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RESUMO

A molécula paclitaxel está disponível no mercado desde 1991 e está indicada no tratamento de diversas neoplasias.  
A partir de 2012, a sua utilização foi expandida para dispositivos endovasculares para o tratamento da doença arterial 
periférica, apresentando-se hoje como uma das principais escolhas no tratamento de lesões arteriais femoro-popli-
teias sintomáticas, especialmente pelo seu benefício na prevenção de re-estenoses. Estes dispositivos apresentam 
atualmente um benefício comprovado na sobrevida livre de re-intervenção e permeabilidade até 5 anos. Uma meta-
-análise de estudos randomizados revelou um aumento na mortalidade a longo-prazo, no entanto, estudos de coorte 
com populações mais representativas da prática clinica diária, apresentam resultados discordantes. Salienta-se o facto 
desta meta-análise ser composta predominantemente por doentes claudicantes, estando os doentes com isquemia 
crónica com risco de perda de membro sub-representados. Estudos concebidos especificamente para este intuito 
são necessários para esclarecer este tópico. Por enquanto, os doentes deverão ser alertados para os eventuais riscos  
e benefícios da exposição a paclitaxel e um processo de decisão conjunta deverá ser um objetivo.
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ABSTRACT

Paclitaxel molecule has been on the market since 1991 and is indicated for the treatment of multiple neoplasms.  
Since 2012 has been used in endovascular devices for the treatment of peripheral artery disease and have become a 
mainstay in the treatment of symptomatic femoro-popliteal lesions, in particular for preventing arterial restenosis. 
They have a proven benefit in patency and freedom-from re-intervention up to 5 years. A recent meta-analysis of 
RCT showed an increased late-mortality rate, however, real-life cohorts analyses presents contradictory results.  
RCT meta-analysis is comprised mainly by claudicants, and CLTI patients are underrepresented. Further studies are 
needed to clarify this matter, in particular with a higher percentage of CLTI presentation. For now, patients should be 
advised about risks and benefits of paclitaxel exposure and a shared decision-making process should be followed.
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PACLITAXEL: BACKGROUND 

Taxol, precursor name of paclitaxel, was initially 
discovered in 1964, and first extracted from Taxus 
brevifolia tree. After extensive research, commercial-
ization started in 1991 and in 1994 was approved by 
the FDA for the treatment of ovarian cancer. Paclitaxel 
interferes with the normal function of microtubules, 
arresting them by hyper-stabilizing their structure, 
and destroying the cell's ability to use its cytoskel-
eton in a flexible manner. Further research has indi-
cated that paclitaxel induces programmed cell death 
(apoptosis) in cancer cells by binding to an apoptosis 
stopping protein called Bcl-2 (B-cell leukemia 2) and 
thus arresting its function.(1,2) Therefore, it has an anti-
proliferative function. Its metabolism is mainly hepatic 
(90%) and 10% of excretion is kidney mediated. After 
IV infusion, elimination half-lives of paclitaxel have 
been reported from 6-12h.(3) Paclitaxel has obtained 
FDA approval for the treatment of multiple neoplasms, 
including breast, ovarian and lung cancer, and also 
Kaposi's sarcoma.(3–5) More recently, they have been 
approved has a component of endovascular devices for 
the treatment of coronary or peripheral artery disease.

PACLITAXEL IN PERIPHERAL 
ANGIOPLASTY DEVICES

Vascular wall restenosis is a proliferative event, at 
least in its early stages. Researchers reasoned that 
paclitaxel could potentially inhibit multiple processes 
involved in the development of restenosis after open 
and endovascular intervention. Biologically, can 
be divided in three phases: acute vessel recoil after 
angioplasty; after this initial injury vessel wall myofi-
broblasts are stimulated to produce extracellular 
matrix and subendothelial exposure activates plate-
lets and results in local inflammation; this inflam-
mation results in migration of vascular smooth cells 
and fibroblasts into the area of injury. Paclitaxel was 
shown in animal models to exhibit a dose-dependent 
inhibition of smooth muscle cell proliferation and 
migration by irreversibly stabilizing intracellular 
microtubules, at concentrations up to 100 times 
lower than antineoplastic levels. Because smooth 
muscle cells are more sensitive than endothelium to 
paclitaxel, it was proposed that it could inhibit rest-
enosis with minimal damage to the arterial wall.(6) 
With that in mind, first human use of paclitaxel was 
in the coronary circulation to prevent or to treat rest-
enosis, and subsequently its use was extended to the 
peripheral arteries.

Paclitaxel-coated devices (PCD), that comprise drug-
coated balloons (DCB) and drug-eluting stents (DES) 
became commercially available for the treatment of 
peripheral artery disease in 2015 and 2012, respec-
tively. Currently, there are multiple brands producing 
coated balloons and stents that can be used in almost 
every peripheral vessel.(7)

These devices have been specifically engineered to 
deliver prolonged levels of paclitaxel into the vessel 
wall in order to inhibit smooth muscle cell prolifera-
tion and avoid hemodynamically significant vessel 
restenosis. To enable sustained tissue bioavailability, 
most modern balloons and stents are coated with 
a mostly solid crystalline form of paclitaxel. Some 
studies demonstrated local therapeutic paclitaxel 
levels up to 2 months after delivery. However, almost 
90% of the drug delivered is lost to systemic circula-
tion, with only 5–10% actually being transferred to 
the vessel wall.(8,9)

LONG-TERM RESULTS OF PACLITAXEL 
COATED-DEVICES

Multiple clinical trials have demonstrated the supe-
riority of PCD relative to bare-metal stenting (BMS) 
and plain-old balloon angioplasty (POBA) in terms 
of primary vessel patency, need for target lesion 
revascularization and late-lumen loss. The THUNDER 
Trial evaluated late-lumen loss in 154 patients with 
femoro-popliteal lesions. At 6 months, they reported 
significantly less late-lumen loss in the PCD group 
relative to those treated with POBA (0.4 ±1.2 vs. 1.7 ±1.8 
mm , p<0.001) and significantly lower rates of TLR in 
the PCD group at 6 and 24 months (4% vs. 37%, p<0.001 
at 6 months and 15% vs. 52% at 24 months, p<0.001). 
At 5-year follow-up, the PCD group had significantly 
lower rates of TLR and binary restenosis compared 
with control (21% vs. 56%, p=0.0005 and 17% vs 54%, 
p=0.04), respectively.(10)

In the IN.PACT SFA trial, 331 patients with femoro-pop-
liteal lesions were randomly assigned to receive a 
DCB or uncoated device. At 1-year DCB resulted in 
higher primary patency versus PTA (82.2% versus 
52.4%; P<0.001). The rate of clinically driven target 
lesion revascularization was 2.4% in the DCB arm 
in comparison with 20.6% in the PTA arm (p<0.001).  
At 2 years, primary patency of DCB was also higher when 
compared to PTA (78.9% vs. 50.1%; p < 0.001). The rates of 
TLR were 9.1% vs. 28.3% (p < 0.001) for the DCB and PTA 
groups, respectively. At 5 years of follow-up, patients 
treated with DCB had greater freedom from TLR relative 
to those treated with PTA (74.5% vs. 65.3%, p=0.02).(11)
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All-cause mortality was assessed at 1, 2 
and 5 years after index procedure. For a 
total of 4432 subjects, all-cause death 
at 1 year was not significantly different 
between groups (2.3% vs 2.3%; RR 1.08 — 
95% CI .72–1.61). At 2 years, 12 RCT analysis 
revealed a significantly increased risk of 
death in patients exposed to paclitaxel 
(3.8% vs 7.2%; RR 1.68 – 95%, CI 1.15–2.47; 
NNH 29). At 5 years, 3 RCT (863 patients) 
were included, and paclitaxel exposure 
was associated with a significant risk of 
death (8.1% vs 14.7%; RR 1.93 CI 1.27–2.93; 
NNH 14). Rocha Singh et al., on an indi-
vidual patient data meta-analysis of the 
same patients, using individual data of 
patients from US manufacturers PCD, 
found an excess relative risk of 27% in 
patients treated with paclitaxel.
Since initial concern about safety of 
paclitaxel coated devices has been 
raised, multiple observational cohort 
studies have been designed. Bertges 
et al in a 8376 patient cohort, found 
a benefit in mortality rates in pacli-
taxel-exposed patients at 1 year (11.5% 
vs 8.5%; HR=.82; 95% CI .68–.98, p=.03).
(14) Secemsky et al, in a 16650 patients 
cohort, found no association with pacl-
itaxel exposure and all-cause mortality 
through 600 days post-procedure (34.3% 
vs 32.5% for control and paclitaxel 
exposed groups, respectively; p=.007).(15)  

Freisinger et al for a total of 64711 patients from a 
health insurance database, found a tendency for 
increased mortality with DES after the fourth year, 
however not statistically significant for up to 11 years 
(HR between .64 and 1.10; all p>.057). For DCB, there was 
a decreased mortality in the first year (HR .92; p< 0.001), 
which became irrelevant in the following years.(16)  
Behrent et al, using the same database from 2010 to 
2018, including 21546 patients, found that paclitaxel 
exposure was associated with improved survival (HR 
0.83, CI 0.77–0.90)(17)

Katsanos et al have postulated that late paclitaxel 
toxicity may be the reason for the observed increased 
death rate. That is justified by the long half-life (up to 
months) of paclitaxel crystals deployed on the vessel 
wall, contrary to the short half-life of paclitaxel after 
IV infusion. When applying PCD, just 10% of paclitaxel 
deployed is absorved by the vessel wall, and as much as 
90% is lost to the systemic circulation. This as the risk 

Paclitaxel-coated stents have also demonstrated 
benefit over uncoated devices. In the Zilver PTX trial, 
comprising 474 patients, clinical benefit (persistent or 
worsening symptoms of ischemia; 81.8% vs. 63.8%, p = 
0.02), patency (72.4% vs. 53.0%, p = 0.03), and freedom 
from TLR (84.9% vs. 71.6%, p = 0.06) were significantly 
higher at 5 years of follow-up for DES relative to BMS.(12)

RISK OF DEATH OF PACLITAXEL COATED 
DEVICES IN FEMORO-POPLITEAL ARTERIES

Since the end of 2018, concerns about safety of PCD 
have been raised, concerning late all-cause mortality, 
specifically in two meta-analyses, by Katsanos et al and 
Rocha Singh et al.(9,12) These findings had global impli-
cations, temporary halting enrolment in 2 RCT and in 
international guidelines.(13) Katsanos et al meta-anal-
ysis included 28 RCT with a total of 4663 patients 
and a median follow-up period of 2 years (1–5 years).  
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Table 1   Summary of long-term patency outcomes of PCD for the treatment 
of femoropopliteal disease

Study Groups Outcome 6-month 
results

1-year 
results

2-year 
results

5-year 
results

THUNDER 
trial10 
(154 patients)

PCD 
vs 

POBA

LLL

0.4 ±1.2 
vs 

1.7±1.8
p<0.001

- - -

TLR

4% 
vs 

37%,
p<0.001

15% 
vs 

52% 
p<0.001

-

21% 
vs 

56%
p=0.0005

IN.PACT  
SFA trial11 
(331 patients)

PCD 
vs 

POBA

Primary 
Patency -

82.2% 
vs 

52.4%
p<0.001

78.9% 
vs

50.1% 
p<0.001

-

TLR -

2.4% 
vs 

20.6% 
p<0.001

9.1% 
vs

28.3% 
p<0.001

74.5% 
vs 

65.3%
p=0.02

ZILVER-PTX 
trial12 
(474 patients)

DES 
vs  

BMS

Patency - - -

72.4% 
vs

53.0% 
p=0.03

TLR - - -

84.9% 
vs

71.6%, 
p=0.06

  
PCD — paclitaxel-coated devices; POBA — plain-old ballon angioplasty; DES — drug-elluting stent; 
BMS — bare-metal stent; LLL — late-lumen loss; TLR — target-lesion revascularization
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Informing patients of the relative risks and benefits 
of paclitaxel devices is critically important, as this is 
an intrinsic part of a healthcare practitioner duty.  
This process also requires considering patient age, 
comorbidities, life expectancy, risk factor control, clin-
ical presentation (claudication vs CLTI) and his expec-
tations and wishes concerning limb outcomes. They 
also must be informed of the lower patency and higher 
need for reintervention after treatment with uncoated 
devices. A brochure with the reported risks and benefits 
may be designed. This should be always an active and 

of systemic side effects, despite the lower 
doses when compared to the chemotherapy 
formulation, and a non-dose dependent 
effect is plausible. Beyond a prolonged 
half-life, paclitaxel crystals improve tissue 
uptake of the drug, enhancing both the 
potencial benefit as the risks. As the vessel 
uptake of crystals is low, there is a worri-
some of microparticle formation with the 
risk of distal embolization. This is postu-
lated to be responsible for the significantly 
higher rates of major amputations noted 
in the active paclitaxel arm of the INPACT-
DEEP study.(8,9)

CONCLUSIONS AND WHAT 
SHOULD THE PATIENTS KNOW

When using paclitaxel coated devices, 
several issues should be kept in mind 
due to late mortality trend found in 
Katsanos et al. study. Firstly, results were 
based on summary-level trial data, which 
cannot account for data at the individual 
patient level. This limitation was, however, 
surpassed by Rocha-Singh et al, who still 
found an excessive risk of death in pacl-
itaxel exposed patients. Secondly, many 
of the RCTs analyzed were not specifically 
powered for this late outcome analysis. 
Thirdly, the large majority of patients 
analyzed were claudicants. Conversely, in 
Portugal, CLTI is the most frequent PAD-re-
lated cause of hospital admission.(18)  
It should be noted that CLTI patients 
correspond to a more serious subset of 
PAD patients, which are older, frailer, with 
more severe comorbidities and with more 
advanced and diffuse atherosclerotic 
disease. In these patients, the inbalance 
between limb and quality of life outcomes 
versus a possible increase in late mortality should 
reflect these intrinsic differences. The differences 
between results of RCT meta-analyses and cohort 
studies must be present. The higher mortality risk 
in “controlled scenarios” was not verified in “real-life 
settings”, namely in cohorts with a superior prev-
alence of CLTI and follow-up periods up to 11 years 
presenting with pointwise benefit in mortality rates.
(17) However, these data do not undoubtedly show a 
mortality benefit for coated devices and do not inval-
idate the findings of Katsanos et al.(9)
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Table 2   Risk of death of paclitaxel coated devices in femoro-popliteal arteries

Meta-a-
nalysis Groups Outcome 1-year 

results
2-year 
results

5-year 
results

Katsanos 
et al

PCD 
vs 

Uncoated 
devices

Mortality 
(HR)

2.3% vs 
2.3%

RR 1.08 
— 95% CI 
.72–1.61

3.8% vs 
7.2% 

RR 1.68 
95% CI 

1.15–2.47;

8.1% vs 
14.7% RR 

1.93 
95% CI 

1.27–2.93;

Rocha-Singh 
et al

PCD 
vs 

Uncoated 
devices

Mortality 
(HR) - -

18.3% vs 
13.7%

HR 1.27

Cohorts Groups Outcome 1-year 
results

2-year 
results

5-year 
results

Bertges 
et al14 
(8376 
patients)

Uncoated 
devices 

vs 
PCD

Mortality 
(HR)

11.5% 
vs 8.5%; 
HR=0.82; 

p=.03

- -

Secemsky 
et al15

(16650 
patients)

Uncoated 
devices 

vs 
PCD

Mortality -

34.3% 
vs 

32.5% 
p=.007

-

Freisinger 
et al16 
(64711 
patients)

DES 
vs 

Uncoated 
devices Mortality 

(HR)

HR between .64 and 1.10; 
all p>.057 up to 11 years

DCB 
vs 

Uncoated 
devices

HR 0.92; 
p< .001 - -

Behrent 
et al17 
(21546 
patients)

PCD 
vs 

Uncoated 
devices

Mortality 
(HR) - - HR 0.83 

CI 0.77–0.90

  
HR – Hazard Ratio; RR – risk ratio DES — drug-elluting stent; DCB – drug-coated balloon
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Use of Paclitaxel-Coated Balloons in the Infrapopliteal Arteries 
for Treatment of Critical Limb Ischemia : A Systematic Review 
and Meta-Analysis of Randomized Controlled Trials. J Vasc Interv 
Radiol. 2020;31(2):202–12.
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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(24): e011245
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B, et al. Angioplasty of Femoral-Popliteal Arteries With Drug-
Coated Balloons: 5-year follow-up of the THUNDER Trial. JACC 
Cardiovasc Interv. 2015;8(1):102-108.

11. Dake MD, Ansel GM, Jaff MR, Ohki T, Saxon RR, Smouse HB, et al. 
Durable Clinical Effectiveness With Paclitaxel-Eluting Stents 
in the Femoropopliteal Artery: 5-year Results of the Zilver PTX 
Randomized Trial. Circulation 133(15):1472–83.

12. Rocha-Sing KJ, Duval S, Jaff MR, Schneider PA, Ansel GM, Lyden 
SP et al. Mortality and Paclitaxel-Coated Devices: An individual 
Patient Data Meta-Analysis 2020; 141(23):1859–69.

13. Conte MS, Bradbury AW, Kolh P, White J , Dick F , Fitridge  
R et al. Global Vascular Guidelines on the Management of 
Chronic Limb-Threatening Ischemia. Eur J Vasc Endovasc Surg. 
2019;58(1):S1-S109.e33.

14. Bertges DJ, Sedrakyan A, Sun T, Eslami MH, Schermerhorn M, 
Goodney PP et al. Mortality After Paclitaxel Coated Balloon 
Angioplasty and Stenting of Superficial Femoral and Popliteal 
Artery in the Vascular Quality Initiative. Circ. Cardiocasc. Interv. 
2020;13(2):e008528. 

15. Secemsky EA, Kundi H, Weinberg I, Jaff M, Krawisz A, Parikh 
SA et al. Association of Survival With Femoropopliteal Artery 
Revascularization With Drug-Coated Devices. JAMA Cardiol. 
2019;4(4):332–40.

16. Freisinger E, Koeppe J, Gerss J, Malyar NM, Marschall U, Faldum A, 
et al. Mortality after use of paclitaxel-based devices in periph-
eral arteries : a real-world safety analysis. Eur. Heart J. 2020; 
41(38):3732–9. 

17. Behrendt C, Sedrakyan A, Peters F, Kreutzburg T, Schermerhorn 
M. Editor ' s Choice – Long Term Survival after Femoropopli-
teal Artery Revascularisation with Paclitaxel Coated Devices :  
A Propensity Score Matched Cohort Analysis. Eur J Vasc Endovasc 
Surg. 2020;59(4):587–96. 

18. Moutinho M, Simões I, Rodrigues S, Abreu D, Silva E, Sousa P. 
Global Impact of Peripheral Obstructive Arterial Disease in 
Portugal : An Eight Year Study Impacto Global da Doença Arterial 
Obstrutiva Periférica em Portugal : Estudo num Período de Oito 
Anos. Acta Med Port 2019 May;32(5):348-354.

shared process. Patients must be advised of how many 
paclitaxel coated devices may be used for a successful 
procedure and informed of other therapeutic options 
(medical treatment exclusively, open revascularization, 
endovascular revascularization with uncoated devices 
or even major amputation). After all this process, an 
informed consent that specifically specifies consent to 
use paclitaxel coated devices might be obtained. Patient 
records should specifically specify what, where and how 
many devices were used. This is not exclusive for coated 
devices, ideally all patients should have some registry 
that explicitly reports the implanted devices, as this may 
reveal important for things as simple as to know if the 
device is MRI compatible. Follow-up adjustments could 
also be advised until this matter is clarified. However, 
since the specific mortality causes related to paclitaxel 
exposure were not known and a prophylactic measure 
to reduce late mortality is missing, a desirable closer 
follow-up may be futile and fruitless.(7)

The authors believe that adequately powered RCT that 
evaluate short and long-term impact on mortality, 
health and limb related quality of life in either clau-
dicants or CLTI patients should be pursued. In claudi-
cants, a group with higher life-expectancy, is critical 
to know if the mortality risk surpass the benefit in 
quality of life. In CLTI patients, we need to understand 
the long-term results who are underrepresented in 
RCT. Lastly the late mortality trend, mainly in claudi-
cants patients, with no described mechanism, should 
lead to a reconsideration of future trial designs.
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