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Factor @. o
AR BT A4h (Fondaparinux)

A 4% 7V 32 (Rivaroxaban)
Mok 77 2E (Apixaban)

Ei@ % (UFH)
&4 -F i 2% (LMWH)

rb4% 7 72 (Bivalirudin)
ik tb A B (Dabigatran)
[ Ao ¥ P2 (Argatroban)




R B 5 i BV
Dabigatran Rivaroxaban Apixaban Edoxaban
Witk 2i4 B FrHRR R
6.5% ;gﬁg 2222‘100% 50% 62%
1.5-2h 2-4 h 3-4h 1-2h
12-14 h 59h, ZA11-13h 8-15h 9-10 h

IR S g = ey 35% 92%-95% 87% 40%-89%
EQIRGETES 80% 33% 25% 35%-39%
P-gp 3455 7] P-gp 3455 5| P-gp 3455 7]
P-gp 35 5|
P-gp#Ifi il 5l P-gp il 51 P-gp il 1
Y BT
CYP3A4BEERF]  CYP3A4B4ERF]  CYP3A4B4ERH]
P-gp il 51l
CYP3A441#151 CYP3A43155) CYP3A43#1557)
TEYTi SRR KEIR G ToH PR 7o

[1] Sam Schulman. New oral anticoagulant agents — general features and outcomes in subsets of patients. 2014
[2] Bayer Inc. Product Monograph:PrXarelto. http://omr.bayer.ca/omr/online/xareto-pm-en.pdf.Accessed October 12,2015.
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Kubitza D et al. Clin Pharmacol Ther 2005;78:412-21
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HEEIREHRE, FFIiaEMF (Child Pugh AR)MATREAL: Toi A%
S HE(CrCL:15~29mL /min): {HH.
CrCL<15mL/min: EilAHEH -

Hh B PR 3 (Child Pugh B FREAL : AEA SRR (LBEM-FE) , HAH-
FEABEIM S (LRBRIMRAET) I AR 5% H ML XURS: B P - 25
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Halabi A et al. Blood 2006;108(11):Abstract 913; Kubitza et al. Br J Clin Pharmacol. 2010; 70 (5):703-712. Halabi A et al. J Thromb
Haemost 2007;5(Suppl. 2):P-M-635.
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Data from Kubitza D. et al. J Clin Pharmacol. 2007:47:218-226.
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FURVSIE 1 Omg Ba R &
FEZ IR (0=8) B AZIXE (n=8)

BMI (kg/m-2) 20.9 24.9
I 1) P 245 B it 26 F AR (ug hetTH1) 1022 1020
U i (ug 1) 143.2 141
R I 1] (h) 2.25 2.00
] (h) 7.57 9.07
FUEERZ( h?) 9.78 9.8
TR (1 kg ) 1.84
BT X a PR~ Vi P 41 ) B KA (V%) 40
L 5 LA IR I 1] K AG 2L 1.4
S8 T 2 3 AT 43Vl IO 355 T P 1) 2 K 55 Bk 1.3

Zhao x,et al.Br J Clin Pharmacol. 2009 Jul;68(1):77-88



PAIPHTET “HAL” BRI

* PRSP BORE , 25430 77 52 n) F

o PV P B AR PR B SRR LIS 1), 245508 5 ] ]
* AR 0 M VD BEPK / PDJG 2. 35 5% 1)
+ RN DIE S E X PK/ PD I .35 5 i

+ P E BRI B I S 2 R G R— 2L

» DO SR SERIMR VD By R0R 22 4

==
Ll
el

. 3
=l




oo I A v BE YRR TR DL

E Eﬁ/ﬂ&ﬁﬁﬁku E’JﬂﬂiA

i5E JI5E A7 ) ot BEL 37 DR 1R g A\

'ﬁﬁﬁgﬁxm%éfm QNN
] I 48 FH 52 ) 1) 63 7D BEAR S 25 4 s A\

Hﬁlﬁ[ﬁqﬁ’i’kﬁ%f KB A

1 o1 Bl A B A A\

Az e B 0 A A\

» DZIMELFEARIE N

‘ﬁ Bk 7/pan=A: PN

YIS G IN

&
%

)4114 lm

]
S

Wﬁ

l\h




A 0 ) A% 70 B B i B

PiF Xajfitk (anti-Xa) HEIMLEG IR (PT)

>
M
)
)
[y
[
%
oy
c
<
>
o
©
>
o
o)
>
—_
(@]

100 200 300 400 500 600 700

0

200 400 600
Rivaroxaban (ng/mL) Rivaroxaban (ng/mL)

Suzanne J. Francart; Emily M. Hawes1; Allison M. Deal, et al. Performance of coagulation tests
in patients on therapeutic doses of rivaroxaban A cross-sectional pharmacodynamic study based
on peak and trough plasma levels. 2014
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. . . 24.40,45-48,5T1,
Prothrombin Time: We found 35 studies

52,56,58-63,66-68.70,73,75-77,79,80-87,90-92 :
T ’ | evaluating the effect
of rivaroxaban on PT (e-Table 2). Overall, rivaroxaban

prolonged the PT in a concentration-dependent manner,

but the correlation was generally

24.45,46,61-63,66.80,86,89 -
weak o and became weaker with

increasing concentrations (> 50-100 ng/mL)."’
Significant reagent-dependent differences in assay

40,48,60-63,66,76,90

sensitivity were noted in multiple studies.

M e HE ] ] B AR EE K PT, (R4
MRS, RILZGIKEERT, PTHURIEZE.

24,40,48,58,59,61,62,66,68,73,76,79,80,85,86,89.9

APTT: Seventeen studies
assessed the effect of rivaroxaban on APTT. A poor to

moderate concentration-dependent prolongation of
48,61,62,68,73,76,80,81,85,89
he APTT was noted.*®°"-04°%7370:80.8L82:8% APTT

P e e 0,48,62,76,80,¢
assay sensitivity was reagent dependent.*”*%0% 75071

A L g |
ariability within assays™”"” and between labggator
coefficient of variation, 14.3%-15.5%)" """

also reported.

40,48,51,52,55-59,61-67,

Anti-Factor Xa Activity: Thirty studies
f0-74.76,80,82838486888991. . cocead the effect of Hivaroxaban
on anti-Xa activity (e-Table 2). Rivaroxaban-calibrated
chromogenic anti-Xa activity assays showed linear,
concentration-dependent correlations (+* = 0.95-1.00)
over a wide range of rivaroxaban concentrations

(0-755 ng/mL). The linear association between
rivaroxaban and anti-Xa activity was marginally lower
when assays were calibrated with unfractionated heparin
(r* = 0.90-0.99) or low-molecular-weight heparin

(r* = 0.92-0.98). Some assays showed variability at low

1,88
~" and reduced accuracy at

LR : : 63,71
upper and lower limits of quantitation.’

, . 487
and/or high concentrations™

SRR Xa 7 iE RIS (anti-Xa) ,
S RMID I 24 3K A e A R AE 5 1k
M2 BEARARBAR =N,  anti-Xall] 57
AP B 24 P BE A S PR 88 o

Bethany T Samuelson... et al.Laboratory Assessment of the Anticoagulant Activity of Direct Oral Anticoagulants A Systematic Review.Chest, 2017, 15(1)
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o ZFIMRVPIEMEAHE S Byanti- X aik i, BEWERA R WY T7IGE
FARIDIEZG Mk A AL, FH MR, BUREMLTPT.

o PR VHEERS U A HE S B anti- X aikiy, 253k A IISEE
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FiRF-EH-RiE 88
STA®-Liquid Anfi-Xa
Cal. Nr. 00311 (4 mi) / Cal. Nr. 00322 (8 mil)

T AERH

ERER

= ) 38 STA®-Muiti-Hep Calibrator | STA®-Fondaparin
i A

Cat. Nr. 00348

STA*-Quality HNF/UFH ‘
Cat. Nr. 00381
STA*-Quality HBPM/
LMWH
Cat. Nr. 00686

Cat. Nr. 00706 Cat. Nr. 01074

STA-Liquid anti-Xaik |t
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* 120pg/LA290ug/LEgFIfvbHE, AR PTRER EHRL(H
i 1.4701.94%.

* 120 pg/LAAIGybHE, B RIAE 2R A PTAIN 2% 258 B0
HREK

- HPT (%) HEWAURIPE-

AN R PTIAFA ) e D BEAURR M 22 57 K o
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Suzanne J. Francart et al. Performance of coagulation tests in patients on therapeutic doses of rivaroxaban A cross-
sectional pharmacodynamic study based on peak and trough plasma levels. 2014, Throm Haemo.



Reagent Instrument N Reagent PTratio PTINR PTratio PTINR

120R 120R 290R 290R

Innovin 1.15 1532 1.34 1.55
(15%) (28%) (2.8%)  (4.8%)

Sysmex C52100i : Neoplastin Cl Plus 1.37 1.64 1.88 252
23%) (45%) (33%)  (5.3%)

Sysmex CA-540/560 _ Neoplastin R 1.56 1.67 2.35 252

Innovin Sysmex CA-1500/7000 33

(35%) (45%) (42%) (2.5%)
: RecombiPlasTin 2G 1.37 1.43 1.95 2.00
Neoplastin Cl Plus STA Compact : (1.2%)  (49%) (1.4%)  (4.8%)
Thromborel S 1.14 1.35 1.36 1.61
STA-R Evolution . (16%) (33%) (35%)  (3.7%)

Global result 1.35 1.45 1.87 2.03
_ : (123%) (14.6%) (23.3%) (32.0%)
Neoplastin R 20 STA-R Evolution

& P LB LI A

B WA ER )
PRERZ KR FEHER : eI
| R TBORPLBEB

Thromborel S 13 Sysmex CA-1500/7000 6
(3.2%)

BCS, BCS XP 1.32
(2.8%)

Marjan Van Blerk; Els Bailleul; Bernard Chatelain; Anne Demulder, et al. Influence of dabigatran and rivaroxaban on routine coagulation assays A
nationwide Belgian survey. Thrombosis and Haemostasis 113.1/2015
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1.Kubitza D,et al.Eur J Clin Pharmacol.2005;61:873-880. 2.Mueck W,et al.Clin Pharmacokinet.2008;47:203-216.
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Ann Med. 2013 Sep;45(5-6):423-429
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THROMBIN BINDING SITES

"' © _exosite 2

3

exosite 1

active/catalytic
site

UNIVALENT DIRECT THROMBIN INHIBITORS

dabigatran
argatroban

INDIRECT THROMBIN INHIBITORS

heparin

antithrombin

BIVALENT DIRECT THROMBIN INHIBITORS

bivalirudin
hirudin/lepirudin

Thrombin as a multi-functional enzyme

Focus on in vitro and in vivo effects

Jolanta M. Siller-Matula'; Michael Schwameis?; Andrew Blann?; Christine Mannhalter?; Bernd Jilma?

'Department of Cardiology, Medical University of Vienna, Austria; 2Department of Clinical Pharmacology, Medical University of Vienna, Austria; *Haemostasis Thrombosis and
Vascular Biology Unit, University of Birmingham Centre for Cardiovascular Sciences, City Hospital, Birmingham, UK; *Department of Laboratory Medicine, Medical University

of Vienna, Austria
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haracteristic PTINR  aPTT ECT T dTT (Hemoclot)

Sensitivity to presence of drug Low ~ Moderate High Very high High

 Correlation with drug levels ~ Moderate Moderate Strong Moderate Strong

Relationship to drug levels  Linear  Log-finear Lingar Log-finear Lingar

Clinical utilty Limited ~ Normal aPTT suggests Potentially suitable  Normal TT excludes Potentially suitable
minimal drug levels ~ formonitoring ~~ presence of drug  for monitoring

aPTT, activated partial thromboplastin time; dTT, dilute thrombin time; ECT, ecarin clotting time; PT/NR, prothrombin timefinter-
national normalised ratio; TT, thrombin time.

John W. Eikelboom; Jeffrey I. Weitz.Dabigatran monitoring made simple? 2013
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Activated Partial Thromboplastin Time: Twenty-two
18,21-24,26-30,32,33,35,36,39,40,45,48
d : reported

eligible studies'

simultaneous measurement of activated partial
thromboplastin time (APTT) and dabigatran levels.
Although the APTT was often prolonged, degree of
prolongation correlated poorly with concentration,
especially at higher APTT values. Furthermore,
responsiveness varied across reagents, and several
studies' ' reported that selected APTT assays can
yield normal results i ence ﬂ%
dabigatran concemtratA§.f“ié lﬁﬁ ﬁ

Dilute TT: Seventeen eligible studies'"
SRIESARE reported simultaneous measurement of
dilute TT and dabigatran levels. The majority of studies
used the Hemoclot thrombin inhibitor assay (Hyphen
BioMed). Dilute TT results showed a strong, linear
correlation with dabigatran concentrations in the ‘on
therapy’ range. The correlation, though still present, was

weaker at low (< 50 ng/mL nd high %%%m#

dabigatran concentrations.’
Bethany T Samuelson..

: e IA10,01°23,25,27°29,
Ecarin-based Assays: Fourteen studies d

7292360992 reported an association between ecarin-
based assays, including ecarin clotting time (ECT)
and/or ecarin clotting assay, and dabigatran levels.
Ecarin is a metalloproteinase that cleaves prothrombin
to an active intermediate called meizothrombin, which
is inhibited by dabigatran much as thrombin is, a
property that can be exploited for measurement of
dabigatran in ecarin-based assays. Assays demonstrated
high sensitivity for the presence of and strong
correlation with the concentration of dabigatran below,
within, and above ‘on therapy’ ranges, although this

decreased sof‘f’gat at e’EﬁT£< ﬁm%

5-18,21,23,28,29,38,42,48

Thrombin Time: Eleven eligible studies”
reported simultaneous measurements of thrombin
time (TT) and dabigatran levels. TT, in general,
was overly sensitive, with results often exceeding
the upper limit of the assay at or even below the
‘on therapy’ range.'”' 'L A no W&eﬁ:ﬁ
excluded the presence of dablodtra |

.etal. LabOIatOIy Assessrnent of the Anticoagulant Activity of Direct Oral Anticoagulants A Systematu, Review.Chest, 2017, 15(1)
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W35 BU N Wi ST adih k5 45 D AH 7 I 24 34K &
The STA® - ECA Il assay is based on the cleavage of prothrombin by
ecarin, a snhake venom metalloprotease from Echis carinatus. The
generated activation products (mainly meizothrombin) enzymatically
cleave a chromogenic substrate resulting in paranitroaniline release. This
cleavage is inhibited in a concentration-dependent manner by direct
thrombin inhibitors (DTI), when present in the plasma sample.

Ecarin DTI

| ov

Prothrombin » Meizothrombin

Chromogenic Substrate » Paranitroaniline

The quantity of paranitroaniline released measured at 405 nm is inversely
proportional to the amount of direct thrombin inhibitors, such as dabigatran,
present in the plasma.

STA-ECA 1II assayi®#l i
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APTTXY i Eb I i ML 24 9K B AR AL BURK, 50 B AHCmPE -
APTT-RiAZ|2.0HT, B 5Bk b i s i 25 3k B AR 4L o

110 mg bid , APTT-Ri%%2.0, A3 H %4

150 mg bid (MZ5KE>200ug/L) , APTTARALHELE Bifs
i, APTT-R > 2.0 #2785l ik M 253 & > 1097 K -F.
A FRIAPT TR 2R X 38 b M lg Ut th A 7R 22 7o
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[1] Greg Hapgood et al. The effect of dabigatran on the activated partial thromboplastin time and thrombin time as determined by the Hemoclot
thrombin inhibitor assay in patient plasma samples.2013, Throm Haemo.

[2] Joanne van Ryn et al. Dabigatran etexilate — a novel, reversible, oral direct thrombin inhibitor: Interpretation of coagulation assays and
reversal of anticoagulant activity.2010, Throm Haemo.
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