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Ticagrelor vs. Clopidogrel in Japanese, Korean and
Taiwanese Patients With Acute Coronary Syndrome
— Randomized, Double-Blind, Phase Il PHILO Study —

Shinya Goto, MD, PhD; Chien-Hua Huang, MD, PhD; Seung-Jung Park, MD, PhD;
Héakan Emanuelsson, MD, PhD; Takeshi Kimura, MD, PhD

Background: Few data on the relative efficacy and safety of new P2Y12 inhibitors such as prasugrel and ticagrelor
in Japanese, Taiwanese and South Korean patients with acute coronary syndromes (ACS) exist.

Methods and Results: The multicenter, double-blind, randomized PHILO trial compared the safety and efficacy of
ticagrelor vs. clopidogrel in 801 patients with ACS (Japanese, n=721; Taiwanese, n=35; South Korean, n=44;
unknown ethnicity, n=1). All were planned to undergo percutaneous coronary intervention and randomized within
24 h of symptom onset. Primary safety and efficacy endpoints were time to first occurrence of any major bleeding
event and to any event from the composite of myocardial infarction, stroke or death from vascular causes, respec-
tively. At 12 months, overall major bleeding occurred in 10.3% of ticagrelor-treated patients and in 6.8% of clopido-
grel-treated patients (hazard ratio (HR), 1.54; 95% confidence interval (Cl): 0.94-2.53); the composite primary
efficacy endpoint occurred in 9.0% and in 6.3% of ticagrelor- and clopidogrel-treated patients, respectively (HR, 1.47;
95% CI: 0.88-2.44). For both analyses, the difference between groups was not statistically significant.

Conclusions: In ACS patients from Japan, Taiwan and South Korea, event rates of primary safety and efficacy
endpoints were higher, albeit not significantly, in ticagrelor-treated patients compared with clopidogrel-treated
patients. This observation could be explained by the small sample size, imbalance in clinical characteristics and low

number of events in the PHILO population.

(Circ J 2015; 79: 2452—-2460)
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cardial infarction (MI) in Japan was reported to be approx-

imately 25% of the incidence in the USA,! but registry
data indicate that the incidence in Japan has steadily increased
between 1979 and 2008." In patients with acute coronary syn-
drome (ACS), the incidence of ST-segment elevation MI
(STEMI) was higher in patients from the Japanese PACIFIC
registry? than in those from the global GRACE registry.® The
vast majority (93.5%) of ACS patients in Japan undergo percu-
taneous coronary intervention (PCI) with angiography or stent
implantation,? while data from the global registries GRACE
and CRUSADE report a lower rate of PCI (50-60%).># Anti-
platelet therapy is used in >90% of ACS patients, both in
Japan and worldwide.?33

I n the early 21st century, the annual incidence of acute myo-

Editorial p2326

Dual antiplatelet therapy with aspirin and a P2Y 12 receptor
antagonist is the established standard of care in ACS patients®
(unstable angina/non ST-segment elevation MI [NSTEMI],”8
and STEMP®), especially in those undergoing PCIL.!® Given that
evidence-based clinical guidelines for Asian countries often
rely on data obtained elsewhere,!! current clinical practice does
not differ largely from that in other regions of the world regard-
ing antiplatelet therapy in ACS patients, except for the lower
dose of prasugrel in Japan.231213

With regard to the use of clopidogrel, poor drug metabolism
is more common in Asian populations compared with other
international regions, due to the prevalence of CYP2C19 loss-
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of-function alleles in these patients.! The overall rate of throm-
botic complications (eg, stent thrombosis), however, is generally
lower in patients from Asia than in patients from the USA and
Europe,'>16 suggesting that regional differences in thrombo-
genesis may also influence the altered response of clopidogrel
to the onset of thrombotic events in Asian patients.'?

Ticagrelor is the first of a new class of adenosine diphosphate
(ADP) receptor antagonists, which does not require metabolic
activation'” and has a unique mode of action that encompasses
inhibition of both P2Y12 and equilibrative nucleoside transporter
1 (ENT1).13-20 ENTI1 inhibition increases adenosine plasma
concentration in ACS patients,'” which augments the antiplate-
let effect®” and may contribute to other cardioprotective effects
such as vasodilation and increases in coronary blood flow.?!
The global Phase Il PLATO trial demonstrated that ticagrelor
significantly reduced the composite of MI, stroke and death
from vascular causes, without increasing overall major bleed-
ing, compared with clopidogrel in patients with ACS.!”
Ticagrelor, however, was associated with a higher rate of
major bleeding not related to coronary artery bypass grafting
(CABG) compared with clopidogrel.!” The Asian/Australian
subgroup of the PLATO population represented 6% of patients
overall,” but did not include any patients from Japan. The
current Phase IIl study (PHILO) was designed to investigate
the efficacy, safety and tolerability of ticagrelor vs. clopido-
grel in Japanese and East Asian patients with ACS. The
ticagrelor dose chosen for PHILO was selected on the basis
that it was previously shown to provide superior inhibition of
platelet aggregation relative to clopidogrel in Asian patients
with chronic stable coronary artery disease (CAD).??

Methods

PHILO, which was designed to mirror PLATO, was a multi-
center, randomized, double-blind, double-dummy, parallel-
group, non-event-driven study conducted in Japan and East
Asian countries (NCT01294462; study code: D5130C00027).
Unlike PLATO, PHILO was not statistically powered to detect
treatment differences between groups. Instead, PHILO was
designed to explore the consistency of the effects of ticagrelor
in PLATO patients with patients from Japan, South Korea and
Taiwan, because PLATO did not include any patients from
Japan and few from South Korea or Taiwan.

An independent, external clinical endpoint committee
reviewed and adjudicated the efficacy and bleeding endpoints;
an independent data and safety monitoring board monitored
the trial and had access to the unblinded data (Methods in
Supplementary File 1). The sponsor coordinated the data
management. Statistical analysis was performed by the spon-
sor, and confirmed by a third party (Uppsala Clinical Research
Centre, Uppsala, Sweden), both of whom had full access to the
final study data. If there was a difference between the analysis
by the sponsor and the third party, the result calculated by the
third party was used. The study was designed in accordance
with the Declaration of Helsinki and was consistent with the
International Committee on Harmonization, Good Clinical
Practice and applicable regulatory requirements, and the
AstraZeneca bioethics policy. The protocol was approved by
the appropriate national and institutional regulatory authorities
and ethics committees, and all participants provided written
informed consent.

Patients
Patients were eligible if they were hospitalized for ST- or non-
ST-segment elevation ACS with onset of symptoms during the

previous 24 h (cardiac ischemic symptoms of 210 min duration
at rest) and if PCI was planned. Inclusion and exclusion criteria
were similar to those for PLATO,” with major exclusion criteria
being any contraindication against the use of clopidogrel; active
bleeding or a history of bleeding; fibrinolytic therapy within 24 h
before randomization; need for oral anticoagulation therapy;
increased risk of bradycardia; and concomitant therapy with a
strong CYP3A inhibitor or inducer. The aim was to recruit
approximately 800 patients from Japan and East Asian countries.

Study Treatment
Patients were randomly assigned 1:1 to receive ticagrelor or
clopidogrel, administered in a double-blind, double-dummy
fashion. Randomization was performed using a central inter-
active web response or voice system. Directly after random-
ization, patients received either oral ticagrelor tablets (or
matching placebo), or oral clopidogrel capsules (or matching
placebo). In the ticagrelor group, patients received an initial
loading dose of 180mg, followed by 90 mg twice daily (b.i.d.)
and once-daily (0.d.) placebo tablets. In the active clopidogrel
group, patients who were clopidogrel naive received an initial
loading dose of 300 mg clopidogrel or matching placebo, then
75mg o.d. and placebo capsules b.i.d. thereafter. Patients in
the clopidogrel group who had already received a loading dose
or who were already taking maintenance doses of clopidogrel
or ticlopidine for =5 days prior to randomization were given
clopidogrel 75mg o.d. plus placebo capsules b.i.d. The ticagre-
lor dose was chosen based on a dose-guiding pharmacody-
namic (PD) study in Asian patients,?* and the clopidogrel dose
was based on international guideline recommendations for
Japanese clinical practice.®!? In patients undergoing CABG,
the blinded study drug (eg, active drug or placebo) was with-
held for 5 days in the clopidogrel group and for 24—72h in the
ticagrelor group — consistent with the protocol of PLATO. All
patients received acetylsalicylic acid (aspirin) at a dose of
75-100mg once daily (a loading dose of up to 330mg was
permitted) unless aspirin was contraindicated or poorly toler-
ated. In contrast, higher doses of aspirin were used in PLATO
(160-500mg loading dose, 75—325 mg daily maintenance dose).
Outpatient visits were scheduled at 1, 3, 6, 9 and 12 months,
with a safety follow-up visit 1 month after the end of treatment.
The randomized treatment was scheduled for at least 6 months
and up to 12 months, consistent with the PLATO study.!”

Endpoints and Study Aims

The study had 2 primary co-objectives: (1) assessment of the
short- and long-term safety and tolerability (especially bleeding)
of ticagrelor vs. clopidogrel, administered on a background of
low-dose aspirin; and (2) evaluation of the effect of ticagrelor
vs. clopidogrel in the prevention of vascular events. Efficacy
and safety endpoints were defined as in the PLATO study.!”
Major life-threatening bleeding was defined as fatal bleeding,
intracranial bleeding, intrapericardial bleeding with cardiac
tamponade, hypovolemic shock or severe hypotension due to
bleeding and requiring vasopressors or surgery, decline in
hemoglobin =5.0 g/dl, or the need for transfusion of at least 4
units of whole blood or packed red blood cells.!” Bleeding that
required medical intervention but did not meet the criteria for
major bleeding was defined as minor, and bleeding that did not
require intervention was defined as minimal (Methods in
Supplementary File 1). Peri-procedural MI were defined as
elevation of creatine kinase-myocardial band >300% that of
laboratory specified upper normal limits (with or without devel-
opment of pathological Q-waves on electrocardiogram [ECG]),
with no symptoms required.
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The primary efficacy variable in PHILO was the same as in
PLATO, which was time to first occurrence of MI, stroke or
death from vascular causes.!” During the analysis, however, it
became clear that 62% of primary endpoint events during
follow-up were associated with peri-procedural MI, in contrast
to spontaneous MI. Although there is evidence to suggest that
infarct size is predictive of subsequent cardiovascular (CV)
death,? the majority of peri-procedural MI are small and are
not associated with CV death. A post-hoc analysis was there-
fore undertaken using the composite endpoint of spontaneous
ML, stroke, or CV death. Secondary efficacy endpoints were
the individual components of the primary composite endpoint
variable, all-cause mortality, and any of the following events:
vascular death, MI (including silent MI on ECG), stroke,
recurrent cardiac ischemia, transient ischemic attack (TIA), or
other arterial thrombotic events.

Vital signs were assessed at each study visit; ECG record-
ings were undertaken at baseline, month 1 and at the end of
treatment; blood samples were taken for hematology and bio-
chemistry assessments at months 1, 3, 6 and at the end of
treatment. A subgroup of 101 Japanese patients also under-
went 24-h Holter ECG recording at visit 1 and visit 2.

Pharmacokinetic (PK) and PD Evaluation

A substudy of PK and PD parameters was undertaken. PK data
were collected from all patients and PD data were collected
only from Japanese patients who provided written informed
consent (Methods in Supplementary File 1).

Statistical Analysis

A sample size of 800 patients (730 from Japan, 30 from South
Korea and 40 from Taiwan) was expected, based on recruit-
ment estimates from 110 investigational centers. Efficacy
analyses were undertaken on the full analysis set (FAS), which
consisted of all patients randomized to treatment (equivalent
to the intention-to-treat population). Safety data were analyzed
for all patients who took at least 1 dose of study medication
(equivalent to the on-treatment population). For primary effi-
cacy and safety endpoints, treatment groups were compared
using the Cox proportional hazards model with a factor for
treatment group, and censored at the last available assessment
for those who did not report an endpoint event. All patients
who discontinued the study drug but who did not withdraw
were followed up for study endpoints. The risk of an event in
the ticagrelor group relative to the clopidogrel group is presented
as hazard ratios (HR) with 2-sided 95% confidence intervals
(CI). The contribution of each component of the composite
efficacy endpoint to the overall treatment effect was exam-
ined. The occurrence of the primary efficacy endpoint in
selected subgroups (based on baseline patient demographic
and clinical characteristics) was examined if there were at
least 15 events in each subgroup. Data on the secondary com-
posite endpoints and all-cause mortality were analyzed in a
similar manner to the primary efficacy endpoint, but descrip-
tive analysis only was undertaken on the individual compo-
nents of secondary endpoints. All statistical analysis was
re-analyzed by an independent third party (Uppsala Clinical
Research Centre) to ensure accuracy of results.

Although the study was underpowered to detect a treatment
difference between groups, a justification of the sample size
(360 Japanese and 40 non-Japanese patients per arm) is given
here. Based on the PLATO data,'” and assuming an annual
dropout rate of 6.24%, with a 9-month recruitment period,
6-month minimum treatment period, and 12-month maximum
treatment period, the expected proportion of patients with

major bleeding events would be 9.5% and 9.2%, respectively
for ticagrelor and clopidogrel. In this scenario, the 2-sided 95%
CI for the difference in incidence of major bleeding events
would be approximately 4.3%, and an increase of approxi-
mately >4.6% compared with clopidogrel could be excluded.
Assuming a primary efficacy event rate among Japanese patients
of approximately 6%,!! and the HR observed in PLATO," it
was expected that approximately 15 primary events would be
seen with ticagrelor and 18 events with clopidogrel. In this
case, the upper boundary of the 95% CI for the HR of ticagre-
lor to clopidogrel would be approximately 1.67, allowing
exclusion of the possibility that ticagrelor would be associated
with a 67% increase in the risk of the composite primary end-
point event relative to clopidogrel.

Results

Patients
We recruited 817 patients from East Asian countries; 801
patients were randomized to ticagrelor or clopidogrel and com-
prised the FAS (723 patients were recruited at Japanese sites).
Sixteen patients were not randomized because of incorrect
enrolment (n=15) or withdrawn consent (n=1). Patient dispo-
sition is shown in Figure. Of the 801 patients randomized to
treatment, 767 received study drug and comprised the safety
analysis set: 387 in the ticagrelor group and 380 in the clopi-
dogrel group. Thirty-four patients did not take the study drug
because of unwillingness (n=9), occurrence of adverse event
(n=1) or for other undefined reasons (n=24). Overall, 141
patients (35.2%) prematurely discontinued ticagrelor and 126
(31.5%) prematurely discontinued clopidogrel during the
study. The most common reasons for discontinuation were
adverse events (ticagrelor, n=38; clopidogrel, n=40) and for
other undefined reasons (ticagrelor, n=60; clopidogrel, n=44).
Patients were aged 34-93 years (mean, 67 years), and included
612 men (76.5%). ACS diagnosis was STEMI in 415 patients
(51.8%), unstable angina or NSTEMI in 368 (46.0%), and other
in 17 (2.1%). The 2 randomized groups were mostly balanced
with regard to baseline characteristics (Table 1), although some
exceptions were noted. The proportion of patients aged =75
years was higher in the ticagrelor group than in the clopidogrel
group. The prevalence of conventional coronary risk factors
(hypertension, diabetes and dyslipidemia) was higher in the
ticagrelor group compared with the clopidogrel group. A higher
number of patients in the clopidogrel group had a history of
TIA (2.8% vs. 1.5%), but fewer had a history of CABG (0.3%
vs. 1.2%), compared with the ticagrelor group. Relative to the
clopidogrel group, a higher proportion of ticagrelor-treated
patients had positive troponin I levels (77.1% vs. 74.5%) and
ST depression =1 mm (46.9% vs. 38.3%) during the index event.
Overall, non-study medications and procedures were gener-
ally similar between groups (Table 2). Consistent with the
current management of ACS patients in Japan, most patients
(84.6%) underwent PCI while on treatment. Mean exposure to
study drug was similar in the 2 groups: 200 days for ticagrelor
and 210 days for clopidogrel.

Safety Endpoints

The primary safety endpoint of PLATO-defined total major
bleeding occurred in 40 patients (10.3%) in the ticagrelor group
vs. 26 patients (6.8%) in the clopidogrel group (HR, 1.54;
95% CI: 0.94-2.53; Table 3). A higher rate of major bleeding
with ticagrelor was seen in all categories of bleeding (CABG-
related, non-CABG-related and coronary procedural), except
non-coronary procedural bleeding, but none of the between-
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Not randomized
+ Incorrect enrolment: n=15 (n=15)
= Patient decision: n=1 (n=0)

Enrolled
n=817 (n=738)

Randomized
n=801 (n=723)

Ticagrelor 90 mg bid
n=401; 100%
(n=363; 100%)

Not treated
n=14 (n=14)
+» Patient not willing to continue
treatment: n=3 (n=3)
« Other: n=11 (n=11)

Received treatment
n=387; 96.5%
(n=349; 96.1%)

Discontinued study
n=66; 16.5% (n=58; 16.0%)
» Patient decision: n=65 (n=58)
+ Lost to follow up: n=1 (n=0)

Discontinued study drug
n=141; 35.2% (n=130; 35.8%)
= Adverse event: n=38 (n=34)
» Patient not willing to continue
treatment: n=35 (n=33)
= Non-compliance: n=7 (n=7)
» Lost to follow up: n=1 (n=0)
+» Other: n=60 (n=56)

Completed study
n=335; 83.5%
(n=305; 84.0%)

0.d., once daily.

Figure. Patient disposition. Non-italic, whole PHILO study population; (italic), subgroup of Japanese patients. b.i.d., twice daily;

Clopidogrel 75 mg od
n=400; 100%
(n=360; 100%)

Not treated
n=20 (n=20)
= Patient not willing to continue
treatment: n=6 (n=6)
» Adverse event: n=1 (n=1)
» Other: n=13 (n=13)

Received treatment
n=380; 95.0%
(n=340; 94.4%)

Discontinued study
n=63; 15.8% (n=55; 15.3%)
- Patient decision: n=63 (n=55)

Discontinued study drug
n=126; 31.5% (n=114; 31.7%)
» Adverse event: n=40 (n=39)
= Patient not willing to continue
treatment: n=38 (n=31)
* Non-compliance: n=4 (n=4)
» Other: n=44 (n=40)

Completed study
n=337; 84.3%
(n=305; 84.7%)

group differences were statistically significant. In patients
recruited from Japan, 34 ticagrelor-treated patients (9.7%) and
24 clopidogrel-treated patients (7.1%) experienced major
bleeding (HR, 1.41; 95% CI: 0.83-2.38).

Overall, the rates of non-bleeding adverse events were sim-
ilar in the 2 groups, and consistent with the established safety
profiles of ticagrelor and clopidogrel (Table 3). Dyspnea
occurred in 22 ticagrelor recipients (5.7%) vs. 9 clopidogrel

recipients (2.4%), and bradycardia occurred in 11 (2.8%) and
8 (2.1%) patients, respectively.

A serious adverse event occurred in 88 patients in the ticagre-
lor group (22.7%), compared with 107 patients in the clopido-
grel group (28.2%). Fewer patients taking ticagrelor discontinued
treatment because of a serious adverse event (22; 5.7%) com-
pared with the clopidogrel group (33; 8.7%).
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Table 1. Demographics and Baseline Characteristics (Full Analysis Set)

Age (years)
Age 275 years
Female
Body weight (kg)
Body weight <60kg
BMI (kg/m?)
Race
Asian
Ethnic group
Chinese
Japanese
Korean
Unknownt
CV risk factor
Habitual smoker
CAD
Hypertension
Dyslipidemia
Type 1 DM
Type 2 DM
Family history of CAD
Other medical and surgical history
Mi
PCI
Angina pectoris
Congestive heart failure
Non-hemorrhagic stroke
Peripheral arterial disease
TIA
CABG
Chronic renal disease
Peptic ulcer disease
Gastrointestinal bleeding
Asthma
History of dyspnea
COPD
Gout
ECG changes at study entry
Persistent ST-segment elevation
ST-segment depression
T-wave inversion
Positive troponin | test at study entry
ACS diagnosis of index event
ST-elevation MI
Non-ST-elevation Ml
Unstable angina
Other
Killip classification
|
1l
1l
[\

Ticagrelor Clopidogrel
90 mg b.i.d. (n=401)* 75mg o.d. (n=400)
67+12 66+11
109 (27.2) 98 (24.5)
95 (23.7) 93 (23.3)
63 [35-104] 62 [36-109]
154 (38.4) 152 (38.0)
23.7 [15.6-43.4] 23.6 [14.2-38.6]
401 (100) 400 (100)
16 (4.0) 19 (4.8)
361 (90.0) 360 (90.0)
23 (5.7) 21 (5.3)

1(0.3) 0
151 (37.7) 157 (39.3)
46 (11.5) 43 (10.8)
305 (76.1) 290 (72.5)
314 (78.3) 289 (72.3)
0 1(0.3)
154 (38.4) 123 (30.8)
67 (16.7) 59 (14.8)
33(8.2) 31(7.8)
45 (11.2) 42 (10.5)
102 (25.4) 110 (27.5)
30 (7.5) 28 (7.0)
27 (6.7) 28 (7.0)
13 (3.2) 14 (3.5)
6 (1.5) 11 (2.8)
5(1.2) 1(0.3)
18 (4.5) 20 (5.0)
37 (9.2) 37 (9.3)
6 (1.5) 7 (1.8)
12 (3.0) 14 (3.5)
32 (8.0) 41 (10.3)
7(01.7) 10 (2.5)
23 (5.7) 19 (4.8)
218 (54.4) 225 (56.3)
188 (46.9) 153 (38.3)
142 (35.4) 126 (31.5)
309 (77.1) 298 (74.5)
205 (51.1) 210 (52.5)
66 (16.5) 74 (18.5)
119 (29.7) 109 (27.3)
10 (2.5) 7 (1.8)
349 (87.0) 351 (87.8)
40 (10.0) 35 (8.8)
8 (2.0) 10 (2.5)
2(0.5) 4(1.0)

Data given as mean+SD, median [range] or n (%). TEthnicity was not determined because patient withdrew from

study. ACS, acute coronary syndrome; b.i.d.,

twice daily; BMI, body mass index; CABG, coronary artery bypass

graft; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DM, diabe-
tes mellitus; ECG, electrocardiogram; MI, myocardial infarction; o0.d., once daily; PCI, percutaneous coronary inter-

vention; TIA, transient ischemic attack.
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Duration of exposure (days)
Mean+SD
Median (range)
Duration of exposure >30 days
Patients >80% compliant with study medication#

Organic nitrates
B-blocker
Selective
Non-selective
Other
ACE inhibitor
Angiotensin receptor blocker
Cholesterol-lowering drug (statin)
Calcium channel blocker
Proton pump inhibitor
Coronary procedures during study treatment
Coronary angiography
PCI
CABG
Other cardiac surgery

Table 2. Randomized Treatments and Procedures (Full Analysis Set)t

Other medication taken from index event to randomization

2457
Ticagrelor Clopidogrel
90mg b.i.d. (n=401) 75mg o.d. (n=400)

200+134 210+131

236 (1-377) 244 (1-385)
289/387 (74.7) 301/380 (79.2)

389 (97.0) 388 (97.0)
344 (85.8) 353 (88.3)

28 (7.0) 30 (7.5)

8 (2.0) 11 (2.8)

4 (1.0) 3(0.8)
67 (16.7) 64 (16.0)
102 (25.4) 95 (23.8)
215 (53.6) 205 (51.3)
117 (29.2) 109 (27.3)
167 (41.6) 175 (43.8)
385 (96.0) 378 (95.4)
340 (84.8) 338 (84.5)

9 (2.2) 3(0.8)

0 1(0.3)

Data given as n (%) unless specified otherwise. tExcept for duration of exposure, which used the safety analysis set.
*Assessed on pill count during each study visit: patients who took their medication for >80% of the days between
each visit were regarded as compliant. ACE, angiotensin-converting enzyme. Other abbreviations as in Table 1.

Efficacy Endpoints

The primary efficacy endpoint (composite of MI, stroke and
CV death) occurred in 36 patients (9.0%) in the ticagrelor group
vs. 25 patients (6.3%) in the clopidogrel group (HR, 1.47;
95% CI: 0.88-2.44; Table 4). In the Japanese cohort, the pri-
mary efficacy endpoint occurred in 34 patients in the ticagre-
lor group (9.4%) vs. 24 patients (6.7%) in the clopidogrel
group (HR, 1.44; 95% CI: 0.85-2.43).

A similar rate of events for the primary efficacy endpoint in
both treatment groups was also seen in the subgroup post-hoc
analysis (Table S1), which was carried out using the modified
composite endpoint of CV death, spontaneous MI or stroke.
Overall, the post-hoc modified composite endpoint occurred
in 18 patients (4.5%) in the ticagrelor group vs. 13 patients
(3.3%) in the clopidogrel group (HR, 1.39; 95% CI: 0.68-2.85;
Table 4). Among Japanese patients, the modified composite
endpoint occurred in 16 patients (4.4%) in the ticagrelor group
vs. 12 patients (3.3%) in the clopidogrel group (HR, 1.34;
95% CI: 0.63-2.83). No statistically significant between-
group differences were seen for any of the composite primary
or secondary efficacy endpoints, or for any of the individual
secondary efficacy endpoints (Table 4).

PK and PD Results
Results of the PK and PD analysis are described in
Supplementary File 1.

Discussion

The design of this study was similar to that of the large-scale
PLATO study, with the important distinction that PHILO
recruited only patients with planned PCI treatment, whereas
PLATO recruited patients with planned invasive or non-inva-

sive (ie, medically managed) treatment. PHILO was con-
ducted in Japan, Taiwan and South Korea, given that PLATO
did not include patients from Japan, and few from Taiwan and
South Korea. In PHILO, patients received a 90mg b.i.d. dose
of ticagrelor, given that the PLATO Asian/Australian sub-
population had similar efficacy and safety profiles for this
dose compared with the overall PLATO population.!” In
PHILO, there were no statistically significant differences in
safety or efficacy profiles between the 2 treatment groups.
PHILO was not powered to be a confirmatory study, but
rather to explore consistency of effect in patients from
PLATO, compared with patients from a specific region of East
Asia. Lower event rates of primary and secondary efficacy
endpoints were noted in ticagrelor-treated patients in PHILO
(primary endpoint, 9.0%; CV death, 2.2%; all-cause mortality,
2.5%) compared with the corresponding treatment arm in
PLATO (Kaplan-Meier: primary endpoint, 9.8%; CV death,
4.0%; all-cause mortality, 4.5%).!7 The same was true for
clopidogrel-treated patients (PHILO: primary endpoint, 6.3%;
CV death, 1.8%; all-cause mortality, 1.8%; PLATO: primary
endpoint, 11.7%; CV death, 5.1%; all-cause mortality, 5.9%).
Compared with patients from other geographical regions, the
lower CV event rate in East Asian patients with ACS (the
majority of whom were recruited from Japan) was consistent
with comparable registry data.>** The higher rate of stroke in
PHILO (2.2% with ticagrelor and 1.5% with clopidogrel)
relative to PLATO (1.5 and 1.3%, respectively)!'? suggests that
East Asian patients could be more prone to cerebrovascular
disease than CAD.?5 It should be noted, however, that the
between-treatment HR for stroke rate in PHILO (1.50) falls
within the 95% CI of the between-group HR for stroke rate in
PLATO (0.91-1.52).'7 Furthermore, given that patients
recruited to the PHILO study were generally older than
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Table 3. Adverse Events for All Patients
Ticagrelor Clopidogrel HR for ticagrelor
90mg b.i.d. 75mg o.d. (95% Cl)

Major bleeding (PLATO-defined) 40 (10.3) 26 (6.8) 1.54 (0.94-2.53)
CABG:-related 8 (2.1) 5(1.3) 1.57 (0.51-4.81)
Non-CABG-related 32 (8.3) 22 (5.8) 1.45 (0.84-2.50)
Coronary procedural 14 (3.6) 11 (2.9) 1.25 (0.57-2.77)
Non-coronary procedural 2(0.5) 3(0.8) 0.66 (0.11-3.93)

Minor bleeding (PLATO-defined) 59 (15.2) 35(9.2) 1.75 (1.15-2.67)
CABG-related 0 1(0.3)
Non-CABG-related 59 (15.2) 34 (8.9) 1.81 (1.18-2.76)
Coronary procedural 31 (8.0) 22 (5.8) 1.43 (0.82-2.48)
Non-coronary procedural 10 (2.6) 4(1.1) 2.51 (0.79-8.01)

Composite of major and minor bleeding 92 (23.8) 56 (14.7) 1.72 (1.23-2.40)
CABG:-related 8 (2.1) 5(1.3) 1.57 (0.51-4.81)
Non-CABG-related 85 (22.0) 52 (13.7) 1.71 (1.20-2.41)
Coronary procedural 44 (11.4) 31(8.2) 1.44 (0.91-2.29)
Non-coronary procedural 12 (3.1) 7(1.8) 1.72 (0.68-4.36)

Any adverse event (excluding bleeding) 327 (84.5) 337 (88.7)
Mild 321 (82.9) 322 (84.7)
Moderate 67 (17.3) 83 (21.8)
Severe 30 (7.8) 38 (10.0)

Dyspnea 22 (5.7) 9(2.4)

Bradycardia 11 (2.8) 8(2.1)

Ventricular extrasystoles (1.8) 6 (1.6)

Ventricular pauses =3s on Holter monitoring 0 1(1.9)

Increase in serum creatinine >30% (on treatment) 75 (19.4) 60 (15.8)

Increase in serum uric acid from baseline to end of treatment (umol/L) 34+87 9+80

Any uric acid adverse eventt 26 (6.7) 20 (5.3)

Data given as mean+SD or n (%). tIncludes hyperuricemia, blood uric acid increase, gout, blood urine present, calculus ureteric, joint swell-
ing. Cl, confidence interval; HR, hazard ratio. Other abbreviations as in Table 1.

Table 4. Primary and Secondary Efficacy Endpoints

Ticagrelor Clopidogrel
- HR (95% Cl)
90mg b.i.d. (h=401)  75mg o.d. (n=400)
Primary
Composite of CV death/MI (excluding silent Ml)/stroke 36 (9.0) 25 (6.3) 1.47 (0.88-2.44)
Post-hoc
Composite of CV death/spontaneous Ml/stroke 18 (4.5) 13 (3.3) 1.39 (0.68-2.85)
Secondary
Composite of all-cause mortality/MI (excluding silent Ml)/stroke 37 (9.2) 25 (6.3) 1.51 (0.91-2.50)
Composite of CV death/total Ml/stroke/RI (including SRI)/TIA/Other ATE 38 (9.5) 32 (8.0) 1.20 (0.75-1.93)
MI (excluding silent MI) 24 (6.0) 15 (3.8) 1.63 (0.85-3.11)
Peri-procedural Ml 18 12 -
Spontaneous Ml 6 3 -
CV death 9(2.2) 7(1.8) 1.28 (0.48-3.45)
Stroke 9 (2.2) 6 (1.5) 1.50 (0.54—4.23)
All-cause mortality 10 (2.5) 7(1.8) 1.42 (0.54-3.74)

Data given as n (%). ATE, arterial thromboembolic event; R, recurrent cardiac ischemia; SRI, serious recurrent ischemia. Other abbreviations
as in Tables 1,3.

patients recruited to PLATO,!” the higher rate of stroke in The overall population (n=801) and number of endpoint
PHILO may be explained, in part, by differences in patient events that occurred during the PHILO study (n=61) was
characteristics between the 2 populations. small, but higher than expected based on pre-trial calculations.

Notably, the PHILO study was not designed to detect a The rate of CV events in the PHILO ticagrelor group was
treatment difference between groups in the primary outcome. generally consistent with the findings of PLATO (where sig-
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nificant interaction was shown among regions), whereas the
CV event rate for clopidogrel was lower in PHILO (6.3%) vs.
PLATO (11.7%)."” In PHILO, differences between groups such
as the relatively higher prevalence of classical risk factors and
greater number of patients positive for troponin I or with per-
sistent ST segment depression during the index hospitalization
in the ticagrelor arm, may potentially explain the higher CV
event rate reported for ticagrelor compared with clopidogrel.

Regarding safety, it is notable that patients recruited in
PHILO were generally smaller than PLATO patients: the
median body weight of patients in PHILO was 62-63kg vs.
80kg in PLATO, and the median body mass index of patients
in PHILO was 24 kg/m? vs. 27kg/m? in PLATO.!” This could
cause higher exposure of potent antiplatelet agents in the
PHILO patient population, potentially resulting in an increased
risk of bleeding compared with clopidogrel. The results of the
present PK substudy, however, were consistent with previous
PK studies in Asian and Caucasian populations.?>2%2” Further-
more, the rate of major bleeding in the ticagrelor arm of
PHILO, 10.3%, was similar to that (11.6%) reported for the
ticagrelor arm of PLATO. The rate of major bleeding events
in the clopidogrel arm of PHILO (6.8%) was markedly lower
than that for the clopidogrel arm of PLATO (11.2%), and
lower than anticipated based on pre-trial calculations.!” Argu-
ably, the lower rate of serious bleeding events in the clopido-
grel arm of PHILO could be explained by the high prevalence
of the CYP2C19 loss-of-function allele in Asian compared
with Caucasian patients.”® CV event rates in the clopidogrel
arm of PHILO, however, were not higher than that of PLATO.
Equally, there is clear evidence that patients who have a major
bleeding event in the acute phase of ACS are at higher risk of
ischemic events in the following months compared with
patients who do not have a major bleeding event.?>* In the
ticagrelor arm of PHILO, the higher rate of the efficacy end-
point could be explained by the higher rate of major bleeding
in these patients compared with clopidogrel recipients.

The majority of patients who participated in PHILO were
recruited from Japan. The type of medical care offered in
Japan may contribute to some of the specific patient character-
istics reported in PHILO, with the differences relative to the
PLATO population being consistent with previously published
clinical data obtained from Japan and other regions of the
world.??431-35 Patients recruited in PHILO were less likely to
be treated by S-blockers (10% in PHILO vs. 90% in PLATO),
angiotensin-converting enzyme inhibitors (16% in PHILO vs.
76% in PLATO) or cholesterol-lowering drugs (52% in
PHILO vs. 89% in PLATO). The use of nitrates, angiotensin
receptor blockers, calcium channel blockers and proton pump
inhibitors, however, was similar between the 2 populations.
There was a substantial difference between PHILO and
PLATO patients with regards to PCI use (85% PHILO vs.
65% PLATO) and CABG (1% PHILO vs. 10% PLATO). In
the subgroup of PLATO patients in whom an invasive strategy
was planned, the primary composite endpoint occurred in
9.0% of ticagrelor recipients,* which is identical to the primary
endpoint rate in the ticagrelor arm of PHILO. Furthermore, the
all-cause mortality rate in the intended-for-invasive-treatment
cohort of ticagrelor recipients was 3.9% in PLATO,¢ and 2.5%
in PHILO. Medically managed ACS patients tend to have a
high-risk profile on presentation,?” so the PHILO population
may represent a cohort of lower-risk patients than the overall
PLATO population. Certainly, the PHILO population contained
a lower proportion of patients with a history of previous MI
(8.0% vs. 20.5% in PLATO), CABG (0.7% in PHILO vs. 6.0%
in PLATO), and peripheral arterial disease (3.4% in PHILO

vs. 6.1% in PLATO). Conversely, the PHILO population con-
tained a higher proportion of patients aged =75 years (25.8%
vs. 15.5% in PLATO), with hypertension (74.3% vs. 65.4% in
PLATO), dyslipidemia (75.3% vs. 46.7% in PLATO), or dia-
betes (34.7% vs. 25.0% in PLATO).

The high rate of invasive management in the PHILO study
may have contributed to the high rate of procedural MI during
follow-up. The study definition of procedural MI in both
PLATO and PHILO required only cardiac enzyme elevation,
not symptoms or ECG changes. Using this definition, approx-
imately 20% of MI in PLATO were procedural®” compared
with 83% in Japanese PHILO patients. We performed a post-
hoc analysis using a modified primary composite endpoint to
include only spontaneous MI (to allow comparison with the
results of PLATO, in which only a small number of MI were
procedural). The clinically relevant endpoint of spontaneous
MI was low in PHILO: 18 patients in the ticagrelor arm vs. 13
patients in the clopidogrel arm (HR, 1.39; 95% CI: 0.68-2.85).
The low event rate after ACS in Japan is consistent with
recently published registry data.?

The present PD substudy of the PHILO population showed
that ticagrelor is a more potent inhibitor of ADP-induced
platelet aggregation than clopidogrel. The fact that this did not
translate into a significant difference in outcomes between the
treatment groups is likely a result of the factors described here.

Conclusions

In this study, East Asian patients with ACS undergoing PCI
who received ticagrelor had a non-significantly higher rate of
major bleeding events and more, albeit not significantly, major
CV events (CV death, MI or stroke), compared with clopido-
grel. This may be explained by the small sample size, imbal-
ance in baseline demographics and clinical characteristics, and
the generally low number of events in the PHILO population.
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