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Summary
Background The atherogenicity of remnant cholesterol (RC), a contributor to residual risk of cardiovascular events,
has been underlined by recent guidelines. We aimed to evaluate the relationship between RC levels and the efficacy
and safety of genotype-guided dual antiplatelet therapy in the CHANCE-2 trial.

Methods This post-hoc study used data from the CHANCE-2 trial, which was a randomised, double-blind, placebo-
controlled trial of 6412 patients (aged >40 years) enrolled from 202 hospitals in China, between Sept 23, 2019, and
March 22, 2021, who carried CYP2C19 loss-of-function alleles and had either an acute minor stroke or high-risk
transient ischaemic attack (TIA), and could start treatment within 24 h of symptom onset. Participants received
either (1:1) ticagrelor plus aspirin (control) or clopidogrel plus aspirin (intervention) and the effect of reducing the
3-month risk of any new stroke was assessed (ischemic or haemorrhagic, primary outcome). From the CHANCE-
2 study population, we enrolled 5890 patients with complete data on RC. The cutoff point of RC for
distinguishing patients with greater benefit from ticagrelor-aspirin versus clopidogrel-aspirin was determined with
subpopulation treatment effect pattern plot. The primary efficacy and safety outcome was recurrent stroke and
severe or moderate bleeding within 90 days, respectively. CHANCE-2 is registered with ClinicalTrials.gov,
NCT04078737.

Findings The cutoff to define elevated RC was 0.91 mmol/L. Ticagrelor-aspirin versus clopidogrel-aspirin was
associated with a reduced risk of recurrent stroke in patients with non-elevated RC levels (122 [5.3%] versus 179
[7.8%]; hazard ratio [HR], 0.68; 95% confidence interval [CI], 0.54–0.85), but this benefit was absent in those with
elevated RC levels (58 [8.4%] versus 48 [7.3%]; HR, 1.10; 95% CI, 0.73–1.65; P-interaction = 0.03). When analyzed
as a continuous variable, the benefit of ticagrelor-aspirin on recurrent stroke decreased as RC levels increased.
The rates of severe or moderate bleeding between treatment groups were similar across RC categories (0.3%
versus 0.3%, P-interaction = 0.95).

Interpretation Our post-hoc findings suggest that RC could be a potential biomarker to discriminate patients who
received more benefits from ticagrelor-aspirin versus clopidogrel-aspirin therapy in CYP2C19 loss-of-function
carriers with minor stroke or TIA. These findings need to be validated in an independent study.
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Research in context

Evidence before this study
We conducted a literature search of Web of Science and
PubMed using the search term “(remnant cholesterol) AND
(dual antiplatelet therapy or antiplatelet therapy or Ticagrelor
or Clopidogrel or Aspirin) AND (stroke) AND (CYP2C19)” for
the time period of database inception up to Oct 23, 2023,
without any language restrictions. No studies were found that
met these criteria. However, when we broadened the search
to include “platelet activity or platelet function” we identified
one original study that aimed to test the interaction between
lipid parameters and platelet function in patients with
coronary artery disease (CAD) on dual anti-platelet therapy.
The results showed that remnant cholesterol was not
significantly associated with platelet function in patients with
dual antiplatelet therapy of aspirin in combination of P2Y12
inhibitor of clopidogrel, prasugrel, or ticagrelor.

Added value of this study
To the best of our knowledge, no study has investigated the
relationship of remnant cholesterol levels with the efficacy
and safety of genotype-guided dual antiplatelet therapy in
CYP2C19 loss-of-function carriers with minor stroke or
transient ischemic attack (TIA). Our post-hoc study of the

CHANCE-2 trial found that ticagrelor-aspirin versus
clopidogrel-aspirin was associated with a reduced risk of
recurrent stroke in patients with non-elevated remnant
cholesterol levels, but this benefit was absent in those with
elevated remnant cholesterol levels. When analysed as a
continuous variable, the benefit of ticagrelor-aspirin on
recurrent stroke decreased as remnant cholesterol levels
increased. The rates of severe or moderate bleeding between
treatment groups were similar across remnant cholesterol
categories.

Implications of all the available evidence
The findings of our secondary analysis of the CHANCE-2 trial
indicate that baseline remnant cholesterol level may
discriminate the benefits of genotype-guided dual antiplatelet
therapy in CYP2C19 LOF carriers with minor stroke or TIA.
Patients with non-elevated remnant cholesterol received
more benefits from ticagrelor-aspirin therapy without
increasing in bleeding events, compared to clopidogrel-aspirin
therapy. The findings suggested that remnant cholesterol, as
a convenient parameter, may be applied to guide
individualised antiplatelet therapy in clinical practice. These
findings need to be validated in an independent study.
Introduction
Antithrombotic trials have proved the efficacy of dual
antiplatelet therapy with clopidogrel-aspirin or
ticagrelor-aspirin for treating patients with minor stroke
or transient ischemic attack (TIA).1–4 Whereas, a
considerable proportion of patients experience recurrent
stroke despite receiving appropriate antiplatelet treat-
ments. The high residual risk of recurrent stroke may be
attributable to the poor individual response to anti-
platelet therapy. Thus, early identification and manage-
ment of these patients is of greatly importance for the
secondary prevention of stroke.

Atherogenic dyslipidemia, characterised by high
triglyceride-rich lipoproteins and normal low-density
lipoprotein (LDL) cholesterol, is a common lipid dis-
order associated with increased cardiovascular disease
risk.5 It is considered as one of the main causes of lipid-
dependent residual risk, regardless of LDL cholesterol
concentration.5–9 Recent investigations revealed that the
residual risk might be attributable to the role of
remnant cholesterol (RC).5,10–12 As the cholesterol con-
tent of triglyceride-rich lipoproteins, RC, composed of
very-low and intermediate density lipoproteins (VLDL
and IDL) in the fasting state and chylomicron
remnants in the nonfasting state,13 is increasingly
acknowledged as an important causal risk factor in the
development of atherosclerotic cardiovascular disease
in various studies.5,13–17 It has been reported that the
components of RC were highly atherogenic and acted
by enhancing system inflammation, platelet activation,
coagulation, thrombus formation, and macrophage
foam cell formation, as a consequence, inadequate
platelet inhibition.18,19 However, current evidence
regarding the effects of RC on platelet activation was
limited and inconsistent.20–23 Additionally, little is
known about whether the benefits of different dual
antiplatelet strategies of aspirin in combination with
different P2Y12-receptor inhibitors varied with residual
risk measured by RC levels in patients with a history of
stroke.

In this secondary analysis, we aimed to investigate
the effect of RC levels on the efficacy and safety of
ticagrelor-aspirin versus clopidogrel-aspirin in patients
with minor ischemic stroke or TIA who carried
CYP2C19 loss-of-function (LOF) alleles, based on data
from the CHANCE-2 (Ticagrelor or Clopidogrel with
Aspirin in High-Risk Patients with Acute Nondisabling
Cerebrovascular Events II) trial.
www.thelancet.com Vol 67 January, 2024
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Methods
Study design and participants
This post-hoc study was conducted based on the
CHANCE-2 trial, which was a randomised, double-
blind, placebo-controlled trial enrolling 6412 patients
from 202 hospitals in China between Sept 23, 2019, and
March 22, 2021. Details on the study design, protocol,
and primary results of the CHANCE-2 trial have been
published elsewhere.4,24 Included patients were aged 40
or older, had either an acute minor stroke (defined by a
National Institutes of Health Stroke Scale score ≤3) or
high-risk TIA (defined by a ABCD2 [age, blood pressure,
clinical features, duration of TIA, and the presence or
absence of diabetes mellitus] score ≥4), carried
CYP2C19 LOF alleles identified using a rapid point-of-
care genotyping system, and could started the study
drug treatment within 24 h of symptom onset. We
excluded 522 patients with missing data on RC (Fig. 1).

The trial was approved by the ethics committee at
Beijing Tiantan Hospital (IRB approval number:
KY2019-035-02) and all participating centres. Written
informed consent was provided by all the patients or
their representatives before enrollment. CHANCE-2 is
registered with ClinicalTrials.gov, NCT04078737.

Randomisation, masking, and treatment
Within 24 h after symptom onset, patients were
randomly assigned in a 1:1 ratio to receive 90-days of
ticagrelor (180 mg loading dose on day 1 followed by
90 mg twice daily on days 2–90 plus placebo clopidogrel)
or clopidogrel (300 mg loading dose on day 1 followed
by 75 mg daily on days 2–90 plus placebo ticagrelor). All
patients received 21-days of aspirin (75–300 mg loading
dose on day 1 followed by 75 mg daily for 21 days). To
6412 participants of CHA

randomly allocated in

3205 Received ticagrelor and 
aspirin and were included in the 

Intention-to-treat population

658 patients with 
RC≥0.91mmol/L 

Excluded:
265 patients without 
lipids measurement

2282 patients with 
RC<0.91mmol/L  

Fig. 1: Flowchart of the study. RC
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ensure blinding, all individuals involved, including
participants, investigators, clinical research associates,
data analysts, and laboratory staff, were unaware of the
group allocation. Within CHANCE-2, as per the study
protocol, placebos for clopidogrel or ticagrelor were
identical to the active drugs in appearance and taste.
Minor side effects are unusual with the medication, so it
was not anticipated that either participants or clinicians
would be able to differentiate the placebos from the
active drugs.

Measurements of RC
Fasting venous blood samples were drawn in serum
separator tubes after randomisation for the biochemical
measurements. Serum lipids were measured by enzy-
matically with the Hitachi automated analyser 7600 by
laboratory personnel unaware of the clinical data. The
collection, preservation, and processing of the blood
samples were performed in accordance with laboratory’s
policies and procedures in each study centre. RC was
calculated as total cholesterol minus measured LDL
cholesterol minus measured high density lipoprotein
(HDL) cholesterol.5

Outcomes
The primary efficacy outcome was new ischemic or
hemorrhagic stroke within 90 days. The secondary effi-
cacy outcomes included new stroke within 30 days, a
vascular event (a composite of stroke, TIA, myocardial
infarction or vascular death) within 90 days, and
ischemic stroke within 90 days.

The primary safety outcome was severe or moderate
bleeding which was defined using the Global Utilization
of Streptokinase and Tissue Plasminogen Activator for
NCE-2 were 

to groups

3207 Received clopidogrel and 
aspirin and were included in the 

Intention-to-treat population

660 patients with 
RC≥0.91mmol/L 

Excluded:
257 patients without 
lipids measurement

2290 patients with 
RC<0.91mmol/L   

denotes remnant cholesterol.
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Occluded Coronary Arteries (GUSTO) criteria within 90
days.25 Secondary safety outcome was any bleeding
through 90 days of follow-up, details of bleeding events
have been reported previously.26 All efficacy and safety
outcomes were confirmed by an independent clinical
event adjudication committee, whose members were
unaware of the trial group assignments.

Statistical analysis
Since the threshold of RC level to predict recurrent
stroke remained undetermined, we used the subpopu-
lation treatment effect pattern plot (STEPP) methodol-
ogy to determine the cutoff. The STEPP was a common
method performed to evaluate treatment-effect hetero-
geneity when the hazard ratio (HR) expression was
measured on a continuous scale.27–30 To determine the
cutoff of RC for distinguishing patients with greater
benefit from this treatment arm, the change point of the
subpopulation RC, making the beginning of greater
divergence, was selected, and serial interactions be-
tween treatment groups and RC were explored.

Categorical variables were presented as percentages
and continuous variables as medians with interquartile
ranges (IQR). Baseline characteristics were analysed by
the χ2 test for the categorical variables and Wilcoxon test
for the continuous variables. Kaplan–Meier product
limit method was used to generate survival plots on the
primary efficacy outcome. Differences in the outcomes
during the 90-day follow-up period were assessed using
a Cox proportional hazard regression model with study
centres set as a random effect, and HRs with 95%
confidence intervals (CIs) were reported. When there
were multiple events of the same type, the time to the
first event was used in the model. Data from patients
who had no event during 90-day follow-up were
censored at termination of the trial or nonvascular
death. Interactions of treatments with RC categories
Fig. 2: Subpopulation treatment effect pattern plot for treatment gro
primary outcome of new stroke within 3 months. Plots showed that
cholesterol on the X-axis. Treatment effects were shown as a (A) differenc
with 95% confidence interval. The supremum P value denotes the interac
analysis. x-axis: subpopulations by median remnant cholesterol.
were evaluated with the addition of treatment by RC
categories in the Cox models. We also evaluated the
impact of RC levels as continuous variables on the effect
of dual-antiplatelet therapy in preventing recurrent
stroke assuming a linear relationship. To test the
robustness of the findings, two sensitivity analyses were
further performed. First, we excluded patients with
lipid-lowering treatment to avoid the effects of lipid-
lowering on the lipid parameters and recurrent stroke.
Second, the analyses were repeated in patients with a
low LDL cholesterol concentration (<100 mg/dL), as
suggested by most guidelines for the secondary pre-
vention of cardiovascular events.

All statistical analyses were performed with SAS
statistical software, version 9.4 (SAS Institute Inc) and R
software (version 4.2.2). All tests were 2-sided, and
P < 0.05 was considered statistically significant.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
the report.
Results
Determination of the RC cutoff
In the STEPP, the event rate curve in the HR of the
primary efficacy outcome in the ticagrelor-aspirin group
and that in the clopidogrel-aspirin group gradually nar-
rowed with increasing RC levels. Notably, the two curves
intersected at the subpopulation of 0.91 mmol/L for RC
in terms of survival rate and the difference in HR
(Fig. 2). Additionally, in the subpopulation of
0.91 mmol/L for RC, the difference in the HR was
markedly over zero, and the HR was below 1 (Fig. 2).
Accordingly, the cutoff point of RC determined in our
study was 0.91 mmol/L.
ups and remnant cholesterol. The treatment effect is defined as the
treatment effects in subpopulations denoted by median remnant
es in survival rate; (B) differences in hazard ratio, and (C) hazard ratios
tion term derived from subpopulation treatment effect pattern plot

www.thelancet.com Vol 67 January, 2024
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Baseline characteristics
From CHANCE-2, 5890 patients with complete data on RC
were included. Baseline characteristics between patients
included and excluded were well balanced, except that the
patients included were more likely to have a higher level of
diastolic blood pressure, a higher proportion of ischemic
stroke history and current smokers. There was no differ-
ence in the rate of recurrent stroke within 90 days between
the two groups of patients (Table S1).

Among the patients in this study, the median RC
levels were 0.60 mmol/L (IQR, 0.38–0.87 mmol/L), 4572
Characteristics RC <0.91 m

Ticagrelor-a
(N = 2282)

Median age (IQR)–yr 65.4 (57.2–

Female sex–no. (%) 717 (31.4

Han ethnicity–no. (%) 2236 (98.0

Median blood pressure (IQR)–mm Hg

Systolic 148 (135–

Diastolic 86 (80–9

Medical history–no. (%)

Hypertension 1384 (60.6

Diabetes mellitus 539 (23.6

Dyslipidemia 224 (9.8)

Previous ischemic stroke 506 (22.2

Previous TIA 35 (1.5)

Myocardial infarction 34 (1.5)

Current smoking–no. (%) 730 (32.0

CYP2C19 LOF allele carriers–no. (%)

Intermediate metabolizers 1774 (77.7)

Poor metabolizers 508 (22.3

Median time from symptom onset to randomization, n (%)

<12 h 963 (42.2

≥12 h 1319 (57.8

Qualifying event–no. (%)

Ischemic stroke 1850 (81.1

TIA 432 (18.9

Median NIHSS score in patients with qualifying ischemic stroke
(IQR)a

2 (1–3)

Median ABCD2 score in patients with qualifying TIA (IQR)b 4 (4–5)

Previous antiplatelet therapy–no. (%)c 277 (12.1)

Previous lipid-lowering therapy–no. (%)c 182 (8.0)

Antihypertensive therapy during the treatment–no. (%) 2182 (95.6

Lipid-lowering therapy during the treatment–no. (%) 1279 (56.0

Symptomatic ICAS, n (%) 857 (40.5

Symptomatic ECAS, n (%) 192 (9.1)

Total cholesterol, mmol/L 4.4 (3.8–5

Triglyceride, mmol/L 1.3 (0.9–1

LDL-C, mmol/L 2.8 (2.2–3

HDL-C, mmol/L 1.1 (1.0–1

ECAS denotes extracranial artery stenosis. ICAS denotes intracranial artery stenosis. IQR d
denotes high density lipoprotein cholesterol. RC denotes remnant cholesterol. TIA deno
higher scores indicating more severe stroke. bABCD2 score assesses the risk of stroke on
ranging from 0 to 7 and higher scores indicating greater risk. cMedication within 1 mo

Table 1: Baseline characteristics according to RC and treatment.
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patients (77.6%) with RC <0.91 mmol/L, and 1318 pa-
tients (22.4%) with elevated RC (RC ≥0.91 mmol/L).
Baseline characteristics were not significantly different
between ticagrelor-aspirin and clopidogrel-aspirin
groups within RC categories (Table 1).

Efficacy and safety outcomes
The proportional hazards assumption was met in all
analyses. As presented in Table 2 and Fig. 3, ticagrelor-
aspirin significantly reduced the risk of recurrent stroke
within 90 days in patients with non-elevated RC
mol/L (N = 4572) RC ≥0.91 mmol/L (N = 1318)

spirin Clopidogrel-aspirin
(N = 2290)

Ticagrelor-aspirin
(N = 658)

Clopidogrel-aspirin
(N = 660)

71.7) 64.9 (57.2–71.8) 63.4 (56.1–70.1) 63.5 (55.6–69.5)

) 746 (32.6) 263 (40.0) 248 (37.6)

) 2236 (97.6) 650 (98.8) 651 (98.6)

162) 148 (135–160) 150 (138–163) 150 (137–164)

4.5) 86 (80–95) 88 (80–96) 86.5 (80–96)

) 1421 (62.1) 421 (64.0) 409 (62.0)

) 508 (22.2) 205 (31.2) 186 (28.2)

213 (9.3) 68 (10.3) 54 (8.2)

) 513 (22.4) 116 (17.6) 124 (18.8)

36 (1.6) 7 (1.1) 2 (0.3)

24 (1.0) 12 (1.8) 14 (2.1)

) 710 (31.0) 205 (31.2) 202 (30.6)

1811 (79.1) 513 (78.0) 500 (75.8)

) 479 (20.9) 145 (22.0) 160 (24.2)

) 919 (40.1) 250 (38.0) 261 (39.5)

) 1371 (59.9) 408 (62.0) 399 (60.5)

) 1834 (80.1) 513 (78.0) 541 (82.0)

) 456 (19.9) 145 (22.0) 119 (18.0)

2 (1–3) 2 (1–3) 2 (1–3)

4 (4–5) 4 (4–5) 4 (4–5)

268 (11.7) 73 (11.1) 69 (10.5)

188 (8.2) 50 (7.6) 35 (5.3)

) 2175 (95.0) 638 (97.0) 627 (95.0)

) 1274 (55.6) 400 (60.8) 371 (56.2)

) 868 (40.8) 264 (42.6) 224 (37.1)

177 (8.3) 60 (9.7) 57 (9.4)

.1) 4.4 (3.8–5.1) 5.3 (4.7–6.0) 5.3 (4.3–6.10)

.7) 1.3 (0.9–1.7) 2.5 (1.7–3.4) 2.4 (1.6–3.5)

.4) 2.8 (2.2–3.4) 3.0 (2.4–3.6) 2.9 (2.3–3.6)

.4) 1.1 (1.0–1.3) 1.1 (0.9–1.3) 1.0 (0.9–1.3)

enotes interquartile range. LOF denotes loss-of-function. LDL-C denotes low density lipoprotein cholesterol. HDL-C
tes transient ischemic attack. aNational Institutes of Health Stroke Scale (NIHSS) scores range from 0 to 42, with
the basis of age, blood pressure, clinical features, duration of TIA, and presence or absence of diabetes, with scores
nth before symptom onset.
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Outcomes RC < 0.91 mmol/L RC ≥0.91 mmol/L Pint

Ticagrelor-aspirin
event rate (%)a

Clopidogrel-aspirin
event rate (%)a

HR (95% CI) P value Ticagrelor-aspirin
event rate (%)a

Clopidogrel-aspirin
event rate (%)a

HR (95% CI) P value

Primary outcome

Stroke 122 (5.3) 179 (7.8) 0.68 (0.54–0.85) <0.001 55 (8.4) 48 (7.3) 1.10 (0.73–1.65) 0.64 0.03

Secondary outcome

Stroke within 30
days

102 (4.5) 153 (6.7) 0.66 (0.51–0.85) <0.001 41 (6.2) 39 (5.9) 1.02 (0.64–1.62) 0.95 0.11

Composite vascular
eventsb

153 (6.7) 216 (9.4) 0.70 (0.57–0.86) <0.001 59 (9.0) 56 (8.5) 1.05 (0.71–1.54) 0.81 0.07

Ischemic stroke 121 (5.3) 175 (7.6) 0.68 (0.54–0.86) <0.001 54 (8.2) 47 (7.1) 1.11 (0.73–1.67) 0.63 0.04

Primary safety outcome

Severe or moderate
bleedingc

7 (0.3) 8 (0.3) 0.91 (0.33–2.54) 0.86 2 (0.3) 2 (0.3) 0.89 (0.12–6.31) 0.90 0.95

Secondary safety outcome

Any bleeding 117 (5.1) 58 (2.5) 2.13 (1.54–2.94) <0.001 41 (6.2) 18 (2.7) 2.13 (1.18–3.84) 0.01 0.99

CI denotes confidence interval. ESER denotes Essen Stroke Risk Score. HR denotes hazard ratio. mRS denotes modified Rankin Scale. TIA denotes transient ischemic attack. aEvent rates for ordinal stroke or
TIA are raw estimates, whereas event rates for other outcomes are Kaplan–Meier estimates of the percentage of patients with events at 90 days. bComposite vascular events include ischemic stroke,
hemorrhagic stroke, TIA, myocardial infarction, vascular death. cSevere or moderate bleeding and mild bleeding were defined according to GUSTO (Global Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded Coronary Arteries) criteria.

Table 2: Efficacy and Safety Outcomes of patients with different antiplatelet therapies stratified by RC.
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(RC <0.91 mmol/L) (122 [5.3%] versus 179 [7.8%]; HR,
0.68; 95% CI, 0.54–0.85; P < 0.001), while the benefit
disappeared in patients with elevated RC (58 [8.4%]
versus 48 [7.3%]; HR, 1.10; 95% CI, 0.73–1.65; P = 0.64)
(P = 0.03 for interaction). When considered as a
continuous variable, RC levels also significantly modu-
lated the effect of ticagrelor-aspirin on the primary
outcome when the relationship was evaluated assuming
linearity. As RC levels increased, the risk of recurrent
stroke within 90 days increased in patients receiving
ticagrelor-aspirin compared with those receiving
clopidogrel-aspirin (Fig. 4). Secondary outcomes yielded
similar trends with the primary outcome (Table 2).

The primary safety outcome of severe or moderate
bleeding occurred with similar frequency in the
ticagrelor-aspirin group and clopidogrel-aspirin group
Fig. 3: Cumulative probability of stroke according to RC levels (A. RC
treatments. RC denotes remnant cholesterol.
independent of RC levels (0.3% versus 0.3% in both
groups, P for interaction = 0.95). Similarly, the rate of
any bleeding was similar in patients with different RC
categories (Table 2).

Sensitivity analyses
After excluding 455 patients with previous lipid-
lowering, the results did not change materially
(Table S2). Ticagrelor-aspirin was associated with a
reduced rate of recurrent stroke in patients with non-
elevated RC (HR, 0.64; 95% CI, 0.50–0.82; P < 0.001),
but not in patients with elevated RC (HR, 1.09; 95% CI,
0.72–1.65; P = 0.69) (P = 0.03 for interaction). Addi-
tionally, the trends persisted in patients with LDL
cholesterol <100 mg/dL (2.6 mmol/L) (N = 2416), the
benefit of ticagrelor-aspirin versus clopidogrel-aspirin
< 0.91 mmol/L and B. RC ≥ 0.91 mmol/L) and dual-antiplatelet

www.thelancet.com Vol 67 January, 2024
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Fig. 4: Distribution of RC and effects of ticagrelor-aspirin versus clopidogrel-aspirin on the primary efficacy outcome by RC as a
continuous variable. CI denotes confidence interval. RC denotes remnant cholesterol. HR denotes hazard ratio. Figure A shows the distribution
of RC. Figure B shows the linear association between RC and hazard ratio for the primary efficacy outcome. The significant interaction test
indicates that the slope is significantly different from zero.

Articles
was also observed in patients with non-elevated RC
(P = 0.04 for interaction) (Table S3). No significant dif-
ference in safety outcomes across RC categories was
observed in both sensitivity analyses.
Discussion
This post-hoc analysis of the CHANCE-2 trial found that
RC discriminated the efficacy of ticagrelor-aspirin and
clopidogrel-aspirin in CYP2C19 LOF carriers with mi-
nor stroke or TIA. Specifically, with respect to patients
with non-elevated RC, ticagrelor-aspirin therapy reduced
the risk of recurrent stroke within 90 days by 32% and
without increased bleeding events, compared with
clopidogrel-aspirin therapy.

Although LDL-C and non-HDL-C are major athero-
genic lipids, our exploratory results showed that as LDL-
C levels increased, the risk of recurrent stroke within 90
days did not significantly increase in patients receiving
ticagrelor-aspirin compared with those receiving
clopidogrel-aspirin. However, there was no significant
interaction between LDL-C levels and dual-antiplatelet
therapy in terms of recurrent stroke within 90 days (P
for interaction = 0.36) (Figure S1). As previously re-
ported by the CHANCE trial, the efficacy of dual-
antiplatelet therapies did not differ by LDL-C levels,
thus we needed to explore other potential lipids bio-
markers to determine patients who would receive more
benefits from dual-antiplatelet therapy. In terms of non-
HDL, it was equivalent to the combined LDL-C,
remnant cholesterol, and lipoprotein(a) cholesterol.
Considering the non-significant component of LDL-C,
and the undermined role of remnant cholesterol and
www.thelancet.com Vol 67 January, 2024
other components in non-HDL-C, we primarily investi-
gate the role RC, rather non-HDL-C in our study. While
the effects of non-HDL-C on the efficacy and safety of
dual-antiplatelet deserved to be explored in our future
investigations.

Our study used fasting blood samples to calculated
RC. The composition of RC was different in the fasting
and nonfasting state, with VLDL and IDL in the fasting
state and of chylomicron remnants in the nonfasting
state. Studies reported that compared with the fasting
state, maximal mean changes in random, nonfasting RC
was +8 mg/dL (0.2 mmol/L) in the general population.
However, in most individuals, the differences in plasma
fasting and nonfasting RC are small and therefore likely
clinically insignificant. Additionally, the European
Atherosclerosis Society recommends that nonfasting
lipid profiling, including calculation of remnant
cholesterol, can be used routinely in clinics given that
both fasting and nonfasting conditions have been shown
to be good predictors for CVD and for the evaluation of
treatment response. We found the association of RC
with the risk of stroke were consistent with fasting and
nonfasting measurements in previous studies, indi-
cating different states may not have an important effect
on the associations of RC with the risk of stroke. Since
no relevant evidence regarding the effects of RC on
antiplatelet therapies among patients with minor stroke
or TIA, whether the modified role of RC may be
different for nonfasting state needed further
investigations.

Notably, the cutoff points to determined elevated RC
in the secondary prevention of atherosclerotic diseases
were inconsistent without a commonly recognised
7
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value. For example, the Copenhagen General Population
Study showed that among individuals with baseline di-
agnoses of myocardial infarction/ischemic stroke, a
lower remnant cholesterol of 0.8 mmol L−1 (32 mg
dL−1) was estimated to reduce recurrent major cardio-
vascular event by 20% in secondary prevention.31 While
the Improving Care for Cardiovascular Disease in China
(CCC) study defined elevated RC as ≥1.0 mmol/L
among patients with acute coronary syndrome in the
secondary prevention of atherosclerotic cardiovascular
disease.32 In our study, as RC levels increased, the risk of
recurrent stroke within 90 days increased in patients
receiving ticagrelor-aspirin compared with those
receiving clopidogrel-aspirin, and elevated RC was
defined as RC levels over 0.91 mmol/L by using the
STEPP method. Additionally, using the cutoff points
provided in previous studies, we still observed a signif-
icant interaction between RC levels and dual-antiplatelet
therapy in terms of the risk of recurrent stroke within 3
months (P for interaction was 0.02 and 0.04, respec-
tively, data were not shown). These results indicated that
RC may be a potential biomarker to discriminate pa-
tients who received more benefits from ticagrelor-
aspirin, although the precious cutoff point of RC still
needed to be validated in other studies.

Experimental and human studies have illustrated the
effects of RC and its components on platelet activity,
generating inconsistent conclusions. A vitro experiment
study explored the effects of remnant-like particles on
shear-induced platelet activation and their inhibition by
antiplatelet agents. The results showed that aspirin and
cilostazol inhibited the enhancement of not only shear-
induced platelet aggregation but also p-selectin expres-
sion and platelet-derived microparticle generation by
remnant-like particles.20 Orth et al. investigated the in-
vitro effects of VLDL, chylomicrons, and chylomicron
remnants from hypertriglyceridemic participants on the
aggregation behavior of platelets from normolipemic
donors, the results showed that triglyceride-rich lipo-
proteins could inhibit platelet aggregation in vitro.22

Similarly, Mochizuki et al. also found that chylomi-
cron remnant and VLDL remnant significantly
enhanced the platelet aggregation in healthy persons.23

However, human studies yielded inconsistent conclu-
sions. A study enrolled 58 patients with coronary artery
disease to investigate the interaction between lipid pa-
rameters and platelet function. The results showed that
RC was not significantly associated with platelet func-
tion in patients with dual antiplatelet therapy of aspirin
in combination of P2Y12 inhibitor of clopidogrel, pra-
sugrel, or ticagrelor.21 The discrepancies between
experimental studies and human studies indicated that
effect of RC on platelet activation may be influenced by
antiplatelet therapy, however, this hypothesis was not
confirmed yet. Additionally, none of these researches
was conducted among patients with stroke. Our study
added novelty evidence on this topic by comparing
different antiplatelet strategies and the interaction of RC
with antiplatelet therapy among patients with minor
stroke or TIA. The results showed that ticagrelor-aspirin
therapy was superior to clopidogrel-aspirin therapy in
patients with non-elevated RC.

Alongside LDL cholesterol, triglyceride-rich lipopro-
teins (mainly RC and triglyceride) have been emerging
as a new target for the secondary prevention of stroke.
Several randomised clinical trials, such as the JELIS
(Japan EPA Lipid Intervention Study),33 REDUCE-IT
(Reduction of Cardiovascular Events With Icosapent
Ethyl–Intervention Trial),33 STRENGTH (Long-Term
Outcomes Study to Assess STatin Residual Risk
Reduction With EpaNova in HiGh CV Risk PatienTs
With Hypertriglyceridemia),34 and PROMINENT
(Pemafibrate to Reduce Cardiovascular OutcoMes by
Reducing Triglycerides IN patiENts With diabesTes)35

trials, have shown the potential benefits of lowering
triglyceride-rich lipoproteins on reducing recurrent
major cardiovascular events in patients with cardiovas-
cular disease. Given the synergistic effects of lipid-
lowering agents and antiplatelet therapies on prevent-
ing thrombotic disease, our study excluded patients who
were treated with lipid-lowering agents, and the results
showed that even in patients without lipid-lowering
agents, the benefit of ticagrelor-aspirin on reducing
recurrent stroke remained. Additionally, many studies
have shown the discordance between LDL cholesterol
and RC on the risk of ischemic events,17,36,37 which per-
sisted in the secondary prevention of stroke. Our results
showed that even in patients with optimal LDL choles-
terol, those with elevated RC did not receive the same
benefit from ticagrelor-aspirin as those with non-
elevated RC, indicating RC plays an independent role
in discriminating the benefits of dual antiplatelet
therapy.

Possible mechanisms underlying our findings that
ticagrelor-aspirin was associated with a reduced risk of
recurrent stroke in patients with non-elevated RC may
be a synergistic relationship between thrombotic effects
of elevated RC and the antithrombotic effects of dual
antiplatelet treatment. The causal associations of RC and
high risk of stroke have been widely confirmed in
observational and genetic studies, which could be
explained by the fact that RC causes atherosclerosis,
either directly in the cerebral vessels or in more vessels
like the carotid artery or in the heart, from where blood
clots can cause an embolism to the cerebral arteries.5,10–12

RC can be taken up directly by macrophages without any
need for prior modification, thereby converting such cell
into foam cells, which is a hallmark of atherosclerosis
lesions.38,39 Also, high RC concentrations are associated
with low-grade inflammation, which could be caused by
inflammation in the arterial wall and be associated with
unstable plaques.40 Studies demonstrated that in-
dividuals with high RC exhibited an increased bone
marrow activity, higher monocyte counts with a higher
www.thelancet.com Vol 67 January, 2024
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expression of integrins involved in adhesion to the
arterial wall, and higher lipid accumulation on mono-
cytes.41 Therefore, high levels of platelet inhibition may
not be sufficient for adequate protection against
ischemic events in patients with elevated RC, and the
benefit of ticagrelor over clopidogrel may not be evident
in patients with elevated RC. While the more precise
mechanisms underlying the results needed further
investigations.

Several limitations of our study should be noted.
First, RC concentration was not measured directly, it
was obtained by calculation with the baseline lipid pro-
files, which may deviate from the actual level. However,
the calculated RC is closely correlated with the directly
measured RC and is convenient for routine clinical
application with no extra expense, thus the calculated
RC is more commonly used in population studies.42

Second, the performance of RC as a biomarker is eval-
uated in the same data from which the cut-off was
determined, which may leads to an overoptimistic
assessment of the performance of the biomarker, thus
the findings needed to be validated in an independent
study. Third, this is a post hoc analysis to determine the
effect of RC on the treatment efficacy, the RC groups
obtained by post hoc analysis were not specifically
powered for the primary or key secondary outcomes.
Fifth, the RC used in our study was in the fasting state,
considering the different components of RC in the
fasting and nonfasting state, whether the results were
available for nonfasting RC needed further explorations.
Finally, the study was conducted in Chinese population,
the findings needed to be validated in other ethnicities.

This post-hoc analysis of the CHANCE-2 trial found
evidence to suggest that baseline RC level may
discriminate the benefits of genotype-guided dual anti-
platelet therapy in CYP2C19 LOF carriers with minor
stroke or TIA. Patients with non-elevated RC received
more benefits from ticagrelor-aspirin therapy without
increasing in bleeding events, compared to clopidogrel-
aspirin therapy. The findings suggested that RC, as a
convenient parameter, may be applied to guide indi-
vidualised antiplatelet therapy in clinical practice, while
the findings still needed to be validated in an indepen-
dent study.
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