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D
rug-eluting stents (DES) are the preferred

treatment for occlusive coronary artery dis-

ease, particularly in terms of antirestenotic

efficacy as well as long-term safety.1 First-gen-

eration DES have demonstrated efficacy by reduction in

restenosis and target lesion revascularization (TLR). The

Xience V (Promus) Everolimus Eluting Coronary Stent

System (Abbott Vascular, Santa Clara, CA; Boston

Scientific Corporation, Natick, MA) is considered the

next-generation DES designed to be more deliverable 

and shown to be safe, while maintaining efficacy in a

broad patient population compared with first-generation

DES.2 Promus is a private-labeled version of Xience V

Everolimus Eluting Coronary Stent System, manufact-

ured by Abbott and distributed by Boston Scientific.

Described in this article are the design rationale, a sum-

mary of the preclinical observations, and an overview of

the SPIRIT family of clinical data on Xience V (Promus).

The rapid acceptance of first-generation DES when first

introduced, combined with the more recent concerns

over late-stent thrombosis, were drivers in the develop-

ment of a newer or second-generation of DES. 

DE SIGN OVERVIEW

Stent and Stent Balloon Delivery System

The Multi-Link Vision stent is made from a cobalt-

chromium (Co-Cr) alloy, which allows for a thinner strut

with preserved radial force and fluoroscopic visibility during

deployment. With a strut thickness of 81 µm, it has the

thinnest coronary stent struts on the US market.2 In addi-

tion, the open-cell and nonlinear link design makes the stent

flexible and conformable to the vessel wall.2 The Multi-Link

Vision stent delivery balloon is made of semicompliant

polyether block amide material with short tapers intended

to minimize injury outside of the stented region. 

Everolimus

The drug everolimus, manufactured by Novartis Pharma

AG (Basel, Switzerland), is an antiproliferative agent that

acts on a wide range of cell types, including vascular

smooth muscle cells, which it inhibits at a low nanomolar

level (IC50=0.9–3.6 nM for bovine smooth muscle cells) in

the G1 phase of the cell cycle.3,4 The combination of

smooth muscle cell inhibition, high potency, and high

lipophilicity makes the drug an attractive candidate for

controlled delivery from a DES for the prevention of

neointimal hyperplasia. Preclinical studies conducted by

Abbott led to the selection of a low drug dose of 100

µg/cm2 for testing. The total dose of everolimus on a single

Xience V (Promus) stent currently, as represented by the 3-

X 18-mm size, is .088 mg (88 µg). The stent releases

approximately 80% of the drug in 1 month, with near

100% drug release by 4 months.2 This drug dose is the low-

est of all the commercialized “olimus” DES products.2

Abbott elected to use a molecular entity that had

been previously approved for use in humans by various

regulatory bodies around the world. Furthermore,

everolimus has been studied extensively by both Abbott,

as the manufacturer of Xience V (Promus), and inde-

pendently by scientific investigators5 to satisfy the evi-

dentiary standard necessary to support the safety and

efficacy profile demanded of a DES. Results have been

published comprehensively and broadly in the medical

literature.6

Xience V (Promus)
Drug-Eluting

Coronary Stent
Design features, preclinical data, and clinical outcomes.

BY KRISHNA SUDHIR, MD, PHD, FRACP, FACC; DAVID R. RUTLEDGE, PHARM D, FAHA, FCCP;

ALENA PECHONKINA, MD; AND CHUCK SIMONTON, MD, FACC, FSCAI



SEPTEMBER 2008 I CARDIAC INTERVENTIONS TODAY I 27

COVER STORY

Xience V (Promus) Coating 

Xience V (Promus) uses a two-layer coating construct

composed of a primer layer and a drug-polymer reservoir

layer with no topcoat. Poly(n-butyl methacrylate) is used

as the thin, primer adhesion layer, and the drug reservoir

layer is composed of poly(vinylidene fluoride co-hexaflu-

oropropylene) combined with everolimus. This two-layer

coating is designed for adhesion of the drug matrix to

the stent and intended to minimize unwanted adhesions

to the delivery balloon. The drug reservoir layer holds the

drug onto the stent, controls the drug release, and con-

tributes to the blood and vascular tissue compatibility of

the DES stent.2 Due to their hemocompatibility and bio-

compatibility, fluorinated polymers enjoy wide applica-

tion in arterial prostheses, graft prostheses, drug-eluting

leads of implantable cardioverter defibrillators, hemodial-

ysis membranes, vascular and neurovascular sutures,

guidewire coatings, and in guiding catheters.8 Main-

taining the integrity of the coating in a thin layer was a

key design criterion for maintaining elasticity so that the

DES expanded without cracking, tearing, or webbing.8

Abbott selected a semicrystalline, but flexible, fluorinat-

ed polymer, the design of which included a primer and

drug reservoir construct as well as a solvent-drug-poly-

mer formulation for maintaining a consistent coating for

Xience V (Promus).2

PRECLINICAL STUDIE S

Abbott conducted extensive preclinical studies as a

basis for selecting a polymer, clinical dosing, pharmacoki-

netic profiling, and for testing the safety of single stents

and overlapping stents. Maximum dose was determined

by two animal models—the porcine coronary arterial

model and rabbit iliac model—followed from 4 weeks to

2 years. Morbidity and mortality rates for all preclinical

studies were <1%, while complete endothelialization by

28 days sequestration of struts within a benign, fibromus-

cular neointima, a widely patent lumen, and inflamma-

tion comparable to Multi-Link Vision was shown.

Furthermore, vascular responses were parallel to the sys-

tem’s pharmacokinetics, with complete vascular healing

by 6 months in accordance with complete everolimus

elution.2 Everolimus was released in a controlled manner

for 120 days and remained primarily localized within the

stented arterial region. Thrombosis, malapposition, medi-

al loss, or other adverse effects were not observed in any

preclinical studies. Safety in the preclinical studies was

established with data generated in two species over a

period of 2 years.9

XIENCE V (PROMUS) CLINICAL E XPERIENCE

The SPIRIT family of trials is a clinical program that will

include more than 16,000 patients with more than 14,000

patients assigned to Xience V (Promus). This global clini-

cal trials program consists of eight studies that have

either completed enrollment, are currently enrolling, or

are designed as postapproval studies.

Initial clinical safety and performance of Xience V

(Promus) was demonstrated in the SPIRIT FIRST clinical

trial, a randomized, controlled, single-blinded evaluation

of Xience V (Promus) in the treatment of patients with de

novo native coronary artery lesions.10 A total of 60

patients (28 in the Xience V [Promus] treatment group

and 32 in the Multi-Link Vision bare-metal stent control

group) were enrolled at nine investigational sites outside

the US. The primary endpoint was in-stent late loss at 6

months. The SPIRIT FIRST trial showed a statistically sig-

nificant outcome for Xience V (Promus) over the bare

Multi-Link Vision stent. In-stent late loss of 0.1±0.23 mm

in the everolimus-eluting stent group represented an 88%

reduction relative to the control group (0.84±0.36 mm)

(P<.001). A low 6-month major adverse cardiac event

(MACE) (the composite endpoint composed of cardiac

death, myocardial infarction [MI], or clinically driven tar-

get site revascularization) rate of 7.7% supported the clini-

cal safety parameters for Xience V (Promus). The SPIRIT

FIRST trial showed that the clinical safety observed at 6

months was sustained out to 4 years, as demonstrated by

no observations of late-stent thrombosis events and con-

tinued low target vessel failure (TVF) (the composite end-

point composed of cardiac death, MI, or clinically driven

target vessel revascularization [TVR]) and MACE rates.10

The SPIRIT II clinical trial conducted in Europe was a

continuation in the assessment of the safety and perform-

ance of Xience V (Promus) versus Boston Scientific’s Taxus

Paclitaxel-Eluting Coronary Stent System. Patients with a

maximum of two de novo native coronary artery lesions

located in two different epicardial vessels (from 2.5 to 4.25

mm in diameter and up to 28 mm in length, including

overlapping stents) were treated with Xience V

(Promus).11 The 300 subjects enrolled into the SPIRIT II

clinical study were from 28 international sites. Of the 300

subjects enrolled, 223 were randomized to receive Xience

V (Promus), and 77 were randomized to receive Taxus

(3:1; Xience V [Promus]:Taxus randomization); of the 77

patients, 59 received Boston Scientific’s Taxus Express2,

and 17 received Boston Scientific’s Taxus Liberté. One

patient received a nonstudy stent. Twenty-seven percent

of the Taxus lesions received Taxus Liberté stent.12 The

primary endpoint was in-stent late loss at 6 months. The

data indicated that Xience V (Promus) was superior to

Taxus for in-stent late loss at 6 months. Xience V

(Promus) in-stent late loss was 0.11 mm, whereas Taxus

in-stent late loss was 0.36 mm, which represents a 69%
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reduction in late loss. Lower rates on key clinical end-

points were observed for Xience V (Promus) compared to

the Taxus arm, such as ischemia-driven MACE (2.7% and

6.5%, respectively) and protocol-defined late-stent throm-

bosis (0.5% and 1.3%). Ischemia-driven MACE at 180 days

was sustained through 1 year for Xience V (Promus), and

no new instances of late-stent thrombosis were observed

in either group at 1 year.

Two-Year Key Clinical Outcome Results

The key clinical outcomes of the SPIRIT II randomized

controlled trial (RCT) at 2-year follow-up demonstrated

that Xience V (Promus) at 1 year and 2 years resulted in

lower observed rates of ischemia-driven MACE and

ischemia-driven TLR in the Xience V (Promus) arm com-

pared to the Taxus arm.13

For key clinical endpoints, the following results were

obtained. The ischemia-driven TLR rates were 3.8% in the

Xience V (Promus) arm and 6.8% in the Taxus arm

(P=.33). The ischemia-driven MACE rates were 6.6% in

the Xience V (Promus) arm and 11% in the Taxus arm

(P=.31). Cardiac death rates were 1.4% for Taxus and 0.5%

for Xience V (Promus) (P=.45), whereas MI rates at 2

years were 5.5% for Taxus and 2.8% (P=.29) for Xience V

(Promus). Low stent thrombosis rates (Academic

Research Consortium [ARC] definite/probable) were

observed for Xience V (Promus) at 2 years (Xience V

[Promus] 0.9 %, Taxus 1.4%). A modest increase in late

loss and neointima was observed in the Xience V

(Promus) arm over time. 

The SPIRIT III clinical trial was designed as the pivotal

trial in the US to demonstrate safety and effectiveness of

Xience V (Promus).14 SPIRIT III was a prospective, ran-

domized, active-controlled, single-blinded, parallel two-

arm multicenter clinical trial using either the Xience V

(Promus) stent on a rapid exchange delivery system or

the FDA-approved, commercially available Boston

Scientific Taxus Express2 Paclitaxel-Eluting Coronary Stent

System. The protocol allowed for dual-vessel treatment

and planned stent overlap.  

The SPIRIT III RCT study enrolled 1,002 subjects (ran-

domized 2:1 Xience V [Promus]:Taxus Express2) at 65

sites in the US.2 The primary endpoint for the SPIRIT III

RCT was in-segment late loss at 240 days, and the major

secondary endpoint was ischemia-driven TVF at 270

days. Xience V (Promus) in-segment late loss at 240 days

was 0.14 mm compared to Taxus Express2 in-segment

late loss of 0.28 mm. These data demonstrated noninferi-

ority (P<.001) and superiority (P=.004) for Xience V

(Promus) in terms of in-segment late loss at 240 days.

Xience V (Promus) was also found to be noninferior

(P<.001) to Taxus Express2 in terms of the major second-

ary endpoint, with ischemia-driven TVF rates of 7.2% and

9%, respectively. The rates of late stent thrombosis

through 393 days for Xience V (Promus) versus Taxus

Express2 were 0.3% versus 0.6% by protocol definitions

and 1.1% versus 0.6% by the Academic Research

Consortium (ARC) definitions (definite plus probable).14

The primary endpoint for the SPIRIT III 4-mm, nonran-

domized arm was in-segment late loss at 240 days. The

Xience V (Promus) 4-mm, nonrandomized arm in-seg-

ment late loss was 0.17 mm and is noninferior (P<.0001)

to the Taxus Express2 in-segment late loss of 0.28 mm.

The Xience V (Promus) in-segment late loss in the 4-mm

arm is comparable to the Xience V (Promus) in-segment

late loss in the SPIRIT III RCT.2

Two-Year Follow-Up

At a 2-year follow-up, SPIRIT III continued to demon-

strate a consistent profile as reported through 1 year, as

shown by the lower rates of TVF, MACE, TLR, and TVR in

the Xience V (Promus) arm compared to the Taxus

Express2 arm.15

The TVF rates at 2-year follow-up were 10.7% in the

Xience V (Promus) arm compared to 15.4% in the Taxus

Express2 arm, a relative reduction of 31% in TVF rates in

favor of the Xience V (Promus) stent (P=.04). The MACE

rates at 2 years were lower for the Xience V (Promus)

arm (7.3%) compared to the Taxus Express2 arm (12.8%),

a reduction of 43% in favor of the Xience V (Promus)

stent (P=.004). The rates for TLR were also lower in

Xience V (Promus) (4.3%) compared to Taxus Express2

(6.9%) (P=.07). There was also a trend in reduction of all

death and MI at 2 years in favor of Xience V (Promus)

(4.7 vs 7.8; P=.052), thus showing low clinical events were

sustained at 2 years.15 Stent thrombosis rates through 2-

year follow-up were numerically lower for Xience V

(Promus) compared to Taxus Express2, for both the pro-

tocol (1% vs 1.7%) and ARC (1.3% vs 1.7%) definitions of

stent thrombosis (Figure 1). 

Figure 1. Two-year MACE data from SPIRIT III. Adapted from

Stone GW. Presented at EuroPCR 2008.15 
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Clinical pharmacokinetic substudies were conducted in

three different geographies to demonstrate the elution of

everolimus from the Xience V (Promus) stent. SPIRIT II

(conducted outside the US) and SPIRIT III (conducted in

the US [RCT] and Japan [registry]) contained pharmaco-

kinetic substudies.  The pharmacokinetic profile for

everolimus eluted from the Xience V (Promus) stent is

consistent across all geographies, which pharmacokinetic

profile shown to be consistent with the preclinical profile.

The studies also show consistent angiographic, clinical,

and pharmacokinetic results for Xience V (Promus) across

all geographies. Abbott seeks to enroll 13,000 additional

patients for four planned continued-access/postapproval

studies and one postapproval surveillance registry.2

The SPIRIT IV clinical trial is a continued-access study

initiated on August 14, 2006, to further evaluate the safety

and effectiveness of the Xience V (Promus) and to enroll

SPIRIT III-like subjects to support the SPIRIT III major sec-

ondary endpoint (270-day TVF). SPIRIT IV is a single-

blinded, multicenter clinical trial that enrolled 3,690 sub-

jects at 66 sites in the US.12 This trial is randomized (2:1

Xience V [Promus]: Taxus Express2) in subjects with a

maximum of three de novo native coronary artery lesions,

maximum of two lesions per epicardial vessel, and in

some cases, lesions that are located at areas of bifurcation,

with reference vessel diameters (RVD) ≥2.5 mm to ≤4.25

mm and lesion lengths ≤28 mm. Overlapping stents were

allowed for Xience V (Promus) subjects with lesions >22

mm. The primary endpoint of the trial is ischemia-driven

MACE at 270 days. Patients will be followed out to 5

years.2 This study completed enrollment in July 2008.

SPIRIT V is an international (outside the US) study with

a target of 3,026 patients. Of these, 2,701 patients com-

pleted enrollment in November 2007 in a registry assess-

ing a composite endpoint of death, MI, and TVR with 5-

year follow-up. ARC-defined stent thrombosis and other

clinical outcome parameters will also be evaluated. An

additional 325 patients with diabetes will be enrolled in a

randomized study of Xience V (Promus) versus Taxus

Express2 in a 2:1 randomization with a 9-month angio-

graphic endpoint of late loss.16

XIENCE V SPIRIT WOMEN is a 2,000 female patient all-

comers study being conducted in Europe and countries

in the Asia-Pacific region. Of these participants, 1,550 will

be enrolled in a single-arm registry assessing a composite

endpoint of death, MI, and TVR with 5-year follow-up.

ARC-defined stent thrombosis and other clinical parame-

ters will also be studied. Additionally, 450 patients will

participate in a trial of Xience V (Promus) versus the

Cypher Stent (Cordis Corporation, Warren, NJ) in a 2:1

randomization with a 9-month endpoint of angiographic

late loss. Enrollment commenced in July 2007, and fol-

low-up will be for 5 years.2

In clinical trials, a patient-reported quality-of-life out-

come instrument can be used to measure the effect of an

intervention on several aspects of patient health status.

Recently, data from the Clinical Outcomes Using

Revascularization and Aggressive Drug Evaluation

(COURAGE) trial suggest that stenting has no additional

benefits over drug therapy in improving life-threatening

outcomes in a selective study population with coronary

artery disease. However, quality-of-life data obtained dur-

ing this trial using the Seattle Angina Questionnaire

(SAQ) indicate the proportion of angina-free patients

was significantly higher at 1 and 3 years in the percuta-

neous coronary intervention group with lower antiangina

TABLE 1.  OVERVIEW OF TOTAL XIENCE V (PROMUS) SPIRIT FAMILY ENROLLMENT

Total (Xience V [Promus] + Control) Xience V (Promus) Planned Follow-Up

SPIRIT FIRST 60 28 5 y

SPIRIT II 300 223 5 y

SPIRIT III 1,002 668 5 y

SPIRIT IV 3,690 2,460 5 y

SPIRIT V 3,000 2,900 5 y

XIENCE V (Promus) SPIRIT
WOMEN

2,000 1,850 5 y

XIENCE V (Promus) India 1,000 1,000 5 y

XIENCE V (Promus) USA 5,000 5,000 5 y

Total 16,052 14,129
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medication use.17 The validated SAQ will be administered

as part of a global surveillance program in order to deter-

mine treatment effects on patient-assessed outcomes

using the patient as his own control.18

XIENCE V India is a 1,000-patient registry of all-comers in

India. Follow-up is for 5 years. The study protocol is similar

to that for the US postapproval registry, XIENCE V USA,

which will assess ARC-defined stent thrombosis, device-ori-

ented and patient-oriented outcomes, patient compliance

and therapy interruptions with dual-antiplatelet therapy,

major bleeding complications, clinical device and procedur-

al success, and patient health status using the SAQ.2

Enrollment commenced in May 2008.  

Finally, XIENCE V USA is a 5,000-patient postapproval reg-

istry with 5-year follow-up. This study is a prospective, open-

label, multicenter, observational, single-arm registry for eval-

uating Xience V (Promus) during commercial use in real-

world settings. Physicians with a range of coronary stenting

experience will be invited to participate. The study will

assess ARC-defined stent thrombosis, device-oriented and

patient-oriented outcomes (including death, MI, and revas-

cularization), patient compliance and therapy interruptions

with dual-antiplatelet therapy, major bleeding complica-

tions, clinical device and procedural success, and patient

health status using the SAQ. Enrollment commenced in July

2008, and follow-up will be for 5 years.2

In total, the XIENCE V SPIRIT family of trials provides

comprehensive evaluation of more than 16,000 patients

worldwide (Table 1).

CONSISTENCY ACROSS TRIAL S

The results for in-stent and in-segment late loss, TVF,

MACE, cardiac death, and MI are consistent across all

studies and all geographies.

CONCLUSION

The clinical programs and data derived indicate the

clinical superiority for Xience V (Promus) compared to

Taxus Express2, which is also consistent with the design of

the stent, the dose of the drug, and the nature of the

polymer. A comprehensive program designed to under-

stand the long-term safety of the product, particularly

with respect to stent thrombosis is planned to include

14,000 patients followed over a period of 5 years.

Detailed information on the performance of Xience V

(Promus) in women will be collected, as well. Finally,

assessments of patient-reported outcomes in real-world

settings are being assembled for the purpose of yielding

valuable experiential data for the user population. ■
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