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Outline

DOAC at a glance

DOAC : How to … ?



New Direct Oral Anticoagulant Drugs



New Direct Oral Anticoagulant Drugs

Celle qui fut la belle Heaulmière
Rodin



“New” Direct Oral Anticoagulant Drugs

anti-fIIa Dabigatran

No requirement for antithrombin

Dabigatran-etexilate: pro-drug

anti-fXa Rivaroxaban
Apixaban
Edoxaban

Inhibit both free and surface-bound 
coagulation factors

Rivaroxaban,
Apixaban,
Edoxaban: active compound

On the CH market
since 12.2008



Pharmacokinetics



Pharmacokinetics

Br J Clin Pharmacol 2007;64:292

Dabigatran



Pharmacokinetics

Eur J Clin Pharmacol 2005;61:873

Rivaroxaban



DOAC : Pharmaco-dynamics & -kinetics

Thromb Haemost 2018;118:437



DOAC: Indications in CH

Primary prophylaxis Treat
-ment

Secondary
prophylaxis

Ortho Medic nv-AF VTE VTE nv-AF

Apixa YES --- YES YES YES YES

Edoxa --- --- YES YES YES YES

Riva YES --- YES YES YES YES

Dabi --- --- YES YES YES YES

N.B.:  NOT licensed for Mechanical cardiac valves
Cancer 
Antiphospholipid syndrome
HIT
VTE in unusual sites
Hepatic disease
Arterial (other than in nv-AF) 

Legend:
nv-AF, non-valvular atrial fibrillation
VTE, venous thromboembolism

BUT …



DOAC for cancer related VTE ?

N Engl J Med 2018;378:615



DOAC for cancer related VTE ?

N Engl J Med 2018;378:615



DOAC for cancer related VTE ?

Thromb Haemost 2018;118:1439



DOAC for HIT ?

Blood 2017;130:1104



DOAC for HIT ?

Blood 2017;130:1104



DOAC for HIT ?

Blood 2017;130:1104



DOAC for APS ?

JTH 2018;16:1028



RAPS : Results – Thrombin generation

Lancet Hematology 2016;3:e426



DOAC: How to prescribe ?

Remember to check:

Hb/Hct, Tc
PT, aPTT, thrombin time (TT), fibrinogen
Creatinine (calculate CrCl according to Cockcroft-Gault)
Liver function

Patient’s age and weight

Medication

Legend:
CrCl, Creatinine clearance



DOAC: Drug interactions

Legend:
P-gp, P-glycoprotein;  AUC, Area under the DOAC plasma concentration curve

P-gp Inhibitors Inducers
AUC  AUC 

Contraindicated Quinidine

Antifungal
(ketokonazole, 
itrakonazole)

Immunosuppres. 
(ciclosporine, 
tacrolimus)

Avoid Amiodarone
Verapamil
Ritonavir
Clarithromycin

Rifampicin
Phenytoin
Carbamazepine
St. John’s wort

CAVE:
Always check for potential interactions with any concomittant drug

D‘après Swiss Med Wkly 2016;146:w14286

Dabi

Riva

Apixa

Edoxa



DOAC: Drug interactions

P-gp

CYP3A4 Inhibitors Inducers
AUC  AUC 

Contraindicated Antifungal
(ketoconazole, 
itraconazole, 
voriconazole, 
posaconazole)

HIV protease
inhibitors
(ritonavir)

Rifampicin
Phenytoin, 
Carbamazepine
St. John’s wort

Avoid Clarithromycine

Unclear Erythromycine
Diltiazem

CAVE:
Always check for potential interactions with any concomittant drug

Legend:
CYP3A4, cytochrome P3A4 isoemzyme 3A4;  AUC, Area under the DOAC plasma conc. curve

D‘après Swiss Med Wkly 2016;146:w14286

Dabi

Riva

Apixa

Edoxa



DOAC: Which dose ?

VTE prevention in major orthpaedic surgery

Apixa 2.5 mg b.i.d.
1st dose 12-24 hrs after surgery

Edoxa Not approved in CH

Riva 10 mg o.d.
1st dose 6-10 hrs after surgery

Dabi Not approved in CH

N.B.:
CrCl (Cockcroft-Gault) ≥30 ml/min

Legend:
b.i.d, bis in die (twice a day)
o.d., omni die (once daily)



DOAC: Which dose ?

Prevention of arterial TE events in nv-AF

Apixa 5 mg b.i.d.

Edoxa 60 mg o.d. (30 mg if weight ≤60 kg and/or
strong P-gp inhibitors)

Riva 20 mg o.d., with food

Dabi 150 mg b.i.d. (110 if age ≥80 yrs)

N.B.:
CrCl (Cockcroft-Gault) ≥50 ml/min

Legend:
b.i.d, bis in die (twice a day)
o.d., omni die (once daily)

D‘après Swiss Med Wkly 2016;146:w14286



DOAC: Which dose ?

VTE treatment

Apixa Upfront
10 mg b.i.d. for the first 7 days

5 mg b.i.d. from day 8
Edoxa LMWH for 5 days

60 mg o.d. (30 mg if weight ≤60 kg and/or
strong P-gp inhibitors)

Riva Upfront
15 mg b.i.d. for the first 21 days
20 mg o.d., with food

Dabi LMWH for 5 days
150 mg b.i.d. (110 if age ≥80 yrs)

N.B.:
CrCl (Cockcroft-Gault) ≥50 ml/min

Legend:
b.i.d, bis in die (twice a day)
o.d., omni die (once daily)

D‘après Swiss Med Wkly 2016;146:w14286



DOAC: Which dose ?

Long-term prevention of VTE recurrence

Apixa 5 / 2.5 (*) mg b.i.d. 

Edoxa 60 mg o.d. (30 mg if weight ≤60 kg and/or
strong P-gp inhibitors)

Riva 20 / 10 (*) mg o.d., with food

Dabi 150 mg b.i.d.

Legend:
b.i.d, bis in die (twice a day)
o.d., omni die (once daily)

D‘après Swiss Med Wkly 2016;146:w14286

N.B.:
CrCl (Cockcroft-Gault) ≥50 ml/min

(*) clinical equipoise regarding the continuation or cessation of anticoagulation therapy 



Long-term prevention of VTE recurrence

AMPLIFY-EXT / N Engl J Med 2013;368:699

(*) clinical equipoise regarding the continuation or cessation of anticoagulation therapy 



Long-term prevention of VTE recurrence

AMPLIFY-EXT / N Engl J Med 2013;368:699

(*) clinical equipoise regarding the continuation or cessation of anticoagulation therapy 



Long-term prevention of VTE recurrence

EINSTEIN-CHOICE / N Engl J Med 2017;376:1211

(*) clinical equipoise regarding the continuation or cessation of anticoagulation therapy 



Long-term prevention of VTE recurrence

EINSTEIN-CHOICE / N Engl J Med 2017;376:1211

(*) clinical equipoise regarding the continuation or cessation of anticoagulation therapy 



Crude incidence of recurrent VTE

Blood advances 2018;2:788



DOAC: How to choose ?



My commentary
- Not licensed for all indications
- Not licensed/recommended for CrCl ≤30 ml/min
- Extreme low / high body weight
- More gastro-intestinal bleedings (Edoxaban, Rivaroxaban, Dabigatran)
- DOAC drug interactions
- Treatment adherence cannot be verified
- Patient preference

DOAC: How to choose ?

Legend:
a, Non-VKA Oral Anti-Coagulant

Thromb Haemost 2016; 115:257



DOAC: How to choose ?

Thromb Haemost 2016; 115:257

My commentary
- Keep VKA
- Patient preference

Legend:
TTR, Time in Therapeutic Range



DOAC: How to choose ?

Thromb Haemost 2016; 115:257

My commentary
- Why unsatisfactory TTR ?

- Therapeutic adherence ?
- Drug interactions ?
- Alimentary habits ?

- Consider: VKA self-monitoring
Half-life Sintrom ~6 hours versus Marcoumar 5 days
Vitamin K supplementation



Correct labile INR

Hämostaseologie 2008;28:44 J Thromb Haemost 2007;5:2043

Spital-Apotheke
KS Luzern

041 / 205 55 51

Pharmacie Internationale
Lausanne
021 / 310 20 71



DOAC: How to choose ?

Thromb Haemost 2016; 115:257

Remember
- Lower dose Apixaban 2.5 mg b.i.d. in nv-AF and age >80 yrs / weight <60kg

Edoxaban 30 mg o.d.
Rivaroxaban 15 mg o.d. in nv-AF (but not in VTE !?)
Dabigatran 110 mg b.i.d.



Age & Renal Function

Circulation 2011;124:824



DOAC: How to choose ?

Thromb Haemost 2016; 115:257

My commentary
- Unsatisfactory therapeutic adherence versus Treatment failure ?



DOAC: How to choose ?

Thromb Haemost 2016; 115:257



DOAC: How to choose ?

Thromb Haemost 2016; 115:257

My commentary
- Diagnostic bleeding ?
- Study patient selection (Thromb Res 2017;149:29)



CAVE : Study patient selection

Thromb Res 2017;149:29

Time to first VTE recurrence

EINSTEIN-DVT/PE patients 
eligible for AMPLIFY

EINSTEIN-DVT/PE patients 
ineligible for AMPLIFY



CAVE : Study patient selection

Thromb Res 2017;149:29

Time to first major bleeding

EINSTEIN-DVT/PE patients 
eligible for AMPLIFY

EINSTEIN-DVT/PE patients 
ineligible for AMPLIFY



DOAC in the real world (UK)

BMJ 2018;362:k2505



DOAC in the real world (UK)

BMJ 2018;362:k2505



DOAC in the real world (UK)

BMJ 2018;362:k2505



DOAC in the real world (UK)

BMJ 2018;362:k2505



DOAC: How to manage elective surgery ?



Perioperative bridging of DOAC ?

No bridging with LMWH

Rev Med Suisse 2013;9:1375



When to stop DOAC before surgery ?

Adapted from: J Thromb Thrombolysis 2016;41:206
Am J Health-Syst Pharm 2016;73(suppl 2):S5

Therapy should generally be resumed
24-48 hours after a minor procedure and                
48-72 hours after major surgery

Hold Time Hold Time 



DOAC level and perioperative bleeding risk

French guidelines Arch Cardiovac Dis 2013;106:382

German guidelines Clin Res Cardiol 2013;102:399

“safe for spinal anesth”: <30 ng/ml

“safe for surgery”: <100 ng/ml

“high bleeding risk”: >400 ng/ml

CAVE : Estimate
(no clinical data!)



DOAC: How to treat major bleeding ?



DOAC: Treatment of major bleeding

French guidelines Arch Cardiovac Dis 2013;106:382

German guidelines Clin Res Cardiol 2013;102:399

Type of DOAC ? anti-IIa: Dabi
anti-Xa: Apixa, Edoxa, Riva

Indication & dosage ?

Time of last intake ? peak : 2-4 hours
half-life, anti-IIa: 12-17 hrs
half life, anti-Xa :     9-14 hrs

Other drugs ? Drug interactions ?
Impairment of hemostasis ?



DOAC: Treatment of major bleeding

French guidelines Arch Cardiovac Dis 2013;106:382

German guidelines Clin Res Cardiol 2013;102:399

Laboratory ? Hb/Hct, Tc
Creatinine
Liver function

Coagulation assay ? TP, aPTT, Thrombin time, fibrinogen
anti-IIa: Thrombin time, dosage
anti-Xa: dosage



DOAC: Treatment of major bleeding

French guidelines Arch Cardiovac Dis 2013;106:382

German guidelines Clin Res Cardiol 2013;102:399

Activated charcoal up to 8 hrs after ingestion 

Tranexamic acid 1g i.v., repeat as needed

PCC (Beri/Prothrom-plex®) 25-50 U/kg
aPCC (FEIBA®) 30-50 U/kg

Antidote For Dabigatran :
Idarucizumab (Praxbind®)
2x 2.5 g i.v. 15 min apart

For Anti-Xa:
Andexanet alfa (2018 in USA)

Hemodialysis Dabigatran
Plasma exchange Apixa, Edoxa, Riva



Idarucizumab (Praxbind®)

N Engl J Med 2015;373:511



Dabigatran rebound after Idarucizumab

JTH 2017;15:1317



Prediction of Dabigatran rebound

Haematologica 2018;103:e226



Dabigatran rebound

Haematologica 2018;103:e226

In case of Dabigatran reversal:

- Baseline lab: PT, aPTT, TT, fibrinogen
[Dabigatran]

- Follow-up lab: TT and [Dabigatran] in case of:
o High initial [Dabigatran] (≥ 200 ng/ml)
o Renal insufficiency



Andexanet alfa

N Engl J Med 2015;373:2413



DOAC & laboratory issues



DOAC & laboratory issues

1. DOAC impact on thrombophilia tests

2. Assays for detecting / quantitating DOAC

3. DOAC monitoring



DOAC : Impact on Antithrombin
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JTH 2014;12:1545

DOAC : Impact on Protein C



JTH 2014;12:1545

DOAC : Impact on Lupus anticoagulans



Thromb Haemost 2016;116:235

DOAC : Impact on Lupus anticoagulans



Detecting & Quantitating Dabigatran

JTH 2018;16:209



Detecting & Quantitating Rivaroxaban

JTH 2018;16:209



1. DOAC’s impact on thrombophilia testing
- Antithrombin
- Protein C coagulometric
- Lupus anticoagulant

DOAC & laboratory issues

2. Assays for detecting & quantitating DOAC
- A normal TT excludes Dabigatran
- Calibrated dTT for [DOAC.aIIa]

- A normal PT cannot exclude Riva/Apixa/Edoxa
- Calibrated anti-Xa assay for [DOAC.aXa]



DOAC: Monitoring ?



Pharmacokinetics

Eur J Clin Pharmacol 2005;61:873

Rivaroxaban



Rev Med Suisse 2013;9:1375
Legend:
RVX, Rivaroxaban

Rivaroxaban peak and trough levels



Apixaban peak and trough levels

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Product_Information/human/002148/WC500107728.pdf



Dabigatran plasma concentration and

JACC 2014;63:321

probability of ischemic stroke or systemic embolic events



Dabigatran plasma concentration and

JACC 2014;63:321

probability of major bleeding



Dabigatran trough plasma concentration

JACC 2014;63:321



Exposure-Response : Edoxaban

JAMA Cardiology 2017;2:566



Criteria for TDM : DOAC

1. INTER-individual variability YES

2. INTRA-individual instability YES

3. Robust assay method YES

4. Correlation (therapeutic range) Probably

5. Validation (clinical outcome) No

Legend:
TDM, Therapeutic Drug Monitoring



Criteria for TDM : DOAC

1. INTER-individual variability YES

2. INTRA-individual instability YES

3. Robust assay method YES

4. Correlation (therapeutic range) Probably

5. Validation (clinical outcome)

6. Verify compliance

No

No

Legend:
TDM, Therapeutic Drug Monitoring



Take-home message

Grazia! Grazie! Merci! Danke! Thank you!

hand-out





National Rivaroxaban VTE 
Advisory Board – Bayer

Bern, 23.11.2016

Lorenzo ALBERIO

Service et Laboratoire 
Central d’Hématologie

Rivaroxaban treatment in VTE patients with APS 
RAPS trial results



Hannah Cohen on behalf of the RAPS trial group

University College London (UCL) Hospitals NHS Foundation 
Trust and UCL, & Guy’s and St Thomas’ (GSTT) Hospitals 

NHS Foundation Trust and Kings College London, London, UK

XXV ISTH Congress, Toronto June 2015

RAPS (RIVAROXABAN IN APS): RCT 
OF RIVAROXABAN VS WARFARIN IN 

THROMBOTIC APS PATIENTS, 
WITH OR WITHOUT SLE



RAPS

Lancet Hematology 2016;3:e426



Primary aim 
to demonstrate that the intensity of 
anticoagulation achieved with rivaroxaban is 
not inferior to that of warfarin using thrombin 
generation testing

Secondary aims 
to compare rates of bleeding and recurrent 
thrombosis, and the quality of life in both 
patient groups

RAPS Aims



• Prospective phase II/III non-inferiority RCT 
• APS patients, warfarin target INR 2.5 for VTE 
• Randomised:

1:1 to warfarin or rivaroxaban 20mg OD
• Open label
• Primary end point 42 days
• Treatment continued 180 days 

ISRCTN 68222801; EUDRACT 2012-002345-38 
TSC Chair: Prof Mike Greaves; IDMC: Prof Peter Maddison

Trial design



• Percentage change in ETP from 
randomisation to day 42

• Rivaroxaban non-inferior to warfarin if  
percentage change in ETP no more than 
20% higher (i.e. less anticoagulant effect) 
than that for warfarin
• Non-inferiority limit of 20% based on:

• inter centre assay variability of test 
performance

• clinical relevance

Primary outcome



a) Efficacy
• Recurrent VTE
• composite of recurrent VTE + other 

thrombotic events
• other thrombin generation test parameters 
• markers of in vivo coagulation activation

b) Safety
• serious adverse events (SAE)
• all bleeding events

Secondary end points  



• Patients with thrombotic APS: 
• single episode of VTE whilst not on 

anticoagulation or
• recurrent episode(s) whilst off anticoagulation or 

on sub-therapeutic anticoagulation
• Target INR 2.5 (range 2.0 – 3.0)
• On warfarin for at least 3 months since last VTE
• Adequate contraception with the exception of 

postmenopausal or sterilised women 

Inclusion criteria



RAPS : Exclusion criteria

Lancet Hematology 2016;3:e426

Patients with
- previous arterial thrombotic events due to antiphospholipid syndrome
- recurrent venous thromboembolism when taking warfarin at a therapeutic INR

of 2.0–3.0
- younger than 18 years

Other exclusion criteria were
- pregnancy or lactation
- severe renal impairment (CrCl, Cockcroft and Gault ≤29 mL/min)
- alanine aminotransferase more than twice the upper limit of normal
- Child-Pugh class B or C cirrhosis
- thrombocytopenia (platelets <75 × 10⁹/L)
- non-adherence to warfarin regimen (based on clinical assessment)
- taking azole class antifungals
- taking protease inhibitors (eg, ritonavir) for HIV
- taking dronedarone
- taking strong CYP3A4 inducers (eg, rifampicin, phenytoin, carbamazepine,

phenobarbital, or St John’s wort)
- refusal to give consent for the study site to inform a family doctor or health-

care professional responsible for anticoagulation care about participation.



RAPS : CONSORT flow chart

Lancet Hematology 2016;3:e426



RAPS : Baseline characteristics

Lancet Hematology 2016;3:e426



RAPS : Baseline characteristics

Lancet Hematology 2016;3:e426



Miyakis categories at baseline

Miyakis et al, JT&H 2006; 4: 295–306

Allocated to Allocated to

Rivaroxaban Warfarin Total (%)
Category I 
Double positive
(any combination)

5 8 13 (11.2)

Category I 
Triple positive

14 19 33 (28.4)

Category IIa, IIb, IIc
One aPL type only

21 14 35 (30.2)

aPL not detected 17 18 35 (30.2)
Total 57 59 116



RAPS : Baseline characteristics

Lancet Hematology 2016;3:e426



RAPS : Baseline characteristics

Lancet Hematology 2016;3:e426



RAPS : Results – Clinical endpoints

Lancet Hematology 2016;3:e426



RAPS : Results – Clinical endpoints

Lancet Hematology 2016;3:e426



RAPS : Results – Thrombin generation

Lancet Hematology 2016;3:e426



RAPS : Results – ETP

Lancet Hematology 2016;3:e426



RAPS : Results – Peak thrombin

Lancet Hematology 2016;3:e426



RAPS : Results – Time to peak

Lancet Hematology 2016;3:e426



RAPS : Results

Lancet Hematology 2016;3:e426



• Rivaroxaban inferior to warfarin based on ETP
• Rivaroxaban superior to warfarin based on 

Time to Peak and Peak Thrombin 
• Higher ETP with rivaroxaban explained by 

altered reaction kinetics
• ETP / Time to Peak ratio corrected for 

rivaroxaban-induced protracted ETP 
• In vivo coagulation activation markers  
- no difference in risk rivaroxaban vs warfarin 

Summary



• No difference in risk between rivaroxaban 
and warfarin, based on:
• Overall assessment of anticoagulation 

intensity using thrombin generation
• D-dimer/coagulation activation markers
• Clinical outcomes over 6 months follow up

Conclusions



BAYER

• The primary endpoint (ETP) was not met.
How do you judge the relevance of

1. this endpoint (ETP)?

2. secondary TG endpoints (e.g. peak thrombin)?

3. the clinical outcomes?

• Based on these and previous data,
what would be your recommendation about the use of
Rivaroxaban
for treatment and

secondary prevention of VTE in patients with APS?



L.A. personal comments : weaknesses

□ Numbers n=116 : randomized
n=110 : primary endpoint (54 RVX, 56 VKA)
n=115 : secondary endpoint(57 RVX, 58 VKA)

□ Previously treated patients (>3 months on VKA)

□ High risk patients excluded
(arterial TE, recurrent VTE on INR 2-3) 
or
underrepresented
(SLE 19%, APLA triple positive 28%)

□ Timing [RVX] on day 42 : peak !

□ F1+2 at day 42 in the RVX group

□ Effect of RVX on TG : ETP ≠ velocity index (initial TG rate)



L.A. personal comments : RVX & TG

Bertaggia Calderara D et al. Manuscript in preparation



L.A. personal comments : strenghts

□ Homogeneous patient population (low risk APS patients)

□ D-dimers on day 42



• The primary endpoint (ETP) was not met.
How do you judge the relevance of

1. this endpoint (ETP)?

2. secondary TG endpoints (e.g. peak thrombin)?

3. the clinical outcomes?

• Based on these and previous data,
what would be your recommendation about the use of
Rivaroxaban
for treatment and

secondary prevention of VTE in patients with APS?

BAYER
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