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ABSTRACT

Background Drug-eluting stents (DES) have proven
superior to bare-metal stents (BMS) in terms of safety and
efficacy. However, inference to the female subgroup has
been limited by low enrolment rates of women in clinical
trials. The objective of this study was to investigate the
safety and efficacy of DES versus BMS in women and men.
Methods In a pooled analysis of two all-comers
randomised trials (Basel Stent Kosten-Effektivitats Trial—
Prospective Validation Examination (BASKET-PROVE) and
BASKET-PROVE Il) (n=4605), we examined safety and
efficacy of DES versus BMS according to sex. Patients
were followed 2 years for a composite endpoint of cardiac
death, non-fatal myocardial infarction (MI) and clinically
driven target-vessel revascularisation not related to MI.
Results Among the 1076 women and 3529 men included
in the analysis, 65.6% of the women and 67.2% of the
men were randomised to receive DES. At baseline, men
had more complex coronary artery disease than women.
After 2 years, DES reduced rates of major adverse cardiac
events (MACE) compared with BMS in both women
(cumulative incidence, 6.1% vs 14.7%; adjusted HR 0.36
(95% Cl 0.24 to 0.54)) and men (7.7 vs 12.1%, HR 0.62
(0.50 to 0.77)), although the reduction in MACE rates was
more pronounced in women (adjusted p=0.02 for sex-
stent interaction). Event rates were lower in DES for both
safety and efficacy outcomes, with the largest effect seen
for non-MI TVR, in both women (2.3 vs 9.2%, adjusted

HR 0.24 (0.13 to 0.44)) and men (4.0 vs 7.8%, adjusted
HR 0.48 (0.36 to 0.64)) (adjusted p=0.049 for sex-stent
interaction).

Conclusions In patients requiring stenting of large
coronary arteries, DES were associated with improved
safety in women and superior efficacy in both sexes as
compared with BMS.

INTRODUCTION

Drug-eluting stents (DES) are associated with
lower rates of target vessel revascularisation
(TVR)™ compared with bare-metal stents
(BMS), possibly with a particular benefit in

Key questions

What is already known about this subject?

» Drug-eluting stents (DES) are associated with lower
rates of target vessel revascularisation compared
with bare-metal stents (BMS) in both genders — pos-
sibly with a particular benefit in women. However,
inferences on efficacy and safety of DES versus BMS
have been difficult to study in female subgroups as
clinical trials on coronary artery disease often enrol
a low proportion of women.

What does this study add?

» This study conducted on patients requiring stent-
ing of large coronary arteries reports an adjusted
comparison of BMS versus DES in women with a
male comparator group. DES were associated with
improved safety in women and superior efficacy in
both genders compared with BMS. These findings
consolidate prior findings that DES are safe and ef-
fective in women but indicate a safety benefit not
observed in men.

How might this impact on clinical practice?
» Our findings suggest that DES may be regarded as
the stent of choice for women.

women.”” However, it has been difficult to
compare both the efficacy and safety of DES
versus BMS in female subgroups as clinical
trials often enrol a low proportion of women.
Recently, a large pooled study of female
participants showed DES to be safe and more
effective,’ but by design a male comparator
group was not included. The Basel Stent
Kosten-Effektivitits Trial-Prospective Valida-
tion Examination (BASKET-PROVE (BP))’
and the BASKET-PROVE II (BPII)® trials
were large all-comers randomised stent trials
comparing DES versus BMS in patients with
large coronary vessels. In the present study

BM]

Bjerking LH, et al. Open Heart 2019;6:¢000986. doi:10.1136/openhrt-2018-000986 (")



http://www.bcs.com
http://openheart.bmj.com/
http://dx.doi.org/10.1136openhrt-2018-000986
http://dx.doi.org/10.1136openhrt-2018-000986
http://orcid.org/0000-0002-2802-0041
http://crossmark.crossref.org/dialog/?doi=10.1136/openhrt-2018-000986&domain=pdf&date_stamp=2019-05-14

Open Heart 8

we investigated the safety and efficacy of DES versus BMS
in both women and men in a pooled analysis of BP and
BPII.

METHODS

Study population

A more comprehensive description of the BP and the
BPII trials can be found elsewhere.?*!! In brief, the BP
(clinicaltrial.gov ID: NCT01166685) and BPII (ISRCTN
registry number: ISRCTN72444640) trials were large
prospective all-comers randomised trials comparing
DES versus BMS. Patients with chronic or acute coro-
nary disease undergoing angiography and stenting
of large coronary arteries at least 3.0 mm in diameter
were included. Cardiogenic shock, in-stent restenosis or
thrombosis, unprotected left main coronary artery or
bypass-graft disease, planned surgery within 12 months,
need for oral anticoagulation or increased bleeding risk,
known intolerance to or suspected noncompliance with
long-term antiplatelet drug therapy, history of transient
ischaemic attack or stroke, and impossible follow-up
were exclusion criteria. In BP the patients were equally
randomised 1:1:1 to receive a BMS, a first generation DES
or a second generation DES. They received aspirin indef-
initely and clopidogrel for 1 year as antithrombotics. In
BPII the patients were randomised 1:1:1 to receive BMS or
one of two second-generation DES (a second-generation
durable-polymer DES or a biodegradable-polymer DES).
Aspirin and prasugrel were prescribed as antithrombotic
medication. Prasugrel was prescribed in a risk-adjusted
dose for 12 months, except for patient with stable angina
pectoris (SAP) treated with BMS, who received prasu-
grel for 1 month. In both BP and BPII, the patients were
followed up for at least 2 years to investigate late events.

Endpoints

The primary endpoint in the present study was a
combined safety and efficacy endpoint of major adverse
cardiac events (MACE) including cardiac death, non-fatal
myocardial infarction (MI) and non-MI TVR at 2 years.
Our secondary outcomes were (1) a combined safety
endpoint consisting of cardiac death and non-fatal MI,
and (2) an efficacy endpoint defined as non-MI TVR.
Cardiac death was defined as any death without a clear
non-cardiac cause, and non-fatal MI as a clinical event
with characteristic ECG or enzymatic changes, not
leading to death. Non-MI TVR was any revascularisation
of the primary target vessel not associated with ML> ™!
An independent committee adjudicated all critical events
in a blinded fashion, with exception of the last third of
endpoints in BP that were adjudicated without blinding.

Statistics

Discrete data are presented as counts and percentages,
and continuous data as median and IQR. y test was used
to compare categorical data and non-parametric Mann-
Whitney U-test to compare continuous data. We analysed
the cumulative incidence of endpoints at 2 years by using

Kaplan-Meier estimator. The log-rank test was used to eval-
uate sex specific differences. The safety (cardiac death or
non-fatal MI) and efficacy (non-MI TVR) of DES versus
BMS in men and women with large coronary vessels were
examined with adjusted Cox proportional hazard regres-
sion models. The Cox model for MACE was adjusted
for age, clinical presentation (ST-elevation myocardial
infarction (STEMI), non-ST-elevation acute coronary
syndrome (NSTE-ACS) or SAP) and a history of current
smoking, diabetes mellitus, hypertension or hypercholes-
terolaemia. The Cox models for the secondary endpoints
were only adjusted for age and type of stent according to
few endpoints. Interaction between sex and type of stent
(DES vs BMS) was addressed using a likelihood ratio
test. The proportional hazards assumption was tested
quantitatively by testing Schoenfeld residuals for time
dependency and visually by log-log curves. The analyses
were done by the intention-to-treat principle. Sex-spe-
cific analyses for each individual BP and BPII study has
been specified a priori,” " while the present pooled study
was designed and performed post hoc. All statistical tests
were made with Stata/IC V.14.0 (StataCorp) and had a
two-sided significance level of 0.05.

RESULTS

In total, 4605 patients (23.4% women) were included in
the analysis (figure 1). DES and BMS were equally distrib-
uted between the sexes with 65.6% of the women and
67.2% of the men randomised to receive a DES. Mean
follow-up time was 732 (IQR (701-757)) days.

Baseline characteristics
Table 1 shows the baseline characteristics.

Women were older and presented with more hyper-
tension, heart failure and renal disease than men, while
risk factors such as current/former smoking, prior MI
and prior revascularisation were more frequent in men.
There were no significant differences in patient char-
acteristics between the two stent type groups (BMS and
DES) in neither men nor women. No significant differ-
ences between sexes in clinical presentation with respect
to distribution of STEMI, unstable (NSTE-ACS) and SAP
were seen. In terms of clinical presentation, NSTE-ACS
was more prevalent in the DES group among women
compared with the BMS group. STEMI was a more
frequent presentation among men in the DES group
versus the BMS group. Men tended to have more severe
coronary disease in terms of more multivessel disease and
chronic total occlusion than women (online supplemen-
tary table 1).

Table 2 lists procedure-related characteristics.

Compared with women treated with DES, significant
more women treated with BMS had bifurcational lesions
(p=0.037). The length of stent per lesion was significant
larger in men in the DES group compared with men in
the BMS group (p=0.009). No other differences in the
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Figure 1

Flow chart showing the pooled sample of participants from the BASKET-PROVE and BASKET-PROVE I trials.

BASKET-PROVE, Basel Stent Kosten-Effektivitats Trial-Prospective Validation Examination; BMS, bare-metal stent; DES, drug-

eluting stent.

procedure-related characteristics were seen between the
two stent groups in either sex.

Efficacy and safety

DES significantly reduced the risk of MACE at 2 years
compared with BMS in both women and men, and the
cumulative incidence was significantly reduced in women
(6.1 vs 14.7%; adjusted HR, 0.36 (95% CI 0.24 to 0.55))
and in men (7.7 vs 12.1%; adjusted HR, 0.62 (95% CI 0.50
to 0.77)) (figures 2 and 3). There was a significant inter-
action between sex and type of stent (adjusted p=0.02).

The stent-dependent difference in MACE was mainly
driven by a difference in the efficacy endpoint non-MI
TVR in both women and men, with a larger effect in
women compared with men (2.3 vs 9.2%; adjusted HR,
0.24 (95% CI 0.13 to 0.44)) and (4.0 vs 7.8%; adjusted
HR, 0.48 (95 % CI 0.36 to 0.64)) (figure 3). The adjusted
p value for interaction was 0.049.

DES significantly reduced the relative hazard of the
combined safety endpoint non-fatal MI and cardiac
death compared with BMS with 52% in women (2.9 vs
5.3%; adjusted HR, 0.48 (95% CI 0.26 to 0.90)), and
with a smaller and non-significant effect seen in men
(3.3 vs 4.7%; adjusted HR, 0.73 (95 % CI 0.51 to 1.04))

(figure 3), but no significant sex-stent interaction was
seen (p=0.27 for interaction). Similarly, the adjusted risk
of cardiac death was significantly reduced in women (1.2
vs 2.8%; adjusted HR, 0.36 (95 % CI 0.14 to 0.91)), but
not in men (1.4 vs 2.1%; adjusted HR, 0.76 (95% CI 0.44
to 1.27)) (p value=0.16 for interaction). No significant
differences in non-fatal MI were seen between DES and
BMS, in men or women (figure 3). Event rates stratified
by stent type and generation are summarized in Supple-
mentary Table 2.

DISCUSSION

Key findings

This pooled analysis of patients requiring stenting of
large coronary arteries demonstrated an improved safety
of DES in women, but not in men. In line with prior find-
ings, we found a lower risk for MACE in DES versus BMS
in both sexes; mainly driven by lower rates of clinically
driven TVR.

Interpretations
Although no sex-stent interaction was found for the
combined safety endpoint of cardiac death and non-fatal
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Table 1 Baseline characteristics of the pooled study population
Men versus
Women Men women
BMS DES P value BMS DES P value P value
Median age, years (IQR) 68.8 (60.2—75.1) 69.3 (61.1-76.4) 0.35 62.4 (54.5-70.1) 62.2 (54.2-69.4) 0.21 <0.001
Cardiac risk factors, n (%)
Former or current smoker 194 (52.4) 344 (48.7) 0.25 772 (66.8) 1655 (69.7) 0.08 <0.001
Diabetes 73(19.7) 127 (18.0) 0.49 176 (15.2) 416 (17.5) 0.09 0.17
Hypertension 255 (68.9) 501 (71.0) 0.49 740 (64.0) 1464 (61.7) 0.18 <0.001
Hypercholesterolaemia 235 (63.5) 450 (63.7) 0.94 731(63.2) 1501 (63.3) 0.99 0.81
Family history of CVD 143 (38.7) 273 (38.7) 0.79 385 (33.3) 848 (35.7) 0.32 0.08
Renal disease 27 (7.30) 60 (8.5) 0.49 63 (5.5) 115 (4.6) 0.44 <0.001
Previous MI 38(10.3) 52 (7.4) 0.10 137 (11.9) 261 (11.0) 0.45 0.007
Previous revascularisation 46 (12.4) 66 (9.4) 0.12 178 (15.4) 372 (15.6) 0.83 <0.001
Heart failure 31(8.4) 49 (6.9) 0.39 67 (5.8) 103 (4.3) 0.06 0.001
Stroke or TIA 12 (3.2) 15 (2.1) 0.27 27 (2.3) 58 (2.4) 0.84 0.85
Clinical presentation
Stable 154 (41.6) 253 (35.8) 0.06 431 (37.3) 829 (34.9) 0.17 0.21
Unstable 95 (25.7) 251 (35.6) 0.001 404 (35.0) 791 (33.3) 0.34 0.30
STEMI 121 (32.7) 202 (28.6) 0.16 321 (27.8) 753 (31.7) 0.02 0.80
Comorbidities
Aortic aneurysm 2(0.5) 0(0.0) 0.05 7(0.6) 23(1.0) 0.27 0.018
PAOD 14 (3.8) 27 (3.9) 0.97 50 (4.3) 108 (4.6) 0.76 0.35
COPD 26 (7.0) 43 (6.1) 0.55 77 (6.7) 137 (5.8) 0.30 0.68
Liver disease 2(0.5) 11 (1.6) 0.15 24 (2.1) 58 (2.4) 0.50 0.024
Rheumatological disorder 27 (7.3) 53 (7.5) 0.90 29 (2.5 88 (3.7) 0.06 <0.001
Peptic ulcer disease 9 (2.4) 23(3.3) 0.45 29 (2.5) 60 (2.5) 0.97 0.42
Cancer 17 (4.6) 47 (6.7) 0.17 48 (4.2) 98 (4.1) 0.98 0.49
Diseased vessels
Diseased LM 1(0.3) 6(0.9) 0.26 11(1.0) 29(1.2) 0.48 0.17
Diseased LAD 232 (62.7) 443 (62.8) 0.99 755 (65.3) 1534 (64.6) 0.70 0.21
Diseased LCX 117 (31.6) 220 (31.2) 0.88 414 (35.8) 901 (38.0) 0.21 <0.001
Diseased RCA 205 (55.4) 368 (52.1) 0.31 603 (52.2) 1244 (52.4) 0.88 0.60

BMS, bare-metal stent; COPD, chronic obstructive pulmonary disease;CVD, Cardiovascular disease; DES, drug-eluting stent; IDDM,
insulin-dependent diabetes mellitus; LAD, left anterior descending artery; LCX, left circumflex artery; LM, left main artery; MI, myocardial
infarction; PAOD, peripheral arterial occlusive disease; RCA, right coronary artery;STEMI, ST-elevation myocardial infarction; TIA,

transient ischaemic attack.

MI, we did observe a significant safety benefit in women
treated with DES. Only a trend towards improved safety
was found in men despite a larger sample size and more
complex coronary artery disease (CAD). These findings
suggest that factors other than vessel size and complexity
of CAD were involved in the observed sex-related differ-
ence in safety and efficacy.

A substudy on the BP trial found a tendency towards
a sex difference in MACE in the benefit of DES, but the
study was underpowered to show a difference in safety.” In
a large pooled analysis (n=11 557) of only female partic-
ipants, Stefanini et af’ found a differences in safety with
respect to DES and BMS, consistent with our findings.
The study did not include a male comparator group and

a considerable heterogeneity among their study popu-
lation was present. Our study contributes with data on
a large homogeneous group of patients with CAD. The
NORSTENT study did not find a differences in death
from any causes and nonfatal spontaneous MI after 6
years in a large population of patients treated with DES
and BMS, respectively." However, gender subgroup anal-
ysis was not performed in this study.

On average women have smaller coronary vessels than
men, and it has therefore been suggested that women
might benefit more from DES. In our study, however, the
diameter of the treated coronary vessels was above 3 mm
in diameter in both women and men, and accordingly
smaller vessels in women cannot explain the particular
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Table 2 Procedure-related characteristics

Men vs
Women Men women
BMS DES P value BMS DES P value P value
No of patients 370 706 1156 2373
No of stented segments 512 938 1567 3164
Complexity of CAD
Multivessel disease 146 (39.5) 249 (35.3) 0.20 480 (41.5) 992 (41.8) 0.90 0.0039
Bifurcational lesions 31(8.4) 35 (5.0) 0.037 82(7.1) 162 (6.8) 0.82 0.041
Chronic total occlusions 12(3.2) 15(2.1) 0.36 53 (4.6) 114 (4.8) 0.84 0.0020
Stents <3.0 mm 15 (4.1) 40 (5.7) 0.32 43 (3.7) 94 (4.0) 0.80 0.09
GPIIb/llla blocker use 64 (17.3) 94 (13.3) 0.096 197 (17.0) 454 (19.1) 0.14 0.005
Procedural characteristics
Treated segments per patient, no* 1(1-2) 1(1-1) 0.091 1(1-2) 1(1-2) 0.52 0.73
Stents per patient, no* 1(1-2) 1(1-2) 0.33 1(1-2) 1(1-2) 0.69 0.28
Total stent length, mm* 22 (15-34) 18 (15-33) 0.50 22 (15-35) 23 (15-36) 0.16 0.04
Stent length per lesion, mm* 18 (15-23) 18 (14-23) 0.54 18 (15-23) 18 (15-26) 0.009 0.0035
Staged procedures 21 (5.7) 41 (5.8) 1.00 57 (4.9) 136 (5.7) 0.37 0.77
Lesions with angiographic success 495 (96.7) 923 (98.4) 0.051 1502 (95.9) 3052 (96.5) 0.34 0.006

Numbers are counts (%) unless otherwise stated.
*Median (IQR).

BMS, bare-metal stent; CAD, coronary artery disease; DES, drug-eluting stent.

female benefit of DES. The explanation may lie in differ-
ences in pathogenesis and pathology among men and
women with CAD. It has been shown that vascular inflam-

mation is more pronounced in women with CAD than male.

1

men, Zin particular a higher C-reactive protein raise has

010 015 0.20
| 1
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been observed in women with acute coronary syndrome. ™
This is in accordance with the average female C-reactive
protein measure which in general is higher than the

Figure 2 Kaplan-Meier survival curve showing the risk of MACE according to sex and type of stent. Full lines indicate BMS

and dotted lines indicate DES. BMS, bare-metal stent; DES, drug-eluting stent; MACE, major adverse cardiac events.
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Cumulative
Events, No. incidence, % Adjusted hazard ratio (95% CI)*
DES BMS DES BMS

MACE
Men 177 138 7.7 121 0.62 (0.50-0.77) —o—
Women 42 53 6.1 14.7 0.36 (0.24-0.54) —e—i

Cardiac death or non-fatal Mi
Men 77 53 33 47 0.73 (0.51-1.04) e
Women 20 19 29 53 0.48 (0.26-0.90) —e——

Cardiac death :
Men 33 23 14 2.1 0.74 (0.44-1.27) e
Women 8 10 12 28 0.36 (0.14-091) —e—
Non-fatal M|

Men 45 34 20 30 0.65 (0.42-1.01) ——
Women 12 9 18 26 0.64 (0.27-1.51) L

TVR not related to MI
Men 89 88 40 78 0.48 (0.36-0.64) —e—
Women 16 32 23 92 0.24 (0.13-0.44) +—@—

r T T i 1
0.125 0.5 1 2
Hazard Ratio (95% CI)

Figure 3 HRs endpoints at 2 years in women and men. *The models for MACE were adjusted for age, clinical presentation,
smoking, diabetes mellitus, hypertension and hypercholesterolaemia, while the remainders of endpoints were adjusted for age.
BMS, bare-metal stent; DES, drug-eluting stent; MACE, major adverse cardiac events; Ml, myocardial infarction; TVR, target-

vessel revascularisation.

The composition of atherosclerotic plaques has been
shown to differ between the sexes, and among patients
with acute coronary syndrome less rupture and less
necrotic core and calcium was seen by angiographic and
intravascular ultrasound measures in women compared
with men. ' Moreover, release and distribution of drugs
from DES in vitro depends on the compositions of the
atherosclerotic plaque.'® The plaque-dependent differ-
ence in drug distribution and diffusion to the vessel wall
in combination with any sex-related plaques composi-
tions may explain some of the differences in safety and
efficacy between men and women treated with DES.

Strengths and limitations

By pooling data from two clinical trials with very similar
design, follow-up time, endpoints and inclusion and
exclusion criteria, we analysed a large, very homogenous
study population from several European countries. Still,
our study has some limitations. First, different types of
DES were used in the two studies. Thus, only an overall
effect of DES was examined and it was not possible to
detect if one type of DES was more effective. Second, the
prescribed antithrombotic medications were of different
types in BP and BPII, respectively. Third, not enough
safety events were found to allow meaningful interaction
testing between sex and type of stent. Fourth, no quanti-
tative data on coronary angiography findings were avail-
able to us. Finally, we were examining patients with large
coronary vessels, and it is therefore not possible to extend
the results to patients with smaller vessels.

CONCLUSION

In this pooled study of patients requiring stenting of
large coronary arteries, we found evidence that DES
was associated with improved safety in terms of cardiac
death and non-fatal MI at 2 years compared with BMS

in women. Efficacy of DES versus BMS was superior in
both sexes, although women benefited more. Thus,
DES is a safer and more effective stent in large coronary
arteries in women than BMS and may be regarded as
stent of choice for women needing stenting of large coro-
nary arteries. Future studies should seek to elucidate the
biological mechanisms underlying the suggested differ-
ential vascular responses to stent implantation in women
and men.
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