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ARTICLE

Differential effect of clopidogrel and ticagrelor on leukocyte count in 
relation to patient characteristics, biomarkers and genotype: a PLATO 
substudy
Thomas A. Nelson 1, William A.E. Parker 1, Tatevik Ghukasyan Lakic2, Johan Westerbergh2, Stefan K. James2, 
Agneta Siegbahn2, Richard C. Becker3, Anders Himmelmann4, Lars Wallentin2, & Robert F. Storey1

1Department of Infection, Immunity and Cardiovascular Disease, University of Sheffield, Sheffield, UK, 2Department of Medical Sciences, Cardiology 
and Uppsala Clinical Research Center, Uppsala University, Uppsala, Sweden, 3Division of Cardiovascular Health and Disease, Heart, Lung and Vascular 
Institute, University of Cincinnati College of Medicine, OH, USA, and 4AstraZeneca Research and Development, Gothenburg, Sweden 

Abstract
Inflammation plays a key role in cardiovascular disease by contributing to atherothrombosis. 
The PLATelet inhibition and patient Outcomes (PLATO) study (NCT00391872) compared tica-
grelor to clopidogrel in patients with acute coronary syndromes and demonstrated fewer 
cardiovascular events with ticagrelor but lower white blood cell counts (WBC) with clopidogrel. 
In this further analysis of the PLATO biomarker substudy, we assessed associations between 
WBC and clinical characteristics, biomarker levels, and CYP2C19 polymorphisms.
On-treatment mean (SD) WBC in the clopidogrel group was mildly reduced at each stage of 
follow-up compared with either the ticagrelor group (1 month: 7.27 (2.1) and 7.67 (2.23) x109/L 
for clopidogrel and ticagrelor, respectively; p < .001) or following cessation of clopidogrel (7.23 
(1.97) x109/L, at 6 months vs 7.56 (2.28) x109/L after treatment cessation; P < .001). This 
occurred independently of baseline biomarkers and CYP2C19 genotype (where known). 
Adjusting for clinical characteristics and other biomarkers, no significant interaction was 
detected between clinical risk factors and the observed effect of clopidogrel on WBC.
Clopidogrel weakly suppresses WBC, independent of clinical characteristics, baseline inflam-
matory biomarker levels, and CYP2C19 genotype. Further work is required to determine the 
mechanism for this effect and whether it contributes to clopidogrel’s efficacy as well as 
therapeutic interaction with anti-inflammatory drugs.
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Introduction

In the PLATelet inhibition and patient Outcomes (PLATO) 
study of patients with acute coronary syndrome (ACS), tica-
grelor reduced both cardiovascular and all-cause mortality 
compared with clopidogrel[1]. Subsequent post-hoc analyses 
of adverse events in the PLATO study demonstrated lower 
rates of mortality following pulmonary infection and sepsis 
in the ticagrelor group though this was not replicated in 
a comparison of ticagrelor and clopidogrel in a separate 
cohort of patients with peripheral arterial disease [2,3]. In 
PLATO, slightly lower levels of inflammatory markers were 
seen in the clopidogrel group, consistent with differential 
effects of clopidogrel and ticagrelor on inflammatory status 
[2]. White blood cell (WBC) counts and high-sensitivity 
C-reactive protein (CRP) levels have both been shown to 
predict cardiovascular morbidity and mortality [4–6]. Thus, 
differential effects of clopidogrel and ticagrelor on inflamma-
tory status may have clinical implications.

In order to further characterize the differential effects of clo-
pidogrel and ticagrelor on inflammatory status, we analyzed 
whether clinical variables, CYP2C19 genotype, and baseline 
levels of inflammatory markers influenced these effects in the 
PLATO study.

Methods

PLATO was an international, multicentre, double-blind, randomized 
controlled trial of ticagrelor compared with clopidogrel in 18,624 
moderate-to-high-risk ACS patients. The study design and results 
have been published previously [1,7]. Some participants consented 
to participation in the pre-specified biomarker substudy (n = 17,095) 
and/or the PLATO genetic substudy (n = 10,379) [8,9]. Collection 
and analysis of DNA samples was subject to separate informed 
consent and approval by local ethics committees.

CYP2C19 allele status

The alleles genotyped in the PLATO genetics population were 
CYP2C19 loss-of-function (LOF) alleles *2, *3, *4, *5, *6, *7, 
and *8 and the ‘gain-of-function’ mutation CYP2C19*17. Previous 
publications have considered the *17 polymorphism to cause a rapid 
or ultra-rapid metabolism of clopidogrel to its active metabolite. 
However, recent analyses have demonstrated that *2 and *17 alleles 
are in linkage disequilibrium, completely attenuating any gain-of-
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function effect previously attributed to the *17 allele itself[10]. We 
therefore classified LOF alleles as any of *2 to *8 and reclassified 
the *17 polymorphism as equivalent to *1 (wild-type).

Statistical methods

Patients with biomarker results at both baseline and follow-up 
visits were included, and all analyses used all available data. 
Thus, the number of patients differed between analyses for 
different biomarkers, at different timepoints and between unad-
justed analyses and analyses incorporating several background 
variables. Biomarkers were analyzed as continuous variables as 
far as possible. Biomarkers under the lower limit of quantifica-
tion were imputed as half this limit. Biomarkers above the 
upper limit of quantification were imputed as equal to this 
limit. No other imputation was performed. Levels were log- 
transformed before analysis. Multivariable regression models 
were fitted with the continuous inflammatory biomarker at 
follow-up visit as the dependent variable, to estimate mean 
biomarker levels and test interactions between treatment and 
risk factors. Geometric means were calculated using the antil-
ogs of the model-adjusted means, and the relative increase 
between subgroups was calculated using ratios. Non-linear 
associations were modeled and plotted using restricted cubic 
splines with four knots. All models included the baseline value 
of the corresponding inflammatory biomarker variable to adjust 
for any pre-treatment differences.

Results are presented as point estimates with corresponding 
95% confidence intervals (CI). P-values were not adjusted for 
multiple testing. All statistical analyses were performed at 
Uppsala Clinical Research Center using SAS version 9.4 or 
R version 4.0.0 statistics software.

Results

Biomarkers

The demographics of the PLATO biomarkers substudy have been 
reported previously[8]. Mean (SD) WBC counts were lower in 
clopidogrel-treated individuals, compared with those treated with 
ticagrelor, at 1 month (7.27 (2.1) vs 7.67 (2.23) x109/L, p < .001), 
3 months (7.28 (1.99) vs 7.59 (2.19) x109/L, p < .001) and 
6 months (7.21 (2.02) vs 7.48 (1.97) x109/L; p < .001), despite 
similar distributions of WBC in the two groups (Figure 1). In the 
subset of patients with an on-treatment sample at 6 months and no 
transition to open-label clopidogrel after treatment cessation 
(n = 3,010), a significant increase in mean (SD) post-treatment 
WBC count was observed in the clopidogrel group (7.23 (1.97) 
x109/L, at 6 months vs 7.56 (2.28) x109/L after treatment dis-
continuation; p < .001) but not the ticagrelor group (7.47 (1.92) at 
6 months vs 7.49 (2.60) x109/L after treatment discontinuation) 
(Figure 2).

No significant interaction was observed between treatment 
assignment and risk factors with respect to WBC count or 
neutrophil count in either our unadjusted model (Table I and 
Online Supplementary Table S1) or a model adjusting for 
baseline clinical risk factors (Online Supplementary Tables 
S2 and S3, respectively). The relationship between treatment 
assignment and WBC was consistent across the observed 
range of baseline WBC counts, neutrophil counts, and CRP 
(Figure 3, Online Supplementary Figure S1). The correlation 
did not vary with age or baseline levels of HbA1c, GDF-15, 
NT-proBNP or GFR for either total WBC count or neutrophils 
(Figure 4 and Online Supplementary Figure S2). No signifi-
cant differences were observed for levels of CRP or IL-6 at 
any baseline level of those markers, at any timepoint (Online 
Supplementary Figure S3).

Figure 1. Violin plots showing distribution of white blood cell counts at different stages of follow-up in the entire biomarkers cohort, by 
treatment assignment. Medians, quartiles, Tukey-style whiskers (Q1-1.5*IQR and Q3 + 1.5*IQR) and outliers are overlaid. Data exclude one patient 
in the ticagrelor group with chronic lymphatic leukemia. ***, P < .001. ns, not significant.
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Rates of leukopenia (defined as WBC < 3 × 109/L) and 
neutropenia (neutrophil count < 1.5 × 109/L) were low in both 
treatment groups and did not explain the observed differences in 
WBC (Online Supplementary Tables S4 and S5). Six cases of 
leukopenia were observed in clopidogrel-treated patients at the 
6-month timepoint, and none in those randomized to ticagrelor 
(p = .039), but no significant differences were observed at other 
timepoints.

CYP2C19 allele status

For those with CYP2C19 polymorphism data available 
(n = 9,843), 7,071 had no LOF alleles, 2526 had one LOF allele 
and 246 had two LOF alleles (Online Supplementary Table S6). 
No significant differences were observed between CYP2C19 
allele status, treatment assignment and WBC, neutrophil count, 
CRP or IL-6 at follow-up visits (Figure 5 and Online 
Supplementary Figures S4-7).

Discussion

ACS patients randomized to clopidogrel have lower WBC 
counts while on treatment than those treated with ticagrelor. 
After discontinuation of the study medication, in those who 
did not transition to open-label clopidogrel, a significant 
increase in WBC count was observed after cessation of clopido-
grel, but not ticagrelor. Conversely, in those who stopped tica-
grelor and did transition to open-label clopidogrel, a small 
reduction in WBC count was observed. These findings suggest 
WBC is suppressed by clopidogrel, rather than ticagrelor med-
iating an increase in WBC. We show that this effect is indepen-
dent of baseline biomarkers and clinical risk factors and is 
consistent across the 1-, 3- and 6-month timepoints.

Thienopyridines, such as clopidogrel and ticlopidine, have 
been associated with bone marrow suppression. Indeed, the clin-
ical utility of the latter has been limited by this adverse effect[11]. 
Clinically overt marrow suppression with clopidogrel is much less 
common and severe leukopenia is rare but nevertheless cases of 
associated thrombocytopenia, leukopenia or pancytopenia have 
been reported and attributed to non-P2Y12-mediated myelotoxic 
effects of clopidogrel metabolites in susceptible individuals [12– 
15]. Here, the WBC reduction seen with clopidogrel was not 
driven by higher rates of severe leukopenia.

Clopidogrel is metabolized via hepatic cytochrome P450 
(CYP) enzymes to its active form, which inhibits platelets by 
irreversibly binding to the P2Y12 receptor [11,16], and via plasma 
esterases to its inactive metabolite. Either the parent drug or 
inactive or active metabolites may be responsible for off-target 
effects but while the parent form and active metabolite appear to 
cause myelotoxicity in vitro, myelotoxic effects seen clinically are 
thought to be secondary to carboxylate metabolites[12]. Given the 
lack of structural homology between ticagrelor and either clopi-
dogrel or its metabolites, off-target (i.e., non-P2Y12-mediated) 
effects of clopidogrel are unlikely to be shared with ticagrelor 
and are the most likely cause of the observations in the present 
study.

In previous analyses of platelet counts in the PLATO study, 
the median platelet count increased in the first month after ACS 
in both groups and remained similarly elevated over the subse-
quent 5 months of follow-up but there was significantly less 
increase at 1 month in the clopidogrel group compared to the 
ticagrelor group (1.0 × 109/L versus 10.0 × 109/L; 
P < .0001)[17].

Elevated inflammatory markers increase the risk of cardio-
vascular events while modulation of inflammation is increas-
ingly recognized as a therapeutic target in contemporary

Figure 2. White blood cell counts before and after cessation of study medication. Blue columns indicate ticagrelor treatment assignment. Purple 
columns indicate patients assigned to clopidogrel during the study medication period and patients receiving open-label clopidogrel 1 month after 
cessation of study medication; white columns indicate patients who did not transition to open-label clopidogrel after cessation of study treatment. ***, 
P < .001. ns, not significant; WBC, White blood cell count.
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medicine [8,18–20]. Anti-inflammatory agents such as colchi-
cine and canakinumab have been shown to reduce cardiovascular 
events compared with placebo, although methotrexate was not 
shown to be effective at reducing events in CIRT, suggesting 
differential effects depending on which inflammatory pathways 
are inhibited [21–24]. Although elevated WBC is associated 
with cardiovascular disease, it is unclear whether leukocytosis 
itself is a causative factor or an epiphenomenon, perhaps reflect-
ing the extent of atherosclerosis. Nevertheless, a modest off- 
target anti-inflammatory effect of clopidogrel may conceivably 
modulate inflammation-mediated atherothrombotic risk. This 
phenomenon, if present, could more markedly affect outcomes 
in stable patients who have a lower immediate risk of acute 
thrombosis compared with the longer-term risk of progression

of inflammation-mediated atherosclerosis. Such effects could 
explain the unexpected findings of the EUCLID trial, where 
ticagrelor was not superior to clopidogrel in a population at 
high risk of atherothrombotic events despite superior antiplatelet 
efficacy[3].

Limitations: PLATO compared ticagrelor and clopidogrel, 
thus we compared relative effect of these two medications 
for the duration of the trial, including non-randomized tran-
sition to open-label clopidogrel or no P2Y12 inhibitor fol-
lowing completion of study medication; there is no true 
control arm for these analyses. These post-hoc analyses are 
subject to the biases of observational study so the results, 
including p-values, should be considered hypothesis- 
generating.

Table I. Multivariable effect of randomized treatment, risk factor and interaction between treatment and risk factors on WBC at follow-up visit 
(unadjusted analysis).

Visit Interaction variable Variable level Treatment Geometric mean (95% C.I.) Relative increase (95% C.I.) Interaction P-value

1 month Diabetes Yes Clopidogrel 7.182 (7.076; 7.291) 0.933 (0.907; 0.960) 0.1303
Ticagrelor 7.696 (7.580; 7.815)

No Clopidogrel 6.958 (6.899; 7.018) 0.951 (0.936; 0.966)
Ticagrelor 7.317 (7.255; 7.379)

Sex Male Clopidogrel 6.992 (6.932; 7.053) 0.943 (0.928; 0.958) 0.2046
Ticagrelor 7.415 (7.350; 7.480)

Female Clopidogrel 7.065 (6.966; 7.166) 0.957 (0.933; 0.983)
Ticagrelor 7.380 (7.278; 7.483)

Non-hemorrhagic Stroke Yes Clopidogrel 7.237 (6.963; 7.523) 0.924 (0.858; 0.995) 0.3853
Ticagrelor 7.833 (7.520; 8.159)

No Clopidogrel 7.004 (6.951; 7.057) 0.948 (0.935; 0.961)
Ticagrelor 7.391 (7.335; 7.446)

Peripheral Arterial Disease Yes Clopidogrel 7.276 (7.066; 7.492) 0.939 (0.889; 0.991) 0.6658
Ticagrelor 7.752 (7.526; 7.985)

No Clopidogrel 6.995 (6.941; 7.048) 0.947 (0.934; 0.961)
Ticagrelor 7.382 (7.326; 7.439)

3 month Diabetes Yes Clopidogrel 7.280 (7.169; 7.392) 0.945 (0.918; 0.973) 0.1433
Ticagrelor 7.702 (7.580; 7.826)

No Clopidogrel 6.971 (6.911; 7.032) 0.963 (0.948; 0.979)
Ticagrelor 7.238 (7.176; 7.301)

Sex Male Clopidogrel 7.021 (6.959; 7.084) 0.957 (0.941; 0.973) 0.4245
Ticagrelor 7.335 (7.269; 7.401)

Female Clopidogrel 7.108 (7.006; 7.210) 0.967 (0.941; 0.993)
Ticagrelor 7.354 (7.249; 7.460)

Non-hemorrhagic Stroke Yes Clopidogrel 7.207 (6.915; 7.511) 0.929 (0.860; 1.004) 0.2723
Ticagrelor 7.756 (7.439; 8.086)

No Clopidogrel 7.039 (6.985; 7.094) 0.961 (0.947; 0.975)
Ticagrelor 7.326 (7.270; 7.383)

Peripheral Arterial Disease Yes Clopidogrel 7.476 (7.255; 7.705) 0.954 (0.902; 1.010) 0.7977
Ticagrelor 7.833 (7.597; 8.076)

No Clopidogrel 7.017 (6.962; 7.072) 0.960 (0.946; 0.974)
Ticagrelor 7.309 (7.252; 7.366)

6 month Diabetes Yes Clopidogrel 7.230 (7.105; 7.358) 0.959 (0.928; 0.991) 0.7763
Ticagrelor 7.537 (7.403; 7.674)

No Clopidogrel 6.885 (6.818; 6.953) 0.963 (0.946; 0.981)
Ticagrelor 7.147 (7.079; 7.216)

Sex Male Clopidogrel 6.948 (6.878; 7.019) 0.964 (0.946; 0.983) 0.8125
Ticagrelor 7.206 (7.133; 7.279)

Female Clopidogrel 7.013 (6.900; 7.128) 0.961 (0.933; 0.990)
Ticagrelor 7.297 (7.182; 7.414)

Non-hemorrhagic Stroke Yes Clopidogrel 6.971 (6.656; 7.300) 0.926 (0.850; 1.010) 0.2336
Ticagrelor 7.527 (7.182; 7.889)

No Clopidogrel 6.966 (6.905; 7.027) 0.965 (0.949; 0.980)
Ticagrelor 7.222 (7.160; 7.285)

Peripheral Arterial Disease Yes Clopidogrel 7.467 (7.219; 7.725) 0.985 (0.925; 1.049) 0.3349
Ticagrelor 7.578 (7.325; 7.840)

No Clopidogrel 6.933 (6.871; 6.995) 0.962 (0.946; 0.978)
Ticagrelor 7.209 (7.146; 7.273)

Linear model for log-transformed biomarker at follow-up visit. The model is adjusted for log-transformed biomarker level at baseline. The relative 
increase is the adjusted geometric mean ratio between subgroups. WBC, white blood cell count. 
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Figure 3. White blood cell (a) and neutrophil (b) count by treatment arm at each stage of follow up, with varying baseline levels of continuous 
risk factor. WBC, White blood cell count.

Figure 4. White blood cell counts at 3 months by treatment arm according to varying baseline levels of continuous risk factors: age (A), HbA1c 
(B), GDF-15 (C), NT-proBNP (D), eGFR C-G (E), eGFR MDRD (F). WBC, White blood cell count; HbA1c, hemoglobin A1c; GDF-15; growth 
differentiation factor 15; NT-proBNP, N-terminal pro-brain natriuretic peptide; eGFR, estimated glomerular filtration rate; C-G, Cockroft-Gault 
method; MDRD, modification of diet in renal diseases method.
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Conclusions

Clopidogrel therapy modestly suppresses WBC independently of 
baseline characteristics, pre-treatment inflammatory status and 
CYP2C19 genotype. The mechanism and clinical significance of 
this phenomenon are yet to be determined.
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