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Monitormg anticoagulant therapy i1s a ‘must’ according to
many laboratory specialists with the advocated am of
mproving treatment efficacy or safety or both. Needless to
say, monitoring also increases the need for such specialists
(results must be nterpreted, nuanced and sometimes disqual-
ified), led to the creation of structures such as anticoagulant
chinics and may be associated with financial advantage.

The weight of tradition and the lightness of evidence

The recent registration by the European Medianes Agency
(EMEA) of new oral anticoagulant drugs such as rivaroxaban,
a direct factor (F)Xa inhibitor and dabigatran etexilate, a direct
thrombin mhibitor, may change this paradigm in the next years

I6].

Why monitoring drugs?

Drug monitoring aims to optimize dosage regimens in order to
ncrease ethcacy and/or safety. However, few drugs exhibit



‘Monitoring’ vs. ‘'measuring’ the anticoagulant effects of
the new anticoagulant drugs

It 1s not just semantic: monitoring does not equal measuring.
As a matter of fact, monitoring implies not only measuring but
also possible dosage adaptation according to the test result. We
suggest that while monitoring mav be needless with the new
oral anticoagulants, measuring the drug or its activity might be
useful in a few special situations, including overdosage, urgent
surgery, pregnancy, extreme body weights, children and renal
insufficiency.

Management of overdosage mamly depends upon the
chmecal situation (does the patient bleed or not? What 1s the
extent of the overdose?) and usually consists of watchful
waiting or administration of antidotes if available. Protamine



Conclusion

The evidence available does not support laboratory rmrornitorirnng
of the new oral anticoagulant drugs: (1) the antcoagulant
activity of fhixed-dosed. orally admimistered doses of rivarox-
aban and dabigatran etexilate are highly predictable; (11) there 1s
no evidence that the anothrombotic effect and/or rnisk of
bleeding correlate with any related biologic acuvity or drug
concentratton measured in plasma:; (mi) the safety of adminis-
tering fixed doses of these new compounds has been demon-
strated 1in thousands of patents enrolled in climical tnals on
thromboprophvlaxis after major orthopedic surgery, and very
recently (at least for dabigatran etexalate) also with therapeutic
doses for prevention of stroke and other thromboembolic
events in atrial fibnllation.

Acddmiattedly, iterative plasma rmeaswrernentt of the antcoags-
ulant actuwvity after a therapeutic dose of rmivaroxaban or
dabigatran etexilate may be occasionally informatwve, such as
in cases of overdosage or urgent surgery o reassure the
climician if the measured actuivity happens to be low. However,
in the absence of specific anudotes, a measured high activity
merely allows us to approximate after which tme the drug
activity will vanish, according to its pharmacokinetuc proper-
ties, which could hawve been calculated if the timing of
administration and the exact dose are known.
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Introduction

In general, the need for laboratory momtoring depends on the
properties of the drug considered, monitoring being warranted
if the following five criteria are met:
Criterion #1 (inter-individual variability). The inexplicable
inter-mdividual vanability (Le. vanability between subjects)
18 high, justifying dentification of the optimal dose for each
patient at the start of treatment. This criteion may be
waived if Criterion #2 1s met (or vice versa).

The need for laboratory monitoring: the story with
anticoagulant drugs

To illustrate the nead for laboratory monitoring, vitamm K

antagomsts (VKA), the first oral anticoagulants, are perfect
candidates.

The best candidates — VKA (Table 1)

With respect to Cntenon #1 (inter-ndmvidual vanability), the
optimal dose requred to reach the target INR value, even in



Criterion %2 (intra-individual instability ). The unpredictable
intra-individual instability in drug exposure (1.e. varability in
the same patient) over time 1s high and could adversely aftect
the benefit-to-risk ratio of the drug. This variability over time
could reflect a pathophysiological change, a drug-drug or
tood-drug interaction, or an unknown factor.
Criterion #3 (assay method). The variability of the assay
method used to assess the drug concentration or effect 1s low
and reproducible, and the optimal timing between drug
administration and assessment of 1ts concentration, or effect,
15 well established.
Criterion #4 (correlation). The correlation between the drug
concentration, or effect, and clinical events (efficacy and
safety endpoints) is well established, allowing identification
of an optimal therapeutic range between the mimmum
eftective dose and the maxmum tolerated dose, and this
therapeutic range is sufficiently narrow to necessitate dose
adjustment in view of the variability defined in Criteria #
and #2.
Criterion %5 (validation ). Therapeutic drug monitoring as a
basis for dose increase or decrease has been shown to prevent
thromboembolic events and/or hemorrhagic events.
All these cntena should be met to justify the need for
laboratory momitoring of a given drug.

stable patients, must be determined for each mdividual. In fact,
age, sex, penetic polymorphism (2C9, VKORC) and drug-drug
mteractions explain only 60% of the mter-mdividual varabil-
ity, hence the need to monitor the effect of VKA to determine
the optimal dose for each patient [1]

As regards Criterion #2 (intra-individual vanability), several
drug-drug and food-drug nteractions with VKA, as well as
several pathological conditions, have been reported to influence
VKA response in the same patient. Apart from these potential
sources of vanability, the highly unstable response to vitamin K
antagonists has been extensively described. Even in the more
recent clinical trials, including highly selected populations,
patients remained within the therapeutic range for approx-
mately 60% of the time [2].

The inter-laboratory vanability of assay methods (Criterion
#3) has been greatly reduced by the use of INR values instead
of percentage activity, significantly improving the uniformity of
anticoagulation level measurements. Several studies have
demonstrated the validity of the INR/ISI system [3-5] A
turther advantage of this laboratory test is that it does not
depend on sampling time, due to the very long pharmacody-
namic hali-life of VKA.

Over the past vears, several randomized studies and
reviews have exammed the nsk of bleeding and thrombo-
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Table 1 Respect of the crieria supporting laboratory monitoring by current and new anticoagulants

Current anticoagulans New oral anticoagulants
LMWH Dabigatran, edoxaban,
VKA UFH fonda pannux apixahan, nvaroxaban
Criterion #1. Intra-individual instability X X
In drug level
Criterion 2. Inter-individual variability X X X
in drug level = optimal dose finding
at the start of treatment
Criterion #3. Low variability and X X X
reproducibility of the assay method
Criterion #4. Correlation between drug X X
level and clincal events = optimal
therapeutic range
Criterion #3. Value of therapeutic drug X
monitonng demonstrated

VKA, vitamin K antagonist; UFH, unfractionated heparin, LMW H, low-molecular-weight heparin.



MNew oral anticoagulants: a need for laboratory monitoring

The new oral antwoagulants have several advantages com-
pared with VE.A n that their pharmacokmetics (shorter halt
hie) and phamacodynamics (direct mhabition) are ssmpler and
less variable [28.29]. In view of these advantages, with probably
more than 80% % of the populatton presenting a low varnabality,
15 1t really worth discussimg the need for laboratory momtoring?
The clmmical tnmals performed i current dmg development
programmes enrolled large, even ff frequently selected, popu-
latons, including enough patients to enable identification of
those at nsk of varmabiity (eg. the elderly and patients with
renal insufficiency, even in the case of drugs not excreted solely
via the kidnevys, such as rivaroxaban), who could benefit from
drug momtoring (Critena #1 and #2, Table 1). This could be
particularly important in that we have already identified some
drug-dmig interactions with these new compounds (interaction
with the P-glvcoprotem system and/or covtochrome Pa43(0)
isoenzyvmes) [30.31]. Some of these drmg-dmg mteractions are
sufficiently dinically relevant to result in contraindications or
precautions for use (protease and some antifungal drugs for
rivaroxaban, gqumdme for dabagatran, etc.). Other interactions
or polymorphism of the P-glhvwoprotem and/or oviochromse
P450 system could also prove to be climically relevant in chincal
practise 1n non-selected populations and could necessitate dose
adjustments, possibly based on dmg monitorimg. This dmg
momtornng, i1f necessary, should be performmed smmply to
determuane the iniial optimal dose for a partticular patent and
repeated only 1in the event of introduction or withdrawal of a
drug significantly interacting with the oral anticoagulant
admmisterad.



Conclusion

The first results observed during the chimcal development of
new oral anticoagulants have shown that the mexplicable
variability of drug response 1s quite low in highly selected
populations, so there 15 no sense in recommending drug
monitormg for such patients. However, we have already
identified some sources of mter- and intra-individual vanabil-
ity, such as renal and/or hepatic function, advanced age, and
certam chnically relevant drug-drug interactions. These criteria
concern a restricted population, but one at very high nisk of
chinical events. Laboratory monitoring should be assessed for
these patients, to avoid denying them treatment with these very
promising compounds.






Analytic Approach To Determine Target Plasma Levels =\ Boehringer
IWI [ngelheim

Cut-off values (Ctrough,ss) between 0 ngy'mL and 250 ng;’mL {step size 10 ngy’ mL) were assessed for

both major bleeding and ischemic stroke/SEE prevention (352 different combinations)

500 clinical trials with 5000 [Jatients each were simulated to evaluate each of the 352 cut-off

combinations for both the safetj,' and EEHEEIC}' endpnints

Patient characteristics were btmtstrapped from RE-LY database

The gual was to idnentif:,r the uptimal tmugh dabigatran plasma cut-off values for a dose adjustmfnt
scheme which Pmduces simulated results that are better (balancing ischemic stroke/SEE and major

bleeding event rates) than a fixed dose Pradaxa Tegimen and a well-controlled warfarin regimen



Study Design

Boehringer
|||| Ingelheim

TPy Measure Treatment Period
> 1 week mﬁﬂmtmb Ctruugh.ss > (~20 months) >
(A) DE 150 mg BID =~ DE 150 mg BID
Reference
Dose
Adjustment | _ DE 150 mg BID
Ctrn}ugh.ﬁﬁ <90 ﬂg.lrl"ﬂL
(B) DE 150 mg BID DE 110 mg BID
Titration Ciroughss = 20 ng/mL & < 140 ng/mL

DE 75 mg BID

Ctr:}ugh 55 — > 140 ng;’mL




Results
Model Predicted Qutcome

Absolute Event Rates, not annualized

Relative Risk

P

Boehringer
IV Ingelheim

[schemic Stroke/SEE Major Bleeding
Mean’ %% CI* Mean'  90% CI°
(A) Reference 1.26 1.01 - 155 438 301 — 4.89
(B) Titration 134 108 - 1.63 349 3.08 — 3.9

(B) Titration vs. (A) Reference Rel. Risk 00% CI
[schemic Stroke/SEE 1.06 (0.76 — 1.50)
Major Bleeding 0.80 (0,66 — 0.97)

*risk of event within median BE-LY duration [-30 months], rot ansoelized;

s l'iln;-pm-?u::.nn [ Exact); 531;15& 10 ;-n:r-.'n:r.ldn: ‘,'l.'l" |'||’.'||:|'.'|'|I:|'.i:'

Titration vs. Reference

* Risk of ischemic stroke/SEE events comparable (Relative Risk 1.06)

* Risk of major bleeding events significantly reduced (Relative Risk 0.8)



Summary Boehringer

Clinical Trial Simulation Analysis I|||I Ingelheim

*  Extensive and comprehensive clinical trial simulation analyses were performed to investigate the impact of
dabigatran dose titration on outcomes in AF patients.

*  Dabigatran Ctrough,ss values of 90 ng/mL and 140 ng/mL were identified as promising cut-off values to
assign dabigatran doses of 150 mg bid, 110 mg bid and 75 mg bid.

]

Compared to a reference treatment (=DE 150 mg bid), dose adjustment showed a significant reduction of

major bleeding events (RR 0.8), while the ischemic stroke protection was maintained (RR 1.06).

*  Compared to warfarin treatment, dose adjustment showed a significant reduction of ischemic stroke/SEE (RR

0.8) and major bleeding events (RR 0.6).

Confidemstial - [niernal use anly 13
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Antithrombotic Therapy

The Effect of Dabigatran Plasma
Concentrations and Patient Characteristics
on the Frequency of Ischemic Stroke and

Major Bleeding in Atrial Fibrillation Patients

The RE-LY Tral (Randomized Evaluation of
Long-Term Anticoagulation Therapy)

Paul A. Reilly, PHD,” Thorsten Lehr, PHD,{{ Sebastian Haertter, PHD,j

Stuart ]. Connolly, MD,§ Salim Yusuf, MD, DPHiL,; John W. Eikelboom, MB BS,5
Michael D. Ezekowitz, MD, PHD, || Gerhard Nehmiz, PHD,{ Susan Wang, PHD/*
Lars Wallentin, MD, PHD,¥ on behalf of the RE-LY Investigators

Ridgefield, Connecticut; Biberach and Saarbriicken, Germany; Hamilton, Ontario, Canada;
Wynnewood, Pennsylvania; and Uppsala, Sweden

Objectives The goal of this study was to analyze the impact of dabigatran plasma concentrations, patient demographics, and
aspirin (A5A) use on frequencies of ischemic strokes /systemic emboli and major bleeds in atral fibrillation patients.

Baclkground The efficacy and safety of dabigatran etexilate were demonstrated in the RE-LY (Randomized Evaluation of
Long-Term Anticoagulation Therapy) trial, but a therapeutic concenfration range has not been defined.



Methods

Results

Conclusions

In a pre-specified analysis of RE-LY, plasma concentrations of dahigatran were detemined in patients treated with
dabigatran etexilate 110 mg twice daily (bid) or 150 mg hid and correlated with the clinical outcomes of ischemic
stroke/systemic embolism and major bleeding using univariate and multivariate logistic regression and Cox
regression models. Patient demographics and ASA use were assessed descriptively and as covariates.

Plasma concentrations were obtained from 9,183 patients, with 112 ischemic strokes/systemic emboli (1.3%) and
323 major bleeds (3.8%) recorded. Dabigatran levels were dependent on renal function, age, weight, and female
sex, but not ethnicity, geographic region, ASA use, or clopidogrel use. A multiple logistic regression model (c-tatistic
0.657, 95% confidence interval [Cl]: 0.61 to 0.71) showed that the risk of ischemic events was inversely related to
trough dabigatran concentrations (p = 0.045), with age and previous stroke (both p < 0.0001) as significant
covariates. Multiple logistic regression (c-statistic 0.715, 95% Cl: 0.69 to 0.74) showed major bleeding risk
Increased with dabigatran exposure (p < 0.0001), age (p < 0.0001), ASA use (p < 0.0003), and diabetes

(p = 0.018) as significant covariates.

Ischemic stroke and bleeding outcomes were correlated with dabigatran plasma concentrations. Age was the most
important covariate. Individual benefit-risk might be improved by tailoring dabigatran dose after considering
selected patient charactenstics. (Randomized Evaluation of Long Term Anticoagulant Therapy [RE-LY] With
Dabigatran Etexilate; NCT00262600) () Am Coll Cardiol 2014;63:321-8) © 2014 by the American College of
Cardiology Foundation
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Prohability of Clinical Outcomes Versus Dahigatran Plasma Concentrations

Major bleeding event (left) and ischemic stroke /systemic embolic event (right) versus trough dabigatran plasma concentration in atrial fibrillation patients by age (65, 75, and
85 years). Covariates include sex, prior stroke, and diabetes. Conc. = concentration.




The concentration range achieved for either dose in
RE-LY ranged over 5-fold for the 10th to 90th percentiles,

with a large overlap of concentrations, approximately 70%,
between the 2 doses. Given that the primary analyses of the

whole population, without consideration of plasma levels,
showed that the 2 doses of DE in RE-LY were effective and

safe, this suggests that there i1s a wide therapeutic range.

Application of findings to clinical practice. In this RE-LY
substudy, demographic characteristics played the strongest
role in determining risk of clinical events. In patients at
highest risk for events, such as the very elderly and/or those
with poor renal function, an adjustment of DE dose to
optimize exposure might improve the benefit—risk if they
are at either extreme of the concentration range. However, an
assay of dabigatran concentrations is not yet widely available,
and at least in the United States, only the 150-mg bid dose is
available except for a 75-mg bid dose in patients with severe
renal failure. This substudy, therefore, can only serve as
a basis for future endeavors in this area.
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Review

Importance of Pharmacokinetic Profile and Variability as
Determinants of Dose and Response to Dabigatran,
Rivaroxaban, and Apixaban

Inna Y. Gong, BMSc.*® and Richard B. Kim, MD*"

“ Division of Clinical Pharmacobyy, Deparoment of Medicine, University of Western Ontaria, Londan, Ontaria, Canada

‘I'J'_'-lrl.u::!:l?mf.rrr qf'f'-l'g}'s.'h."ng}' and f':l}m'nmlﬂnﬂ'. Liniversity I?,i'!. Western Ontarin, London, Ontario, Canada

ABSTRACT

Warfarin has been the mainstay oral anticoagulant (0AC) medication
prescribed for stroke prevention in atral fibrllation (AF) patients.
However, warfarin therapy is challenging because of mared interin-
dividual wariability in dose and response, requiring frequent monitoring
and dose fitration. These limitations have prompied the clinical
development of new OACs [NOACs) that directly target the coagulation
cascade with rapid onset/offset of action, lower risk for drug-drug
interactions, and more predictable response. Recently, NOACs dabi-
gafran (direct thrombin inhibitor), and rivaroxaban and apixaban
(factor Xa [FXa) inhibitors) have gained regulatory approval as alter-
natiwe therapies to warfarin. Though the anticoagulation efficacy of
these MOACs has been characterzed, differences in their pharmaco-
kinetic and pharmacodynamic profiles have become a significant
consideration in terms of drug selection and dosing. In this review, we
outline key pharmacokinetic and phamacodynamic features of each
compound and provide guidance on selection and dosing of the 3
MOACs relative to warfarin when considering OAC therapy for AF
patients. Importantly, we show that by better understanding the effect

RESUME

La warfarine a éte le pilier des anticoagulants oraux (ACO) prescrit pour
la prévention de l'accident vasculaire cérébral chez les patients ayant
une fibrillation auwriculaire (FA). Cependant, le traitement par la war-
farine est difficile en raison de |a variabilite interindividuelle marquee
de la dose et de la réeponse, ce qui rend necessaire une surveillance
frequente et un réeglage posologique. Ces limites ont suscite le
developpement clinique de nouveaux ACO (MACO) qui ciblent directe-
ment & cascade de coagulation par un délai d'action rapide et une
duree d'action, un plus faible risque d'interactions meédicamenteuses
gt une réponse plus prévisible. Recemment, les MACO dont ke dabi-
gatran {inhibiteur direct de la thrombine), le rivaroxaban et 'apixaban
(inhibiteurs du facteur Xa) ont obtenu I'homologation a titre de solution
de rechange au fraitement par la warfarine. Tandis que |'efficacite de
I'anticoagulation de ces NACO a été etablie, les différences dans leurs
profils phamnacocingétiques et pharmacodynamigues sont devenues
une preoccupation importante en ce qui a frait & la selection du
medicament et du dosage. Dans cette revue, nous exposons les
grandes lignes des principales caracteristiques pharmacocinetiques et



When d,al::igal:ra.n was coadministered widh amiodarone or
ketoconazole (a P-gp and smong CYP3A4 inhibiwor), AUC
was increased |:::_|.-' aPPrﬂ:I{ilnal:cl}-' 5(]%_3{' Simila.rl}-', the potent
P-gp inhibirtor ‘l.-'a:rapa_rnil increased ALIC b}-’ 2 4-fold when
adminisvered 1 hour before dabigal:ra.n and AUC increased b}-’
71% when coadminiseered. ! Inl:cn:sl:ingl}-', padents of dhe
RE-LY wial coadministered with amiodarone and ‘Iﬂ:ral:la.rnil
-I:ll'll}-" had a 132 and 239 increased biﬂava_ilal::ilil:}-', respec-
l:i‘l.-'-l:l:g.-'_3 Coadministradon of kerocomazole widh rivaroxaban
increased the AUC by 160% along with similar increases
in c-ua.gulal:iﬂn measurements. -+ The STrONgE P-—EI:IJENPSJ"HE
inhibicor rivonavir elevared rivaroxaban AUC b}-’ 150%0.
Coadminisoarion of keroconazole increased a[_'li:{al::a_n AL b}-’
2-fold.®? Owerall, coadministration of rivaroxaban and apix-
aban wich P-—E;P."L'."!:"l_-'jg"!.:!i inhibirors I[rl.a.n1-:|}-' azroles and
prowecase inhibitors) should be avoided and coadminisaation
with moderare inhibirtors (ie, cr}-'l:hram}-tin} should be exer-

cised with caution (Table 2).

Inducers of CYP3A4/P-gp such as rifampicin have been
shown to result in 652 reducdon in dal::igal:[an biﬂa‘l.-'a.i"::ilil:_}-'
and 50% decrease in AUC and cloming paramevwers for
rivaroxabin and Ell'_'lizl-:al:::zl_rl_E"::"az'55 Thus, concomimnt use of
rivaroxabanfapxiaban with somong CYP3A4/P-gp inducers is
contraindicared because of concern of reduced anticoagulation
efficacy.



Table 2. List of dual substrates, inhibitors, and inducers of CYP3A4

and P-glycoprotein

Substrates Inhibitors Inducers
Apixaban Amiodarone Carbamazepine
Atorvastatin Cimetidine Phenobarbital
Celiprolol Clarithromycin Rifampicin
Cyclosporine Erythromycin St John's wort
Docetaxel Fluconazole
Paclitaxel Ketoconazole
Rivaroxaban [traconazole
Tacrolimus Nifedipine

Nelfinavir

Ritonavir

Saquinavir

Verapamil

Voriconazole




Selecting the Right OAC

Although the NOACs have shown ethcacy similar or
greater than warfarin, it is unlikely that they will tully replace
warfarin, The interindividual variability in exposure/response
of NOACs and bleeding risk associated with anticoagulation
therapy remains a pertinent issue. Indeed, even in a clinical
trial setting with stringent enrollment criteria, the 1-dose-fits-
all dosing regimen strategy did not appear successtul for
NOACs, likely due to the various clinical covariates that
significantly affected extent of drug exposure and response
(Fig. 2). 114447 Moreover, dablgatfaﬂ and rivaroxaban use
outside of the clinical trial setting has recently been noted to
exhibit l;ll:gt‘ interindividual vaﬂablllry in concentration and

response. 8 The same trend is likely to be observed with
apixaban as its clinical use increases.



A Selection of warfarin vs NOAC for AF patients

Already on
warfarin?

Yes

| .

Poor A Well
compliance? NOACs or warfarin ——

i i

Initial Factors to Be Considered

i

warfarin * Cost of OAC/insurance policy Yes No

* Access o INR monitoring ‘ | | T

* Patient preference - .
*Refer to Table 2 for detailed criteria ‘ warfarin NOACs

L




B Selection of appropriate NOAC for AF patients

NOACs
I
Renal
impairment
] I
L | 1 _ ]
Mild Moderate Severe ESRD

(CrCl 51-80 mL/min) | (CrCl 30-50 mL/mint) {CrCl 15-29 mLfmin) = (CrCl < 15 mL/min)
Age =75 ] I I I 5
110mg ___ 150 mg 110 mg ‘warlarin\ ‘warfarin\
BID DAB BID DAB BID DAB /

Ty, y "
o N 1

Age > 80 20 mg 15 mg E:;.:'-'I I:IEF
ge
Weight < 60 kg | oD RIV " ;}ED_H_W Skl
25mg . | 5mg 5 mg Ezllg :PEI
BIDAPI || BID API BID API
| Y >
Age > BD . .
Weight < 60 kg Poor liver function
- ~ or CYP3A4 DDI
2.5 mg ]
BID API —
e

warfarin \



Selection of appropriate NOAC continued

History or higher
risk of Gl bleed*

Smg
BID API

Age > 80
Weight < 60 kg

i S
2.5 mg
BID API

|

No
| I I
Moderate hepatic Poor liver
impairment or function
CYP3A4 DDI J_
[ I ] : )
Yes | No ‘warfarm)
T ' 1
150 mg 20 mg
BID DAB oD RIV
I — Age > B0 o -
Smg Weight=60kg 2.5 mg
-"i"l"'“ BID API ‘ | BID API
110 mg e
BID DAB compliance
. —
20 mg

ODRIV

L™



Table 3. Summary of patient criteria for selecting warfarin vs NOACs

Select warfarin Select NOACs

Stable and well controlled INR Previously taking warfarin with poor
INR control

CrCCl < 30 mL/min Normal renal function or mild renal
dysfunction

Low cost to patient/lack High cost of drug affordable

of insurance coverage

(Good compliance Inadequate access to routine INR
monitonng

History of gastrointestinal bleeding Require rapid onset of action

Require rapid reversal (antidote) Harbouring multple variant alleles

in CYP2C9 and VKORC1 known
to confer warfarin sensitivity™
Concomitant use of P-gp/CYP3A4 Patient preference
inhibitor or inducer

CrCl, creaunine clearance; CYP, cytochrome P450; INR, intemational
normalized rato; NOAC, new oral andcoagulanty P-gp, P-glycoprotein;
VKORCI, vitamin K epoxide reductase enzyme subunit 1.

*Particularly CYP2C9 poor metabolizer genotype combined with
VEKORCT sensitive genotype.



Notably, we are starting to realize the role of genetic
variation to interindividual variability of NOAC exposure
and clinical outcomes. The CESI rs2244613 SNP was not
only associated with lower dabigatran exposure but also
with reduced bleeding risk, indicating the potential for
pharmacogenetic-based dosing adjustments using this intronic
SNP.'® Because clinically relevant polymorphisms also exist in
CYP3A4/5, P-gp, and BCRP, these genetic variations might
also play an important role in determining NOAC exposure.
Overall, the full spectrum of NOAC ethcacy and safety within
the context of pharmacogenetics, demographic characteristics,
concomitant medications, and comorbidities should be char-
acterized as the use of these new agents increase in AF patients
outside of the clinical trial setting.



More importantly, meaningful interpretation of the results is
difhcult because of the lack of guidance on extrapolaung
coagulation results to bleeding and thrombosis risk. Accord-

ingly, ¢

irectly measuring p

asma NOAC drug concentrations

might be more desirable and more accurate for monitoring
anticoagulation. An important consideration for measuring
either coagulation or NOAC drug exposure is the standardi-

zation of sampling time from the last dose. The trough

~

concentration (Cypy,ep) 15 preferred over the peak concentra-
tion (Cy)y avoiding misinterpretation of results because of

variability in the absorption phase.




Conclusions

NOACs are promising alternatives to warfarin, demon-
strating at least similar antithrombotic ethicacy and decreased
rate of intracranial hemorrhage. However, the availability of
multiple NOACs has introduced dithculty in deciding the
best agent because head-to-head trials are unavailable and
unlikely to be pertormed. Rather, clinicians are required to
make informed decisions in selecting the appropriate agent
based on characterisucs of the patient and OAC pharma-
cology. As the clinical use of NOAGCs increases, surveillance
using therapeutic monitoring (measurement of plasma drug
concentration or anticoagulation response) throughout the
treatment period might be valuable in minimizing the risk ot
bleeding and lack ot ethicacy. Finally, because of the extent of
interindividual variation in the metabolism and clearance of
NOAC:s, it is likely that a greater range of NOAC doses will
be needed to more precisely treat our patents.
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The recent development and marketing of novel direct oral anticoagulants (DOACs)
represents a paradigm shift in the management of patients requiring long-term
anticoagulation. The advantages of these compounds over traditional therapy with
vitamin K antagonists include a reportedly lower risk of severe hemorrhages and the
limited need for laboratory measurements. However, there are several scenarios in
which testing should be applied. The potential for drug-to-drug interaction is one
plausible but currently underrecognized indication for laboratory assessment of the
anticoagulant effect of DOACs. In particular, substantial concern has been raised during
Phase | studies regarding the potential interaction of these drugs with some antibiotics,
especially those that interplay with permeability glycoprotein (P-gp) and cytochrome
3A4 (CYP3A4). A specific electronic search on clinical trials published so far confirms
that clarithromycin and rifampicin significantly impair the bioavailability of dabigatran,
whereas clarithromycin, erythromycin, fluconazole, and ketoconazole alter the metab-
olism of rivaroxaban in vivo. Because of their more recent development, no published
data were found for apixaban and edoxaban, or for potential interactions of DOACs with
other and widely used antibiotics. It is noteworthy, however, that an online resource
based on Food and Drug Administration and social media information, reports several
hemorrhagic and thrombotic events in patients simultaneously taking dabigatran and
some commonlyused antibiotics such as amoxicillin, cephalosporin, and metronidazole.
According to these reports, the administration of antibiotics in patients undergoing
therapy with DOACs would seem to require accurate evaluation as to whether dose
adjustments (personalized or antibiotic class driven) of the anticoagulant drug may be
advisable. This might be facilitated by direct laboratory assessments of their anticoag-
ulant effect ex vivo.
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of) thrombosis. While WNWOACs have been
developed wunder the assumptnon that
monitoring and dose adjustment would be
abolished (illustrated by provocative paper
headlines like “Funeral of the Anticoagu-
lation Clinic™), the implication may be that
patients are left with a prescription and a
single advice, but without any kind of for-
malised support (including laboratory
control). I consider this development po-
tentially harmful to the patient, requiring
critical consideration of causes and con-
sequences. Pharmaceutical companies have
invested heavily in the development of
novel, targeted synthetic drugs that directly
interfere with a specific coagulation pro-
tease, blocking its clotting activity. After
many vears of struggle (including the fail-
ure of ximelagatran to reach the market
due to liver function problems), sewveral
MNOACs have now successfully reached the
clinical arena. Competition among several
large companies is strong and rapid pen-
etration of the most important segments of
the market (including the AF population)
15 economically important.



1 he assumpton 15 hat INCOAALS, 1n
contrast with VEA, neither require morni-
toring with laboratory tests, nor frequent
dose adjustment, thanks to reduced food
and drug interactions, contributing to in-
creased pharmacokinetic stability. How-
ever, several issues should be considered.
First, the WNWOACs are all prescribed on a
fixed-dose basis. One size fits all, com-
parable to the poly-pill concept. In practice,
this assumption has wealknesses; phar-
macokinetic studies show that drugs like
dabigatran show considerable variation in
plasma drug concentrations (11}, such that
while the majority of patients will obtain an
adequate plasma drug level, a measurable
proportion will either achieve an insuffi-
cient, or a supra-therapeutic drug lewvel,
when given a fixed dose. Advocates of a
fixed-dose policy will argue that the overall
performance of NOACs in the large clinical
trials is non-inferior or better, as compared
to INR-adjusted warfarin. This may be so,
but one should keep in mind that these
were carefully selected patients to begin
with (excluding those with assumed poor
compliance, renal insufficiency, bleeding
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New oral anticoagulants: discussion on
monitoring and adherence should start now!

Hugo ten Cate'”

Abstract

New oral anticoagulants (NOACs) have been introduced to improve anticoagulant therapy worldwide, but safe

implementation may require additional measures. First, optimization of dose adjustment based on therapeutic

levels of the drug may be more appropriate than fixed dose therapy. The development and implementation in

quantitative laboratory assays will enable further dose optimization. Second, non-adherence to medication is a

potential threat to the safe use of NOACs. Since cardiovascular medication may not be optimally used in about

50% of patients, procedures to improve adherence are imperative, also for NOAC therapy and in particular in elderly
patients.




Concluding remarks

NOACs have been introduced to improve anticoagulant
therapy worldwide. In particular in countries where
current VKA control is difficult to organize, NOACs may
provide a promising alternative. Two issues need to be
taken into account in order to obtain safe anticoagulation
with NOACs (or VKA). First, for NOACs therapeutic
ranges of each agent should become available based on
concentrations and/or dose response effects in laboratory
tests. This will ultimately provide a means of optimizing
dose adjustment in individual patients, more so than by
current algorithms.

Secondly, stimulation of adherence is of utmost im-
portance. Given the body of data showing poor adher-
ence in patients on long term medication, similar
problems may be expected in those using NOACs. This
requires measures to prevent non-adherence, preferably
in a patient centered manner. Further discussion and
studies are needed to raise awareness for this adherence
to medication problem, amongst patients, authorities
and prescribers.
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ARTICLE INFO ABSTRACT

Article history: Introduction: The oral direct thrombin inhibitor dabigatran is increasingly used to prevent thromboembolic
Recetved 4 March 2014 stroke in patients with atrial fibrillation {AF). Routine laboratory monitoring is currently not recommended,
Recetved in revised form 6 June 2014 but measurements of dabigatran and/or its effect are desirable in certain situations. We studied dabigatran

Accepted 30 June 2014

: JEIE S0 exposure and compared different tests for monitoring of dabigatran in a real-life cohort of AF patients.
Available onbne 6 July 2014

Material and methods; Ninety AF patients (68 + 9 years, 67% men, mean CHADS, score 1.5) were treated with
dabigatran 150 (n= 73) or 110 mg BID (n = 17). Trough plasma concentrations of total and free dabigatran
by liquid chromamgraphy-tandem mass-spectrometry { LC-MS5/MS) were compared to indirect measurements
by Hemoclot thrombin inhibitors (HTI) and Ecarin clotting assay (ECA), as well as PT-INR and aPTT.

Keywords
Dabigatran
Drue concentration



Results: Total plasma dabigatran varied 20-fold 12-237 ng/mL with 150 mg BID) and correlated well with free
dabigatran (1* = (93). There were strong correlations between LC-MS/MS and HTI o ECA (p < 0.001) but these

a55ays were less accurate with dabigatran below 50 ng/mL. The aPTT assay was not dependable and PT-INR not use-

fulat all. There were weak correlations between creatinine clearance ( Cockeroft-Gault) and LC-MS/MS, HTl and ECA
(< 0001 for al). A high body weight with normal kidney function was associated with low dabigatran levels,

(onctusions; HT and ECA reflect the ntensity of dabigatran anticoagulation, but LC-MS/MS is required to quantiy

low levels or infer absence of dabigatran, Most real lfe patients with a normal creatinine clearance had low
dabigatran levels suggesting a low risk of bleeding but possibly limited protection against stroke.




Ninety patients treated with dabigatran due to non-valvular atrial fi-
brillation were recruited from Danderyd’s Hospital in Stockholm County

where they were followed as outpatients. The study was performed in
Blood sampling was performed at steady state, 1.e. after a minimum

of three days of treatment. All patients reported full compliance during

the last 3 days. All samples were obtained in the morning before intake

of the next cansule (1.e. at trough. 10-16 hours after the last dose . Blood
Exposure levels to dabigatran observed in our real-life cohort were

somewhat lower for the 150 mg BID and higher for the 110 mg BID
dose, respectively, when compared to data from the RE-LY trial. Thus,

wefound 75 (10th to 90th percentile = 31-127) ng/mL total dabigatran
inour individually dosed patients compared to 93 (40-215) ng/mLin

the fixed dosed patients on 150 mg BID in the RE-LY study [12], This is

at least partially explained by clinical decisions to prescribe the 110
mg BID dose to patients with risk factors for higher exposure (higher

age, lower body weight, worse renal function). Our present and previ-



Analytical results All patients (n = 90) Dabigatran 110 mg BID' (n = 17) Dabigatran 150 mg BID* (n="73

LC-MS/MS total, ng/ml, Median (range) 0(12-237) 75(29-217) 62(12-237)
LC-MS/MS free, ng/mL, Median (range) 54 (8-188] 60(23 - 168) 52 (8 - 188)
LC-MS/MS total, ng/mL, 10h-90th percentile 3-145 38-199 3N-12
LC-MS/MS free, ng/mL, 10th-90th percentile 24-106 26- 158 23-%

HTI, ng/mL, Median (range) 48(0-173) 53(8173) 46(0-172)
ECA, ng/mL, Median (range) 56(9-239) 61(17-236) 54(9-239)
aPTT, seconds, Median (range) 4(21-79) $(32-T5) 44(27-65)
PT-INR, Median (range) 11(09-14) 11{10-13] 1.1{09-16)

‘0r comparison; the concentrations of total dabigatran in the fixed dosage groups in the pivotal RE-LY trial 9] were:

66 ( median), 28-155 (10th to 90th percentile) ng/mL in patients dosed 110 mg BID and
93 ( median), 40-215 (10th to 90th percentile) ng/mL in patients dosed 150 mg BID.



112|. The European Medicines Agency (EMA) conservatively stated
that exceeding the 90th percentile of dabigatran trough levels is associ-
ated with an increased risk of bleeding, and this level was set at about
200 ng/mL [15]; this corresponds to 160 ng/mL free dabigatran. Apart
from the upper limit stated by EMA, which increases the risk of suffering
a major bleed substantially, there is no recommended target concentra-
tion to achieve for optimal dabigatran treatment of individual patients.
A summary graph by Reilly et al. [12] suggests that the ideal trough
levels of total dabigatran in plasma may be around 50-120 ng/mL
(corresponding to 40-100 ng/mL free dabigatran) when treating
patients with AF. However, the optimal range of dabigatran concentra-
tions needs to be further defined in prospective studies.



were not reported for these subgroups [9]. It is of interest that the ma-
jority of our “real life” patients with normal CrCl had plasma dabigatran
concentrations in the low range of the interval measured in the RE-LY
study. Thus, the risk of bleeding may not be imminent while protection
against thromboembolic complications could be less efficient among
patients like those in our study who are dosed according to recommen-
dations. Furthermore, the considerable variability of dabigatran concen-
trations in plasma seen presently and previously [11,12] supports the
contention that patients could benefit from a possibility to monitor
dabigatran treatment and individualize dosages for optimal efficacy
and safety. Such monitoring would, however, not need to be as intense
as for warfarin treatment.

We identified a group of patients that received a potentially too low
dose, i.e., patients with both high body weight and normal renal function.
These patients had a median total dabigatran concentration of 54 ng/mL
(free 45 ng/mL), which is close to the low cut-off of 50 ng/mL considered
to be needed for adequate thromboembolic protection in the RE-ALIGN
study on patients with mechanical heart valves [17]. Furthermore, in
the RE-ALIGN study 8% of the patients did not reach the pre-specified tar-
get concentration with the maximal dosage of 300 mg dabigatran BID,
which indicates that not all patients can achieve satisfactory protection
against thromboembolic events with standard dabigatran treatment.
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ARTICLE INFO ABSTRACT

Article history: Introduction: The direct factor-Xa inhibitor apixaban is approved e g. for the prevention of stroke in patients with
Received 10 March 2015 . atrial fibnllation { AF). Although routine monitoring of apixaban therapy is currently not recommended, selective
Received in revised form 21 April 2015 monitoring could be useful i optimize efficacy and safety in certain clinical situations, We studied the exposure

Accepted 23 April 2015

: e . and effect of apixaban using different laboratory methods in a clinical setting with a well-defined cohort of AF
Available online 30 April 2015

patients.



Material and methods: Seventy AF patients (72 + 7.4 years, 64 % men, mean CHADS; score 1.7) treated with
apixaban 2.5 (n = 10) or 5 mg BID (n = 60). Trough plasma apixaban concentrations determined by
liquid chromatography-tandem mass-spectrometry (LC-MS/MS) were compared to the coagulation assays
Anti-factor Xa, PT-INR and aPTT.

Results: The apixaban plasma concentration determined by LC-MS/MS varied more than 10-fold overall.
The range was between 15-83 and 29-186 ng/mL for the 2.5 mg BID and 5 mg BID respectively, with patients
receiving 5 mg BID having significantly higher apixaban concentrations (p < 0.001). A strong correlation between
LC-MS/MS and anti-FXa-assay was found (p < 0.001), while aPTT and PT-INR were not sensitive enough. There
were no significant correlations between gender, creatinine clearance, body weight or age and apixaban exposure,
Conclusions; Anti-FXa-assay performed well upon apixaban concentrations in a normal exposure range, Still

LC-MS/MS remains the “gold standard” method, covering also low concentrations. Compared to clinical trials,
we observed relatively lower apixaban exposure and a more pronounced difference between high and

low dose. Additional information regarding apixaban exposure and benefit-risk profile is needed in order to
individualize treatment.



Material and Methods

Seventy patients with AF treated with apixaban were recruited
from the coagulation centre at Danderyd’s Hospital in the Stockholm
County during the period 2013-10-01 and 2014-06-03. The study was
performed in accordance with the Declaration of Helsinki and was
approved by the Ethical Review Board in Stockholm, Sweden (Dnr
2012/1232-31/4). Oral and written informed consent was obtained
from each participant. The patients were treated with apixaban accord-
ing to clinical routine care. Patients were excluded from the study if they
were in treatment with any possibly interacting drug according to
the SPC. All study patients reported full compliance during the last
three days before trough plasma samples were collected in median
12.3 hours (9.8 — 18.8; min-max ) after last intake of the drug. Samples
were analyzed using LC-MS/MS methodology and different coagulation
assays; anti-FXa assay, aPTT and PT-INR. The apixaban concentrations
were also evaluated in relation to the clinical characteristics (renal func-
tion, body weight, sex, age) of the treated patients and the prescribed

apixaban dose



Analytical results in the entire cohort and divided by apixaban dosage.

Analytical results All Apixaban Apixaban
patients 2.5 mg BID 5 mg BID
n=70 n=10 n==60

LC-MS/MS, ng/mL 75 48 77

Median (range) (15 - 186) (15 - 83) (29 - 186)

LC-MS/MS, ng/mL 43 - 118 17 - 80 47 - 121

(10th-90th percentile)
LC-MS/MS, ng/mL 72 — 78
Geometric mean
Anti-Xa, ng/mL 75 48 77
Median (range) (16-178) (16-75) (31-178)
alPTT, seconds 34 34 34
Median (range) (28-50) (30-37) (28-50)
PT-INR 1.1 1.1 1.0

Median (range) (09-14) (1.0-13) (09-1.4)



The median trough concentrations measured with LC-MS/MS (or
anti-FXa assay) were in our study 48 and 77 ng/mL, for 2.5 and 5 mg
BID, respectively. Our data are overall in line with previous reports
from healthy volunteers [ 18,20 and ACS patients [13]. According to
the manufacturer, median trough values were 79 ng/mL (34 - 162,
5th - 95th percentile) and 103 ng/mL (41 - 230, 5th - 95th percentile )
for patients treated with 2.5 and 5 mg BID, respectively [8]. These
concentrations are higher than in our real life patients but still with a
marked variability as seen in our cohort where apixaban exposure

varied 6-fold among patients within the same dose group.

clinical use, Our clinical cohort of patients had lower exposure of
apixaban than patients included in the pivotal trial, and furthermore
the difference in plasma concentrations between high dosed and low
dosed patients were more pronounced. Clearly additional information
1s vital in order to understand the correlation between apixaban
exposure and the benefit-risk profile in order to attain the best health
benefit and a more individualized patient treatment.
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ARTICLE INFO ABSTRACT

Articl history: Major orthopaedic surgery is associated with an increased risk of venous thromboembolism. Direct oral antico-
R'L"'-‘-'f“'d 4 ’*J"‘}"Th'-'rzm 3 o agulants { DOACs) are recommended as thromboprophylactic agents after orthopaedic surgery. Al though routine
Received in revised form 13 January 2016 monitoring of DOACs in general is not required, measuring DOAC concentration may be necessary inclinical set-

Actepted 16 January 2016

Available oniine 18 jnuary 2016 tings. The effects of DOACS on routine coagulation assays in spiked material are studied extensively, however, few

data are available on DOAC concentration in patients after major orthopaedic surgery.



We measured trough and peak DOAC concentrations with UPLC-MS/MS and routine coagulation tests in a pro-
spective study including 40 patients receiving thromboprophylactic treatment with dabigatran 220 mg od and
40 patients receiving rivaroxaban 10 mg od after major orthopaedic surgery.

For rivaroxaban, the median trough concentration with UPLC-MS/MS was 17.1 ng/mL and median peak concentra-
tion was 149 ng/mL The anti-Xa assay displayed a good correlation, but a positive bias in comparison to the refer-
ence method. Furthermore, trough levels were mostly below the LOD of the anti-Xa assay. For dabigatran, the
median trough concentration with UPLC-MS/MS was 12.1 ng/mL, and median peak level was 80.8 ng/mL. A positive
bias was found when results from coagulation assays were compared to UPLC-MS/MS data. However, the addition of
glucuronidated metabolites to dabigatran concentration UPLC-MS/MS data generally resolved most of this bias. Age
was found to have a significant influence on dabigatran pharmacokinetics, irrespective of kidney function, whereas
no effect of age was found during rivaroxaban treatment. In both treatment groups, female subjects displayed faster
pharmacokinetics in comparison to male subjects, although not reaching significance,

We conclude that UPLC-MS/MS is the method of choice to measure trough concentrations of DOACs in patients
after orthopaedic surgery. Current coagulation assays are not suited for this purpose. We found large heteroge-
neity in both peak and trough concentrations of DOACs, and showed that pharmacokinetics of novel oral antico-
agulants may be influenced by age and gender, Whether patients with high or low trough concentrations are at
increased risk for bleeding or thromboembolic events respectively remains to be established.



Eighty patients with major orthopaedic surgery from two clinics
were Included. One clinic included 40 patients receiving
thromboprophylactic treatment with dabigatran 220 mg od and the
other clinic 40 patients receiving rivaroxaban 10 mg od. Patients were
Included three days after surgery and the start of thromboprophylactic
treatment, Exclusion criteria were previous malignancy, concomitant

use of platelet aggregation inhibitors or other anticoagulants, renal fail-
ure (eGFR <30 mL/min), age < 18 years old and BMI >30 kg/m? In-

formed consent was obtained before participation in the study. Blood

was collected at day 3 of prophylaxis, just before and 2 and 4 h after tak-
Ing the drugs (t0, t2 and t4, respectively ), Samples were centrifuged and

plasma was conserved at —80 “C until measurement.



Using UPLC-MS/MS we found a large range of rivaroxaban peak and
trough values (Fig. 1a). We measured a median 2 h peak level of
1246 ng/mL (CI 16.9-200.3 ng/mL), a median 4 h peak level of
149 ng/mL (CI 107.8-209.1 ng/mL) and a median trough level of
17.1 ng/mL (C17.7-49.7 ng/mL),

A wide range of peak and trough values was also found for
dabigatran (Fig. 1b). Using UPLC-MS/MS, we measured a median 2 h

peak level of total dabigatran (including glucuronidated metabolites) of
81 ng/mL (C1 18.6-210 ng/mL), a median 4 h peak level of 81 ng/mL (Cl

18.7-247 ng/mL) and a median trough value of 12.1 ng/mL (CI 2.8-
48 ng/mL) (Fig. 1b).
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We read with interest the recent prospective observational
study by Chan er al.[1] The authors aimed to investigate
the interpatient and intrapatient wvariabilities in dabiga-
tran plasma levels with the 110 and 150 mg twice-daily
dose regimens in 100 patients with atrmal fibrillation (AF).
They also assessed the effect of physicians’ dose selection
on plasma levels in the two different subgroups and
explored whether a single trough measurement would
identify patients with extreme plasma levels on subse-
quent wvisits (i.e. at 2, 4, and 6 months) [1]. They support
the practice of selecting dabigatran dose based on clinical
characteristics because it results in similar levels of drug
exposure in patients given the 110 or the 150 mg twice-
daily dose regimen. However, they do not support
the concept that a single plasma level measurement with
the Hemoclot Thrombin Inhibitor™ (Hyphen BioMed,
MNeuville-sur-Oise, France) can be used to identify patients
with consistently high or low plasma levels.

In their study, Chan et af. revealed an impressive 17-fold
variation in plasma concentrations (from < 30 to 510 ng
ml. ") at trough (i.e. at a median of 13.3 &+ 4.7 h after the
last drug intake) with an interpatient geometric coeflicient
of variation (gCV) of 63.8% . This variation was equally



Furthermore, it would have been wvery interesting to
obtain data on clinical outcomes as well as on the reason
(s) for the six treatment cessations. However, and interest-
ingly, Chan er al/. found that dose adaptation based on
the patients” clinical characteristics (mainly age and renal
clearance) results in similar median trough and peak level.
This confirms the choice of the different regulatory agen-
cies to adopt the lower dose for patients with factors for
drug accumulation [4—-6].

In conclusion, these limitations clearly highlight that
the conclusions of Chan erf al/. probably need to be toned
down. As previously mentioned, several criteria should be
taken into consideration when considering proper drug
monitoring: a high (i) intraindividual and (i1) interindivid-
ual variability in drug level, both justifying identification
of the optimal dose for each patient at the start of treat-
ment; (i111) a low wariability and good reproducibility in
the assay method; (iv) a correlation between drug level
and clinical event; and (v) the demonstration of the value
of the therapeutic drug monitoring [7]. Up to now, the
high intraindividual and interindividual wariabilities in
drug level are clearly demonstrated [8]. and the results
from Chan et al. support this observation. Techniques for
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ARTICLE INFO ABSTRACT

Article history: Introduction; Direct oral anticoagulant { DOAC ) intra- and inter-individual variability was previously reported, but
Received 15 September 2015 . its magnitude is still considered negligible for patient management.



Objective; To evaluate inter- and intra-individual variability in real-world atrial fibrillation patients on dabigatran,
rivaroxaban or apixaban in four Italian anficoagulation clinics and to assess the correlation between DOAC plas-
ma concentration and creatinine-clearance (Cr(l),

Materials and Methods: A total of 330 consecutive patients were enrolled, of which 160 were on dabigatran (70
and 90 taking 150 mg or 110 mg twice-daily, respectively), 71 on rivaroxaban (37 and 34 taking 20 mg or
15 mg once-daily) and 99 on apixaban (73 and 26 taking 5 mg or 2.5 mg twice-daily ). Blood was taken at trough
and peak within the first month (15-25 days) of treatment, Diluted-thrombin-time (dTT) calibrated for
dabigatran and anti-FXa calibrated for rivaroxaban or apixaban was performed,

Results: Mean inter-individual variability expressed as overall CV values for all drugs was lower at peak ((V =

46%) than at trough (CV = 63%). Mean CV% intra-individual variability was 36.6% at trough and 34.0% at peak.
Correlation with CrCl was poor for all drugs and only dabigatran at trough showed a significant correlation.
Conclusion; This multicenter study confirms high DOAC inter-individual variability that cannot be explained by
the rate of renal clearance to which the three DOAC were subjected since the correlation with CrCl was relatively
poor, This poor correlation suggests caution in using CrCl as the sole laboratory parameter to indirectly evaluate
residual circulating DOAC.



In this study, we report results on inter-individual variability
assessed In patients with atrial fibrillation treated with dabigatran,

rivaroxaban or apixaban in four Italian anticoagulation clinics. In one
clinic we also evaluated intra-individual variability by measuring the
DOAC anticoagulant effect over three consecutive time points, Finally,
we evaluated the correlation between DOAC anticoagulant levels mea-
sured with specific coagulation tests and creatinine clearance.

This is a prospective observational multicenter study in patients
with atrial fibrillation treated with DOAC and was approved by the eth-
ical committee of the general hospital of Cremona. Four large Italian
anticoagulation clinics [Bologna (A), Cremona (B), Padua (C) and Flor-
ence (D)], affiliated with the Italian Federation of Anticoagulation
Clinics (FCSA) and engaged in the Start Register (Survey on
anTicoagulated pAtients RegisTer) (www.start-register.org), were
asked to join the collaborative study by collecting plasma from patients
treated with DOAC.



After giving their informed consent, a total of 330 consecutive
patients seen at the anticoagulation clinics from Jan. 1st 2014 to
Dec. 31st 2014 were enrolled in the study providing they had been
treated with DOAC for at least one week and were available to attend
the clinic for blood sampling at the specified time points (see below).
Before starting anticoagulation, liver function was assessed by means
of liver enzymes (aspartate aminotransferase-AST and Alanine
aminotransferase-ALT). A total of 160 patients were on dabigatran (70
and 90 taking 150 mg or 110 mg twice-daily, respectively), 71 on
rivaroxaban (37 and 34 taking 20 mg or 15 mg once-daily, respectively),
and 99 on apixaban ( 73 and 26 taking 5 mg or 2.5 mg twice-daily, re-
spectively). Patients were evaluated at enrolment and the type and dos-
age of drug prescribed at the discretion of the attending physician based
on clinical characteristics. Patients were followed in the first month
(15-25 days) of treatment when trough and peak blood samples were
taken. The trough sample was obtained at 12 h from the last dose intake
for dabigatran and apixaban, and at 24 h for rivaroxaban. The peak
sample was obtained at 2 h from ingestion for all drugs and 2 h after
through sample. Concomitant food intake was ensured in patients on
rivaroxaban. Plasma samples were collected in vacuum plastic tubes



Table 3
Mean (min-max) dabigatran levels (ng/mL) determined with the diluted thrombin time
and CV% in patients from different clinics, The total number of observations was 320.

Dabigatran  Clinic  Peak (ng/ml) V(%) Trough (ng/ml) CV (%)

Dose (mg) Mean (min-max| Mean (min-max|

110 A 211(31-595) 71 115{3[]—324) 64
B 172(38-394) 36 92(36-208) 64
C 155(50-334) 64 60(30-109) 36
D 224(46-651) 65 1[]?{14—385) 12

150 A 187(77-427) 45 89(30-175) 42
B 191(104-435) 51 54(16-130) 70
C 222(112-447) 46 95(24-232) 52
D 240(43-538) 56 125(33-4%4) 02




Table 4

Mean ( min-max) apixaban levels ( ng/mL) determined with the anti-FXa assay and CV% In
patients from different clinics. The total number of observations was 198, ND, not
determined.

Apixaban  Clinic  Peak {ng/ml) CV(%) Trough(ng/ml) CV (%)
dose (mg) Mean (min-max) Mean (min-max)

5 A 42(106-374) 31 110(44-255) 47
B 27(102-416) 35 127(42-283) 45
C D ND 91 (57-196) 49
D 133(102-164) 33 125(92-190) 29
25 A 161(109-288) 37 91(57-19%) 49
B 166(55-300) 42 85 (38-248) 68
C D ND ND ND
D 249(212-287) 21 61 (26-103) 44




Table5

Mean (min-max) rivaroxaban levels (ng/mL) determined with the anti-factor Xa assay
and CV% In patients from different clinics, The total number of observations was 142,

ND, not determined.

Rivaroxaban Clinic  Peak (ng/ml) CV(%) Trough (ng/ml)  CV (%)
Dose (mg) Mean (min-max) Mean (min-max)
20 A 247 (61-449) 49 39(16-74) 40
B 229 (65-370) 37 41 (16-106) 67
C 231(138-341) 32 43 (5-119) 103
D ND ND ND ND
15 A 190 (77-355) 50 25 (17-49) 32
B 229(149-365) 52 26 (19-34) 30
C 205 (85-393) 46 32 (0-88) 79
D ND ND ND ND




DOAC inter-individual variability has been inconsistently evaluated
in published reports and guidelines, and differently commented as
being either low or high [5-14]|. Furthermore, few studies investigated
all the DOAC currently licensed for treatment of patients with atrial fi-
brillation. Our multicenter study, investigating a relatively high number
of patients, shows a relatively high inter-individual variability for the
three DOAC in patients treated with different dosages. On average, the
drug concentration levels varied more than 20-times among the pa-
tients for dabigatran, nearly 15-times for rivaroxaban and 7-times for
apixaban. This variability, observed in real life patients, compares favor-
ably with that already reported for dabigatran [11,12,18] or rivaroxaban
| 11] for results stemmming from the clinical trials. Variability was similar-
ly high if assessed within each clinic or evaluated as a whole, suggesting
that it cannot be accounted for by the variability of the different labora-
tory assays. Furthermore, variability was considerably higher in patients
treated with the lowest dose of DOAC. This observation may have im-
portant practical implications since on the one hand it supports the
strategy of assigning lower doses to patients with specific clinical char-
acteristics, while on the other hand it shows that the same patient may
reveal a greater variability with respect to anticoagulation, regardless of
the clinical criteria adopted to assign drug dosage. It is intriguing that



patients taking the same oral dose of single DOAC may present with
highly variable plasma concentrations. Different DOAC metabolism pat-
terns in individual patients may be the likely explanation for this vari-
ability. Our data show a greater variability at trough than at peak
levels. Although the reason for this is not known, drug absorption is
more likely predictable than elimination, since the latter is probably
affected by a greater number of variables than the former [19].

A crucial role in metabolism is assigned to the kidney's ability to
clear DOAC from circulation even though this is not the only mechanism
for elimination. Although dabigatran, rivaroxaban and apixaban show
different rates of renal excretion (nearly 80%, 35% and 27%, respective-
ly), it can expected that their plasma concentrations at steady state do
correlate with calculated creatinine clearance. No formal assessment
of this correlation has however yet been reported. Our results show
that while rivaroxaban or apixaban plasma concentrations are not cor-
related with creatinine clearance at trough, the relatively high inter-
individual dabigatran variability can only in part be accounted for by a
degree of inverse correlation between its plasma concentrations and
creatinine clearance. In line with current recommendations, patients
with creatinine clearance lower than 30 mL/min were not prescribed
dabigatran in this study. Despite this, a certain degree of inverse



correlation between dabigatran plasma concentrations and creatinine
clearance was observed, supporting the idea that circulating dabigatran
i1s regulated by renal function even at near-normal creatinine clearance
levels and suggesting that prescribing dabigatran to patients at the
lower end of normal range for creatinine clearance may prompt exces-
sive residual plasma concentrations. Indeed, post-hoc analysis of RE-LY
trial [17] showed that trough plasma concentrations of dabigatran were
associated far more with the relative risk of hemorrhage than with the
relative risk of ischemic stroke, suggesting that the real concern for
dabigatran might be safety rather than efficacy.

The results of our study may have practical implications for patient
management.

First, there is an urgent need to establish drug-specific cut off levels
to flag concern about the occurrence of clinical (hemorrhage or throm-
bosis) events in treated patients. It is reasonable to assume that given
the relatively high inter-individual variability, it will be difficult to set



precise cut off values applicable to the general population of treated pa-
tients. Information on anticoagulant levels from real world patients are
needed to increase the scanty data presently available [18].

Secondly, there is a need to establish cut off drug levels to be applied
to patients receiving treatment after stopping anticoagulation in the
event of surgery or invasive procedures. It is currently thought that
owing to the relatively short DOAC half-life, residual circulating drug
levels are reasonably low when anticoagulation is discontinued two
days before surgery, provided renal function is normal. To this end, it
is recommended renal function be assessed by measuring serum creat-
inine and calculating clearance by means of the Cockroft Gault formula.
The safety of such an assessment is based on the assumption that DOAC
plasma concentrations are correlated with creatinine clearance. Our
study shows that this assumption does not hold true, particularly for
rivaroxaban and apixaban (i.e., the anti FXa drugs that show a minor de-
pendency on renal function), and may therefore lead to misleading in-
terpretation of anticoagulant status in individual patients who may
thus be at risk of bleeding during surgery. It is our view that, instead
of proposing measurement of indirect parameters such as renal and
liver function, direct measurement of the effect of drug anticoagulation
is much safer and should be performed just before surgery or invasive
procedure. Consequently, specific tests should be available in real time



in each hospital to guide the management of patients in the different
clinical conditions. The lower limits of drug detection, in our experience
through the methods used, is associated to the nearly complete absence
of residual anticoagulant activity. While the cost incurred by measuring
the anticoagulant effect of DOAC is probably slightly higher than that of
measuring serum creatinine, the strategy would make patient manage-
ment much safer.

Intra-individual variability is an interesting parameter since it pro-
vides information as to whether single DOAC time-point measurements
may or may not characterize individual patients. If DOAC are metabo-
lized at the same rate by individual patients, their concentrations at
steady-state should be fairly constant over time and this might be

taken as a characteristic feature for each patient. As shown by our
study and elsewhere in the literature [ 12| this does not hold true for
dabigatran where intra-individual variability is considerably higher
(average CV, 55% ). Rivaroxaban and apixaban showed, respectively, in-
termediate (average CV, 33%) and relatively small (average CV, 19%)
variability. Accordingly, single DOAC measurement can hardly provide



variability. Accordingly, single DOAC measurement can hardly provide
an estimation of the average anticoagulation achieved in individual pa-
tients. It should be realized that estimating the average anticoagulation
achieved with DOAC is difficult as it depends on the adsorption, me-
tabolism and clearance of the drug that may vary over time. Howev-
er, it can be assumed that when DOAC measurement is performed
after drug discontinuation and soon before surgery or invasive pro-
cedures even a single DOAC measurement may be useful to see
whether there are still excess circulating levels that may increase
the risk of bleeding.

(CV = 46%). The relatively high inter-individual variability cannot be
accounted for by the rate of renal clearance the three DOAC are
(although to a different extent) subjected to since the correlation of

their plasma concentrations and creatinine clearance was relatively

poor. The possible influence on this poor correlation brought about by
the hepatic function and other confounding variables such as gender

and body mass index has not been formally assessed. However, owing



to the real nature of this study, investigating relatively large numbers
of patients, it1s unlikely that the above effects (if any) can aftect the con-
clusion that the poor observed correlation argues against using creati-
nine clearance as the sole laboratory parameter to assess whether or
not residual circulating DOAC 1s sufficiently low to ensure low risk of
bleeding during surgery and/or invasive procedures, Intra-individual
variability 1s also relatively high for dabigatran, suggesting that single
DOAC measurement cannot be used to estimate the level of
anticoagulation reached at the steady-state in treated patients. All in
all, the above observations may have important practical implications
for the management of patients treated with DOAC,
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Director’s Message

The National Heart, Lung, and Blood Institute (NHLBI) began the Strategic
Visioning process with a bold challenge: Imagine a world where we are able to
prevent the burden of cardiovascular, lung, and blood diseases; a world where

we are able to capture the promise of personalized precision medicine, with each
person receiving the right treatment, tailored to his or her needs, at the right time.

Through a dynamic and iterative process, we engaged diverse stakeholders

from across the United States and arocund the globe (figure 1) and received an
unprecedented number of ideas that have informed the development of this
Strategic Vision. The research priorities in this Strategic Vision will enable us to
accelerate our journey toward scientific and health advances over the next decade.

This is an exciting time for behavioral and biomedical research. The conver-
gence of innovations in areas such as computational bioclogy, data science,
bicengineering, and high-throughput “omic”™ technologies holds promise for

Figure 1: Global Participation in Strategic Visioning
Il Farticpants came from 50 states and 42 countnes. Registered Users on the Strategic Visioning Forum: 4 450; Ideas Supported: 42,000




STRATEGIC VISION
OBJECTIVE 5

Devalop and
optimize novel
diagnostic and

therapeutic

strategies to prevent,
treat, and cure
HLEBS diseases

Objective 5 Compelling Questions

5001 stargeted manipulation of epigenetic modifications (distinet from global
suppression of histone acetylation or DNA methylation) a useful strateqy for
therapeutic intervention in chronic cardiopulmonary or blood diseases?

5C018  With increasing use of direct-acting oral anticoagulants for stroke prevention
in atrial fibrillation and treatment of venous thromboembaolism, what is the

role of laboratory monitoring, and can the use of new technologies help better
define those at risk of bleeding or thrombosis with use of direct-acting oral

anticoagulants or warfarin?




