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1 | INTRODUCTION
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Abstract

Patients with essential thrombocythemia (ET) are treated with once-daily low-dose
aspirin to prevent thrombosis, but their accelerated platelet turnover shortens the
antiplatelet effect. The short-term Aspirin Regimens in EsSential Thrombocythemia
trial showed that twice-daily aspirin dosing restores persistent platelet thromboxane
(TX) inhibition. However, the long-term pharmacodynamic efficacy, safety and tolera-
bility of twice-daily aspirin remain untested. We performed a multicenter, random-
ized, open-label, blinded-endpoint, phase-2 trial in which 242 patients with ET were
randomized to 100 mg aspirin twice- or once-daily and followed for 20 months. The
primary endpoint was the persistence of low serum TXB,, a surrogate biomarker of
antithrombotic efficacy. Secondary endpoints were major and clinically relevant non-
major bleedings, serious vascular events, symptom burden assessed by validated
questionnaires, and in vivo platelet activation. Serum TXB, was consistently lower in
the twice-daily versus once-daily regimen on 10 study visits over 20 months: median
3.9 ng/mL versus 19.2 ng/mL, respectively; p < .001; 80% median reduction; 95% Cl,
74%-85%. No major bleeding occurred. Clinically relevant non-major bleedings were
non-significantly higher (6.6% vs. 1.7%), and major thromboses lower (0.8% vs. 2.5%)
in the twice-daily versus once-daily group. Patients on the twice-daily regimen had
significantly lower frequencies of disease-specific symptoms and severe hand and
foot microvascular pain. Upper gastrointestinal pain was comparable in the two arms.
In vivo platelet activation was significantly reduced by the twice-daily regimen. In
patients with ET, twice-daily was persistently superior to once-daily low-dose aspirin
in suppressing thromboxane biosynthesis and reducing symptom burden, with no

detectable excess of bleeding and gastrointestinal discomfort.

dosing regimen to maximize inhibition of platelet TXA, production

without interfering with vascular prostacyclin biosynthesis,'2 an

Essential thrombocythemia (ET) is a myeloproliferative neoplasm char-
acterized by increased platelet generation and activation, and
enhanced risk of thrombosis and hematological transformation.?
Once-daily, low-dose aspirin (75-100 mg) is currently recommended
for most ET patients to reduce the risk of thrombosis,® based on ret-
rospective observational studies*> and extrapolation from a random-
ized trial in polycythemia vera.® However, while most patients with
polycythemia vera display adequate antiplatelet response to once-
daily low-dose aspirin,”® the majority of ET patients do not due to fas-
ter recovery of platelet cyclooxygenase (COX)-1 activity secondary to
accelerated platelet generation.” This, in turn, results in higher platelet
thromboxane (TX)A, production, as reflected by higher serum TXB,
levels, particularly during the 12- to 24-h dosing interval.*°

The Aspirin Regimens in ESsential Thrombocythemia (ARES)
Investigators previously examined the relationship between the length
of the aspirin dosing interval and the adequacy of the antiplatelet
response by randomizing 252 aspirin-treated ET patients to a two-
week treatment with aspirin 100 mg given once-, twice- or three
times daily in a double-blind, placebo-controlled, short-term trial.1112

The results of this study identified twice-daily aspirin as the optimal
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important mediator of endothelial thromboresistance.'® However, the
persistence of more profound platelet TX suppression by more fre-
quent aspirin dosing, long-term compliance with, and safety of this
antiplatelet strategy are unknown.

The present phase-2 trial aimed to assess the long-term pharma-
codynamic superiority (primary endpoint) and describe disease-related
symptomes, tolerability, adherence, and safety of a twice-daily 100-mg
aspirin regimen compared to the standard once-daily regimen in
aspirin-treated ET patients.

2 | METHODS
2.1 | Study design

We conducted a randomized, open-label, blinded-endpoint, 20-month
trial to compare the pharmacodynamic and clinical effects of twice-
daily and once-daily 100-mg aspirin regimens. Patients were enrolled
at 10 Italian hematological centers (Supplemental Material). The trial

was registered on the EU clinical trial register as EudraCT 2016-
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002885-30. The Ethics Committee of the Fondazione Policlinico Uni-
versitario A. Gemelli Istituto di Ricerca e Cura a Carattere Scientifico
(IRCCS) approved the study (Protocol #28371/16, ID 1285). All partic-
ipating institutions approved the protocol. All patients provided writ-
ten informed consent before enrollment. The protocol is included in
the Supplemental Material.

2.2 | Patients

Eligible patients had to meet the diagnostic criteria for ET,** be >18-year
old and on low-dose aspirin prophylaxis since at least 1 month. Patients
were diagnosed according to the 2016 WHO criterial®; diagnoses made
before 2016 were reviewed for consistency with the 2016 WHO criteria
at study entry, in order to exclude patients with pre-myelofibrosis due to
their increased bleeding tendency.'® The main exclusion criteria were:
platelet number >1000 x 107/L based on studies reporting a high bleed-
ing risk associated with extreme thrombocytosis,? history of major bleed-
ing, and need for chronic use of non-steroidal anti-inflammatory drugs
(NSAIDs). The study protocol details all inclusion and exclusion criteria
(Supplemental Material). These criteria allowed the inclusion of most
patients who had previously participated in the two-week aspirin dose-
finding study at the same centers.*?

The following data were recorded in the electronic clinical report
form at baseline: cardiovascular risk factors (diabetes, hypertension,
obesity [defined as a body-mass index (BMI) 230 kg/m?], current ciga-
rette smoking, and dyslipidemia), JAK2, CALR, and MPL gene muta-
tional status as analyzed at each center, and history of arterial or
venous thrombosis. At each study visit, complete blood count, liver
and kidney chemistry, new comorbidity and medication, thrombotic
and hemorrhagic events (major, clinically relevant non-major, or
minor), cancer, hematological transformation, and major or minor
adverse events were recorded (see Study Protocol in the Supplemen-
tal Material). Clinical and laboratory characteristics were collected
through Research Electronic Data Capture (REDCap).*® The informa-
tion and data recorded at baseline and subsequent study visits are fur-
ther detailed in the Study Protocol.

Compliance was assessed by patient's self-reporting of drug intake,
as recorded in her/his diary at each study visit and based on the pre-
ceding 3 months of therapy. Patients reported the daily timing of each
tablet intake, any drug other than their usual therapy, and any symptom
or comment they deemed relevant (see Supplemental Material).
Although NSAIDs were prohibited during the study, occasional intake
was carefully verified in the 3 days before each visit to exclude a drug-

drug interaction potentially affecting serum TXB, measurements.*”

2.3 | Randomization and masking

Patients were randomized to twice-daily low-dose aspirin
(Cardioaspirin® 100 mg, Bayer ltaly), to be taken at breakfast (7-9 am)
and dinner (7-9 pm), or once-daily at breakfast only. Randomization

was stratified by center and sex using a four-block randomization list.
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The authors who performed prostanoid measurements and data

analyses were blinded to the randomized treatment.

24 | Procedures

Patients underwent study visits three times within the first
5+ 1 weeks and then every 3 months over a 20-month follow-up.
Blood and urine samples were collected in the morning, in a fasting

state, immediately before aspirin dosing.

241 | Pharmacodynamic and laboratory
measurements

Pharmacodynamic efficacy was assessed by centralized blinded mea-
surement of serum TXB,,'® the primary endpoint of the study, that
was repeated 10 times over a 20-month follow-up after randomiza-
tion (see Supplemental Material). The assessment of pre-analytical
variables and the reproducibility of serum TXB, measurements in the
ARES centers have been previously described.!! In vivo platelet acti-
vation was assessed by the urinary excretion of 11-dehydro-TXB,, a

major enzymatic metabolite of TXA,/TXB,.1%2°

242 | Patient-reported symptoms

The severity of all disease-specific symptoms was graded by the patient
at each visit using the validated Myeloproliferative Neoplasm Symptom
Assessment Form (MPN-SAF), which considers a 0-10 semiquantitative
visual scale.’ We subsequently summarized the severity of the symp-
toms burden into a single validated measure, the MPN-SAF total symp-
toms score (referred to as MPN-SAF-TSS or MPN-10) that sums the
scores of 10 symptoms of the MPN-SAF questionnaire (fatigue, early
satiety, abdominal discomfort, inactivity, concentration problems, night
sweats, itching, bone pain, fever, and unintentional weight loss) and
ranges from O to 100.22%® Microvascular symptoms of hands and feet
(erythromelalgia), were assessed by self-completed questionnaires with a

).2* Gastroin-

numerical pain rating scale (NRS; see Supplemental Material
testinal symptoms were evaluated according to the Severity of Dyspep-
sia Assessment (SODA) questionnaires,?> based on numerical rating
scales specifically related to stomach pain and upper gastrointestinal dis-
comfort experienced during the week preceding the study visit. Ques-
tionnaires were available for SODA1 (a number from O to 100 describing
the symptom of pain in the upper abdomen) and SODA2 (a number from

0 to 10 describing the symptom of discomfort in the upper abdomen).

2.5 | Endpoints
The primary endpoint of the study was the long-term persistence of
superior pharmacodynamic efficacy, as reflected by serum TXB,,

of the twice-daily as compared to the once-daily aspirin regimen.
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Overall, 2556 peripheral venous blood samples were collected and
analyzed, with 4% of planned blood sampling missed because of
COVID-19-related restrictions or other causes. A total of 81 serum
samples with serum TXB, values below the lowest analytical thresh-
old (0.5 ng/mL) and 5 samples with documented pre-analytical han-
dling errors were excluded, leaving 2470 serum samples available for
the statistical analyses (1244 and 1226 in the once- and twice-daily
treatment arms, respectively; Supplemental Table 1).

Secondary endpoints were: (1) major arterial and venous throm-
botic complications, that is, ischemic stroke, transient ischemic attack
(TIA), acute coronary syndrome, peripheral artery thrombosis, deep vein
thrombosis, pulmonary embolism, cerebral and splanchnic vein throm-
bosis, or revascularization (see Study Protocol); (2) symptom burden
and treatment tolerability, as described above (MPN-10, NRS for micro-
vascular symptoms of hands and feet [erythromelalgia] as well as
SODA-1 and SODA-2 questionnaire)?*~2%; (3) in vivo platelet activation,
as reflected by measurements of urinary 11-dehydro-TXB, excretion.

Safety was evaluated by reporting major and clinically relevant
non-major bleedings according to the International Society on Throm-

bosis and Haemostasis classification?4?”

and any other adverse
events considered attributable to aspirin by the responsible physician

(Study Protocol in the Supplemental Material).

2.6 | Statistical analyses

To test the hypothesis of a persistent superiority of the twice- versus
the once-daily aspirin dosing regimen, 112 patients per arm were
needed to demonstrate, with a and § errors of .05 and .80, respec-
tively, a relative reduction by at least 50% in serum TXB, with the
experimental versus the standard aspirin regimen, in at least 60% of
the 10 planned study visits (Study Protocol in the Supplemental
Material).

Data were analyzed on an intention-to-treat basis; no replace-
ment for missing values was planned, and no interim or exploratory
analyses were carried out. The primary endpoint was evaluated by
comparing the median serum TXB, in the two treatment groups
across all post-randomization visits, using a non-parametric Wilcoxon
test with Scheffe's adjustment for multiple comparisons. Differences
between frequencies of secondary endpoints (e.g., the frequency of
MPN-10 or NRS scores in the two groups) were tested by chi-square
statistics, as detailed in the Study Protocol (Supplemental Material).

For subgroup analyses, the serum TXB, change was first computed
for each participant as the ratio between the median TXB, value across
all post-randomization visits and the baseline serum TXB,. We then cal-
culated the ratios between the median change in patients randomized
to the aspirin twice- versus once-daily regimen in each subgroup.
Quantile regression with Scheffe's multiple-comparison correction was
used to test for interaction. Ninety five percent confidence intervals
were calculated by bootstrapping. The analysis of the SODA 1 and
SODA 2 questionnaires is described in the Supplemental Material.

Post-hoc analyses included: (1) evaluation of the consistency of

intra-subject coefficients of variation of serum TXB,, as calculated in
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the first 3 months (visit 2 to 5), between 4 and 12 months (visit 6 to
8), and between 13 and 18 months (visit 9 to 11); (2) subgroup ana-
lyses based on age, sex, BMI, platelet count, JAK2 mutational status,
cytoreduction, previous thrombosis, number of arterial risk factors,
and disease duration; (3) correlation between individual measure-
ments of serum TXB, and urinary 11-dehydro-TXB,.

The R 4.2.1 (The R Foundation for Statistical Computing, Vienna,
Austria) was used for all data analyses and plotting; the package Com-

plexUpset was used for upset plots.2®

2.7 | Role of the funding source

The Italian Medicines Agency (AIFA) funded the study (Study
FARM12Y8HH), and the trial medication was provided by Bayer AG
free of charge. The funding agency and Bayer AG had no role in the
study design, data analysis, and interpretation. The manuscript was
drafted by BR, AT, VDS, and CP, and reviewed by all the authors. All
the authors decided to submit the manuscript for publication and
vouch for the completeness and accuracy of the data and analyses

and for the fidelity of the study to the protocol.

3 | RESULTS

3.1 | Study participants

The first patient was enrolled on November 14, 2018, the last patient on
March 30, 2019. The study ended on February 23, 2021. Two hundred
and forty two patients were randomized to aspirin 100 mg once-daily
(n = 120) or twice-daily (n = 122). The number of patients who com-
pleted the study and the reasons for study discontinuation are shown in
Supplemental Figure 1. Two hundred and twenty two out of 242 random-
ized patients (92%) completed all planned clinical and laboratory evalua-
tions; 10 patients completed half or less of the scheduled visits. Twenty
four visits were performed online because of COVID-19 pandemics.

The demographic and clinical characteristics of the patients at
baseline were similar in the two treatment groups (Table 1). The
median age was 61 years, 46% were males, the median duration of ET
was 6 years, the median platelet count was 528 x 10°/L, and a previ-
ous thrombosis had occurred in 26 patients. All patients had been on
once-daily low-dose aspirin for at least 1 month for either primary
(89%) or secondary (11%) cardiovascular prophylaxis, according to

current recommendations,l’z'29

and over half were on cytoreductive
treatment with hydroxyurea.
Median treatment adherence to therapy, based on self-reporting,

was 99% in both groups for the whole study duration.

3.2 | Pharmacodynamic primary endpoint

During a 20-month follow-up, the level of serum TXB, was signifi-

cantly lower in patients on the twice- versus once-daily aspirin
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TABLE 1 Baseline characteristics of patients with essential thrombocythemia.

Aspirin 100 mg Aspirin 100 mg
All patients N = 242 once-daily N = 120 twice-daily N = 122 p overall
Sex: .99
Female—no. (%) 130 (54) 65 (54) 65 (53)
Male—no. (%) 112 (46) 55 (46) 57 (47)
Age, year 61 [51;68] 60 [50;69] 61 [52;68] .66
Duration of disease, year 6[3;10] 5[3;10] 6 [4;10] .25
Age at diagnosis, year 54 [42;63] 53 [43;64] 54 [42;63] .98
Body mass index, kg/m? 25 [23;27] 25 [23;28] 25 [23;27] .68
Hematocrit, % 42 [39;46] 42 [39;46] 42 [39;46] .88
Leukocytes, 10%/L 7 [5.6;8] 7 [6;8] 7 [5;8] .18
Platelets, 10°/L 528 [440;670] 558 [440;694] 525 [437;654] .54
JAK V617F—no. (%) 21
WT 93(38) 41 (34) 52 (43)
Mutated 148 (61) 78 (65) 70(57)
Not done 1(0.4) 1(0.8) 0
CALR—noO. (%) .04
WT 81 (34) 41 (35) 40 (33)
Typel 20 (8) 14 (12) 6 (5)
Type2 16 (7) 3(3) 13(11)
Other 6(3) 3(3) 3(2)
Not done 119 (49) 59 (49) 60 (49)
MPL—no. (%) .81
WT 109 (45) 51(43) 58 (47)
Mutated 4(2) 2(2) 2(2)
Not done 129 (53) 67 (55) 62 (51)
Cytoreduction—no. (%) .53
No 93(38) 49 (41) 44 (36)
Yes 149 (62) 71(59) 78 (64)
Hydroxyurea—no. (%) .90
No 119 (49) 60 (50) 59 (48)
Yes 123 (51) 60 (50) 63(52)
Anagrelide—no. (%) .85
No 222 (92) 111 (92) 111 (91)
Yes 20 (8) 9(7) 11 (9)
Previous thrombosis: MPN-related®—no. (%) 10 (4) 5(4) 5(4) 1.00
Any thrombosis—no. (%) 26 (11) 13(11) 13 (11) 1.00
Risk factors—no. (%)
Diabetes 14 (6) 7 (6) 7 (6) 1.00
Hypertension 84 (35) 40 (33) 44 (36) 76
Obesity (BMI 2 30 kg/m?) 31(13) 19 (16) 12 (10) 22
Cigarette smoking 37 (15) 14 (12) 23 (19) 17
Dyslipidemia 54 (22) 30 (25) 24 (20) .40
IPSET score>—no. (%) 73
0 27 (11) 12 (10) 15 (12)
1 38 (16) 18 (15) 20 (1¢6)
2 70 (29) 37 (31) 33(27)
3 50 (21) 26 (22) 24 (20)
RIGHTS L
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TABLE 1 (Continued)
Aspirin 100 mg Aspirin 100 mg
All patients N = 242 once-daily N = 120 twice-daily N = 122 p overall
4 43 (18) 18 (15) 25 (20)
5(2) 4(3) 1(1)
6 9 (4) 5(4) 4(3)

*Thrombosis occurred up to 2 years before diagnosis of MPN. Data are n (%) or median (range) as indicated.

regimen (median, 3.9 [IQR, 2.3-6.0] vs. 19.2 [IQR, 10.2-37.7] ng/ml;
p < .001), corresponding to a median 80% reduction (95% confidence
interval, 74%-85%), with no evidence of time-related attenuation of
such difference between the two dosing regimens (Figure 1). The
intra-subject coefficient of variation of three repeated measurements
of serum TXB, was similar in the two groups and did not change with
treatment duration (Supplemental Table 2).

As shown in Supplemental Figure 2, a large difference in serum
TXB, between the twice-daily and once-daily aspirin regimens was
consistently measured in all sub-groups, including patients with higher
platelet counts, with risk factors (i.e., age > 60 years, previous throm-
bosis, presence of the JAK2V617F mutation, other known cardiovas-

cular risk factors), and those not receiving cytoreductive therapy.

3.3 | Secondary endpoints
3.3.1 | Symptom burden, thrombotic outcomes, and
in vivo platelet activation

Over the 20-month study period, a total of 2561 MPN-SAF question-
naires were available for statistical analyses (1285 and 1276 from
patients on once- and twice-daily aspirin, respectively). As shown in
Supplemental Table 3, the mean score values of each symptom con-
tributing to the MPN-10 score were significantly lower in the twice-
versus once-daily regimen groups. Figure 2 shows that patients in the
twice-daily regimen group had a higher number of questionnaires at
each study visit with no reported symptoms (n = 221, 17.3%) as com-
pared to patients in the once-daily regimen group (n = 184, 14.3%,
p = .05). On the contrary, eight or more symptoms were reported in
101 (7.9%) and 167 questionnaires (13.0%, p = .0001) by patients on
the twice- and once-daily regimen, respectively. There was a statisti-
cally significant difference in the frequency of MPN-10 (Figure 3,
upper panel) and NRS hands and feet pain scores (Figure 3, middle
and lower panel), with less severe scores being recorded more fre-
quently in patients assigned to receive twice-daily aspirin than in
those assigned to the standard once-daily regimen. For peripheral
microvascular pain of both hands and feet, the differences were most
apparent in the higher categories of the numerical rating scale (22) at
each study visit (Figure 3, middle and lower panel). Patients taking
twice-daily aspirin reported a pain category >2 significantly less fre-
quently than those taking once-daily aspirin, for both hands (19%
vs. 25%, respectively; p <.001) and feet (20% vs. 27%, respec-
tively; p < .001).
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A low number of major thrombotic complications was recorded in
the whole study, with 1 and 3 events in patients on the twice- and
once-daily regimens, respectively (Supplemental Table 4). The number
of microvascular events (headache, dizziness, acroparesthesia, acro-
melalgia) of sufficient intensity to be reported by the attending physi-
cians as a clinically relevant adverse event was significantly lower in
patients randomized to the twice-daily regimen as compared to those
in the once-daily arm (n = 17 [13.9%], vs. h = 31 [25.8%], p = .02;
respectively, Supplemental Table 4).

In vivo platelet activation, as assessed by urinary 11-dehydro-
TXB, excretion,®° was significantly and persistently lower in patients
on the twice-daily versus those on the once-daily aspirin regimen
(median, 171 versus 301 pg/mg creatinine, respectively; p <.001),
corresponding to a median 43% relative reduction (Supplemental
Figure 3). A statistically significant correlation was observed
between individual paired measurements of serum TXB, and urinary
11-dehydro-TXB, (rho = .46, p <.001; Figure 1), suggesting that
less-than-complete inhibition of platelet COX-1 activity is an impor-
tant determinant of persistent TXA,-dependent platelet activation

in vivo.

3.3.2 | Safety

No major bleeding occurred during the 20-month follow-up. Clini-
cally relevant non-major bleedings were numerically, but non-
significantly, higher (8 vs. 2) in the experimental group than in the
control group (Supplemental Table 4). Minor bleedings were
reported by five and four patients, respectively. None of the
patients with CARL mutation had clinically relevant non-major
bleeding events. The low number of events did not allow subgroup
analyses comparing different mutational profiles, but in patients
with platelet counts <1000 x 10°/L the CALR mutation was not
associated with higher bleeding, unlike previously observational and
retrospective studies.*

The frequency of upper gastrointestinal pain and discomfort, self-
assessed by using the SODA questionnaires, was available in 240 out
of 242 patients. The median SODA scores throughout the study were
comparable in the two study groups (median SODA pain score, O in
both groups; median SODA discomfort score, 1.0 in both groups; Sup-
plemental Figure 4).

Other adverse events that occurred during the study
(Supplemental Table 5) were considered by the referent physicians
unrelated to the experimental treatment.
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FIGURE 1

Serum thromboxane B, values according to the randomized aspirin regimen. In the upper panel the figure depicts the median

serum thromboxane (TX) B, at randomization (baseline) and during the 10 post-randomization study visits in the two treatment arms. For each

time-point, error bars represent the upper and lower 95% confidence interval (Cl) around the median; the table below reports the number of valid

measurements, serum TXB, percent reduction for the twice-daily versus once-daily regimen, and p value after Scheffe's correction. The lower
panel depicts the correlation between serum thromboxane B2 and urinary thromboxane metabolite excretion in ET patients treated with two

aspirin regimens. The plot shows individual data from 846 visits in which both serum thromboxane (TX) B2 and urinary TXA2/TXB2 metabolite

(TXM) were measured in the 242 enrolled ET patients, randomized to receive aspirin 100 mg od or bid.

4 | DISCUSSION

The natural history of ET is characterized by an increased incidence of
thrombotic and microvascular complications.™? In the largest available
population-based cohort study of 9429 MPN patients and 35 820
matched control participants, the rate of thromboses (arterial and
venous) in 3462 ET patients was between 1.7- and 3.5-fold higher

RIGHTSE LI MN iy

than in the age- and gender-matched population, depending on the
age of onset and time from diagnosis.>*

Low-dose aspirin (81 to 100 mg daily) is considered—largely by
consensus opinion—the cornerstone of antithrombotic therapy for
patients with ET.2 While randomized trials of aspirin in this setting are
lacking, the potential benefit for ET was extrapolated from the positive

results of a placebo-controlled, low-dose aspirin trial involving
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FIGURE 2 Distribution of the MPN-10 disease-specific symptom score according to the randomized aspirin regimen. In the upset plot, the
main vertical bars represent the absolute number of visits in which symptoms clustered together as represented by the black connected dots
underneath the bars. The horizontal bars (left side) represent the relative frequency of each symptom. Upper and lower panels show data for the
once- and the twice-daily regimens, respectively. As an example, patients randomized to once-daily aspirin referred a complete absence of any
symptom in 184 visits, as compared to 221 visits in patients taking twice-daily aspirin. On the other hand, patients randomized to once-daily
aspirin complained of suffering from all 10 possible symptoms in 60 visits, as compared to 14 visits in patients taking twice-daily aspirin.

518 patients with polycythemia vera® and retrospective studies.*>>?

Therefore, the efficacy and safety of antiplatelet therapy in ET remains
untested.®? However, it should be acknowledged that the rarity of the
disease and the relatively low vascular event rate would make a cardio-
vascular outcome trial in essential thrombocytemia unfeasible.
Although the assessment of platelet aggregation played a pivotal
role in the development of antiplatelet drugs,>® measurement of serum
TXB, was instrumental in the development of low-dose aspirin as an
antiplatelet agent, as it guided the choice of dosing regimens for random-
ized clinical trials to evaluate its efficacy and safety.>* According to the
European Medicines Agency, “the reduction of TXB, levels in serum (not
in plasma) can be considered as a widely accepted surrogate for platelet
aggregation and also for efficacy in secondary prevention of cardiovascu-
lar events”® (Supplemental material). Similarly, the Food and Drug
Administration (FDA) included serum TXB, measurement as part of the
new drug approval (NDA) file for a novel liquid formulation of aspirin.®
Because of the very high capacity of human platelets to synthe-
size and release TXA, in response to various stimuli, platelet COX-1

activity must be virtually completely (i.e., >97%) suppressed to
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maximally reduce platelet activation in vivo, as reflected by urinary
11-dehydro-TXB, excretion.®¢®” Such a profound and long-lasting
suppression of serum TXB, can be achieved with a once-daily regimen
of 75- to 100-mg aspirin, but not with other NSAIDs because of their
time-dependent, reversible inhibition of platelet COX-1 activity.®
Incomplete (i.e., 70% to 90%) and short-lasting reductions in serum
TXB, by ibuprofen or diclofenac were not associated with any mea-
surable cardioprotective effect and did not prevent atherothrombotic
complications associated with COX-2 inhibition.%” In light of these
findings, it is pharmacologically plausible that a conventional low-dose
aspirin regimen producing a similarly incomplete reduction in platelet
TXA, production will be largely ineffective in protecting patients with
ET against atherothrombosis.*°

The ARES Investigators previously reported that the majority of
ET patients display inadequate suppression of serum TXB, by a stan-
dard low-dose aspirin regimen,'? most likely due to accelerated
renewal of platelet COX-1 during the 24-h dosing interval.”1° These
findings are at variance with the recent observation that two-thirds of

patients with polycythemia vera display adequate suppression
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of serum TXB, in response to a once-daily 100-mg aspirin regimen,”
thus questioning the validity of extrapolating clinical trial results of

patients with polycythemia vera® to patients with ET.
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FIGURE 3 Difference between MPN-10
score frequencies and pain scores for hands and
feet according to the randomized aspirin
regimen. In the upper panel, the MPN-10 score
comprises the sum of 10 disease-specific
symptoms, ranging from O (absence of any
symptom) to 100 (all symptoms present at the
worst possible degree). Bars represent the
percent difference of MPN-10 scores between
patients on the once-daily versus twice-daily
regimen at each study visit. Moreover, patients
were asked at each visit to circle a number
between zero and 10 that best represented the
pain intensity on their hands (middle panel) and
feet (lower panel) over the week preceding the
study visit, zero representing “no pain at all” and
10 representing “the worst pain ever possible”
(numerical rating scale [NRS]). Bars represent the
difference of each score frequency between
patients on the aspirin once-daily regimen and
patients on the twice-daily regimen.

The present study assessed the long-term pharmacodynamic effi-

cacy of and adherence with a low-dose aspirin twice-daily regimen, as

well as its safety and tolerability, as compared with the standard once-
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daily regimen in a relatively large cohort of aspirin-treated ET patients.
Our findings demonstrate the feasibility of restoring an adequate aspi-
rin response and maintaining it over an extended follow-up, with no
evidence of reduced compliance or tolerability and no novel safety sig-
nals associated with more frequent dosing. The improved suppression
of platelet COX-1 activity, assessed ex vivo, was associated with signifi-
cantly reduced TXA,/TXB, biosynthesis in vivo, as reflected by a sub-
stantial decrease in urinary 11-dehydro-TXB, excretion. The baseline
excretion rate of this urinary TXA,/TXB, metabolite was recently
reported to be associated with all-cause and cardiovascular mortality,
irrespective of aspirin use, in 3044 participants in the Framingham
Heart Study over a 12-year follow-up,** as well as with serious vascular
events in the placebo-controlled ASCEND trial in patients with diabetes
and no previous cardiovascular disease.*? Therefore, the finding of
reduced in vivo TXA, biosynthesis in patients with ET suggests that the
optimized aspirin regimen may effectively prevent TXA,-dependent
vascular events in this clinical setting.

A disease-related, clinical manifestation of ET is represented by
microvascular disturbances (erythromelalgia, headache, visual distur-
bances, dizziness, tinnitus), which occur in up to one third of ET
patients and impair their quality of life.*> The high percentage of
microvascular symptoms was recently confirmed by two cohort stud-
ies of 1000 ET patients each, with a prevalence of 29%.*4*> Micro-
vascular disorders have been reported to be predictive of the risk of
recurrent thrombotic events after TIA*® or venous thrombosis.*”

According to the 2013 ELN criteria, the improvement in disease-
specific symptoms, as listed in the MPN-10, should be considered
when assessing the therapeutic response in ET and PV patients.*®
Cytoreductive treatment has a favorable impact in reducing high
symptom burden,*? but this therapeutic strategy is not recommended
in low-risk patients. Previous non-randomized studies suggested that
aspirin might reduce microvascular symptoms.>®>! Moreover, the use
of aspirin twice daily has been proposed by expert consensus? and
NCCN guidelines®? to reduce microvascular symptoms, although the
quality of the evidence supporting this proposal is limited and relies
on small, non-randomized studies.

In this study, we provide evidence that low-dose aspirin taken
twice daily can significantly and consistently reduce the overall symp-
tom burden, as compared to once-daily dosing, especially in patients
with severe symptoms and erythromelalgia. The proportion of patients
receiving cytoreductive treatment was comparable in both arms
(Table 1), thus a confounding effect of cytoreduction on the reduction
of symptoms seems unlikely. Therefore, the optimized regimen of aspi-
rin given twice- rather than once-daily may represent an effective strat-
egy for controlling the symptom burden in patients with ET.

Our finding that improved platelet inhibition by twice-daily aspirin
was associated with persistently lower frequency of severe peripheral
microvascular pain deserves further investigation, but is consistent with
the involvement of TXA,-mediated platelet activation and vasoconstric-
tion in these microvascular disturbances.>>>! The benefits of the twice-
daily aspirin regimen included not only microvascular symptoms, but
also a reduction of the whole symptom burden. Further studies are

needed to understand and unravel underlying mechanisms.
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The present study has several limitations. First, its sample size was
not powered to assess hard clinical efficacy and safety outcomes, and
their low numbers preclude any unequivocal interpretation. Second, the
requirement that patients be already on low-dose aspirin therapy for
inclusion in the study limits extrapolation to newly diagnosed,
untreated ET patients. However, the relative ease of performing serum
TXB, measurements before and after low-dose aspirin administration
allows determining the response pattern in newly diagnosed patients
and assessing the need for a twice-daily regimen. Third, the lack of
measurement of agonist-induced platelet aggregation precludes any
comparison with the pharmacodynamic efficacy of other antiplatelet
agents that might be considered as an alternative or in addition to aspi-
rin in ET patients. However, the effect of aspirin is variably detected by
functional assays, potentially leading to misclassification of a normal
aspirin response as aspirin “resistance”, owing to poor intra-subject
reproducibility of platelet aggregation inhibition upon repeated mea-
surements.>® Finally, the open-label design may limit the interpretation
of the unblinded assessment of clinical symptoms and outcomes.

5 | CONCLUSIONS

Despite these limitations, we believe our findings have clinical implica-
tions for the antithrombotic treatment of patients with ET. These
include the availability of a more effective aspirin regimen for preci-
sion antiplatelet therapy in the individual patient with ET. Moreover,
they provide a rationale for revising current clinical practice guidelines
for antiplatelet therapy in ET patients.

In this trial, twice-daily low-dose aspirin was consistently and per-
sistently superior to the standard once-daily regimen in suppressing
platelet TXA, production in patients with ET, and reduced microvas-
cular symptoms with no detectable excess of bleeding complications

and gastrointestinal discomfort.
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