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Absorption and metabolism of different DOACs

15 mg/20 mg: 66%
Bioavailability without food, 80—-100%
with food

Prodrug No

Clearance non-
renal/renal of 20%/80% 73%/27% 50%/50% 65%/35%
absorbed dose

Plasma protein binding 35% 87% 55% 95%

50-60% (in part

o [+ . . . . .
Tl 14% (in part dialysable) n.a. (in part dialysable) n.a. (in part dialysable)

Dialysability

Liver metabolism: No Yes [elimination, moderate Minimal (<4% of Yes (hepatic elimination
CYP3A4 involved contribution (=25%)2] elimination) =18%)131

6-22% more; minimal

+39% more (see above)
effect on exposure

Absorption with food No effect No effect
-12% to 30% (not

.. No effect No effect No effect
clinically relevant)

Absorption with H2B/PPI

Asian ethnicity +25%166 No effect No effect No effect

5-9 h (young)
Elimination half-life 12-17 h
11-13 h (elderly)

Dyspepsia (5— Intake of 15 mg/20 mg
10%) with food mandatory

Hepatic metabolism in total of 25%, mostly via CYP3A4, with minor Eur Heart J 2018; 39:1330-1393
contributions of CYP1A2, 2J2, 2C8, 2C9, and 2C19.




Criteri di esclusione e aggiustamenti di dosaggio negli studi di
fase ITI

Clearance renale

Rivaroxaban
(ROCKET-AF)

Apixaban
(ARISTOTLE)

Edoxaban
(ENGAGE AF-TIMI 48)

M, pazienti

Dose

Criteri di esclusione
per IRC

Aggiustamento del
dosaggio in caso

di IRC

Percentuale di
pazienti con IRC

CrC1 <30 mlimin

% con
CrCl 3049 mlmin

CrC1 <30 mlimin

15 mgldie
se CrC] =30-49 mlmin

21% con
CrCl 3049 mlfmin

Creatinina sierica >2.5 mg/dl o
CrCl <25 mlimin

2.5mg bid se creatinina sierica
=1.5 mg/dl + etd =80 anni o
peso =60 kg

| 5% con
CrCl 30-50 ml/min

CrCl <30 mlimin

30mg o 15 mg/die
se CrCl <50 ml/min

| 9% con
CrCl =50 milfmin

Riduzione dell'ictus e
dellembolia sistemica

La preserza di IRC non
interferisce sugli effetd
del farmaco

La presenza di IRC non
interferisce sugli effeti
del farmaco

La presenza di IRC non
interferisce sugl effetti
del farmaco

ND

Riduzione delle
EMOrTAgie Maggior
rispetto al warfarin

Riduzione delle
BMOrragie maggion
con dabigatran pil

elevata nel pazienti con
elsFR =80 ml/min con
entrambi i dosaggi

Analoga incidenza di
EMOrTagie maggion

Riduzione delle emorragie
maggiori con apixaban




I trials di registrazione
dei DOACs nella FA

..analisi dei sottogruppi "fragili“...
I'insufficienza renale ... e |'eta.



Meta-analysis of All DOACs vs Warfarin (FA):
Subgroups: Stroke or systemic embolic events

Pooled NOAC Pooled warfarin RR (95% Cl)
(events) (events)

pinteractinn

496/18073 578/18004 0-85 (0-73-0-99) }
415/11188 532/11095 078 (0-68-0-88)

531/18371 634/18 390 0-84 (0-75-0-94)

622/20216 755/20238 0-83 (0-74-0-93) }
287/9096 356/8990 0-80 (0-69-0-93)
Previous stroke or TIA

483/20 699 615/20 637 0- 78 (0-66-0- 91)

405/13055 546/13155 0-75 (0-66-0-85)

249/5539 311/5503 0-79 (0-65-0-96) }
256/10626 255/10533 0-98 (0-79-1-22

247/9563 290/9757 0-86 (0-70-1-05)

69/5058 90/4942 075 (0-54-1-04) }
596/14690 733/14528 0-80 (0-72-0-89)

386/13789 513/13834 0-75 (0-66-0-86) }

522/15514 597/15395 0-85 (0-70-1-03) 031

Centre-based TTR
<66% 509/16219 653/16297 077 (0-65-0-92) } 6
266% 313/12642 392/12904 0-82(071-0.95) S %0

Ruff CT et al 2014; 383:955-962



Previous stroke or TIA

Meta-analysis of All DOACs vs Warfarin (FA):
Subgroups major bleeding

1317/18460
1328/10771

751/8682
1495/14530

481/11278
872/7691

514/4376
1104/10139

76/3090
530/7403
1640/12716

656/12776
909/16446

484/10972
668/10944

1543/18396
1346/10686

920/8645
1548/14544

678/11294
937/7583

1280/20619
8600

620/4346
1174/10228

126/3078
597/7498
1745/12611

786/12820
1040/16265

702/11021
736/11049

0-79 (0-67-0-94)
0-75 (0-58-0-97)
0-90 (0-72-1-12)

071 (0-54-0-93)
0-90 (0-78-1-04)

0-85 (0-72-1-01)

0-74 (0-52-1-05)
(0.76-1-08)

0-60 (0-45-0-80)
0-88 (0-65-1-20)
0-86 (0-71-1-04)

0-84 (0.76-0-93)
0-87 (0:70-1-08)

0-69 (0-59-0-81)
0-93 (0-76-1.13)

;
;

}

;
;

Ruff CT et al 2014; 383:955-962




Efficacy and safety of novel oral anticoagulants (NOACs) vs warfarin in the
subgroup of patients with moderate chronic kidney disease (CKD) from randomized,
clinical trials in atrial fibrillation

Intervention Hazard ratio (99% Cl}

Dabigatran 150 mg (n=1,232)

Dabigatran 110 mg (n =1,196)

Rivaroxaban 15mg (n=1,474)
Apixaban 5mg* (n=1,508)
Edoxaban 30 mg (n=1,302)

WISI|OqLUS DILLIS)SAS
10 8MoONs

Dabigatran 150 mg (n=1,232)

Dabigatran 110 mg (n=1,196)
Rivaroxaban 15 mg (n=1,474)
Apixaban b mg* (n=1,508)
Edoxaban 30 mg (n=1,302)

HFuipaa|q jolew)

0.5 1.0 2.0
Favors NOAC Favors warfarin

Qamar A & Bhatt DL Circulation 2016; 133: 1512-1515



Meta-analysis of All DOACs vs Warfarin (VTE):
First recurrent VTE or VTE-related death in specific subgroups.

Pooled DOAC Pooled VKA Risk ratio (95% CI) RR (95%Cl) P
(n/N) (nIN)

INDEX EVENT :

PE + DVT  136/5764 (2.4%) 153/5775 (2.6%) 0.89 (0.71-1.12)

|
|

DVTonly  199/7655 (2.6%) 21317654 (2.8%) I—Q'{—l 0.93 (0.77-1.13)
BODY WEIGHT :
1

<100 kg 57/2146 (2.7%) 6212157 (2.9%) 0.90 (0.77-1.06)
>100 kg 278/11354 (2.4%) 305/11262 (2.7%) 0.92 (0.64-1.32)

CREATI

30-49 ml/min 26/898 (2.9%)  39/891 (4.4%) 0.70 (0.43-1.15)  0.16

> 50 ml/min  307/12248 (2.5%) 316/12282 (2.6%) 0.97 (0.83-1.14) 0.74

<75years 296/11572 (2.6%) 299/11635 (2.6%) 0.99 (0.85-1.17) 0.95
> 75 years 39/1858 (2.1%)  68/1807 (3.8%) 0.56 (0.38-0.82) 0.00
CANCER

|
No  308/12625 (2.4%) 321/12666 (2.5%) 0.96 (0.82-1.12)

27/805 (3.4%)  46/776 (5.9%) 0.57 (0.36-0.91)
0.2 5

Favors DOAC Favors VKA

Nick van Es et al. Blood 2014;124:1968-1975




Meta-analysis of All DOACs vs Warfarin (VTE):
Bleedings in specific subgroups.

B Pooled DOAC Pooled VKA Risk ratio (95% Cl) RR (95%CIl) P
(n/N) (n/N)

CREATININE CLEARANCE

30-49 ml/min 16/878 (1.8%)  33/870 (3.8%) 0.51(0.26-0.99)  0.05

> 50 mi/min 132/12329 (1.1%) 200/12358 (1.6%) 0.60 (0.40-0.90) 0.01

<75years  109/11633 (0.9%) 165/11681 (1.4%) 0.62 (0.45-0.84)  0.002

> 75 years 37/1844 (2.0%)  73/1800 (4.1%) 0.49 (0.25-0.96)  0.04

CANCER

No 120/12624 (1.0%) 204/12705 (1.6%) 0.59 (0.41-0.83)  0.003

23/806 (2.9%)  29/776 (3.7%) 0.77 (0.44-1.33)  0.35
0.2

Favors DOAC Favors VKA

Nick van Es et al. Blood 2014;124:1968-1975



Caratteristiche basali dei pazienti nei trials di
registrazione FA
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Ruff CT et al 2014; 383:955-962



Caratteristiche basali dei pazienti nei
trials di registrazione FA
.. vulnerable population, such as elderly
peoples (aged > 75 y)........, and those with
renal dysfunction.. are ofen
underrepresented..

(o]
AR THR TR

| |

dabigratan 150 dabigratan 100 rivaroxaban apixaban edoxaban 60 edoxaban 30 combined
mg (RE-LY) mg (ROCKET-AF)  (ARISTOTELE) mg (ENGAGE- mg
TIMI 48)

Ruff CT et al 2014; 383:955-962



Caratteristiche basali dei pazienti nei trials di
registrazione TEV
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edoxaban dabigratan (Re- dabigratan
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cover)

(Recover ll)

apixaban rivaroxaban rivaroxaban combined
(Amplify) (Einstein-DVT) (Einstein-PE)

Ruff CT et al 2014; 383:955-962
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Comparison of the Chronic Kidney Disease
Epidemiology Collaboration (CDK-EPI), the
Modification of Diet in Renal Disease study
(MDRD) and the Cockcroft-Gault equation
(CG) in patients with heart failure (and FA).

Szummer K et al. Open Heart 2017;4:e000568
Swedish Heart Failure Registry (2000-2012)
N=78926



Overlap between formula: 63.6%

40736 ptzcon HF —— 20975 FA — 10789 (51.4%) < 50 ml/min

Cut-off eGRF < 50 ml/min o < 50ml/min /1.73m 2

77.4% CDK-EPI

CKDEPI n=86 (0.8%)

CKDEPI&MDRD CKDEPI&CG
n=1143 (10.6%) n=369 (3.4%)

All n=6754 (63.6%) 87 7°/o CG
74.3% MDRD

MDRD n=101 (0.9%)

MDRD&CG n=16 CG n=2321(21.5%)
(0.1%)

Szummer K et al. Open Heart 2017;4:e000568



Overlap between formula: 46.9%

20975 ptz FA — 3385 ptz (16.1%) < 30ml/mn
Cut-off eGRF < 30 ml/min o < 30ml/nin/1.73m 2

falala VAN alInl VAN ul Y |

.When patients are considered for treatment with

one of DOACs, dose adjustment based on the CG

would be more conservative approach for avoiding

drug exposure and potentially an increased risk of
bleeding..

MDRD&CG n=0 (0%) CG n=1068 (31.6%)

Karolina Szummer et al. Open Heart 2017;4:e000568



Glomerular filtration rate overstimate
creatinine clearance in older individuals
enrolled in the Baltimore Lngitudinal
Study on Aging (BLSA):impact on renal
drug dosing

Dowling TC et al Pharmacotherapy 2013; 33:
912-921



Comparison of kidney function estimation methods.
BLSA study (older population 81 + 6 y)
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Dowling TC et al Pharmacotherapy 2013; 33:912-921



The 2018 European Heart Rhythm Association Practical Guide on the
use of non-vitamin K antagonist oral anticoagulants in patients with
atrial fibrillation (Cockcroft-Gault)

Dabigatran Rivaroxaban Edoxaban Apixaban

60 mg

2x 150 mg

2x150 mg or
2x110 mg *

15 ml/min

Dialysis

Eur Heart J. 2018;39(16):1330-1393.



Danni renali acuti, comorbidita e IRC nell'anziano

Older
people/ Diabetes

(P

Stevens PE , et al ATKD 2015; 65: 494-501



On-treatment Outcomes In
Patients With Worsening renal
Function With rivaroxaban
compared With Warfarin insights
From ROCKET AF

Fordyce CB et al. Circulation 2016; 134: 37-47



On-Treatment Outcomes in Patients With Worsening Renal
Function With Rivaroxaban Compared With Warfarin

Rivaroxaban
vs. Warfarin
HR (95% ClI)

Interaction p = 0.050
WREF x treatment

olism

WRF = decrease
of 20% or more
*Warfarin

=== Rijvaroxaban
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within 1 year (95% Cl)

Creatinine Clearance: % decrease from screening

Fordyce CB et al. Circulation 2016; 134: 37-47




On-Treatment Outcomes in Patients With Worsening Renal
Function With Rivaroxaban Compared With Warfarin

(v 0)

vs. Warfarin

} Rivaroxaban
HR (95% Cl)

¢

Interaction p = 0.61

WRF x treatment
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Creatinine Clearance: % decrease from screening

Fordyce CB et al. Circulation 2016; 134: 37-47




Efficacy and Safety of Apixaban
Compared With Warfarin in Patients
With Atrial Fibrillation

Insights From
the ARISTOTLE Randomized Clinical Trial

Hijazi Z et al JAMA Cardiol. 2016;1(4):451-460.



Il peggioramento della funzionalita renale >20% ¢ associato ad un piu alto
rischio di eventi

Decrease eGFR >20%

BWNo [T ves

E Ischemic or unspecified stroke, Cockcroft-Gault

4.0 4.0
HR, 1.53 (95%Cl, 1.17-2.01; P=.003)

3.5 3.5+

E Stroke or systemic embolism, Cockcroft-Gault

HR, 1.41 (95%Cl, 1.02-1.94; P=.04)

3.0+ 3.0
2.5+

2.0+

2.5+
2.0+
1.5

1.5+
1.0

1.0+
< | ol |
0 0

Annual Rate, %
Annual Rate, %

50-80 50-80

eGFR eGFR

Major bleeding, Cockcroft-Gault

2]
(=]

All-cause mortality, Cockcroft-Gault
71 14+

HR, 1.56 (95% Cl, 1.27-1.93; P<.001) HR, 2.31 (95%Cl, 1.98-2.68; P<.001)
12

10

8

6

Annual Rate, %
Annual Rate, %

44
2

0

JAMA Cardiol. 2016;1(4):451-460. doi:10.1001/jamacardio.2016.1170



Variation of renal function over time is
associated with major bleeding in
patients treated with direct oral

anticoagulants for atrial fibrillation

Becattini C et al JTH 2018; 16:833-841



Variation of renal function over time based on baseline values

% variation in eGFR

n
o
(=

u>50

& 30-50

« 0-30
#-30t00

& ~50 to ~30
u<-50

o
o

.({_'t
-
@
@
a
°
c
e
£
é
Q.

N
o
o

Stage of renal function at baseline

Becattini C et al JTH 2018; 16:833-841



Variation of renal function over time is associated with major bleeding
in patients treated with direct oral anticoagulants for atrial
fibrillation
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Becattini C et al JTH 2018; 16:833-841



Multivariate analysis for determinants of mean estimated
glomerular filtration rate over time

Follow-up

(days) - 0.008

Heart
failure

Diabetes

Baseline
age
(years)

Becattini C et al JTH 2018; 16:833-841




Plasma levels of direct oral
anticoagulants in real-life
patients with atrial fibrillation

Testa S Thromb Res 2016; 137:178-183



Distribution of CV values calculated from DOAC concentrations in treated
patients at trough and peak. (fotal inter-individual variability)
Alto CV anche per I dosaggi ridotti

Dabigatran Rivaroxaban Apixaban

1M0mg 110mg 150mg 150mg 20mg 20 mg 15 mg 15 mg 5mg 5mg 25mg 2.5mg
Trough Peak  Trough Peak Trough Peak  Trough Peak  Trough Peak Trough Peak
(90) (90) (70) (70) (37) (37) (34) (34) (73) (73) (26) (26)

Numbers of patients are within brackets.

Testa S Thromb Res 2016; 137:178-183



Correlation (r value), coefficient of determination (r?) and statistical
significance (p) of DOAC plasma concentrations (at peak or trough) vs.

Dabigatran
110

Dabigatran
150

Rivaroxaban
20

Rivaroxaban
15

Apixaban 5

Apixaban 2.5

- 0.25/0.0625

-0.32/0.1024

- 0.18/0.0324

- 0.09/0.0081

- 0.03/0.0009
- 0.02/0.0004

creatinine clearance.

-0.12/0.014

-0.18/0.0324

- 0.15/0.0225

0.07/0.0049

-0.17/0.0289
- 0.01/0.0001

Testa S Thromb Res 2016; 137:178-183
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,Kidney Function, and
Polypharmacy: The Atherosclerosis
Risk in Communities (ARIC) Study.

Ballew SH et dal
Am J Kidney Dis 2017; 69, 228-236



La fragilita aumenta con l'insufficienza renale

———4 eGFRcr +—— eGFRcys
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45-<60 30—<45 <30
eGFR Categories

Adjusted prevalence ratios for frailty status by estimated
glomerular filtration rate (eGFR)

Ballew SH et al Am J Kidney Dis 2017 69, 228-236



Frailty as a Predictor of Acute Kidney Injury in Hospitalized Elderly
Patients

Inclusion:

1)Age = 65 and hospitalized patients (2013. 1.1. - 2013.12.31.)
2) Serum creatinine measurement(1 or more)

3) Conducting CGA within 1 year before admission

Exclusion:
eGFR < 60ml/min/1.73m? (n = 99)

Group 1 Group 2 Group 3

4| U LJ Lfl 5

Aggregate Frailty Score

Frequency
3

3

Baek SH et al. (2016) PLOS ONE 11(6): e0156444.



Frailty as a Predictor of Acute Kidney Injury in Hospitalized
Elderly Patients

Group 1

= =" Group2
= Group 3
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Group 2 (vs. Group 1), HR 2.287, P = 0.057
Group 3 (vs. Group 1), HR 3.536, F = 0.002

Cumulative incidence of acute kidney injury according to tertile of frailty score.

Baek SH, Lee SW, Kim Sw, Ahn Sy, Yu MY, et al. (2016) PLOS ONE 11(6): e0156444.



Effectiveness and safety of apixaban,
dabigatran, and rivaroxaban versus
warfarin with non

valvular atria fibrillation

Martinez BK et al J Am Heart Assoc.
2018:e008643



Johns Hopkins Claims-based Frailty Indicator Score

Impaired mobility

Depression

Congestive heart failure

Parkinson disease

White race

Arthritis (any type)

Cognitive impairment

Charlson comorbidity index (>0, 0)
Stroke

Paranoia

Chronic skin ulcer

Pneumonia

Male sex

Skin and soft tissue infection
Mycoses

Age (in 5-y categories)

Admission in past 6 mo

Gout or other crystal-induced arthropathy
Falls

Musculoskeletal problems

Urinary tract infection

Martinez BK et al J Am Heart Assoc. 2018:e008643



Nei pazienti fragili I'efficacia & per il rivaroxaban (no per
I'apixanan e dabigratan), e la sicurezza non é
significativamente diversa dal warfarin

Hazard Ratio According to treatment (2-y follow-up)

1,20

1,07

1,00

0,80

o
0,60

0,40

0,20

0,00

Stroke, systemic embolism Major Bleeding

B Apixaban H Dabigratan B Rivaroxaban

Martinez BK et al J Am Heart Assoc. 2018:e008643



Effectivenesss and Safety of Apixaban,
Dabigatran, and Rivaroxaban Versus Warfarin in
Patients With Nonvalvular Atrial Fibrillation and

Coleman CI et al
Stroke 2017; 48: 2142-2149



Effectiveness and Safety of Apixaban, Dabigatran, and Rivaroxaban Versus Warfarin in
Patients With Nonvalvular Atrial Fibrillation and Previous Stroke or Transient Ischemic Attack

Events/i00 PY
Apixaban vs. Warfarin N=1,257 N=1,257
0.70(0.33-1.48)

Ischemic Stroke/Intracranial Hemorrhage 2.02 2.71

Ischemic Stroke 2.02 2.40 0.79 (0.37-1.72)
Intracranial Hemorrhage 0.00 0.30

Major Bleed 2.21 2.74

L 4

Dabigatran vs. Warfarin N=98a1 N=98a1

t Z
i S e et

Ischemic Stroke/Intracranial Hemorrhage 2.01 3.10

L 2

Ischemic Stroke 1.85 3.10

Intracranial Hemorrhage 0.17 0.72 —¢

*

Major Bleed 1.69 2.91

Rivaroxaban vs. Warfarin N=2,604 N=2,604

1

Ischemic Stroke/Intracranial Hemorrhage 1.67 3.78 0.45(0.29-0.72

!

Ischemic Stroke 1.37 2.99 0.48 (0.29-0.79

L 4

Intracranial Hemorrhage 0.36 0.90
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Coleman CI et al Stroke 2017; 48: 2142-2149




Proposed algorithm for the management of frail older adult patients requiring
anticoagulation using the Clinical Frailty

Patients requiring anticoagulation
&

Assessment of Frailty
Using the Clinical Frailty Scale (CFS)

Noa-Frail Individuals Terminally I Frail Individuals
(CFS =1 -4) (CFS =9) (CFS=5-8)

Management as per normal AF: No anticoagulation Evaluation of suitability for
DOAC guidelines VTE: Therapeutic anticoagulation
Enoxaparin* if
anticoagulation warranted

High Risk Patients
Low Risk Patients _ High Bleeding Risk

T High Falls Risk
No Rick Factors » Z CrCL < 40mls/min

C Liver Dysfunction

| |

VKA or DOAC VKA preferred
(Patient / Clinician
Preference)

Prahlad H et al Sem Thromb Haemost 2015; 41:389-394



Conclusioni

» L'eta del paziente e la funzionalita renale non
esprimono pienamente la «complessita »

* La scelta della terapia con DOACs prevede una
stima "adeqguata” della funzionalita renale.

* Le possibili variazioni nel tempo vanno
considerate durante in trattamento con DOACs.

* La valutazione del rapporto tra fragilita e
funzionalita renale nel rischio/beneficio dei
DOAC puo essere importante per una terapia
anticoagulante piu sicura ed efficace.
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