographies



Dual Antiplatelet Therapy 

After Treatment

“PTA patients: significantly more 

likely to continue dual

antiplatelet therapy at every time 

interval.”

Schneider et al. J Am Coll Cardiol 2019;73:2550

Treatment bias



Presented by Mauri L, Circulatory System Devices Panel Meeting, Gaithersburg, MD June 19, 2019.

Source data from FDA Executive Summary Table 6 (Appendix P), June 2019.  Proportion rate for each study are reported.  Error bars are Exact Binomial 95% 

Confidence Intervals.

Comparison of mortality rates
small sample sizes lead to inaccurate estimation



Evidence: Overview
Outside of RCT a lot of datas…

“Real world evidence”
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LARGE OBSERVATIONAL DATA CONFIRM SAFETY OF PTX DEVICES / CMS

• N= 152k pts
• Prespecified 

analysis protocol 
reviewed by the 
FDA

• Median 799 days 
followup

No difference in survival between

drug coated vs non drug coated devices

UPDATED ANALYSIS OF MEDICARE 

BENEFICIARY DATA

CMS_Centers for Medicare & Medicaid Services

LONG-TERM SAFETY OF DRUG-COATED DEVICES FOR PERIPHERAL ARTERY REVASCULARIZATION: AN UPDATED ANALYSIS OF MEDICARE BENEFICIARY DATA

TCT 2019 Eric A. Secemsky, 



24

• N= 152k pts
• Prespecified 

analysis 
protocol 
reviewed by the 
FDA

• Median 799 
days followup

No difference in survival between

Non- CLI vs CLI patients

LARGE OBSERVATIONAL DATA CONFIRM SAFETY OF PTX DEVICES / CMS

CMS_Centers for Medicare & Medicaid Services

UPDATED ANALYSIS OF MEDICARE 

BENEFICIARY DATA

LONG-TERM SAFETY OF DRUG-COATED DEVICES FOR PERIPHERAL ARTERY REVASCULARIZATION: AN UPDATED ANALYSIS OF MEDICARE BENEFICIARY DATA

TCT 2019 Eric A. Secemsky, 
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5-y mortality from MUNSTER Real-World Study 

comparing IN.PACT DCB vs POBA 

(median follow-up of 

61.7 and 61.8 months, 

respectively) 

p = 0.8 

Comparison of the patients of group B who died versus those who survived showed 

no correlation between the dose of paclitaxel with increased mortality (p = 0.4).

Univariate analysis of 77 pairs of propensity score-

matched patients 
Group Group A Group B

Device POBA DCB

Mortality rate 26% 20.80%

The 5-year findings of the present real-world study showed no increased mortality for the matched patients who 

underwent PCBA versus POBA. 

In addition, there was no correlation between mortality and the dose of paclitaxel used.



 Retrospective study of ~ 9.2 million 

participant of the German BARMER 

Health Insurance 

This  real-world analysis showed no evidence for increased mortality associated  with paclitaxel-
based devices  for over 11 years.

Freisinger E, et al "Mortality after use of paclitaxel-based devices in peripheral arteries: a rea world safety analysis" Eur Heart J 2019; DOI: 10.1093/eurheartj/ehz698.

Study Design
• Index = 64,771 patients with first endovascular intervention between 2007 - 2015 

• recording each single device (DES, DCB, BMS, POBA) that applied over the entire 

study period 

• 200,681 devices; median FU 7.6 years; 98% completeness
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POBA vs. DCB Use Femoropopliteal Lesions
Bad Krozingen 2011 - 2016

01/2011 -06/2016

POBA
n = 2860

DCB
n=4497

LINC Presentation 2020 Prof. Zeller „Overcoming the Meta-Analysis: Moving forward“



POBA vs. DCB Mortality Bad Krozingen

DCB

01/2013 -03/2016

n = 1178

FU < 36 months

n = 111 (9.4%)

↓

n = 1067

POBA

01/2011 -06/2016

n = 580

FU < 36 months

n = 65 (11.2%)

↓

n = 515

28
LINC Presentation 2020 Prof. Zeller „Overcoming the Meta-Analysis: Moving forward“



POBA vs. DCB Mortality Bad Krozingen

DCB

↓

n = 184 

17.2%

POBA

↓

n = 176 

34.2%

360 patients died
22.8%

29
LINC Presentation 2020 Prof. Zeller „Overcoming the Meta-Analysis: Moving forward“



BENEFIT AND RISK FROM PTX COATED BALLOON SYSTEMATIC REVIEW

Key takeaways:

 The authors conclude: ‘’The risk of 2-year all-cause mortality at 2 years was increased, but without evidence of causation’’



1. Katsanos, K, et al. JAHA 2018; 7:e011245.

2. FDA Executive Summary Figure 14; pre vital status.

3. Whatley E, FDA presentation, Circulatory System Devices Panel 

Meeting, Gaithersburg, MD June 19, 2019; post vital status.

4. Rocha-Singh KJ, et al. VIVA-NAMSA presentation, Circulatory 

System Devices Panel Meeting, Gaithersburg, MD June 19, 2019.

5. Rocha-Singh, K. VIVA-NAMSA Analysis, TCT, San Francisco, CA 2019.

6. Bertges DJ, SVS Abstract 2019.

7. Yeh RW, OPTUM Presentation, Circulatory System Devices Panel 

Meeting, Gaithersburg, MD, June 19-20, 2019.

8. Secemsky EA, Medicare Presentation, Circulatory System Devices Panel 

Meeting, Gaithersburg, MD, June 19-20, 2019.

9. Secemsky EA, et al. JAMA Cardiol 2019;4:332-40.

10. Secemsky EA, et al. J Am Coll Cardiol 2019;73:2636-38.

11. Secemsky EA, Medicare low-risk presentation, TCT, San 

Francisco, CA  2019.

Note:  For specific adjustments and methodologies, see the cited 

publications and presentations.

Modified from L. Mauri, MD: Combined Industry Presentation. FDA Panel June, 2019

Increased Mortality Risk of Paclitaxel? Shrinking Hazard Ratio
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RW Yeh, MD. Peripheral drug coated devices and mortality in a national claims database. FDA Panel June, 2019

Where are the missing death?



Outlook: in the next 5 years were 5Y FU available of 29 

studies with over 10.000 patients

Mauri L. Combined Manufacturer Presentation. FDA Panel June, 2019 
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DESDCB

???
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DES
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DES
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Imperial

51



52



53



54



Majestic
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Risk of DES
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…other options ?
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Tack Endovascular System
Multi-implant, minimal-metal focal dissection repair for tapering vessels from SFA to ankle

Tack® implants
Multiple pre-loaded nitinol implants

 ATK: 6 implants

 BTK: 4 implants

6mm or 8mm deployed length

Each implant self-sizes to tapering anatomy
 ATK: 2.5 – 6.0mm and 4.0 – 8.0mm RVD

 BTK: 1.5 – 4.5mm RVD

OTW Delivery System
Accurate (≤1mm) deployment

 ATK: 6F/.035

 BTK: 4F/.014

INTENDED USE: The Tack Endovascular System is intended for use for the repair of post percutaneous transluminal balloon angioplasty (PTA) dissection(s).

CONTRAINDICATIONS: The Tack Endovascular System is contraindicated for the following: 1. Patients with residual stenosis in the treated segment equal to or greater than 30% after PTA. 2. Tortuous vascular anatomy significant enough to prevent safe introduction and passage of the device. 3. Patients with a known hypersensitivity to nickel-titanium alloy (Nitinol). 4. Patients unable to 
receive standard medication used for interventional procedures such as anticoagulants, contrast agents and antiplatelet therapy.

The Tack Endovascular System is CE Mark authorized under EC Directive 93/42/EEC. 
Tack Endovascular System® and Tack® are registered trademarks of Intact Vascular, Inc. a Philips company



TOBA III Study Design

Prospective, single-arm, non-blinded pivotal IDE study in US, Europe

201 subjects with post-PTA dissection following IN.PACT™ Admiral™ DCB
169 patients with standard lesions ≤150mm and 32 patients with long lesions >150mm - ≤250mm

Primary Safety 
Endpoint

Freedom from the occurrence of any new-onset MAE* at 30 days 

Primary Efficacy 
Endpoint

Primary patency at 12 months:
• Freedom from CEC adjudicated CD-TLR and
• Freedom from core lab adjudicated DUS-derived binary restenosis 

Femoropopliteal dissection repair with Tack Endovascular System (6F)

*MAE: major device-related adverse event(s) including index limb amputation (above the ankle), CEC-adjudicated clinically-driven target lesion revascularization and all-cause death at 30 days
IN.PACT™ and Admiral™ are trademarks of Medtronic

Brodmann M, Wissgott C, Brechtel K et al. Optimized drug-coated balloon angioplasty of the superficial and proximal popliteal arteries using the Tack 
Endovascular System: TOBA III 12-month results. J Vasc Surg 2020. Nov;72(5):1636-1647.e1.

TOBA III Study Design



Key baseline patient/lesion 

characteristics

(ITT population, core lab adjudicated)

Brodmann M, Wissgott C, Brechtel K et al. Optimized drug-coated balloon angioplasty of the superficial and proximal popliteal arteries using the Tack 
Endovascular System: TOBA III 12-month results. J Vasc Surg 2020. Nov;72(5):1636-1647.e1.

Key baseline patient/lesion characteristics



Post-PTA dissection severity and 

resolution

(ITT population, core lab adjudicated)

Brodmann M, Wissgott C, Brechtel K et al. Optimized drug-coated balloon angioplasty of the superficial and proximal popliteal arteries using the Tack 
Endovascular System: TOBA III 12-month results. J Vasc Surg 2020. Nov;72(5):1636-1647.e1.

Post-PTA dissection severity and resolution



Patency and freedom from CD-TLR

(ITT population, core lab adjudicated)

*Observational data; not powered for statistical significance

Brodmann M, Wissgott C, Brechtel K et al. Optimized drug-coated balloon angioplasty of the superficial and proximal popliteal arteries using the Tack 
Endovascular System: TOBA III 12-month results. J Vasc Surg 2020. Nov;72(5):1636-1647.e1.

92.3% at 24 

months 

82.6% at 24 

months 

Patency and freedom from CD-TLR



Conclusions
 The „PTX mortality gate“ is less alarming in view of the latest clinical 

studies

 Adding a drug to a device (both balloon or stent) improves its clinical 

performance

 Compared with PTA and/or BMS paclitaxel therapies reduce repeat 

procedures through 2 years

 DES, in the most complex lesions settings, resulted providing better 

performance vs. DCB

 Ad today there are 2 Paclitaxel coated Stents dedicated to SFA on 

the market, both of them presenting some strengths but also some 

technological intrinsic limitations

 DCB combined with Tack Implants provide some of the highest 

reported patency rates (95%)
64



Thank you very much for your attention
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