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Abstract

Background and Purpose

The Carotid Revascularization Endarterectomy vs. Stenting Trial (CREST) reported a higher
periprocedural risk for any stroke, death, or myocardial infarction for women randomized to
carotid artery stenting (CAS) compared to women randomized to carotid endarterectomy (CEA).
No difference in risk by treatment was detected for women relative to men in the 4-year primary
outcome. We aimed to conduct a pooled analysis among symptomatic patients in large
randomized trials to provide more precise estimates of sex differences in the CAS-to-CEA risk

for any stroke or death during the 120-day periprocedural period and ipsilateral stroke thereafter.

Methods

Data from the Carotid Stenosis Trialists’ Collaboration included outcomes from symptomatic
patients in EVA-3S, SPACE, ICSS and CREST. The primary outcome was any stroke or death
within 120-days after randomization and ipsilateral stroke thereafter. Event rates and relative
risks were estimated using Poisson regression; effect modification by sex was assessed with a
sex-by-treatment-by-trial interaction term, with significant interaction defined a priori as p <

0.10.

Results

Over a median 2.7 years of follow-up, 433 outcomes occurred in 3,317 men and 1,437 women.
The CAS-to-CEA relative risk of the primary outcome was significantly lower for women
compared to men in one trial, nominally lower in another, and nominally higher in the other two .

The sex-by-treatment-by-trial interaction term was significant (p=0.065), indicating
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heterogeneity among trials. Contributors to this heterogeneity are primarily differences in
periprocedural period. When the trials are nevertheless pooled, there were no significant sex

differences in risk in any follow-up period.

Conclusions

There were significant differences between trials in the magnitude of sex differences in treatment
effect (CAS-to-CEA relative risk), indicating it is inappropriate to pool data from these trials to
estimate sex differences. Whether sex is acting as an effect modifier of the CAS-to-CEA

treatment effect in symptomatic patients remains uncertain.

Clinical Trial Registration URL: https://www.clinicaltrials.gov; http://www.isrctn.com

Unique identifier: NCT00190398 (EVA-3S), NCT00004732 (CREST), ISRCTN57874028

(SPACE), and ISRCTN25337470 (ICSS)


https://www.clinicaltrials.gov/
http://www.isrctn.com/
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Introduction

Several clinical trials have assessed whether sex may modify the treatment effect of
carotid artery stenting (CAS) versus carotid endarterectomy (CEA). In a pre-specified subgroup
analysis of patients with >70% carotid bifurcation stenosis, the Carotid Revascularization
Endarterectomy vs. Stenting Trial (CREST) reported a higher periprocedural risk for any stroke,
myocardial infarction, or death for women randomized to carotid artery stenting (CAS)
compared to women randomized to carotid endarterectomy (CEA), with little difference for men.
However, there was no evidence of a relative difference in the 4-year primary composite
endpoint that included only ipsilateral stroke after the periprocedural period.! The International
Carotid Stenting Study (ICSS) found borderline significance for a sex difference in
periprocedural risk: for symptomatic patients, women had similar risk following CAS or CEA,
but men had a higher risk with CAS compared to CEA.2 There was no significant sex difference
in the long-term outcome in ICSS.% No significant treatment differences by sex were found for
either the periprocedural period or the long-term follow-up in the Stent-Protected Angioplasty
versus Carotid Endarterectomy in Symptomatic Patients (SPACE) trial.*°

The Carotid Stenosis Trialists’ Collaboration (CSTC) is an international collaboration of
investigators from major clinical trials focused on contrasting the efficacy of CAS and CEA in
symptomatic and asymptomatic patients. This collaboration conducted a meta-analysis of
individual patient data combining three trials of patients with symptomatic carotid stenosis: the
Endarterectomy versus Angioplasty in Patients with Symptomatic Severe Carotid Stenosis
(EVA-3S), SPACE, and ICSS. Sex was included among several factors where interaction

between the effect of treatment on the primary outcome was examined, and there was no
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difference by sex in the relative risk of any stroke or death within 120 days in patients
randomized to CAS or CEA.°

CREST joined the CSTC since its first publication® and provides an additional 1,321
patients to the original 3,433 analysis cohort of symptomatic patients. This 38% increase
includes 466 women and 855 men. Thus, the purpose of this analysis was to conduct a pooled
analysis of the CSTC data to provide a more precise estimate of sex as an effect modifier of the
CAS-to-CEA treatment effect in symptomatic patients overall, and separately for the

periprocedural (120 days) and post-procedural period.

Methods

These analyses use individual patient-level data from the four completed
revascularization trials that included symptomatic patients: EVA-3S (NCT 00190398), SPACE
(ISRCTN 57874028), ICSS (ISRCTN 25337470) and CREST (NCT00004734.) Each of the
trials were reviewed and approved by the appropriate ethics committee and all patients provided
written informed consent. Although CREST enrolled both symptomatic and asymptomatic
patients, only data from patients with symptomatic arteries were included herein. Requests for

anonymized data supporting these analyses should be submitted to Leo.Bonati@usb.ch

representing the CSTC Steering Committee. Enrollment for all trials began in 2000-2001 with
discontinuation of EVA-3S in 2005 and SPACE in 2006, and completion of ICSS and CREST in
2008. Median follow-up time was 7 years in EVA-3S, 4 years in ICSS, 3 years in CREST, and 2
years in SPACE.

Baseline clinical characteristics by sex groups were compared within each trial. The

primary outcome was any stroke or death during the periprocedural period (within 120 days of
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randomization) and ipsilateral stroke during the post-procedural period. For each trial, we
calculated Kaplan-Meier survival curves of treatment and sex differences in risk. Analyses were
intention-to-treat. Results were reported for the entire follow-up period and for the
periprocedural and post-procedural periods separately. Poisson regression was used to estimate
sex-specific treatment event rates per-person-year (PPY) for each trial. These rates were used to
calculate the CAS-to-CEA treatment efficacy, quantified by the CAS-to-CEA relative risk with
95% confidence intervals. Sex differences in treatment efficacy were reported by the
women/men (W/M) ratio (with 95% confidence intervals) of the sex-specific relative risk. In the
absence of significant interaction, we intended to do an analysis of the pooled data from the four
trials with event rate estimates adjusted for age group (<70 years versus > 70 years) and source
trial while estimates from each individual trial were adjusted only for age group. The consistency
of the treatment effect between the trials was assessed by interaction terms with significant
interaction defined a priori as p < 0.10, reflecting heterogeneity. When there is evidence of
substantial heterogeneity, the Cochrane guidelines for meta-analyses recommend presenting only
the individual study results and suppressing the pooled estimates;’ however, we choose to

present the pooled estimates with appropriate cautionary comment about interpretation.

Results

Of the total 4,754 symptomatic patients across the four trials, 1,437 (30%) were women,
ranging from 25% in EVA-3S to 35% in CREST (Table 1). The average age of the patients was
approximately 70 years. There was substantial variation in the prevalence of risk factors
between trials, e.g., dyslipidemia in less than 60% of patients in EVA-3S but above 75% of

patients in CREST. With few exceptions, differences between the sexes within trials were
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relatively small, e.g. in all trials, men had higher prevalence of coronary heart disease than
women; in all trials but ICSS there was a higher prevalence of diabetes in women than men.

A total of 433 events (335 during the periprocedural period and 98 during the post-
procedural period) occurred over a median follow-up of 2.7 years (interquartile range 2.0 to 4.5
years). Estimates of the CAS-to-CEA primary and other treatment outcomes, and sex differences
in those outcomes are numerated in Table 2. Figures 1A through 1D provide the Kaplan-Meier
estimates of event rates for the four trials. As detailed below, compared to men, the CAS-to-
CEA relative risk of the primary outcome in women was significantly lower in one trial,

nominally lower in one trial, and nominally higher in the other two trials.

Analysis of the Primary Outcome (Periprocedural and Post-Procedural period)

In EVA-3S (Figure 1A) the CAS-to-CEA relative risk for women was 0.58 (95% CI: 0.20
—1.66), while for men it was 2.39 (95% ClI: 1.21 — 4.69), with a significant difference by sex
(W/M ratio = 0.24; 95% CI: 0.07 — 0.84). In contrast, in SPACE (Figure 1B), the CAS-to-CEA
relative risk for women was 1.44 (95% ClI: 0.68 — 3.05), and 1.01 (95% CI: 0.67 — 1.53) for men,
with a non-significant W/M ratio of 1.43; 95% CI: 0.61 — 3.37. ICSS had a similar pattern to
EVA-3S (i.e., lower risk in women than men), but the sex difference did not reach statistical
significance, with a W/M ratio of 0.62 (95% CI: 0.32 — 1.20). CREST results were similar to
SPACE with a higher CAS-to-CEA relative risk in women than men that was not statistically
significant (W/M ratio of 1.30; 95% CI: 0.58 — 2.91). With the W/M ratio of CAS-to-CEA risk
lower for women than men in EVA-3S and ICSS, but higher for women than men in SPACE and

CREST, there was evidence of inconsistency in the impact of sex across trials (p = 0.065). This
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heterogeneity is shown graphically in supplemental Figures 1A and IB (Please see

https://www.ahajournals.org/journal/str).

While the original goal of this study was to pool data across trials to provide a more
precise estimate of sex differences in CAS-CEA treatment efficacy, this is not appropriate
because of the heterogeneity between trials.” However, we show the pooled event rates by sex
and treatment assignment in Figure 2, with a CAS-to-CEA risk ratio of 1.31 (95% CI: 0.94 —
1.83) for women, and 1.52 (95% ClI: 1.21 — 1.93) for men. There was no evidence of difference

in these ratios (RR = 0.86; 95% CI: 0.57 — 1.29; p = 0.47) (Table 2).

Analysis of the Periprocedural Period

The pattern of the 120-day periprocedural period risk shows a similar pattern to the
overall analysis (Table 2), specifically that the CAS-to-CEA relative risk was lower in women
than men in EVA-3S and ICSS (W/M ratio of 0.39; 95% CI: 0.10 — 1.60 and 0.51; 95% CI: 0.23
— 1.15, respectively), but higher in women than men in SPACE and CREST (W/M ratio of 1.54;
95% CI: 0.63 — 3.78 and 1.51; 95% CI: 0.58 — 3.95, respectively).

The test for consistency across trials was slightly above the a priori threshold for
statistical significance (p = 0.13), with a pooled CAS-to-CEA relative risk of 1.57 (95% CI: 1.06
—2.31) for women and 1.70 (95% CI: 1.30 — 2.22) for men; there was no evidence of a

difference in these risk ratios (RR =0.93; 95% CI: 0.58 — 1.48; p = 0.75) (Table 2).

Analysis of the Post-Procedural Period
Table 2 provides the similar analysis of the post-procedural CAS-to-CEA risk by sex.

With only 98 (23%) events during the post-procedural period across all trials, results for this
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period should be interpreted with caution. The interpretation is further complicated by the fact
that there were no events during the post-procedural period for women treated with CAS in
either EVA-3S or SPACE; with no events, the CAS-CEA relative risk cannot be calculated for
women. In ICSS, the CAS-to-CEA relative risk was similar for women (1.26; 95% CI: 0.52 —
3.05) and men (1.34; 95% CI: 0.67 — 2.71) with a W/M ratio of 0.93; 95% CI: 0.30 — 2.88). It
was also similar for women and men in CREST (0.72; 95% CI: 0.23 — 2.28 and 0.34; 95% CI:
0.07 — 1.66, respectively) with a W/M ratio of 2.15 (0.30 — 15.45).

The test for consistency across trials was not statistically significant (p = 0.46), and the
pooled estimate of the CAS-to-CEA relative risk was 0.81 (95% CI: 0.42 — 1.55) for women and
1.04 (95% CI: 0.63 — 1.71) for men, with no evidence of a difference by sex in these ratios (RR =

0.78; 95% Cl: 0.34 — 1.77; p = 0.55) (Table 2).

Discussion

There were significant differences between the trials in the magnitude of sex differences
in the treatment effect (CAS-to-CEA relative risk) that met our a priori threshold of statistical
significance, i.e., p=0.065 which is < 0.10. The Cochrane guidelines recommend that pooled
analyses not be performed in the presence of significant heterogeneity between trials.” We
nevertheless provided results from the pooled analyses to provide an overall estimate of the sex
difference in treatment efficacy but advise caution in its interpretation. . Testing whether
subgroup-treatment effect interactions differ between trials is an inexact science and there are
differences of opinion among statisticians and epidemiologists. There was not a significant
treatment difference for women in any of the trials. However, in EVA-3S and ICSS, compared

to men randomized to CEA, men randomized to CAS were at higher risk of the primary
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outcome. In EVA-3S, this higher risk in men but not in women treated with CAS resulted in a
significant sex difference in the CAS-to-CEA risk.

It is difficult to speculate what factors are contributing to the inconsistencies in outcomes
by sex among trials. Specifically, for a risk factor to be playing a role, the pattern of sex
differences in the risk factor between the trials would have to be similar to the pattern of sex
differences in treatment effects. None of the risk factors examined had such a pattern.
Differences between the sexes that were not examined may contribute to the different results
across the trials, e.g., timing of revascularization.® In post hoc analysis of older CEA trials, with
longer time from index stroke or TIA to procedure, women had significantly less benefit with no
impact in men.> 1 EVA 3S, CREST and ICSS reported on the association of treatment effect
with time from index event to revascularization; none presented results by sex groups, but
CREST reported no difference by sex in time from index event to revascularization.? > . 12
Characteristics that are not available may also have contributed to the lack of consistent results
across the trials, e.g., plaque characteristics such as plaque length, degree of stenosis, side of
lesion and other angiographic characteristics. 13® Other factors not available include expertise
of the operators and technical details, hence we could not assess if potential differences in these
factors contributed to treatment differences by sex. Finally, it is important to remember that these
trials enrolled patients more than a decade ago and advances in technology may subsequently
affect relative treatment efficacy.

Whether sex is acting as an effect modifier of the CAS-to-CEA treatment effect in
symptomatic patients remains uncertain. Clinical trials are designed for a sample size to provide
adequate statistical power to assess the main treatment effect, so by definition they are

underpowered to assess if subgroups have different treatment effects, i.e., an interaction
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hypothesis (including the assessment of sex differences in efficacy). Precise and reliable
estimates of subgroup differences will be reliant on either pooled analyses (as attempted herein)
or meta-analyses of aggregate data. In considering multiple trials simultaneously, one must
assume that the underlying treatment effect between the subgroups (in this case, between men
and women) is consistent among the trials. This was, unfortunately, not the case for these
analyses. Additional trials randomizing symptomatic patients with high-grade carotid stenosis
to CAS versus CEA are unlikely to be mounted, so the role of sex as an effect modifier of the

CAS-CEA treatment difference is likely to remain unanswered.
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Figure Legend:

Figures 1A to 1D: Event rates estimated via Kaplan-Meier techniques for the individual trials,
shown by treatment and sex

Figure 2: Event rates estimated via Kaplan-Meier techniques for the pooled
trials, shown by treatment and sex



Sex Differences in CAS-CEA Treatment Effect

% Primary Outcome

% Primary Outcome

204
1A: EVA-3S
1
===
|
I
L!
f e e e o
1 1
Gl is s mpmreres e conie o
1
r
"
Il
193:204 164:189 167:182 144:173 134:164 123:151 112:136
0_ 72:58 65:5 62:49 60:44 56:40 51:38 48:32
1 T I T T I T
0 1 2 3 4 5 6
Follow-up Time (years)
Group Men-CAS === Men-CEA
—— Women-CAS === Women-CEA
204
1C: ICSS
151
10
5 E
01:606 616:555 479:521 427:457 318:324 206:198 100:89
O p252:251 218:218 206:210 180:189 134:145 88:1C 50:49
T T T T T T T
0 1 2 3 4 5 6

Group

—— Women-CAS

Follow-up Time (years)

=== Men-CEA
=== Women-CEA

Men-CAS

% Primary Outcome

% Primary Outcome

Page 18

204
1B: SPACE

15

b
]
1436:422 363:346 295:262
[171:167 137:142 4118 32
0 1 T I T T I T
0 1 2 3 4 5 6
Follow-up Time (years)
Group Men-CAS === Men-CEA
—— Women-CAS === Women-CEA
204
1D: CREST
151

’428:427 371:382 269:261 174:165 7978 o8 1
Jpao:2ze 194:193 44:144 97:93 48:47 66
O T T T T T T T
0 1 2 3 4 5 6
Follow-up Time (years)
Group Men-CAS === Men-CEA

— Women-CAS

=== Women-CEA



Sex Differences in CAS-CEA Treatment Effect

204

151

% Primary Outcome
°

5 .
] 1658:1659 1414:1472 1200:1226 745:795 §31:566 338:357
O 735702 614:605 525:521 340:328 239:232 145:148
| I I I I I
0 1 2 3 4 5

Follow-up Time (years)

Group Men-CAS === Men-CEA

— Women-CAS - == Women-CEA

Page 19



Sex Differences in CAS-CEA Treatment Effect Page 20
Table 1. Demographic and clinical characteristics.
Characteristic EVA-3S SPACE ICSS CREST
(n=527) (n=1,196) (n=1,710) (n=1,321)
Women Men Women Men Women Men Women Men
(n=130) | (n=397) | (n=338) | (n=858) | (n=503) | (n=1207) | (n=466) | (n=855)
Age, mean (SD) 69.9 70.2 69.0 68.2 70.5 69.9 69.0 68.7
(10.8) (10.4) (8.8) (8.3) 9.2) (9.0) (9.9) (9.3)
Hypertension 98/130 | 285/397 | 270/338 | 634/858 | 363/497 | 820/1197 | 408/464 | 696/850
(75.4) | (71.8) | (79.9) | (73.9) (73.0) (68.5) (87.9) | (81.9)
Diabetes 38/130 | 88/397 | 105/338 | 221/858 | 98/503 | 274/1207 | 138/465 | 231/848
(29.2) | (22.2) | (3L1) | (25.8) (19.5) (22.7) (29.7) | (27.2)
Dyslipidemia 77/130 | 223/397 N/A N/A 345/497 | 740/1197 | 363/461 | 669/846
(59.2) | (56.2) (69.4) (61.8) (78.7) | (79.1)
Current smoker 27/130 99/397 91/338 | 234/858 | 130/497 | 273/1197 | 138/454 | 227/842
(20.8) | (249 | (26.9 | (27.3) (26.2) (22.8) (30.4) | (27.0)
History of coronary 15/130 | 78/397 | 51/287 | 218/858 | 104/497 | 363/1197 | 128/438 | 336/786
heart disease (115) | (19.6) | (15.1) | (25.4) (20.9) (30.3) (29.2) | (42.7)

Data are mean (standard deviation, SD) or n/N (%).
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EVA 3S SPACE ICSS CREST Four Trials Pooled
Women Men Women Men Women Men Women Men Women Men
# of patients / 72 193 171 436 252 601 240 428 735 1658
CAs | events (%) 6 (8.3) 24 (12.4) 16 (9.4) 46 (10.6) 31 (12.3) 70 (11.6) 27 (11.3) 33(7.7) 80 (10.9) 173 (10.4)
= Event rate (PPY) 12 2.2 5.7 6.3 29 2.9 45 3.0 34 3.3
5 (95% CI) (05-2.7) (15-3.2) (35-9.3) (4.7-8.4) (2.0-4.1) (2.3-3.6) (3.1-6.5) (2.1-4.2) (2.7-4.2) (2.8-3.8)
E # of patients / 58 204 167 422 251 606 226 427 702 1659
S | cea | Hevents (%) 8 (13.8) 13 (6.4) 12 (7.2) 43(10.2) 26 (10.4) 37 (6.1) 16 (7.1) 25 (5.9) 62 (8.8) 118 (7.1)
% Event rate (PPY) 21 0.9 3.9 6.3 2.3 14 2.6 2.2 2.6 21
=] (95% CI) (1.0-4.1) (0.5-1.6) (2.2-6.9) (4.6 —8.4) (1.6 —3.4) (1.0 -2.0) (1.6-4.2) (1.5-3.3) (2.0-3.3) (1.8-2.6)
38 | CAS-to-CEA Treatment 0.58 2.39 1.44 1.01 124 1.98 1.75 1.35 131 1.52
S | Effect (0.20-1.66) | (1.21-4.69) | (0.68—3.05) | (0.67-153) | (0.73-2.08) | (1.33—2.95) | (0.94-3.24) | (0.80—2.26) | (0.94-1.83) | (1.21-1.93)
b5 0.24 1.43 0.62 1.30 0.86
& | Women/Men Ratio of (0.07-0.84) (0.61-3.37) (0.32 - 1.20) (0.58 - 2.91) (0.57 - 1.29)
Treatment Effect p =0.027 p=041 p=0.16 p=053 p=0.47
Pinteraction = 0.065
# of patients / 72 193 171 436 252 601 240 428 735 1658
Cag |fevents (%) 6 (8.3) 21 (10.9) 16 (9.4) 38 (8.7) 20 (7.9) 52 (8.7) 22(9.2) 31(7.2) 64 (8.7) 142 (8.6)
% Event (95% CI) 8.1 11.6 111 9.9 8.0 8.8 10.0 7.6 9.6 9.2
3 Periprocedural period | (3.6 —18.0) (7.6-17.8) (6.8—18.1) (7.2—13.6) (5.2-125) | (6.7-115) | (0.66-15.2) | (54-10.9) | (75-12.4) | (7.8-11.0)
5 # of patients / 58 204 167 422 251 606 226 427 702 1659
= CEA |t event rate (%) 5 (8.6) 10 (4.9) 11 (6.6) 35 (8.3) 17 (6.8) 23 (3.8) 9 (4.0) 19 (4.4) 42 (6.0) 87 (5.2)
5 % Event (95% CI) 8.1 4.6 6.8 9.4 6.6 3.7 3.9 45 6.2 5.4
g Periprocedural period | (3.4 —19.6) (2.5-8.5) (3.8—12.4) (6.7—13.1) (4.1-10.7) (2.4—5.6) (2.1-76) (29-7.1) (45-8.4) (4.4-6.7)
g CAS-to-CEA Treatment 0.99 2.53 1.62 1.05 121 2.38 2.53 1.68 157 1.70
S | Effect (0.30-3.26) | (1.19-5.39) | (0.75-350) | (0.66—1.66) | (0.63—2.32) | (1.46—3.88) | (1.17-5.50) | (0.95-2.97) | (1.06-2.31) | (1.30—2.22)
o 0.39 154 0.51 151 0.93
Women/Men Ratio of (0.10 - 1.60) (0.63-3.78) (0.23-1.15) (0.58 - 3.95) (0.58 —1.48)
Treatment Effect p=0.19 p=0.34 p=0.10 p=0.40 p=0.75
Pinteraction = 0.13
# of patients / 66 172 144 380 227 542 204 389 638 1483
CAS # events (%) 0(0) 3(1.7) 0(0) 8(2.1) 11 (4.8) 18 (3.3) 5(2.5) 2(0.5) 16 (2.5) 3121
Event rate (PPY) N/A 0.29 N/A 1.33 1.15 0.83 0.96 0.21 0.68 0.59
3 (95% CI) (0.01 -0.89) (0.67-2.66) | (0.64-2.08) | (052-1.31) | (0.40-2.31) | (0.05-0.84) | (0.41-1.14) | (0.41-0.86)
'é # of patients / 53 193 149 370 232 572 206 393 640 1528
= | cea # events (%) 3(5.7) 3(1.6) 1(0.7) 8(2.2) 9(3.9 14 (2.4) 734 6 (1.5) 20 (3.1 31(2.0)
_§ Event rate (PPY) 0.87 0.23 0.41 1.42 0.91 0.61 1.33 0.63 0.85 0.57
g (95% CI) (0.28-2.72) (0.08-0.72) (0.05-0.29) (0.71-2.83) | (0.47-1.76) | (0.36-1.04) | (0.64-2.80) | (0.28—1.40) | (0.53-1.35) | (0.39-0.83)
g CAS-to-CEA Treatment N/A 1.23 N/A 0.94 1.26 1.34 0.72 0.34 0.81 1.04
2 | Effect (0.25-6.12) (0.35-251) | (0.52-3.05) | (0.67—2.71) | (0.23—-2.28) | (0.07—1.66) | (0.42—155) | (0.63—1.71)
e 0.93 2.15 0.78
Women/Men Ratio of N/A N/A (0.30 - 2.88) (0.30 — 15.45) (0.34-1.77)
Treatment Effect p=0.90 p=0.44 p=0.55
Pinteraction = 0.46
Table 2: Stroke and deaths during the 120-day periprocedural period or ipsilateral stroke during the post-procedural period, shown by trial and all trials pooled. Adjusted proportion is estimated
as events per person-year exposure, and with adjustment for age group (<70 vs. 70+), and additionally adjusted for source trial in the pooled estimates.




