FARMAKOTERAPIE
TROMBOEMBOLICKE NEMOCI

PharmDr. Milan Juhas
Fakultni nemocnice u sv. Anny v Brné
Farmakologicky ustav LF MU




TEN — tromboembolicka nemoc

e Pritomnost trombu v Zilnom riecisku
s obstrukciou

— Komplikacia stavu embolizaciou do plucnych zil
s potencialne fatalnym koncom

e Riziko vzniku
— Posttrombotického syndromu
— Tromboembolicka pl'ucna hypertenzia



TEN - tromboembolicka nemoc (2)

e Klinické rozdelenie patologie

— Flebotromboza

— Pldcna embdlia (50 % chorych s flebotrombdzou)

— Statisticky 3. naj¢astejdia pri¢ina Umrtia

PuLMoONARY EMBOLISM

— Povrchova flebitita
e NSAID
e heparinoidy




Zdroj embolie

e Sekundarna so znamou vyvolavajucou
pricinou

 Primarna idiopaticka
—30—-50 % pripadov
— Onkologicky screening s detekciou malignity
— Hereditarny trombofilny stav



Vyskyt flebotrombozy a PE

Leziaci pacient na [6Zku 10-20
Chirurgia v oblasti brucha 15-40

CMP 20-50

Neurochirurgia 15-40
Zlomeniny koncatin 20-70
Nahrada velkych kibov endoprotézou 40 - 80
Velké urazy 40-70

Kriticky chori pacienti na ICU 10-80

Poranenia miechy 60 - 80



TEN a Virchowova trias

e /mena laminarneho toku krvi

— Turbulencia

— Staza krvi

 Zmena koagulacénych vlastnosti krvi

— Posun rovnovahy v zmysle hyperkoagulacie

 Poskodenie cievnej steny
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Co je cielom farmakoterapie TEN ?

THROMBOSIS RISK BLEEDING RISK



Rizikové faktory TEN

Vrodené Deficity antikoagulacnych proteinov
trombofilne stavy (AT-Ill, protein C, protein S), pritomnost antifosfolipidovych

protilatok (L. antikoagulans). F-V Leidenska mutacia,
Mutacia protrombinu (20210 G-A), hyperhomocysteinémia,

Trombofilne stavy Malignita, septicky stav
— ziskané Myeloproliferativne choroby, nefroticky syndrom, idiopatické
Crevné zapaly, vek (40 rokov), pozitivha anamnéza, imobilizacia
trauma, zavazné interné ochorenia (CHSS, CMP),
autoimunitné choroby (lupus a , lupus-like”), gravidita,
anatomické abnormality v Zilnom systéme, obezita

Okolnosti Cestovanie a dehydratacia, trauma spojena s fixaciou koncatiny,
prispievajuce farmakoterapia (KKS, HRT, HAK), tabakizmus
k vzniku TEN



Farmakoterapeutické skupiny

 Nepriamé antikoagulancia
— heparin, LMWH a pentasacharidy
— Antagonisti vitaminu K (kumariny)

 Priamé antikoagulancia
— NOAUG s, hirudin

 Trombolytické postupy



Struktira heparinu

» mukopolysacharid s variabilnou dizkou
retazca (5-30 000 Da)

 Antikoagulacna a pleiotropna aktivita

— antiflogisticky, cytostaticky a imunomodulacny

¥ h\ NG
NHSO;" NHSO OSO_ ___|

Heparin



Heparin — mechanizmus antikoagulacie

=~

N~ ‘ Reactive center loop

Fragment 1a

Heparin
pentasaccharide

Plastic
deformation

Quaranta et al. (2015), The physiologic and therapeutic role of heparin in implantation and placentation. Peer] 3:e691; DOI
10.7717/peerj.691



Heparin — mechanizmus
antikoagulacie (2)

Nefrakciovany heparin
Kratke retazce (minorita) — anti-Xa
Dlhé retazce (majorita) — anti-lla

A
Unfractionated heparin
- Pentasaccharide ’ Thrombin
B

m AT-111 before canfarmational change D Factar Xa
AT AT-|1} after conformational change

Quaranta et al. (2015), The physiologic and therapeutic role of heparin in implantation and placentation. Peer] 3:e691; DOI
10.7717/peerj.691



Heparin - Vyhody

Rychly nastup ucinku (i.v. podanie)
nizka cena

Moznost podania u tazkych foriem renalne;
insuficiencie

Dostupnost antidota
protamin 1mg: 100 IU UFH




Heparin - Nevyhody

Nepredikovatelna farmakokinetika
(distribucia a eliminacia)
— uzke terapeutické okno

nutnost monitoracie aktivity (aPTT)

Heparinova rezistencia (proteiny akutnej
faze)

Nutnost i.v. infuzie (!!! i.m. NE)

— Moznost s.c. podania



Heparin — nevyhody (2)

e Riziko hyperkoagulacie po vysadeni

— Neschopnost vazby heparinu na trombin viazany
fibrinom

o Aktivita priamo viazana na pritomnost AT-III
— Deficiencia AT-lII (1-5 %)
— Substutucia rekombinantného AT-IlIl a monitoracia



Monitorovanie antikoagulacnej
aktivity

e aPTT — activated partial tromboplastin time
— Interval 1,5 — 2,5x predfienie proti kontrole
— Prva hodnota 12 hodin od zapocatia i.v. podania

— Straca na vyzname pri specifickych situaciach
(ACT-aktivovany koagulacny cas)

e Davkovanie
— Bolus 5000 — 10000 1U
— Kontinualna infuzia 400 1U/kg




Neziaduce ucinky heparinom vedenej
antikoagulacnej liecby

e Krvacavé komplikacie

e Trombocytopénia

e Osteopénia az osteoporoza
e Alergie



Heparinom indukovana
trombocytopénia (HIT)

e HIT-1 e HIT-2

— Prejavy od 1.-2. dna — Prejavy od 4.-5. dna
terapie u 10 % liecenych terapie u 0,5-5 % lieCenych

— Mierny pokles — Imunologicky podmienena
trombocytov (IgG proti heparin-PF4)

— Relativne benigna — Aktivacia trombocytov
a prechodna a endotelu

— Bez nutnosti prerusenia — Zivot ohrozujuca
lieCby trombodzami az DIC

— Liecbu nutné okamzite
prerusit



Heparinom indukovana
trombocytopénia (HIT)
Stanovenie poctu trombocytov pred podanim

heparinu

Sledovanie dynamickych zmien
trombocytémie

Heparin vysadzujeme pri poklesu pod 50 %
vychodzej hodnoty (HIT-2)

Fondaparinux, lepirudin, tMWH—warfarin



ZruSenie antikoagulacnej liecby
heparinom
e Vypocet davky nutného protaminu

— Polcas heparinu 1-2 hodiny

— Odhad davky heparinu nutného k neutralizacii
(kumulativna davka za poslednych 3-6 hodin)

e i.v. protamin sulfat (neregistrované liecivo)
e 1 mg=100 IU heparinu



Nizkomolekularne hepariny (LMWH)

INTRINSIC PATHWAY

Damaged Surface

l

Kininogen
Kallikrein EXTRINSIC PATHWAY

Cross-linked
fibrin clot

‘l; Anaesthesialll



Hlavné rozdiely medzi LMWH a
heparinom

 Depolymeracia nativheho heparinu
— 15 sacharidovych jednotiek
e Vylepsené viastnosti
— J vazbovosti na proteiny plazmy
— { vazbovosti na trombocyty a endotel
— Predikovatel'na antikoagulacna aktivita
— Moznost s.c. podania (1-2x denne)
— Davkovanie na zaklade hmotnosti pacienta
— Po patricnej edukacii zvladne aj pacient sam




Struktura a jej vplyv na FD LMWH

e LMWH je zmesou heparinov o rdznej dizke
retazca (priemer n=15)

e & molekularnej hmotnosti (5000 Da)

 Anti-Xa aktivita
— Prevaha retazcov s n=5
e Anti-lla aktivita

— Prevaha retazcov s n=18



Monitorovanie antikoagulacnej
aktivity metotou Anti-Xa

HLAVNYM ELIMINACNYM ORGANOM - OBLICKY

Nie je nutna
— za predpokladu normalnych renalnych funkcii

Vhodna za podmienok

— Gravidita
— Renalna insuficiencia
— K zvazeniu u obéznych a astenickych pacientov

Odber anti-Xa po min. 3 dnoch liecby
2-4 hodiny po podani s.c. davky



FK vlastnosti LMWH

Hmotnost Pomer POLCAS
(Da) ANTI-Xa (hod)

/ANTI-lla

Enoxaparin 4200 10:1 100 7
Bemiparin 3600 3:1 96 6
Nadroparin 4600 4:1 88 4
Dalteparin 5000 3:1 90 5

VYHODNE FK VLASTNOSTI SU ZA CENU NIZSEJ UCINNOSTI PROTAMINU AKO ANTIDOTA.



FONDAPARINUX

e Pentasacharid s  Uplna resorpcia po s.c.
predikovatelnou podani (2,5 mg profylaxia,
antikoagulacnou aktivitou 7,5 mg liecba)

e Anti-Xa aktivita  Monitoracia anti-Xa nie je
sprostredkovana nutna
vysokoselektivnou » Nepdsobi HIT, absencia
vazbou na AT-III (300:1) antidota

* Prolongovany efekt



Peroralne antikoagulancia

Warfarin (antivitamin K)
Dabigatran (inhibitor lia)
Rivaroxaban (inhibitor Xa)

Apixaban (Inhibitor Xa)

Edoxaban (inhibitor Xa)



VITAMIN K

e /DROIJE
— Potrava (20 %)
— mikroflora (80 %)

 nedostatok
— Poruchy tvorby a odtoku zlce

— LieCba Sirokospektralnymi ATB (B-laktamy vyssich
generacii, aminoglykosidy ... dalSie)



WARFARIN — VLASNOSTI (1)

* Inhibitor syntézy koagulacnych faktorov

— ANTIVITAMIN K ?
— ANTAGONISTA VITAMINU K

— Neovplyvnuje vizkozitu krvi



Vitamin K-dependant coagulation factors:

o, Vi, X, X

Precursor Biologically active
A

\ E:l_rbﬁxylaii__ /

" Oxidative %'\

deactivation v
Vitamin K Vitamin K
(reduced) (epoxide)

A
CYP2C9 \ VoraL )/ CYP1A

N / CYP3A4
S-warfarin R-warfarin

S-warfarin 4x ucinnejsi nez R-warfarin — vyznam u FK interakcii



KLINICKY VYZNAMNE OVPLYVNENIE INR
PARAMETRU

— spomalenie metabolizace kumarinov v peceni

— zrychleni metabolizace kumarinov v peceni

— narusenie enterohepatalnej cirkulacie

— FK interakcie na urovni distribucie

— farmakodynamické interakcie




WARFARIN — VLASTNOSTI (2)

» dobra per os biologicka dostupnost

e vysokda vazbovost na plazmaticky albumin
(99 % vstrebanej frakcie)

e intenzivha metabolizacia v peceni
* enterohepatalna cirkulacia

e oneskoreny nastup ucinku (krytie heparinom)




INICIACE LECBY A MONITORACE

e 5-10 mg v jednej dennej davke
e Kedy podavat (rano, na obed ?)
e riziko paradoxnej hyperkoagulacie

PT NEMOCNEHO
PT STANDARDU

INR =




WARFARIN A MOZNE KOMPLIKACIE

krvacanie

— Konecnik, GIT (zaludok, ¢revo)

— Krvacanie do CNS

Koznda kumarinova nekroza
Poruchy kfvneho obrazu

nepatotoxicita

Zvysenie rizika zlomenin



WARFARIN A LIEKOVE
INTERAKCIE

ZIADNE NIE SU ...
... 2a istych podmienok



Nové oralne antikoagulancia

 Vyhody
— Linearna FK a FD parametre
— Predikovatelna antikoagulacna aktivita
— Nie je potrebna monitoracia

— Absencia klinicky vyznamnych interakcii
— NizSie riziko geneticky podmienenej rezistencie



Nové oralne antikoagulancia

 Nevyhody
— Absencia antidota

e |darucizumab

— Horsie vysledky pri GIT krvacani*
— Cena

e Kritéria uhrady NOACs




DABIGATRAN (PRADAXA)

— priamy inhibitor trombinu (lla)

evolna frakce

*fibrinovo viazaného

e sekundarne inhibicia trombinom
iniciovanej agregacie trombocytov



 DABIGATRAN (PRADAXA)

— biologickd dostupnost 3-7 %

— klinicky vyznamné interakcie na urovni
absorpcie

— inhibitory p-glykoproteinu

e verapamil, amiodaron

— Farmakologicka kardioverzia



DABIGATRAN (PRADAXA)

— ester dabigatran etexilat (substrat p-gp)

— hydrolyticky stiepeny plazmatickymi esterazami
bez vplyvu na P450 CYP

— Liecbe DVT predchadza 5 dni LMWH
—LMWH podla GFR a vahy pacienta

— Profylakticka davka 220, resp. 150 mg 1x denne
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RE-COVER ucinnost — riziko DVT pocas

Estimated Cumulative Risk (%)

Mo. at Risk
Dabigatran
Warfarin

4.0+

3.5

3.0

2.5

2.0

1.5

1.0-

0.5

0.0

6 mesiacov

Dabigatran
— el

_I_l_r'_li Warfarin

I —m—

0 1 2 3 4 5 =

Months since Randomization

1274 1238 1221 1203 1192 1131 1024
1265 1215 1204 1194 1187 1174 Q03



Dabigatran - uéinnost

Qutcome
Efficacy analysisy

Primary end point of venous thromboembolism or related death
— no. of subjects (%)

During the study period

During the study period plus an additional 30-day follow-upi:
Secondary end point — no. of subjects (%)

Symptomatic deep-vein thrombosis

Symptomatic nonfatal pulmonary embolism

Death related to venous thromboembolism

All deaths

Dabigatran
(N=1274)

30 (2.4)
34 (2.7)

16 (1.3)
13 (1.0)

1 (0.1)
21 (1.6)

Warfarin
(N=1265)

27 (2.1)
32 (2.5)

18 (1.4)
7 (0.6)
3(0.2)

21 (1.7)

Hazard Ratio
(95% Cl)*

1.10 (0.65-1.84)
1.05 (0.65-1.70)

0.87 (0.44-1.71)
1.85 (0.74-4.64)
0.33 (0.03-3.15)
0.98 (0.53-1.79)

Schulman S. et al.: Dabigatran versus Warfarin in the treatment od acute venous thromboembolism. N Eng J Med. 2009; 361: 2342 - 2352



RE-COVER bezpecnost

30.04
7.5
25.0
22.54
20.04
17.5+
15.04
12.54
10.0+

7.5

5.0+

Estimated Cumulative Risk (&)

251 8

0.0
0

No. at Risk

Dabigatranand 1273
major bleeding

Warfarin and 1266
major bleeding

Dabigatran and 1273
any bleeding

Warfarin and 1266
anv bleeding

” Da bigatran and

major bleeding

Warfarin and any blesding

o

:-ﬁ;higmran and
any bleeding

Warfarin and

major bleeding

T |
1 2

|
3

T T
2 3 6

Months since First Intake of Study Drug

1154 1153
1178 1146
1117 1055
1064 993

1124

1123

1002

950

1105 1080 534

1110 1083 859

971 931 747

209 370 692



Dabigatran - bezpecnost

Safety analysisfj
Major bleeding event — no. of subjects (%)
Fatal event — no. of events
Bleeding into critical organ — no. of events
Intracranial
Hemarthrosis
Hemoptysis

Event resulting in fall in hemoglobin level or need for blood
transfusions — no. of subjects (%)9

Major or clinically relevant nonmajor bleeding event — no. of
subjects (%)

Any bleeding event — no. of subjects (%)

20 (1.6)

1
1
0
1
0

20 (1.6)
71 (5.6)

205 (16.1)

24 (1.9)  0.82 (0.45-1.48)
1
9
3
g
1
18 (1.4)

111 (8.8)  0.63 (0.47-0.84)

277 (21.9)  0.71 (0.59-0.85)

Schulman S. et al.: Dabigatran versus Warfarin in the treatment od acute venous thromboembolism. N Eng J Med. 2009; 361: 2342 - 2352
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RIVAROXABAN (XARELTO)

* Priamy inhibitor fXa
* Predikovatelna antikoagulacna aktivita

 Prevencia a liecba DVT a PE
— 15 mg 2x denne (3 tydny)

— 20 mg 1x denne udrzovacia davka



EINSTEIN TRIAL
rivaroxaban vs enoxaparin (warfarin)

Acute DVT Study
4
e :
E Enoxaparin—VKA (N=1718)
o T 3 P<0.001 for noninferiority __,---r-------------------"---':
"R- AT Rivaroxaban (N=1731)
S8 |
=z 24 o o
50
@ g }
w & i
22 -
LI
= pl
= :
=
o
0 T T T | T T | | T T T |
0 30 60 90 120 150 180 210 240 270 300 330 360
Days
No. at Risk
Rivaroxaban 1731 1668 1648 1621 1424 1412 1220 400 369 363 345 309 266
Enoxaparin-V KA 1718 1ele 1581 1553 1368 1358 1186 380 362 337 325 297 264

The EINSTEIN Investigators: Oral rivaroxaban for symptomatic venous thromboembolism. N Eng J Med.2010; 363: 2499 - 2510



Rivaroxaban

Outcome

Efficacy
Intention-to-treat population
Recurrent VTE
Type of recurrent VTE
Fatal PE
PE could not be ruled out
Nonfatal PE
Recurrent DVT plus PE
Recurrent DVT

Net clinical benefit in terms of VTE plus major bleeding

- iéinnost

Hazard Ratio
Rivaroxaban  Enoxaparin-VKA (95% Cl)
no. (%)
1731 1718
36 (2.1) 51 (3.0) 0.68 (0.44-1.04)
1 0
3 6
20 18
1 0
14 28
51 (2.9) 73 (4.2) 0.67 (0.47-0.95)

The EINSTEIN Investigators: Oral rivaroxaban for symptomatic venous thromboembolism. N Eng J Med.2010; 363: 2499 - 2510

P Value

<0.0017

0.03



EINSTEIN TRIAL
rivaroxaban vs enoxaparin (warfarin)
- bezpecnost
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Rivaroxaban (N=1718)

Cumulative Event Rate for Principal
Safety Outcome (%)

0 T T | | T T T T T T T |
0 30 60 90 120 150 180 210 240 270 300 330 360

Days
No. at Risk
Rivaroxaban 1718 1585 1538 1332 1317 1297 715 355 338 304 278 265 140
Enoxaparin—VKA 1711 1554 1503 1340 1263 1238 619 338 321 287 268 249 1128

The EINSTEIN Investigators: Oral rivaroxaban for symptomatic venous thromboembolism. N Eng J Med.2010; 363: 2499 - 2510



Rivaroxaban - bezpec¢nost

Qutcome

Safety
Safety population

First major or clinically relevant nonmajor bleeding occurring during
treatment

Major bleeding
Contributing to death
In a critical site

Associated with a fall in hemoglobin of =2 g per deciliter, transfu-
sion of =2 units, or both

Clinically relevant nonmajor bleeding

Rivaroxaban

1718
139 (8.1)

14 (0.8)
1 (<0.1)
3(0.2)

10 (0.6)

126 (7.3)

Enoxaparin—-VKA

1711
138 (8.1)

20 (1.2)
5 (0.3)
3(0.2)

12 (0.7)

119 (7.0)

Hazard Ratio

(95% CI) P Value

0.97 (0.76-1.22) 0.77

0.65 (0.33-1.30) 0.21

The EINSTEIN Investigators: Oral rivaroxaban for symptomatic venous thromboembolism. N Eng J Med.2010; 363: 2499 - 2510



APIXABAN (ELIQUIS)

 INHIBITOR Xa FAKTORU

— Viazanej a volnej frakcie
— Loading 10 mg 2x denne (7 dni)
— Udrzovacia davka 5 mg 2x denne

— *vék nad 80; hmotnost pod 60 kg; kreatinin nad 133 umol/L
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AMPLIFY apixaban — ucinnost proti
standardnej terapii

100~
ki 90
=5
. 80-
E 70-
58 607
W .c 50
E &
50 407
E 30-
o
i 20-
Iy 104
|:|_

Conventional therapy
(no. of events/no. of patients: 71/2704)

Apixaban
(no. of events/no. of patients: 59/2691)

| | | | | | | | | |
30 60 90 120 150 130 210 240 270 300

_#-___--__--__--I I

60 90 120 150 180 210 240 270 300
Days

Agnelli G. et al.: Oral apixaban for the treatment of acute venous thromboembolism” N Eng J Med.2013; 369: 799 — 808



Apixaban - u¢innost

Outcome

Efficacy
No. of patients

First recurrent VTE or VTE-related death
— no. (%)

Type of first recurrent VTE — no. (%)
Fatal PE
Death for which PE could not be ruled out
Nonfatal PE with or without DVT
DVT only

Apixaban
(N=2691)

2609
59 (2.3)

1 (<0.1)
11 (0.4)
27 (1.0)
20 (0.8)

Conventional Therapy
(N=2704)

2635
71 (2.7)

2 (0.1)
13 (0.5)
23 (0.9)
33 (1.3)

Relative Risk
(95% Cl)

0.84 (0.60-1.18)

Agnelli G. et al.: Oral apixaban for the treatment of acute venous thromboembolism. N Eng J Med.2013; 369: 799 — 808

P Value

<0.0017



APMLIFY apixaban — bezpecnost proti
standardnej terapii

_ 100+ Conventional therapy

R 90- 30— (no. of events/no. of patients: 49/2689)

5 e

-§ 70 1.5- ‘_‘ -

o i P

. 60+ 2 o I Apixaban

‘™ 504 : (no. of events/no. of patients: 15/2676)

= !

- 40+ 0.591 =

- -1'-'_._',_.-"

= 0.0 ! | ! | | | ! | | |

c  20-

@ 0 30 60 90 120 150 180 210 240 270 300

F 104
ﬂ__r*_-r--ﬂ-‘-r_-l--—T--'—'

0 30 60 90 120 150 180 210 240 270 300

Agnelli G. et al.: Oral apixaban for the treatment of acute venous thromboembgmﬁ Eng J Med.2013; 369: 799 — 808



Apixaban - bezpecnost

Outcome
Safety
No. of patients
Major bleeding — no. (%)%
Fatal bleeding|
Nonfatal major bleeding at a critical site
Intracranial
Retroperitoneal
Intrathoracic
Intraocular
Intraarticular
Other nonfatal major bleeding
Gastrointestinal bleeding
Intramuscular bleeding
Epistaxis
Urogenital bleeding

Subcutaneous hematoma

Apixaban
(N=2691)

2676
15 (0.6)
1 (<0.1)
4(0.1)
3(0.1)
1 (<0.1)
0

0

0
10 (0.4)
7 (0.3)
0

1 (<0.1)
1 (<0.1)
1 (<0.1)

Conventional Therapy Relative Risk

(N=2704) (95% Cl)

2689
49 (1.8) 0.31 (0.17-0.55)

2 (0.1)

14 (0.5)

6(0.2)

3(0.1)

1 (<0.1)

2 (0.1)

2 (0.1)
33 (1.2)
18 (0.7)

5(0.2)
1 (<0.1)
3(0.1)
6(0.2)

Agnelli G. et al.: Oral apixaban for the treatment of acute venous thromboembolism. N Eng J Med.2013; 369: 799 — 808

P Value

<0.001f



FARMAKOKINETICKE
VLASTNOSTI

dabigatran  rivaroxaban apixaban
Cielova Struktura lla(trombin) Xa Xa
Cmax 0,5-2,0 2,0-4,0 3,0-4,0
InterakCny potencial P-gp P-gp a CYP3A4 P-gp a CYP3A4
PolCas 14-17 9-13 12-15
Podiel renalnej 20 33 57

eliminacie [%]
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