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Dabigatran etexilate, a new oral
direct thrombin inhibitor, for
stroke prevention in patients with
atrial fibrillation

Fazeel M Siddiqui & Adnan I Qureshi’
"Zeenat Qureshi Stroke Research Center, University of Minnesota, Minneapolis, MN, USA

Importance of the field: Warfarin is the only oral anticoagulant recom-
mended for the prevention of ischemic stroke in atrial fibrillation. A newer
and safer anticoagulant is needed because of increased hemorrhagic risks
with warfarin, difficult-to-maintain therapeutic levels, and higher drug to
drug and food interactions.

Areas covered in this review: Dabigatran etexilate is a new, effective, revers-
ible, rapid-acting, oral direct inhibitor of thrombin. This review focuses on
the results of major Phase Il and Il trials conducted to evaluate the use of
dabigatran in prevention of stroke in atrial fibrillation.

What the reader will gain: The objective of this paper is to discuss the use of
dabigatran for prevention of stroke in patients with atrial fibrillation and to
review its major advantages and disadvantages over warfarin.

Take home message: After the recent publication of Phase Il trial RE-LY
(randomized evaluation of long-term anticoagulation therapy), the use of
dabigatran in atrial fibrillation is more clearly defined. A higher dose of dabi-
gatran may be beneficial in patients who have recurrent ischemic events,
despite therapeutic levels of warfarin. A lower dose is potentially safer than
warfarin because of fewer hemorrhagic complications. Disadvantages include
twice-daily dosing, dyspepsia and higher cost.

Keywords: atrial fibrillation, dabigatran etexilate, direct thrombin inhibitor,

pharmacodynamics, pharmacokinetics, warfarin
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1. Introduction

Atrial fibrillation affects more than 2.2 million patients in USA and is associated
with a fivefold increased risk of ischemic strokes, which are typically more severe
and disabling [1-4]. Approximately 70% of individuals with atrial fibrillation are
between 65 and 85 years of age [5]. Projected data from the cross-sectional Antico-
agulation and Risk Factors In Atrial Fibrillation (ATRIA) study of 17,974 adults
indicated that the number of Americans with atrial fibrillation will increase to
more than 5.6 million (2.5-fold), during the next 50 years [6]. Of these, 76% of
patients with atrial fibrillation have a moderate to high risk of embolization (7).
Warfarin is the only oral anticoagulant recommended at present for the prevention
of ischemic stroke in this high-risk population [8]. However, the effect of warfarin
can be altered with changes in diet, liver function and drug interactions
involving the P450-cytochromes. Warfarin has a very narrow therapeutic index.
A subtherapeutic international normalized ratio (INR) (1.5 - 1.9) reduces its
preventive efficacy by a factor of 2 - 3.6 in atrial fibrillation patients compared
with the recommended INR values (2.0 - 3.0) [91. Risk of intracranial hemorrhage
with therapeutic INR is small (0.3 - 0.5% per 100 patient-years), but it increases
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to 2.7% at INR values of 4 - 4.5 and to 9.4% when INR
exceeds 4.5 [10. Approximately 11% of patients receiving
long-term warfarin have INR > 5 [11).These limitations of
warfarin highlight the need for new oral anticoagulants
with predictable pharmacokinetics and pharmacodynamics,
minimal food and drug interactions, fixed-dose administra-
tion, wider therapeutic window, and requirement of less
intense monitoring.

2. Overview of the market

There are many targets for new anticoagulants in the coagula-
tion pathway (Figure 1). Fondaparinux and idraparinux
inhibit Factor Xa (FXa) indirectly requiring antithrombin as
a cofactor. A Phase III, open-label atrial fibrillation trial,
AMADEUS, evaluating the efficacy of idraparinux versus

warfarin ended prematurely owing to a higher rate of adverse

events with idraparinux, despite a trend towards greater
efficacy (18 cases of thromboembolism with idraparinux
and 27 cases with vitamin K antagonists; 0.9 vs 1.3 per
100 patient-years; HR = 0.71, p = 0.007) (121. In contrast to
indirect inhibitors of FXa, there are also many orally active
compounds in clinical development for stroke prevention in
atrial fibrillation that directly bind to the active site of FXa
and block the interaction with its substrates (Figure 1) [13,14].
In the final step of the coagulation pathway, thrombin con-
verts fibrinogen to fibrin. Ximelagatran and dabigatran are
oral, direct thrombin inhibitors that prevent fibrin formation,
thrombin-mediated activation of Factors V, VIII, XI and XIII
and thrombin-induced platelet-aggregation. Ximelagatran
demonstrated favorable efficacy for prevention of stroke in
atrial fibrillation in two Phase III trials before it was
withdrawn from market because of hepatotoxicity [14,15].

3. Dabigatran etexilate

Dabigatran (BIBR 953 ZW; Box 1) is a small molecule that
specifically and reversibly inhibits thrombin with similar
structure to 0--NAPAP (N-alpha-(2-naphthylsulfonylglycyl)-
4-amidinophenylalanine piperidide), a benzamidine-based
thrombin inhibitor [16-18].

3.1 Chemistry

Dabigatran etexilate, Ethyl N-{[2-({[4-((E)-amino{[(hexyloxy)
carbonyl] imino} methyl) phenyl] amino} methyl)-1-methyl-
1H-benzimidazol-5-yl]carbonyl}-Npyridin-2-yl-B-alaninate
methanesulfonate is an orally absorbable prodrug form of
dabigatran, formed by addition of a hydrophobic side-chain
to the original molecule (Figure 2) [19]. It corresponds to
a molecular formula of C35H45N708S. The molecular
mass is 723.86 for the salt and 627.75 for the free base [20].
Dabigatran etexilate is converted to active form dabigatran
by esterase-catalyzed hydrolysis in plasma and in the
liver [20).

3.2 Pharmacodynamics

Dabigatran is a synthetic, nonpeptide competitive, rapid-
acting and reversible inhibitor of thrombin, the most potent
physiological agonist of platelet aggregation [17). As the binding
with thrombin is selective, and reversible, its anticoagulant
effects are more predictable than other irreversible thrombin
inhibitors like hirudin 121]. In iz vitro and ex vivo studies, dabi-
gatran showed high thrombin selectivity (700- to 10,000-fold
higher than any other key factors in the coagulation cascade) [22).
Dabigatran showed a potent inhibitory effect on thrombin-
induced platelet aggregation; a concentration of 10 nmol/
liter achieved 50% maximal inhibition (ICsp) [221. In addition,
dabigatran inhibits tissue factor-induced thrombin generation
in human platelet-poor plasma in a concentration-dependent
manner and decreases endogenous thrombin generation [22).
In platelec-rich plasma from healthy adults, dabigatran had a

more potent inhibitory effect on tissue factor-induced platelet
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Figure 1. Targets for new anticoagulants in the coagulation pathway.

aggregation than two FXa inhibitors, rivaroxaban and apixa-
ban [23]. Therefore, dabigatran may be effective in preventing
both venous thrombosis and arterial thrombosis, which is
more dependent on platelet aggregation [23].

Two double-blind, randomized,
studies were done; the first a single-dose and the second a
multiple-dose escalating study [24]. The effects of dabigatran
were assessed using coagulation tests including activated

placebo-controlled

partial thromboplastin time (aPTT), prothrombin time
(PT), INR, thrombin time (TT) and ecarin clotting time
(ECT). Single, orally administered doses (10 — 400 mg) led
to rapid, dose-dependent increases in mean INR, TT and
ECT, with the maximum anticoagulant effect occurring
at the maximum plasma dabigatran concentration(C,,,,)
indicating that thrombin inhibition by dabigatran is a
direct effect linked to the central plasma compartment [24].
Coagulation parameters closely followed drug concentra-
tions when healthy men were given dabigatran 50 - 400 mg
three times daily. Maximum effects were achieved within
2 h of administration. Twelve hours after administration,
blood coagulation prolongation was reduced to = 50% of
its maximum [24]. Similar pharmacodynamic effects were
observed in healthy older subjects [25].

3.3 Pharmacokinetics and metabolism

3.3.1 Absorption

Dabigatran has a mean absolute bioavailability of 6.5%, which
is independent of dose and not influenced by coadministration
with food (17). The BISTRO I [2¢] trial studied the postopera-
tive absorption of dabigatran in total hip replacement patients.
Dabigatran etexilate was administered using a tablet formula-
tion in doses of 12.5, 25, 50, 100, 150, 200 and 300 mg twice
daily, or 150 and 300 mg once daily. Peak plasma concentra-
tions were reached at 6 h following administration in a postop-
erative period owing to contributing factors such as anesthesia,
gastrointestinal paresis, and surgical effects causing delay in
absorption independent of the oral formulation. Slow and
delayed absorption is only present on the day of surgery. On
subsequent days, absorption of dabigatran is rapid with peak
plasma concentrations attained 2 h after administration [27].

3.3.2 Distribution

In healthy men, dabigatran plasma concentrations decline in
a biphasic manner characterized by a rapid distribution phase,
with a decrease in dabigatran plasma concentrations to < 30%
of Cp.x within 4 = 6 h of dosing. This is followed by a

prolonged elimination phase, resulting in a mean plasma
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Figure 2. Chemical structure of dabigatran (BIBR 953).

terminal half-life of 12 - 14 h. Steady state dabigatran concen-
trations are achieved approximately 3 days after multiple-dose
administration, with no evidence of significant accumula-
tion [17). Dabigatran exhibits plasma protein binding of about
35%, implying that displacement interactions are unlikely
to affect its pharmacokinetics and pharmacodynamics. The
volume of distribution of dabigatran is 60 — 70 liters, which
exceeds the volume of total body water, indicating moderate
tissue distribution [17].

3.3.3 Metabolism and elimination
In healthy men, dabigatran was the predominant compound
in plasma, urine and feces following both oral administration
of dabigatran etexilate and intravenous administration of
dabigatran [28]. The hydrolysis of dabigatran etexilate and
BIBR 1087 SE is mediated by microsomal-carboxylesterases,
which are members of the family of serine-esterases. Dabiga-
tran is not metabolized by P450-isoenzymes to any significant
extent [28]. Therefore, the risk of drug interactions is low.
Renal excretion of unchanged dabigatran is the predominant
elimination pathway, with about 80% of an intravenous
dose excreted unchanged in the urine [28]. The remainder is
conjugated with glucuronic acid to form acylglucuronides,
which are predominantly excreted via the bile with only very
small amounts of conjugates found in urine [28].
Bioconversion of prodrug to dabigatran was slightly slower
in patients with moderate hepatic impairment [29]. Compared

with those without renal impairment, the bioavailability of
dabigatran was 2.7-fold higher in patients with moderate renal
impairment and 6-fold greater in patients with severe renal
impairment. Therefore, use of dabigatran is contraindicated
in patients with severe renal impairment [17).

In healthy older adults (aged > 65 years) who received dabi-
gatran 150 mg twice daily, plasma dabigatran concentrations
reached steady state in 2 — 3 days. However, in comparison
with historical data for healthy young adults, bioavailability
increased 1.7- to 2-fold in elderly subjects, probably attributable
to lower renal clearance [25).

Dabigatran systemic availability is 20 = 30% higher in
elderly women than elderly men, but dosage adjustments are
not required [25]. Similarly, limited available data indicate
that no dosage adjustment is necessary in patients with
bodyweight < 50 or > 110 kg, although close surveillance is
recommended in patients outside these weight limits [17,30].

3.4 Clinical efficacy

The efficacy of dabigatran for the prevention of stroke in atrial
fibrillation was studied in two randomized, double-blinded
trials (Table 1).

3.4.1 PETRO

PETRO (dabigatran with or without concomitant aspirin
compared with warfarin alone in patients with nonvalvular
atrial fibrillation) was an open-label Phase II trial, designed
to identify a safe dose of dabigatran in patients with atrial
fibrillation [31]. Safety of a dose was determined by the occur-
rence of bleeding and clinical events. Oral dabigatran doses
assessed included 50, 150 and 300 mg twice daily. Study par-
ticipants were monitored for safety at 1, 4, 8 and 12 weeks
after randomization. Dabigatran monotherapy was compared
with dabigatran plus aspirin 81 or 325 mg once daily and
with warfarin monotherapy (dosed to reach a target INR of
2-3)ina 3 x 3 factorial design. The choice of aspirin dose
was selected by the investigator. Plasma dabigatran concentra-
tions, aPTT, D-dimer concentrations and liver function tests
were measured at baseline and at 1, 2, 4, 8 and 12 weeks.
Inclusion criteria mandated that patients have a median of
three risk factors for stroke: patients had to have atrial
fibrillation (median duration was 4 years), coronary artery dis-
ease (later removed to facilitate recruitment), and at least one
of hypertension, diabetes mellitus, heart failure (or left ventric-
ular dysfunction, LVEF < 40%), previous stroke or transient
ischemic attack (TTA) or age > 75 years. Exclusion criteria
were the presence of mitral-stenosis, prosthetic heart valves,
planned cardioversion, recent (£ 1 month) myocardial infarc-
tion, stroke or TIA, intracoronary stent placement within
6 months, contraindications or additional indications for
anticoagulation, major hemorrhage in the past 6 months,
severe renal impairment (estimated glomerular filtration
rate < 30 ml/min), abnormal hepatic function, risk of preg-
nancy and investigational drug use within 30 days. The median
aPTT with dabigatran 150 mg twice/day was comparable to
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Table 1. Summary of clinical trials evaluating the role of dabigatran etexilate in atrial fibrillation.

Trial No. of Study Intervention Comparison Follow-up Comments
patients type period
PETRO [31] 502 Phase I 50, 150 or 300 mg Warfarin administered to 12 weeks Major bleeding events
dabigatran twice daily achieve an international were observed in patients
alone or in combination normalized ratio treated with dabigatran
with 81 or 325 mg between 2 - 3 300 mg plus aspirin, and
aspirin thromboembolic episodes
were observed in the
50 mg dabigatran groups.
The two highest doses of
dabigatran suppress
D-dimer concentrations
Serious hepatoxicity was
not seen
RE-LY [32] 18,113 Phase Il Dabigatran 110 or Warfarin administered to 2 years Compared with warfarin,

150 mg twice daily

achieve an international
normalized ratio of 2-3

dabigatran 110 mg twice
daily was associated with

similar rates of stroke and
systemic embolism but
lower rates of major
hemorrhages. By contrast,
dabigatran 150 mg twice
daily was associated with
lower rates of stroke and
systemic embolism but
similar rates of major
hemorrhage (in patients
with atrial fibrillation)

PETRO: Dabigatran with or without concomitant aspirin compared with warfarin alone in patients with nonvalvular atrial fibrillation;

RE-LY: Randomized evaluation of long-term anticoagulation therapy.

therapeutic doses of ximelagatran 36 mg twice a day, which was
studied previously for stroke prevention in atrial fibrillation.
Trough plasma concentrations of dabigatran were noted to be
higher in women (12 - 20%) and patients with reduced creat-
inine clearance. Trough aPTTs demonstrated low variability,
with coefficients of variation of 13 - 21%, indicating that no
routine monitoring of aPTT need be performed. Major hemor-
rhages were noted only in the dabigatran 300 mg plus aspirin
group (4 of 64). This rate was significantly higher compared
with the 300 mg-treated patients (p < 0.02); thus aspirin was
discontinued in that group, and the patients were merged
with the 300-mg monotherapy group. Alanine aminotransfer-
ase (ALT) levels greater than three times the upper limits of
normal (ULN) range were observed in 0.9% of the dabigatran
groups. Increases in ALT levels greater than the ULN range
were reported in 10% of warfarin-treated patients.

342 RE-LY

RE-LY (randomized evaluation of long-term anticoagulation
therapy) was a randomized noninferiority trial designed to
compare two fixed doses of dabigatran, with open-label use
of warfarin in patients with atrial fibrillation and were at
increased risk for stroke [32]. Patients were recruited from
951 clinical centers in 44 countries. Patients were eligible if

they had atrial fibrillation documented on electrocardiogra-
phy performed at screening or within 6 months and at least
one of the following characteristics: previous stroke or TIA,
LVEF < 40%, New York Heart Association heart failure
class I or higher, and an age of at least 75 years or an age
of 65 - 74 years plus diabetes mellitus, hypertension or coro-
nary artery disease. Reasons for exclusion were the presence of
a severe heart-valve disorder, stroke within 14 days or severe
stroke within 6 months before screening, a condition that
increases the risk of hemorrhage, a creatinine clearance
< 30 ml/min, active liver disease or pregnancy. All trial partic-
ipants were randomly assigned to receive one of two doses of
dabigatran, or warfarin, by means of a central, interactive,
automated telephone system. Dabigatran was administered,
in a blinded fashion, in capsules containing either 110 or
150 mg of the drug, to be taken twice daily. Warfarin was
administered, in an unblinded fashion, adjusted locally to an
INR of 2.0 - 3.0. Concomitant use of aspirin (at a dose
of < 100 mg per day) or other antiplatelet agents was permit-
ted. Follow-up visits occurred 14 days after randomization, at
1 and 3 months, every 3 months thereafter in the first year,
and then every 4 months until the study ended. Liver function
testing was performed monthly during the first year of the
follow-up period.

Expert Opin. Pharmacother. (2010) 11(8)
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Table 2. Major efficacy and safety outcomes in RE-LY [32].

Events Dabigatran

110 mg (n = 6015) (%)

Stroke or systemic 182 (1.53)
embolization

Major bleeding 322 (2.71)
Major or minor bleeding 1740 (14.62)
Life threatening bleeding 145 (1.22)
Intracranial bleeding 27 (0.23)
Extracranial bleeding 299 (2.51)
Myocardial infarction 86 (0.72)
Deaths 446 (3.75)

Dabigatran Warfarin (n = 6022) (%)
150 mg (n = 6076) (%)

134 (1.11) 199 (1.69)

375 (3.11) 397 (3.36)

1977 (16.42) 2142 (18.15)

175 (1.45) 212 (1.80)

36 (0.30) 87 (0.74)

342 (2.84) 315 (2.67)

89 (0.74) 63 (0.53)

438 (3.64) 487 (4.13)

The three treatment groups were well balanced with respect
to major baseline characteristics including age, sex, types
of atrial fibrillation (persistent, paroxysmal and permanent)
and CHADS2 (Congestive heart failure, hypertension, Age
>75, Stroke or TIA) scores. The rate of the primary outcome
(stroke and systemic embolization) was significantly lower
with dabigatran at a dose of 150 mg twice daily (1.1%) than
with either dabigatran at a dose of 110 mg twice daily
(1.5%; RR = 0.73, 95% CI 0.58 - 0.91, p = 0.005) or warfa-
rin (1.7%; RR = 0.66, 95% CI 0.53 - 0.82, p < 0.001, for
noninferiority < 0.001).

The rate of nonhemorrhagic (i.e., ischemic or unspecified)
stroke also was significantly lower with 150 mg of dabigatran
(0.92%) than with either 110 mg of dabigatran (1.34%;
RR = 0.76, 95% CI 0.60 - 0.98, p = 0.03) or warfarin
(1.20%; RR = 0.69, 95% CI 0.54 - 0.88, p = 0.002).The
rates of hemorrhagic stroke with the 110-mg and 150-mg
dabigatran doses were significantly lower than that with war-
farin. The rate of extracranial hemorrhage was similar in all
three groups. Myocardial infarction and gastrointestinal side
effects were significantdy more frequent with dabigatran
150 mg (compared with warfarin). The proportion of partic-
ipants whose ALT levels were elevated more than three times
the ULN was similar to warfarin group.

3.5 Safety and tolerability

3.5.1 Lethal and toxic doses

Safety and tolerability of dabigatran is evaluated in many

animal studies. Single-dose oral administration of dabigatran

did not increase mortality in mice and rats at doses up to

2000 mg/kg and up to 600 mg/kg in Rhesus monkeys [20].
The toxicity observed in the repeat-dose toxicity studies was

associated to the exaggerated pharmacological activity of

dabigatran [20).

3.5.2 Bleeding risk

The most commonly reported adverse reaction in four
actively controlled venous thrombo-embolism (VTE) preven-
tion trials was bleeding [20). In Phase II and Phase III trials
evaluating the role of dabigatran in atrial fibrillation, risk of

major hemorrhages was higher with higher doses of dabiga-
tran (31,32]. When compared with warfarin, rate of major hem-
orrhage was comparable in patients who received 150 mg of
dabigatran but significantly lower in patients who received
110 mg of dabigatran daily. Rates of life-threatening bleeding,
intracranial bleeding, and major or minor bleeding were
higher with warfarin than with either the 110-mg dose of
dabigatran or the 150-mg dose of dabigatran (p < 0.05 for
all comparisons of dabigatran with warfarin; Table 3). There
was a significantly higher rate of major gastrointestinal bleed-
ing with 150-mg daily dosing of dabigatran compared with
INR-based warfarin.

3.5.3 Other adverse events

The rate of myocardial infarction was higher with both doses of
dabigatran compared with warfarin (Table 2). The most frequent
adverse events in the pivotal studies including both prevention
of VTE and stroke in atrial fibrillation were dyspepsia
(RE-LY) and nausea, vomiting and constipation [20,321.

3.5.4 Drug interactions

Dabigatran etexilate is a substrate for the efflux transporter P-
glycoprotein transporter. Drugs such as amiodarone, verapa-
mil, clarithromycin, rifampin and St John’s wort, which act
on the P-glycoprotein, may alter the plasma concentration
of dabigatran and dose adjustment may be needed. The use
of quinidine, a strong inhibitor of P-glycoprotein transporter
is contraindicated [30].

4. Regulatory affairs

On 18 March 2008, the European Medicines Agency granted
marketing authorization for dabigatran use in preventing
VTE o). Dabigatran has not been approved for use in
patients with atrial fibrillation.

5. Conclusion

Dabigatran in doses of 110 mg and 150 mg daily reduces
the risk of ischemic stroke among patients with atrial
fibrillation who are at high risk for such events. Its
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advantages include oral administration, predictable phar-
macokinetics and pharmacodynamics, minimum food
and drug interactions, a wide therapeutic window, and
no requirement for regular monitoring. Disadvantages
include increased risk of myocardial infarction, gastroin-
testinal bleeding and dyspepsia [32]. The rates of myocar-
dial infarction were higher in both dabigatran- versus
warfarin-treated groups; though these rates were similar
to what would be expected in the UK for a general
population of similar age (33. One explanation to this
finding is that warfarin provides additional protection
against coronary ischemia, which is evident in previously
published large randomized trials (34. The increased inci-
dence of dyspeptic symptoms with both dabigatran doses
and the increased risk of gastrointestinal bleeding with
the 150-mg dose may partly be explained by the peculiar
formulation of dabigatran capsule. To enhance its absorp-
tion, a tartaric acid core was used [32]. Other disadvan-
tages include lack of specific antidote in the event of
overdose and hemorrhagic complications. Supportive ther-
apy such as fresh frozen plasma may be indicated in case
of severe bleeding. Thrombin time and aPTT can be used
to monitor the severity of bleeding diasthesis. However,
their correlation with thrombosis and bleeding in a
population with atrial fibrillation has not yet been clearly
established [35].

Siddiqui & Qureshi

6. Expert opinion

Dabigatran etexilate is very close to the definition of an
ideal anticoagulant, which makes it a potentially suitable
new alternative for prevention of stroke in atrial fibrillation
in appropriate settings. Based on the results of PETRO and
RE-LY, we think that dabigatran can have therapeutic value
in patients with atrial fibrillation under two conditions: i) a
150-mg twice-daily dose for patients with recurrent ische-
mic stroke or embolic events despite therapeutic doses of
warfarin; and ii) a 110-mg twice-daily dose for patients
who are not good candidates for warfarin because of higher
risk of fall and hemorrhagic complications; though addi-
tional studies are needed to support this hypothesis. Future
subgroup analyses are needed to explore dabigatran’s use in
elderly, patients with acute stroke and patients with low cre-
atinine clearance as these patients were excluded from
RE-LY. Dabigatran’s twice-daily dosing, increased risk of
nonhemorrhagic side effects like dyspepsia and a likely
higher cost may reduce compliance if used as an alternative
to warfarin in the future.
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