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ABSTRACT

Background: Studies examining the role of factor V Leiden among patients at higher risk of
atherothrombotic events, such as those with established coronary heart disease (CHD) are lacking.
Given that coagulation is involved in the thrombus formation stage upon atherosclerotic plaque
rupture, we hypothesized that factor V Leiden may be a stronger risk factor for atherothrombotic

events in patients with established CHD.

Methods: We performed an individual-level meta-analysis including 25 prospective studies (18
cohorts, 3 case-cohorts, 4 randomized trials) from the GENIUS-CHD consortium involving patients
with established CHD at baseline. Participating studies genotyped factor V Leiden status and shared
risk estimates for the outcomes of interest using a centrally developed statistical code with
harmonized definitions across studies. Cox-regression models were used to obtain age and sex
adjusted estimates. The obtained estimates were pooled using fixed-effect meta-analysis. The primary
outcome was composite of myocardial infarction and CHD death. Secondary outcomes included any

stroke, ischemic stroke, coronary revascularization, cardiovascular mortality and all-cause mortality.

Results: The studies included 69,681 individuals of whom 3,190 (4.6%) were either heterozygous or
homozygous (n=47) carriers of factor V Leiden. Median follow-up per study ranged from 1.0 to 10.6
years. A total of 20 studies with 61,147 participants and 6,849 events contributed to analyses of the
primary outcome. Factor V Leiden was not associated with the combined outcome of myocardial
infarction and CHD death (hazard ratio, 1.03; 95% CI, 0.92 - 1.16; I1>= 28%; P-heterogeneity = 0.12).
Subgroup analysis according to baseline characteristics or strata of traditional cardiovascular risk
factors did not show relevant differences. Similarly, risk estimates for the secondary outcomes
including stroke, coronary revascularization, cardiovascular mortality and all-cause mortality were

close to identity.

Conclusions: Factor V Leiden was not associated with increased risk of subsequent atherothrombotic

events and mortality in high-risk participants with established and treated CHD. Routine assessment



of factor V Leiden status is unlikely to improve atherothrombotic events risk stratification in this

population.

CLINICAL PERSPECTIVE:

What Is New?

e Inalarge-scale individual-level data meta-analysis of 25 studies recruiting nearly 70K
patients with established CHD, factor V Leiden was not associated with an increased risk of
further atherothrombotic events or death compared to non-carriers.

e A post hoc analysis however suggests that factor V' Leiden carriers with established CHD
may gain greater protection from subsequent CHD death or myocardial infarction from dual
antiplatelet therapy compared to non-carriers.

What Are the Clinical Implications?

e The routine assessment of factor V Leiden genotype to improve risk stratification in
secondary prevention settings is unlikely to be of value and is not recommended.

e Further work is required to understand if there may instead be a pharmacogenomic role for

factor V Leiden status, to help personalize treatment with intensive antiplatelet therapy.



INTRODUCTION

Factor V Leiden, is a genetic variant leading to alteration of the inactivation site of factor V,
which in turn leads to activated protein C resistance and a prothrombotic state.* Affecting almost 5%
of the Caucasian population,? carriers of factor V Leiden have a 4-fold higher risk of venous
thromboembolism.® However, the risk of arterial atherothrombotic events, such as myocardial
infarction or stroke, conferred by the presence of this variant is less certain.*° Association analyses of
factor V Leiden with atherothrombotic events have been mostly conducted in case-control studies and
limited to the occurrence of a first cardiovascular event in young or disease free individuals at low
risk of adverse outcomes.**

In contrast, studies examining the role of factor V Leiden among patients at higher risk of
atherothrombotic events, such as those with prior events or established coronary heart disease (CHD)
are lacking. In such individuals, who may have a greater atheroma burden and more vulnerable
plagues, we hypothesized that carriage of Factor V Leiden could manifest as a greater risk of
subsequent atherothrombotic events, given the role of coagulation cascade in the acute thrombus
formation following plague rupture or erosion. Furthermore, the synergistic interaction between factor
V Leiden and traditional cardiovascular risk factors as reported in some previous studies,*** suggests
the possibility of a greater effect in populations with greater atheroma burden. Given the high
prevalence of Factor V Leiden, if an association exists, this could support screening of patients with
established cardiovascular disease for considering use of anticoagulant therapies,** for a targeted
precision medicine approach to treatment.

We therefore assessed the association of the factor V Leiden polymorphism with subsequent
atherothrombotic events including mortality, in individuals with established CHD using an individual-
level data meta-analysis of twenty-five prospective studies from the Genetics of Subsequent

(GENIUS) CHD Consortium.



METHODS

Study selection criteria

The GENIUS-CHD consortium is an international collaboration of prospective studies
selectively including individuals with established coronary heart disease at baseline and following
them for future subsequent CHD events.*®

The primary criteria for inclusion in the consortium are studies that recruited individuals with:
(1) established CHD, defined as a history of or presence at baseline of acute coronary syndrome, or of
coronary artery disease as evidenced by any revascularization procedure such as percutaneous
coronary intervention or coronary bypass surgery, or a significant (50%) coronary artery plague at
angiography affecting any major epicardial vessel, (2) availability of prospective follow-up and
ascertainment of at least one clinical cardiovascular outcome including all-cause mortality, and (3)
availability of samples or biomarkers or in-silico genotyping data. Full details about the GENIUS-
CHD Consortium have been published elsewhere.*

A short description of the individual studies from the consortium, participating in this specific
analysis of factor V Leiden are listed in the supplemental material (eMethods). Participating studies
received local institutional review board approval and included participants who had provided
informed consent at the time of enrolment. The central analysis sites also received waivers from their
local institutional review board for collating and analyzing summary level data from the participating

studies.

Outcomes

The primary outcome of interest was a composite of CHD death or myocardial infarction,
whichever came first (CHD death/myocardial infarction) during follow-up. Myocardial infarction
included both ST-segment elevation and non-ST segment elevation myocardial infarction. Secondary
outcomes consisted of non-fatal myocardial infarction, any stroke, ischemic stroke, coronary
revascularization by means of percutaneous coronary intervention or bypass surgery, cardiovascular

mortality and mortality from any cause.



Exposure variable definition

Factor V Leiden was defined as the presence of a single nucleotide mutation; G-to-A
substitution at nucleotide 1691 in the factor V (factor V R506Q) gene (SNP rs6025), documented by
individual genotyping assays or direct DNA sequencing using various commercially available whole

genome or targeted sequencing kits.

Statistical analysis

Analyses were performed in two stages. First, individual studies participating within the
GENIUS-CHD Consortium and with available genotype data, evaluated the association between
factor V Leiden and subsequent events assuming a dominant genetic model and using time to event
Cox proportional hazards regression. All analyses were adjusted for age and sex and were performed
using shared statistical scripts and harmonized datasets, under a federated analysis approach, as
described previously.'® Study-specific summary estimates were then shared with the study
coordination centers (UCL London, UK, and UMC Utrecht, NL) for meta-analysis.

Differences in baseline characteristics by factor V Leiden status were assessed using z-value
based approach of mean/proportion differences in participants with and without factor V Leiden in
each study. Study-level hazard ratios for the association between factor V Leiden and the primary
outcome and their corresponding standard errors were pooled in an inverse variance weighted fixed-
effect meta-analysis. Estimates of random-effects meta-analysis were also reported in the forest plots.
Between-study variance in the random-effects meta-analysis was calculated with the Restricted
Maximum Likelihood approach. Heterogeneity was quantified using a y? test for heterogeneity and the
12 statistic. Study-level effect-modification by baseline characteristics and follow-up length were
evaluated with random-effects meta-regression analysis. Global P values for study-level effect-
modification were based on a y*> omnibus test.

In addition to the overall analyses, to assess consistency of effects, stratified estimates
according to type of baseline CHD at enrollment (acute coronary syndrome, coronary artery disease

with and without prior myocardial infarction) were assessed. Factor V Leiden association with the

primary outcome was also stratified on patient-level characteristics measured at baseline, including:

10



age (< or > 65 years), sex, hypertension (physician diagnosed or treated), type 2 diabetes (physician
diagnosed or treated), body mass index (BMI, categorized as <18.5; 18.5 to <25; 25 to <30; >30.0
kg/m?), statin use, antiplatelet drugs use. Studies contributing to only one level of these strata were
excluded from the stratified analyses to simplify comparison. P values for the differences across the
levels of the stratifying factor were calculated using a Wald test. A P value of less than 0.05 was

considered statistically significant. All analyses were conducted using the R software package.*®

11



RESULTS

Twenty-five studies contributed to this analysis and included 69,681 individuals with
established CHD. Of the 25 studies, 18 were cohort studies, 3 case-cohort and 4 randomized clinical
trials (Supplemental Tables 1-2). The majority of participants who were included were male (73%)
and Caucasian (92%), with a mean age ranging from 60-71 years per study. Prevalence of traditional
cardiovascular risk factors (i.e., hypertension, hyperlipidemia, diabetes mellitus, and current smoking)

across the studies was as expected for a CHD population (Supplemental Table 2).

Among the participants, 3,190 (4.6%) were heterozygous and 47 (0.07%) homozygous
carriers of factor V Leiden (Supplemental Table 2). The median follow-up ranged from 1.0 to 10.6
years per study. Whereas the majority of studies had data on all outcomes, some studies had data on

only one outcome (Supplemental Table 3).

Association of factor V Leiden with primary outcome

A total of 20 studies with 61,147 participants and 6,849 events contributed to the age and sex-
adjusted associations with the primary outcome (i.e. composite of myocardial infarction and CHD
death). Factor V Leiden was not associated with the primary outcome (hazard ratio, 1.03; 95% ClI,
0.92 - 1.16) and showed absence of significant heterogeneity (1 = 28%; P-heterogeneity = 0.12) in the
overall CHD population (Figure 1 and Supplemental Figure 1). In subgroup analysis of patients by
type of CHD at baseline, among those with acute coronary syndrome and with or without prior
myocardial infarction, the associations of factor V Leiden with the primary outcome were close to

identity (Figure 1 and Supplemental Figures 2-4).
Sensitivity analyses

The associations of factor V Leiden with the primary outcome stratified by sex, age (>65
versus <65 years) and traditional cardiovascular risk factors including hypertension, diabetes mellitus,
and overweight/obesity were similar (P for difference >0.07) (Figure 2). Stratification by statin use

and antiplatelet agents use also did not reveal any significant differences (Figure 2). Further

12



comparison by study-level features such as study-type, CHD type, follow-up duration and proportion

of history of myocardial infarction revealed no clear differences (Figure 3).

Study level associations between factor V' Leiden and the primary outcome (Supplemental
Figure 1) revealed a significant but paradoxically inverse risk association (hazards ratio, 0.69; 95% ClI
0.49-0.96) for the PLATO study, a randomized controlled trial of ticagrelor plus aspirin versus
clopidogrel plus aspirin. A similar but non-significant nominal association (hazards ratio, 0.80; 95%
Cl 0.5-1.28) was observed for the CURE study, a randomized controlled trial of clopidogrel plus
aspirin versus aspirin alone. We therefore conducted a post-hoc analysis in both studies, to assess for
a potential interaction between dual antiplatelet drugs use (i.e., aspirin plus a P2Y12 inhibitor
clopidogrel or ticagrelor) and factor V Leiden status. Based on the combined PLATO and CURE
trials data, while there was a nominal association towards a greater protective benefit in factor V
Leiden carriers taking dual antiplatelet agents (hazard ratio, 0.67; 95%CI, 0.50-0.92), compared to
aspirin alone (hazard ratio, 0.97; 95% CI, 0.50-1.89), the statistical test for interaction was non-

significant (P interaction = 0.33; Supplemental Figure 5).

Association of factor V Leiden with secondary outcomes

Pooled estimates for the secondary outcomes including non-fatal myocardial infarction, any
stroke, ischemic stroke, coronary revascularization, cardiovascular mortality and all-cause mortality,
accompanied by heterogeneity statistics, number of events, number of participants and studies are
shown in Figure 4. In line with the primary outcome, the associations of factor V Leiden with the
various secondary outcomes were close to identity and non-significant with low heterogeneity (12
<32%; P-heterogeneity >0.11). The estimates of the individual studies contributing to these pooled

estimates are shown in the Supplemental Figures 6-11.
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DISCUSSION

In this large-scale individual-level data meta-analysis, we did not find evidence of an association
between factor V Leiden and subsequent or recurrent atherothrombotic event risk in nearly 70,000
patients with established CHD. Furthermore, in subgroup analyses no statistically significant
interactions to suggest differences by type of baseline CHD, study level or patient level factors were
found. These findings suggest there is limited value in assessing factor V Leiden status for risk

stratification once CHD is established and treated.

Prior studies on the association of the factor V Leiden polymorphism with atherothrombotic
outcomes including myocardial infarction and stroke, have been limited to case-control studies or to
the occurrence of a first event in asymptomatic individuals.**° They showed contradictory results
ranging from no risk to a ~20% relative risk increase for myocardial infarction or stroke, as
summarized in several meta-analyses.*® 8 In prospective cohort studies, factor V' Leiden was not
associated with incident myocardial infarction or stroke.® * 1 Concordant with these cohort studies,
but studying only those with established CHD, who are at high risk for CVD events, we found no
association of factor V Leiden with subsequent myocardial infarction, stroke, coronary
revascularization or mortality. There were no significant subgroup effects, including follow-up
duration, study design, and baseline history of myocardial infarction. Furthermore, in contrast to prior
studies that identified a greater risk association of factor V Leiden with stroke compared to

myocardial infarction,'” we did not find such heterogeneity in analysis of our secondary outcomes.

There could be several reasons for our findings. First, it is possible that factor VV Leiden has no
impact on the risk of atherothrombotic events and development of acute thrombosis in relation to
plaque rupture or erosion in the arterial system. Second, the present analysis may have been
underpowered to detect a small association and our results are therefore prone to type 2 error.
However, the 95% confidence interval for the primary outcome (95%CI, 0.92 - 1.16) excludes any
clinically relevant association. Third, the effects of factor V Leiden may be masked in the presence of

other substantial cardiovascular disease risk factors driving the risk of subsequent events, although a

14



synergistic interaction of factor V Leiden with traditional cardiovascular risk factors has been

reported.***3

Importantly, medication usage, in particular antiplatelets and anticoagulants may blur any small
elevated risk from factor V Leiden. We noted that the PLATO trial,*® enrolling only patients with
acute coronary syndromes and comparing dual antiplatelet agents (i.e. aspirin plus ticagrelor versus
aspirin plus clopidogrel), showed a significant inverse association of factor V Leiden with the primary
outcome. A similar but non-significant trend was also noted for the CURE trial comparing clopidogrel
plus aspirin versus aspirin alone. Combining these trial data, we found a trend favoring a
paradoxically protective effect for carriers of factor V Leiden taking a P2Y12 (i.e. clopidogrel or
ticagrelor) inhibitor plus aspirin, compared to aspirin alone, but without statistical evidence for an
interaction, although this may be due to the low numbers of participants in the aspirin arm compared
to the P2Y12 inhibitors groups. Indeed, a potential interaction of factor V Leiden with antiplatelet
agents may be biologically plausible given that approximately 20% of human factor V is contained
within platelet-granules, is released on platelet activation and is more haemostatically potent than
circulating factor V.1*2° Although a post hoc finding, this is hypothesis generating and warrants
further assessment in existing trials of intensive dual antiplatelet and even combined antiplatelet and
anticoagulant strategies,* as it opens the intriguing pharmacogenomic possibility that factor V Leiden
carriers may derive greater outcome benefit from intensive and prolonged rather than standard
antiplatelet therapy. If confirmed, then assessment of factor V Leiden status could help personalize

treatment decisions and improve net clinical benefit in high-risk patients.

A further explanation for our overall neutral findings, as with all studies on disease progression
is the impact of selection bias, as described previously.?! Selection biases may include survival bias,
with loss of more severe phenotypic manifestations of factor V Leiden not entering the cohort for
study. Alternatively, index event bias may be at play. Indeed, the association of heterozygous factor V
Leiden with the risk of recurrent venous thromboembolism (odds-ratio 1.4) is also much weaker than

its association with a first venous thromboembolism (odds-ratio 4.2),% %* indicating either selection
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biases or potential effect-modification by disease-status or treatment effects may attenuate

associations in the second event context.

Among the known hereditary thrombopbhilic defects, factor V Leiden is generally considered as a
moderate prothrombotic risk factor.?® However, one of the strongest known hereditary thrombophilic
defects (i.e., antithrombin deficiency) has also failed to demonstrate a significant association with risk
of atherothrombotic events, leaving gaps in our understanding as to why hypercoagulable defects
fail to associate with atherothrombotic event risk. In contrast anticoagulant drugs targeting the
coagulation cascade seem to be at least as effective, for prevention and treatment of atherothrombotic

events, as the widely used antiplatelet agent (i.e., aspirin).* %

Our study has some limitations. First, although care was taken to harmonize the definitions
across studies, it is possible that residual differences remained among studies. Second, detailed patient
level information on the concurrent use of antiplatelet agents, anticoagulant drugs, dual versus single
antiplatelet agents use and its duration was not available in most of the cohorts. This, along with the
absence of data on other P2Y12 inhibitors such as prasugrel within the Consortium, limited further
exploration of the possible interaction between factor V Leiden and clopidogrel/ticagrelor we found in
the CURE and PLATO studies. It is also possible that treatment with any antiplatelet agent may have
attenuated overall findings and given most patient with established CHD are on aspirin, this could
account for our findings. Importantly, if risk from factor V Leiden is indeed attenuated by aspirin use,
the value of measuring the genotype among those on aspirin remains questionable in any case. Third,
we lacked sufficient data on incident venous thromboembolism events among patients with
established CHD to demonstrate a suitable positive control association with factor V Leiden in this
setting. Finally, our results may not be generalizable to non-Caucasian populations given that in most

studies primarily Caucasian individuals were enrolled.

In conclusion, the prothrombotic hereditary coagulation defect, factor V Leiden, does not show a
clear association with increased risk of subsequent atherothrombotic events or mortality, among high-

risk individuals with established and treated CHD. Routine assessment of factor V Leiden status is

16



unlikely to improve risk stratification in this population. However, whether there is pharmacogenomic

value for factor V Leiden status guiding intensive antiplatelet therapy warrants further study.
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Figure 1. Pooled associations of factor VV Leiden with the primary outcome in patients with

overall and subtypes of baseline CHD.

Baseline CHD population E/N/S Hazard Ratio HR [95% CI] P-value

Overall:
-Pooled estimate (FE model) 6849/ 61147/ 20 - 1.03[0.92; 1.16] 0.55
Heterogeneity: 1% = 28%, 1° = 0.0238, p = 0.12

ACS:
-Pooled estimate (FE model) 3072/ 25107/ 11 —_— 0.91[0.77; 1.09] 0.31
Heterogeneity: 1% = 32%, * = 0.0407, p = 0.15

CAD with MI:
-Pooled estimate (FE model) 2400/ 19458/ 7 e 1.13[0.94; 1.38] 0.21
Heterogeneity: ?=0%, =0, p =057

CAD without MI:
-Pooled estimate (FE model) 1020/ 13522/ 10 —— 1.11[0.83; 1.47) 0.48
Heteroganeity: I° = 0%, +* = 0.0026, p = 0.69

0.5 0.7 1.5 2

CHD= coronary heart disease, ACS= acute coronary syndrome, CAD=coronary artery disease,
MI=myocardial infarction, E=number of the primary outcome (i.e., composite of myocardial
infarction and CHD death), N= total number of included participants, S= number of studies
contributing to the pooled estimates, HR= hazard ratio, and Cl= confidence interval. Estimates are

adjusted for sex and age and are based on fixed-effect meta-analysis.



cardiovascular risk factors strata in the overall CHD population.

Figure 2. Pooled associations of factor V Leiden with the primary outcome across traditional

Variable E/N/S HR [95% CI1 9% 2 P-dif
Age 094
<65 2330/26987/18 - 1.06 [0.87 - 1.28] 18
265 4337/33013/18 = 1.07[093 -1.23] 32
Sex 0.07
Female 1676/15897/17 —_ 0.85[0.66 — 1.10] 0
Male 4873/43090/17 e 1.10[0.97 - 1.26] 33
Hypertension 010
No 2129/20800/14 _— 1.19[0.98 - 1.44] 0
Yes 3859/33653/14 e 097[0.84 -1.13] 4
Diabetes 091
No 3568/40507/15 e 1.09[094 -1.27] 36
Yes 2414/16459/15 e 1.08[0.90 - 1.29] 26
BMI : 0.37
185-249 1460/111756/15 —— 1.20[0.95 -152] 5
25.0-29.9 2581/24545/15 - 1.07[0.89 -1.27] 0
=300 1878/18096/15 _— 1.05[0.85 - 1.30] 0
Statins 0.85
No 1835/13667/14 _ 1.01[0.81 -1.27] 29
Yes 4032/37366/14 e 1.04[0.90 - 1.20] 9
Antiplatelet drugs 0.36
No 1110/9139/12 —_ 1.12[0.86 - 1.47] 26
Yes 4397/41262/12 = 097[0.84-1.12] 31

T T | T 1
05 07 1 15 2
Hazard Ratio

BMI= body-mass index, E=number of the primary outcome (i.e., composite of myocardial infarction
and CHD death), N= total number of included participants, S= number of contributing studies, HR=
hazard ratio, Cl= confidence interval, and P-dif= P for difference across the strata of the variable.

Estimates are adjusted for sex and age, when appropriate, and are based on fixed-effect meta-analysis.
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Figure 3. Association between study-level characteristics and the log-hazard ratios for the

primary outcome in the overall CHD population.
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The middle of each bubble represents the log-hazard ratio of the primary outcome from the individual
studies against the study-characteristics shown on the x-axis. The sizes of the bubbles are proportional

to the inverse of the standard-errors of the log-hazard ratios.
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Figure 4. Pooled associations of factor V Leiden with the secondary outcomes in the overall

CHD population.

Outcomes

Non-fatal Ml:
-Pooled estimate (FE model)
Heterogeneaity: 1% = 20%, <% = 0.0277, p=0.21

Any stroke:
-Pooled estimate (FE model)
Heterogeneity: 17 = 5%, * = 0.0411, p = 0.40

Ischemic stroke:
-Pooled estimate {FE maodel)
Heterogeneity: /* = 0%, v* = 0, p = 0.57

Revascularization:
-Pooled estimate {FE madel)
Heterogeneity: 1% = 0%, +* = 0, p = 0.46

CV death:
-Pooled estimate {FE madel)
Heterogeneity: I = 32%, t° = 0.0740, p = 0.10

All-cause death:
-Pooled estimate (FE model)
Heterogeneity: 1% = 29%, t° = 0.0262, p = 0.11

E/N/S

4390/ 57225/ 19

1518/ 49959/ 16

839/ 38238/ 10

8423/ 54351/ 18

3647/ 56092/ 17

7553/ 61571/ 22

Hazard Ratio

0.5

0.7

HR [95% CI]

1.08 [0.94; 1.24]

0.98 [0.75; 1.28]

1.1 [0.80; 1.55]

0.92[0.83; 1.02]

0.97 [0.83; 1.14]

0.97 [0.87; 1.08]

P-value

0.29

0.87

0.52

0.1

0.74

0.57

MI= myocardial infarction, CV= cardiovascular, E=number of the outcome, N=total number of

included participants, S= number of contributing studies, HR= hazard ratio and Cl= confidence

interval. Estimates are adjusted for sex and age and are based on fixed-effect meta-analysis. For the

estimates of the individual studies contributing to these pooled estimates see Supplemental Figures 6-

11 in the Supplement.
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