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The extent of the problem

=1-2% of the UK population are anticoagulated

70000 -

sooo0 | AF 70%
VTE 25%
50000 7 | Other 5%

40000 -

30000

20000 -

10000 —

O I I I I I I I I !
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014



8% of individuals
>80 years of age are
anticoagulated
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Targets of Direct Oral Anticoagulants
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Adapted from Weitz JI et al. J Thromb Haemost. 2005;3:1843-1853.



The ideal anticoagulants?

Oral administration

Rapid onset of action
Relatively short half-life
Predictable pharmacokinetics
= No need for monitoring
Few drug or dietary
interactions

Modest risk of bleeding
Rapidly reversible



Table 1: NOACs: Overview and Pharmacology?'-2+%

Apixaban?'-# Dabigatran?'25 Rivaroxaban?'-
Drug class Direct factor Xa inhibitor Direct factor lla inhibitor Direct factor Xa inhibitor
Bioavailability 50% 3%—1% 80%-100% for 10-mg dose

66% for 20-mg dose

Tmax 1-4 hr 1-3hr 2-4 hr
CYP metabolism 15%-25% CYP3A4 No 30% CYP3A4, CYP2J2
Renal excretion 25% 80% 36%
Half-life 8-15hr 1217 hr 9-9 hr
Dosage form Tablet Capsule Tablet
Dosing frequency BID BID Once daily

Apixaban, dabigatran and rivaroxaban have a rapid onset and short half-life.
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Table 1: NOACs: Overview and Pharmacology?'-2+%

Apixaban?'-# Dabigatran?'25 Rivaroxaban?'-
Drug class Direct factor Xa inhibitor Direct factor lla inhibitor Direct factor Xa inhibitor
Bioavailability 50% 3%—1% 80%-100% for 10-mg dose

66% for 20-mg dose

Tmax 1-4 hr 1-3hr 2-4 hr
CYP metabolism 15%-25% CYP3A4 No 30% CYP3A4, CYP2J2
Renal excretion 25% 80% 36%
Half-life 8-15hr 1217 hr 9-9 hr
Dosage form Tablet Capsule Tablet
Dosing frequency BID BID Once daily

Apixaban, dabigatran and rivaroxaban have a rapid onset and short half-life.

Predictable dose-response relationship

=» No monitoring required

Few drug interactions
No dietary interactions




Current agents and licensed indications

Dabigatran Rivaroxaban Apixaban Edoxaban

(lla inhibitor | (Xa inhibitor) | (Xa inhibitor) | (Xa inhibitor)

Stroke prevention [] [] [] []
in AF

DVT O O [] []

PE [] [] [] [

Orthopaedic [] [] [] []

prophylaxis



Clinical trial data

 Non-inferior to warfarin in terms of efficacy
— Prevention of VTE in orthopaedic surgery
— Prevention of stroke in AF
— Treatment of VTE

* Equivalent safety in terms of bleeding
— Less intracranial haemorrhage
— More Gl tract bleeding (dabigatran)

e No head-to-head DOAC comparisons



--__;,‘! 3 0 O Prepublished online May 23, 2014;
B doi:10.1182/blood-2014-03-563577

Rates, management and outcome of bleeding complications during
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Atrial Fibrillation
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Table 1: NOACs: Overview and Pharmacology?'-2+%

Apixaban?'-# Dabigatran?'25 Rivaroxaban?'-
Drug class Direct factor Xa inhibitor Direct factor lla inhibitor Direct factor Xa inhibitor
Bioavailability 50% 3%—1% 80%-100% for 10-mg dose
66% for 20-mg dose
Tmax 1-4 hr 1-3hr 2-4 hr
CYP metabolism 15%-25% CYP3A4 No 30% CYP3A4, CYP2J2
25% 80% 36%

an-ne 8-15hr 1217 hr 9-9 hr
Dosage form Tablet Capsule Tablet
Dosing frequency BID BID Once daily

Apixaban, dabigatran and rivaroxaban have a rapid onset and short half-life.




@/\ U.S. Food and Drug Administration [t
= Protecting and Promoting Your Health y

Pradaxa (dabigatran etexilate mesylate): Drug Safety Communication
- Safety Review of Post-Market Reports of Serious Bleeding Events

Fosted 12/07/2011
m

Latest advice for medicines users

MHRA: Dabigatran (Pradaxa ¥ ): risk of serious
December 2011 haemorrhage—need for renal function testing

Article date: December 2011

Summary

A number of cases of serious and fatal haemorrhage have been
reported in elderly patients with renal impairment who were receiving
dabigatran. Renal function should be assessed in all patients before
starting dabigatran and at least once a year in patients older than 75
years or those with a suspected decline in renal function. Dabigatran
is contraindicated in patients with severe repal impairment (creatinine
clearance <30 mbL/min)



Limitations

Caution in renal impairment
? applicability to non-trial population
— Extremes of weight
— Elderly
— Pregnancy
— Children
Thromboembolism in patients with artificial heart valves
Cost
Availability of antidote



Anticoagulant-associated ICH: Is reversibility
important?




Study n Lobar Cerebellar Mortality, %
Kase et al, [198521 24 & 9 (37 %) 63
Franke et gl, 199015 79 ‘e 1 (1%) 67
Radberg et|al, 199122 28 12 4 (14%) a7
Forsting et |al, 199118 40 - 1 (3%) S0
Fredriksson et al, 199223 29 6 1 (3%) 55
SPAF Il Stydy, 19947 9 3 2 (22%) 67
Staaf et al,|198724 33 - 64
Fogelholm gt al, 199220 41 54
Hylek and Binger, 199473 77 46
ASPECT S{udy, 19945 17 47
Sixty-Plus Htudy, 198218 4 75
Smith et al| 19903 6 67
Wintzen et jal, 198417 38 68
Dawson et |al, 199314 18 56"
Landefeld and Goldman, 19892 11

Aggregate 454 30% 9%t m

SPAF indicates Stroke Prevention in Atrial Fibrillation; ASPECT, Anticozs
Secondary Prevention of Events in Coronary Thrombosis.

tCerebellar hemorrhages constitute 5% to 10%

coagulated

Tin nonanticoagulated patients, approximate
hemorrhages and 15% of infarcts are fatal by

patients.,




Features of anticoagulant-associated ICH

Rapid deterioration with first 24-48 hours, increasing ICH volume
Poor outcome associated with:

— ICH volume

— Intraventricular extension of bleeding

Majority of warfarin-related ICH occurs with INR 2-3.5
Rapid reversal of anticoagulant effect essential:

— To prevent haematoma expansion

— To facilitate appropriate surgical intervention

Sjoblom et al. Stroke (2001), 32, 2567-2574
Management and prognostic features of ICH during anticoagulant
therapy: A Swedish Multicenter Study



Time to surgery (hrs)

Surgery should occur within 48 hours of presentation with hip fracture

Contents lists available at ScienceDirect

Thrombosis Research

journal homepage: www.elsevier.com/locate/thromres

Full Length Article

The impact of oral anticoagulation on time to surgery in patients
hospitalized with hip fracture¥

@ CrossMark

Thomas Tran ?, Aurélien Delluc ®, Carine de Wit*, William Petrcich ¢, Grégoire Le Gal **<, Marc Carrier >“*

Examined time to surgery in 2258 patients:
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The ideal anticoagulant in a patient who bleeds
or requires urgent surgery?

e Oral administration

e Rapid onset (2 '
* Relatively shoriA —Iife

. Predicharmacokinetics

No need for

monitoring
e Few drug or dietary

interactions

Rapidly reversible (antidote)

If not reversible...

Short half-life
Ability to measure
anticoagulant effect — rapidly

and accurately



Effect of the direct oral anticoagulants on basic
coagulation screening

PT () M
APTT AN N
Fibrinogen -/ -

D dimers 7 7

Platelet count

* Assays for dabigatran and factor Xa antagonists are available;
=>» Therapeutic level: 200 — 400 ng/ml
=» Prophylactic level: 50 — 150 ng/ml
=» Minimal effect: < 50 ng/ml



Warfarin

Prothrombin complex
concentrate

Vitamin K



Warfarin VS DOAC

Prothrombin complex
concentrate

Vitamin K



Dabigatran antidote (Idarucizumab: Praxbind)

Dabigatran
Light
chain

Blood -prepublished online March 8, 2013; DOI 10.1182/blood-2012-11-468207



The NEW ENGLAND JOURNAL fJf MEDICINE

ORIGINAL ARTICLE

Idarucizumab for Dabigatran Reversal

Charles V. Pollack, Jr., M.D., Paul A. Reilly, Ph.D., John Eikelboom, M.B., B.S.,
Stephan Glund, Ph.D., Peter Verhamme, M.D., Richard A. Bernstein, M.D., Ph.D.,
Robert Dubiel, Pharm.D., Menno V. Huisman, M.D., Ph.D., Elaine M. Hylek, M.D.,

Pieter W. Kamphuisen, M.D., Ph.D., Jorg Kreuzer, M.D., Jerrold H. Levy, M.D.,
Frank W. Sellke, M.D., Joachim Stangier, Ph.D., Thorsten Steiner, M.D., M.M.E.,

Bushi Wang, Ph.D., Chak-Wah Kam, M.D., and Jeffrey . Weitz, M.D.

N Engl J Med. 2015;373:511-20
* 91 patients taking dabigatran

* Group A: 51, serious bleeding
* Group B: 39, requiring urgent surgery
e 5gidarucizumab —two 2.5g IV boluses, no

more than 15 minutes apart
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Test results normalised
in 88-98% of subjects
within minutes

Good clinical response
Effect was sustained for
up to 24 hours

No safety concerns



Indications for Idarucizumab

e Adult patients treated with dabigatran, when rapid reversal of
anticoagulant effect is required:

» For emergency surgery/urgent procedures

» In life-threatening or uncontrolled bleeding



Idarucizumab: Newcastle experience

Casel

71y o female

eDabigatran for AF and previous DVTs
*Presented with acute cholecystitis and AKI
eDabigatran stopped

2 days later required emergency cholecystectomy
— PT 29s, APTT 84s, TT >300s, dabigatran level 400 ng/mL
— Given 2x 2.5g idarucizumab
— Complete correction of coagulopathy, dabigatran level <1 ng/mL

eDischarged from hospital one month later on rivaroxaban



Idarucizumab: Newcastle experience

Case 2
*54 y 0 man
eDabigatran for paroxysmal AF (4 months post successful ablation)

*Presented with increasing SOB, ECHO showed large pericardial
effusion
*Required emergency pericardiocentesis for cardiac tamponade
— PT 18s, APTT 45s, dabigatran level 83 ng/mL
— Given 2x 2.5g idarucizumab
— Pericardiocentesis performed, drained 1 litre of blood-stained fluid
— PT and APTT normalised

e Discharged from hospital, off anticoagulant therapy



Idarucizumab: Newcastle experience

Case 3

/2y 0 man

eDabigatran for AF
*Background of lung cancer

*Found lying on floor. Sepsis/Malaena/AKI
— PT 51s, APTT 86s, TT >300s, dabigatran 923 ng/mL
— Creatinine 320 (baseline 75)
— Given 2x 2.5g idarucizumab

*Died



Idarucizumab: Newcastle experience

Case 4
82 y o female
eDabigatran for AF

*Presented with 2 week history of malaena, hypotensive and
tachycardic

— PT 12s, APTT 43s, TT 220s, dabigatran level 86 ng/mL
— Given 2x 2.5g idarucizumab
— PT 12s, APTT 28s, TT 19s, dabigatran level 0.59 ng/mL

*No further Gl tract bleeding
eRemains an inpatient, not currently anticoagulated



PRT064445: recombinant FXa variant

Light chain : Heavy chain :
[ I |

Catalytic domain

S—3S S—S
FXa PRT064445 (r-Antidote)

e Two modifications introduced to human fXa
— Removal of the Gla-domain
— Mutation at the active site (S419A)
e PRTO064445 (r-Antidote)
— No pro- or anti-coagulant activity
— Retains binding ability for FXa inhibitors



Mechanism for reversal of oral FXa inhibitor
by PRT064445

Prothrombin

L - &

+ llase Inhibited llase Thrombin

I

FXa inhibitor

P = f

PRT064445 FXa inhibitor-PRT064445
complex



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Andexanet Alfa for Acute Major Bleeding
Associated with Factor Xa Inhibitors

Stuart J. Connolly, M.D., Truman J. Milling, Jr., M.D., John W. Eikelboom, M.D.,
C. Michael Gibson, M.D., John T. Curnutte, M.D., Ph.D., Alex Gold, M.D.,
Michele D. Bronson, Ph.D., Genmin Lu, Ph.D., Pamela B. Conley, Ph.D.,

Peter Verhamme, M.D., Ph.D., Jeannot Schmidt, M.D., Saskia Middeldorp, M.D.,

Alexander T. Cohen, M.D., Jan Beyer-Westendorf, M.D., Pierre Albaladejo, M.D.,
Jose Lopez-Sendon, M.D., Shelly Goodman, Ph.D., Janet Leeds, Ph.D.,

Brian L. Wiens, Ph.D., Deborah M. Siegal, M.D., Elena Zotova, Ph.D.,
Brandi Meeks, B.Eng., Juliet Nakamya, Ph.D., W. Ting Lim, M.Sc.,
and Mark Crowther, M.D., for the ANNEXA-4 Investigators*

e 67 patients with acute major bleeding on a factor Xa inhibitor
* Bolus of andexanet, followed by 2-hour infusion

* Dose dependent on timing of last dose of Xa inhibitor, </> 7 hours
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decreased by 89%- 93%
initially

79% had good clinical
response at 12 hours
18% had a thrombotic

event



DOACs: Management of bleeding or urgent surgery

e General measures:
» Stop the drug
» Document timing of last dose

» Check FBC, coagulation screen, creatinine/eGFR, (drug
assay)

» Correct haemodynamic compromise
» Defer surgery if able

» Control haemorrhage:
» Mechanical compression
»Surgical/radiological intervention



DOACs: Management of bleeding or urgent surgery

e Specific measures:

» Dabigatran
» Oral activated charcoal if last dose <2 hours
» Consider haemodialysis/haemofiltration
=60% removed within 2 hours
guided by normalisation of APTT
caution re rebound increases in Dabigatran concentration
» ldarucizumab (Praxbind) 5g

» Rivaroxaban/Apixaban/Edoxaban
» Oral activated charcoal if last dose <2 hours
> Antidote???



DOACs: Management of bleeding or urgent surgery

 Non-specific pharmacological measures:
» Antifibrinolytics- Tranexamic acid, oral/IV/topical
» Other haemostatic agents-
» PCC (Beriplex)
»rFVlla (NovoSeven)
>aPCC (FEIBA)



Summary

DOACs are being increasingly used in the UK

No rapidly available test to assess anticoagulant effect, but drug assays

may be requested in the lab
— estimate anticoagulant intensity by timing of last dose, renal function

Antidote for dabigatran (Idarucizumab: Praxbind) is now available for use -

may ‘wear off’ after 12-24 hours

Supportive measures continue to be mainstay of therapy for bleeding due

to factor Xa antagonists



