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Introduction

Rivaroxaban is an unfortunate drug whose
efficacy & safety have been documented by
different trials for a number of clinical
conditions, but it gets LESS ATTENTION from

the physicians as it deserves.

It is a member of family of antithrmbotics.



Introduction

* Antithrombotics are the vital agents in the
management of Ischaemic Heart Diseases

* Their judicious use make the Interventional
procedures safe & succesful

e They are the pivotal agents to prevent
thromboembolic events — both arterial &
VENOUS.



Antithrombotic

Antiplatelets
Oral Parenteral
Aspirin Cangrelor
Clopidogrel
Ticagrelor
Prasugrel

Anticoagulants
Oral Parenteral
VKA NOAC Heparin
Warfarin Direct Thrombin Direct Factor Xa Enoxabarin
Inhibotor Inhibitor P
Dabigatran Rivaroxaban Bivaluridin
Apixaban

Edoxaban
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Warfarin

 Widely used & experience of 7 decades
* Antidote (Vit-K) commonly available

* Less expensive



What's wrong with Warfarin?

o Narrow therapeutic range
o Slow onset of action

o Slow offset of action (long duration of
action, long elimination half life)

o Multiple drug and dietary interactions

o Monitoring required to maintain in
therapeutic range

Thromb Haemost 2010:103:34-39



NOAC

New/ Novel oral anticoagulants
Non Vit-K antagonist anticoagulants
DOACs — Direct oral anticoagulants
Direct thrombin inhibitor - Dabigatran
Factor Xa inhibitor — Rivaroxaban
Apixaban

Edoxaban



Advantages of NOACs

Absence of food interactions;

Few strong drug interactions;

Predictable pharmacokinetic and pharmacodynamic profiles;
Rapid onset and offset of action;

Absence of the need for laboratory monitoring.

Wide therapeutic windows



Disadvantages of NOACs

Higher cost
Limited experience and dosing,

Not to be used in severe renal and hepatic disease, patients
with mechanical heart valves.

Antidote — limited availability



Evidence-Based Development &
Rationale for Once-Daily Rivaroxaban Dosing
Regimens Across Multiple Indications

* In 2008, Rivaroxaban is approved for the prevention of VTE following total
hip or knee replacement surgery.

* Since then, it’s use widened :
a) Treatment of DVT & PE and the prevention of recurrent DVT/PE,

b) Prevention of stroke and systemic embolism in patients with atrial
fibrillation (AF)

c) Prevention of atherothrombotic events after an ACS

Clinical and Applied Thrombosis/Hemostasis 2016, Vol. 22(5) 412-422



Rivaroxaban: Pharmacokinetics

A Rapid bioavailability upto 80-100%
Peak plasma conc. 1.5-2 hrs

D About 92-95% protein-bound

M 65% metabolized by liver

Urine- 35%
t,/,~5-9 hours




Rivaroxaban: Dose Regimen
ndication ______[Dose |Durtion

VTE prevention after
elective hip or knee

replacement surgery 10mg daily

THR S5weeks
TKR 2 weeks
Treatment of DVT/PE

Initial treatment 15 mg twice daily 21 days
Continued treatment and 20 mg daily >3 months
prevention

Stroke prevention in 20mg daily indefinite
patients with nonvalvular

AF

Secondary prevention after 2.5 mg twice daily 12-24 months
ACS and CCS

Clinical and AppliedThrombosis/Hemostasis2016, Vol. 22(5) 412-42



Absorption and metabolism of NOAC

Bioavailability

Prodrug

Clearance:
non-Renal / Renal

Liver metabolism:
CYP3A4

Intake with food?

Absorption with
H2B/PPI

Asian ethnicity

Gl tolerability

Elimination half-life

3-7%

yes

20%/80%

no

no

plasma level -12 to -
30%

plasma level +25%

dyspepsia 5-10%

12-17h

50%

no

73%/27%

yes (elimination;
minor CYP3A4)

no

no effect

no effect

no problem

12h

62%

no

50%/50%

minimal (<4%
of elimination)

no official
recommendation yet

no effect

no effect

no problem

9-11h

Rivaroxaban

66% (w/o food)
~100% with food

no

65%/35%

yes (elimination)

mandatory

no effect

no effect

no problem

5-9h (young) /11-13h (elderly)




Use of NOAC according to renal function
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The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 SEPTEMEER 8, 2011 VOL. 365 NO. 10

Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrillation
O =3

* Double-blind trial
 Randomly assigned 14,264 patients

e Nonvalvular Atrial Fibrillation who were at
increased risk for stroke

e Rivaroxaban (at a daily dose of 20 mg) or dose-
adjusted warfarin
ROCKET AF Trial




ROCKET —AF : CONCLUSION

* In patients with atrial fibrillation, Rivaroxaban was
noninferior to warfarin for the prevention of stroke
or systemic embolism.

 There was no significant between-group difference in
the risk of major bleeding, although intracranial and
fatal bleeding occurred less frequently in the
Rivaroxaban group.



2019 AHA/ACC Update

 NOACs (eg. rivaroxaban) are recommended
over warfarin in NOAC-eligible patients with
AF (except with moderate-to-severe mitral
stenosis or a mechanical heart valve) (1A)



CHA,DS ,VASC

CHAZDS2-VASc
Risk
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HAS-BLED

H Hypertension 1
A Abnormal Liver or Renal Function 1o0r2
S Stroke 1
B Bleeding 1
L Labile INR 1
E Elderly (age > 65) 1
D Drugs or Alcohol 1or2

Maximum Score i



PIONEER AF-PCI (Prevention of Bleeding in
Patients with Atrial Fibrillation Undergoing PCl

Population: Patanls with 1 m

parmxysmal, parsistant
or parmmaneant NVAF

undargoing PCI (with
slent placemeant) P, m

Hivamxaban 15 mg o= + single antiplatelet

/ Rivarcxaban 2 5 my bid®
+ DAPT-

VKA (INR 2.0-3.05
+ DAPT®

Kn/aroxaban 15 mg od®
+ low-dose ASA

VA + low-dosa ASA

Intandad DAPT duration End of trematmant
of 1,8 or 12 months (12 months)

Following the PIONEER AF-PCl trial, up to 12 months’ treatment with rivaroxaban 15
mg once daily (or 10 mg once daily in patients with moderate renal impairment)
plus a P2Y12 inhibitor was approved by the European Medicines Agency for use in
patients with non-valvular AF who undergo PCI with stent placement

New EnglJ Med 2016



Conclusion of PIONEER AF-PCI

Rivaroxaban 15 mg OD plus single antiplatelet therapy and
Rivaroxaban 2.5 mg BID plus DAPT demonstrated significantly
improved safety vs VKA plus DAPT.

Rivaroxaban 15 mg OD plus single antiplatelet therapy
approach of choice.

Rivaroxaban 15 mg OD has also been extensively tested in
patients with renal impairment in ROCKET AF and this is
reaffirmed by real-world evidence in daily clinical practice

New EnglJ Med 2016;



Acute Coronary Syndrome

Unstable angina, non-ST-elevated Myocardial Infarction, & ST-elevated
Myocardial Infarction

Plaque Rupture

N

Platelet Coagulation system
Immediate Recurrent
Immediate- Long term-

Anticoagulant & Antiplatelet Anticoagulant & Antiplatelet



The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 JANUARY 5, 2012 VOL. 366 NO.1

Rivaroxaban in Patients with a Recent
Acute Coronary Syndrome

* 15,526 patients

* Twice-daily doses of 2.5 mg/ 5 mg of rivaroxaban or
placebo along with aspirin plus thienopyridine foramean of 13

months and up to 31 months.

 The primary efficacy end point: composite of death
from Cardiovascular causes, MlI, or stroke.

ATLAS ACS 2—-TIMI 51 trial




ATLAS ACS 2—-TIMI 51 trial
CONCLUSION

 Twice-daily 2.5-mg dose of Rivaroxaban
reduced overall and cardiovascular mortality

* There was no significant increase in the rate
of fatal bleeding



Rivaroxaban in ACS

* Rivaroxaban 2.5 mg BID with ASA alone or
ASA plus Clopidogrel indicated for the
prevention of atherothrombotic events in
adult patients after an acute coronary

syndrome

NICE 2019



The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 OCTOBER 5, 2017 VOL. 377 NO. 14

Rivaroxaban with or without Aspirin in Stable
Cardiovascular Disease

 Double-blind trial, 27,395 participants with stable
atherosclerotic vascular disease;
— Rivaroxaban (2.5 mg twice daily) plus aspirin (100 mg once daily),
— Rivaroxaban (5 mg twice daily),
— Aspirin (100 mg once daily).
e The primary outcome was a composite of cardiovascular
death, stroke, or Ml.

COMPASS Trial




Conclusion of COMPASS trial

The risk of major adverse cardiovascular
events was significantly lower with the
combination of Rivaroxaban plus aspirin than
with aspirin alone, and the risk of major
bleeding was significantly higher.



CCS Guideline ESC 2019

* High risk of ischaemic events second
antithrombotic agent (eg. rivaroxaban) is
recommended (lla)

* |n patients with CCS and AF NOAC (eg.
rivaroxaban) is recommended in preference to

VKA.



Rivaroxaban for the prevention of venous
thromboembolism following major
orthopedic surgery: the RECORD trials

Four large studies conducted by RECORD (The
Regulation of Coagulation in Orthopaedic Surgery to
Prevent DVT & PE) have shown Rivaroxaban to be
effective in preventing venous thromboembolism
compared with enoxaparin

The Journal of Bone and Joint Surgery. Journal Expert Review of Cardiovascular
British Volume 93-B, Issue 1, January Therapy

1, 2011, Pages 91-95 Volume 7, 2009 - Issue 6



'he NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Oral Rivaroxaban for Symptomatic Venous
Thromboembolism

The EINSTEIN Investigators

* Acute DVT - 3449 patients
e 1731 pt: Rivaroxaban &
e 1718 pt: Enoxaparin plus Warfarin

Conclusions

Rivaroxaban offers a simple, single-drug approach to the
short-term and continued treatment of venous thrombosis
that may improve the benefit-to-risk profile of
anticoagulation.

N Engl J Med 2010;363:2499-510.



A Pooled Analysis of the EINSTEIN-DVT
& PE Studies

* Patients 8282;
— 4151 pt: Rivaroxaban and

— 4131 pt: Enoxaparin and warfarin

* The single-drug approach with Rivaroxaban
resulted in similar efficacy to standard-therapy and

was associated with a significantly lower rate of
major bleeding.

Prinset al. Thrombosis Journal2013,11:21



Comparison of the New Oral Anticoagulants and
Warfarin in Patients with Atrial Fibrillation and
Valvular Heart Disease: Systematic Review
and Meta-Analysis

e Six RCTs were included, involving 13,850 patients
with AF & VHD.

e Aortic stenosis (AS), aortic regurgitation (AR),
tricuspid regurgitation (TR) and mitral regurgitation
(MR).

Drugs in R&D (2019) 19:117-126



NOAC in Valvular Heart Diseases

e The term valvular atrial fibrillation should be
removed from medical jargon

* DOACs are appropriate to use in native valve

disease (excluding mitral stenosis) and in
bioprosthetic valves

e DOAC use is inappropriate in mechanical heart
valves

Drugs in R&D (2019) 19:117-126



Conclusion of Valvular Heart Disease

* NOACs including Rivaroxaban have a number of
advantages over VKAs & appear to significantly reduce
the risk of stroke/SE and intracranial hemorrhage
compared with warfarin in patients with AF and VHD,
with a lower overall risk of major bleeding.

* New RCTs are needed to establish the efficacy and
safety of NOACs compared with VKAs, particularly in
patients with MS & those with mechanical &
bioprostethic valves.

Drugs in R&D (2019) 19:117-126



The MEW ENGLAND JOUBRNAL of MEDICIN E

ORIGINAL ARTICLE

Rivaroxaban for Thromboprophylaxis
after Hospitalization for Medical Illness

Rivaroxaban given to medical patients for 45 days after

hospital discharge, was not associated with a significantly
lower risk of symptomatic venous thromboembolism and
death due to venous thromboembolism than placebo. The
incidence of major bleeding was low.

MARINER Investigators August 26, 2018, at NEJM.org.



Rivaroxaban and Aspirin in Peripheral Vascular Disease: a Review
of Implementation Strategies and Management of Common Clinical

Scenarios

e Patients with PAD have high rates of morbidity and
mortality.

* Dual pathway inhibition with Rivaroxaban & aspirin is
effective at reducing the risk of MACE and MALE

Current Cardiology Reports (2019) 21: 115



Reversal of Rivaroxaban

In case of requirement for urgent surgery
and a concern about bleeding, use of
Andexanet alfa (or prothrombin complex
concentrate if andexanet is not available)

could be considered.



Rivaroxaban - an oral, direct Factor Xa inhibitor - lessons

from a broad clinical study programme
Sylvia Haas

Rivaroxaban has the potential to be an attractive
alternative to current anticoagulants, providing
effective and well tolerated anticoagulation in a

convenient manner, from hospital to home.

European Journal of Haematology, January ,2019



Atherothrombosis Drugs Compendium

Synergy of Dual Pathway Inhibition in Chronic
Cardiovascular Disease

Lessons From the COMPASS Trial

Michiel Coppens, Jeffrey 1. Weitz, John W.A. Eikelboom

Dual pathway inhibition with Rivaroxaban plus ASA represents a
paradigm shift for secondary CVD prevention. Patients who will benefit
the most from dual pathway inhibition are those with polyvascular
disease, symptomatic PAD & those with CAD and diabetes mellitus, heart
failure or renal impairment.

Though Rivaroxaban plus ASA increases the risk of bleeding, there is no
increase in fatal or intracranial bleeding.

Circ Res. 2019;124:416



Summary of Use of Rivaroxaban

Atrial Fibrillation : to reduce the risk of stroke and
systemic embolism

Acute Coronary Syndrome : along with aspirin or
clopidogrel

Chronic Coronary Syndrome : along with aspirin or
clopidogrel

Peripheral Artery Diseases : along with aspirin

Valvular Heart Diseases : it is superior to warfarin
except mitral stenosis and mechanical valves



Summary of Use of Rivaroxaban

Deep Vein Thrombosis & Pulmonary Embolism :
treatment

Deep Vein Thrombosis & Pulmonary Embolism :
prophylaxis

Thromboprophylaxis following total knee
replacement surgery

Thromboprophylaxis following total hip replacement
surgery



Take Home Message

Rivaroxaban is the first of the non-Vit K
antagonist anticoagulants.

Indications in different clinical settings are
established by different RCTs.

Due to its predictable therapeutic effects &
absence of need to monitor, it is preferred to
warfarin

Comparing to other NOAG s, it is as effective and
as safe but with more evidence from more clinical
trials.









Brain Storming Session

In Acute Coronary Syndrome, Rivaroxaban may
be used with-

a. Aspirin alone
b. Clopidogrel alone

c. Not to be combined with any
antiplatelet

d. Warfarin is preferred to Rivaroxaban



Brain Storming Session

In Atrial Fibrillation, dose of Rivaroxaban is -
a. 2.5 mg twice daily
b. 20 mg once daily
c. 15 mg once daily
d. Aspirin is preferred to Rivaroxaban



Brain Storming Session

In Deep Vein Thrombosis, Initial treatment
should be-

a. Heparin mandatory
b. Warfarin
c. Rivaroxaban

d. Rivaroxaban should be combined with
heparin






e Avoid concomitant use of XARELTO® with
known combined P-gp and strong
CYP3A inhibitors or inducers.



* Potent inhibitors of CYP3A4 include
clarithromycin, erythromycin, diltiazem,
itraconazole, ketoconazole, ritonauvir,
verapamil, goldenseal and grapefruit.

* Inducers of CYP3A4 include phenobarbital,
phenytoin, rifampicin, St. John's Wort and
glucocorticoids



 The absorption of rivaroxaban is mediated by P-glycoprotein
(P-gp).

* P-gp inhibitors (amiodarone, clarithromycin, ciclosporin,
colchicine, diltiazem, erythromycin, felodipine, ketoconazole,
lansoprazole, omeprazole and other proton-pump inhibitors,
nifedipine, paroxetine, reserpine, saquinavir, sertraline,
quinidine, tamoxifen, verapamil) can increase the absorption
of rivaroxaban, increasing both AUC and Cmax. Conversely,

* P-gp inducers (carbamazepine, dexamethasone, doxorubicin,
nefazodone, phenobarbital, phenytoin, prazocin, rifampin, St.
Johns wort, tenofovir, tipranavir, trazodone, and vinblastine)
can reduce the absorption of rivaroxaban, decreasing AUC
and Cmax.



* P-glycoprotein 1 (permeability glycoprotein,
abbreviated as P-gp or Pgp) also known as
multidrug resistance protein 1 (MDR1) or
ATP-binding cassette sub-family B member 1
(ABCB1) or cluster of differentiation 243
(CD243) is an important protein of the cell
membrane that pumps many foreign
substances out of cells.




e Common pharmacological inducers of P-
glycoprotein include carbamazepine,
dexamethasone, doxorubicin, nefazodone,
phenobarbital, phenytoin, prazocin, rifampin,
St. Johns wort, tenofovir, tipranavir,
trazodone, and vinblastine.



* An inhibitor of P-gp will increase the
bioavailability of a P-gp substrate, whereas
induction of P-gp will reduce the
bioavailability of a substrate drug. Digoxin is a
drug that is a substrate of P-gp but is not
metabolized by CYP3A4. P-gp inhibits its

bioavailability and contributes to its renal and
biliary secretion.



Post surgical

Guidelines for VTE prevention recommend the routine use
of thromboprophylaxis with low molecular weight
heparins (LMWHSs), fondaparinux or vitamin K
antagonists (VKAs) for patients undergoing major
orthopedic surgery

ACCP guidelines recommend that thromboprophylaxis be
continued for at least 10 d, and up to 35 d after total
knee replacement(TKR) and total hip replacement (THR)

LMWAHs and fondaparinux are effective; however,
their long-term use is limited by their parenteral
route of administration



Therapeutic potential of rivaroxaban in the
prevention of venous thromboembolism following
hip and knee replacement surgery: a review

of clinical trial data

* Rivaroxaban has been extensively studied worldwide in
12,729 patients in the Regulation of Coagulation in Major
Orthopedic Surgery Reducing the Risk of DVT and PE
(RECORD) program.

* Pivotal clinical trials have demonstrated the superior
efficacy in reducing total VTE in comparison with both the
North American and European regimens of enoxaparin.

e Safety of the drug was found to be excellent, with no
demonstrable cardiovascular or hepatic effects and no
statistically significant increase in major bleeding.

Vascular health and Risk management : 15 July, 2011



SWITCHING BETWEEN ANTICOAGULANT

STOP VKA . INR <2.0: start NOAC immediate

VKA to NOAC INR 2.0-2.5: immediate or (better) next day

NOAC to VKA DO NOT STOP NOAC UNTILINR > 2
Administer VKA concomitantly with NOAC until INR in
appropriate range

NOAC to Initiate when next dose of NOAC is due

UFH/LMWH

UFH to NOAC 2 (to 4) hours after discontinuation of UFH

LMWH to NOAC

Initiate when next dose of LMWH is due

Antiplatelet to

NOAC

Switch immediately




Acute Coronary Syndrome [ATLASACS
(TIMI 46)] study

* 3500 patients with recent, non-ST-elevated
myocardial infarction, ST-elevated myocardial
infarction,or unstable angina

* All patients received standard anti-platelet
therapy of low-dose ASA, and a thienopyridine
(such as clopidogrel) .

* Patients were then randomized to additionally
receive either rivaroxaban or a placebo for six
months.



NVAF

* Nonvalvular AF is AF in the absence of
moderate-to-severe mitral stenosis or a
mechanical heart valve.



