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• Up to half of all patients that receive warfarin fail to reach and stay in 
their INR range1. 

• Adverse events associated with warfarin cost $984.9 million annually in 
Australia alone2,3.

• Bayesian forecasting methods should increase the proportion of 
subjects in the therapeutic range.

Dosing Methods
• A pre-existing K-PD model4 was used to simulate a target INR of 1.8 - 

3.2.

• Warfarin doses were adapted using DoseMe5, a genotype-based 
nomogram and a non-genotype-based nomogram.

• The genotype-based nomogram adjusted initiation dose using genotype, 
with maintenance dose adjusted using genotype and INR response6. 
The non-genotype nomogram adjusted dose using INR response only7,8.

The Adaptive Dosing Simulation Study
• 50 subjects were included in the simulation dataset, with simulated 

CYP2C9 and VKORC1 proportions representative of those previously 
observed4. The dataset was replicated 1000 times.

• The proportion of subjects with INRs in range was computed, with 
clinical trial results (CROWN study6) overlaid on the simulated results.
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To compare the probability of successful INR attainment using 
individualised warfarin dosing via Bayesian forecasting (DoseMe) and 
nomogram-based methods.
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Genotype Dosing Methods (Figure 1)
•  At day 20 and 60, 42% [28 - 54%] and 76% [66 - 88%] (median, 95%CI) 

of subjects were expected to have an INR in range using the genotype 
nomogram-based dosing. 

• At day 20 and 60, 56% [42 - 70%] and 74% [60 - 84%] of subjects were 
expected to have an INR in range using genotype Bayesian-based 
dosing.

• The observed clinical trial result for the genotype nomogram-based 
dosing was 66.7%6, which was captured by the simulation model.

Non-Genotype Dosing Methods (Figure 2)
• At day 20 and 60, 38% [26 - 52%] and 40% [26 - 54%] of subjects were 

expected to have an INR in range using the non-genotype nomogram-
based dosing. 

•  At day 20 and 60, 62% [46 - 76%] and 74% [62 - 86%] of subjects were 
expected to have an INR in range using non-genotype Bayesian-dosing.  
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Results

• Non-genotype Bayesian dosing results in quicker and more accurate 
attainment of therapeutic INR when compared to non-genotype 
nomogram-based dosing. 

• Genotype-based Bayesian dosing also resulted in quicker attainment of 
therapeutic INR compared to genotype nomogram-based dosing. 

• Bayesian methods implemented in DoseMe provide an easy to use 
practical dosing solution that can negate the need for genotype testing.

Conclusions
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Figure 1: DoseMe (with genotype) vs Genotype 
Nomogram. Line shows the median percentage of 
patients in range, colour shows 95% CIs.
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Figure 2: DoseMe vs Non-Genotype Nomogram.   
Line shows the median percentage of patients in 
range, colour shows 95% CIs.

K-PD Model and Nomograms
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INR Dose adjustment relative to previous dose

INR < 1.8 20% increase (10% for CYP2C9 *3*3)

1.8 < INR < 3.2 No change

3.2 < INR < 4 20% decrease

4 < INR < 5 25% decrease

5 < INR < 6 30% decrease

INR > 6 50% decrease

Day INR Dose

1 less than 1.4 5 mg

less than 1.8 5 mg

2 1.8 - 2 4 mg

greater than 2 Nil

less than 2 5 mg

2 - 2.5 4 mg

3
2.6 - 2.9 3 mg

3
3 - 3.2 2 mg

3.3 - 3.5 1 mg

greater than 3.5 Nil

less than 1.4 10 mg

1.4 - 1.5 7 mg

1.6 - 1.7 6 mg

1.8 - 1.9 5 mg

4 2 - 2.3 4 mg

2.4 - 3 3 mg

3.1 - 3.2 2 mg

3.3 - 3.5 1 mg

greater than 3.5 Nil

After day 4, dosing is based on clinical judgement.After day 4, dosing is based on clinical judgement.After day 4, dosing is based on clinical judgement.

INR Adjustment in total mg of warfarin per week

≤ 1.5 Increase 15% per week

1.51 - 1.99 Increase 10% per week

2 - 3 No change

3.01 - 4 Decrease 10% per week

4.01 - 4.99 Hold one dose; restart with dose decreased 
10% per week

5 - 8.99 Hold until INR is 2 - 3; restart with dose 
decreased 15% per week
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243 The final parameter estimates used for the TCIWorks

244 dosing method are reproduced in Table 1. The Uppsala

245 model structure is reproduced in Fig. 2. INR was calcu-

246 lated in the Uppsala model [11] using Eq. 2, which was

247 also implemented for the same purpose in TCIWorks:

INRPRED ¼ INRBASE þ INRMAX # 1$
ðC13 þ C23Þ

2

! "

ð2Þ

249249 where INRPRED is the predicted INR, INRBASE is the

250 baseline INR, INRMAX is theoretical maximum INR (set at

251 20 as per Hamberg et al. [11]) and C1 and C2 represent the

252 terminal compartments in each transit chain. Between-

253 subject variability was implemented by Hamberg et al. [11]

254 using an exponential error model and residual error was

255 accounted for using an additive error model on log-trans-

256 formed data. As noted earlier, TCIWorks does not log-

257 transform the data so a proportional residual error model

258 was used to remain consistent with the Uppsala model.

259 Genetic covariates were parameterized in the Uppsala

260 model to account for an additive contribution from each

261 allele of interest, i.e. *1, *2 and *3 for CYP2C9, and G and

262 A alleles (1639G[A rs9923231) for VKORC1, on s-war-

263 farin clearance and EC50, respectively. However, genotype

264 was not included as a covariate in the TCIWorks model

265 since the impact of genetic variability on CYP2C9 and

266 VKORC1 between individuals would be captured by the

267 INR response data. This reflects the situation in the clinic

268 where genotype is not commonly determined before initi-

269 ating warfarin therapy. Therefore, the initial wild-type

270 parameter estimates for s-warfarin clearance and EC50

271 were used for the TCIWorks dose-individualization

272 method. The between-subject variability used for these

273 parameters reflected a pooled estimate from across the

274 population including the influence of both wild-type and

275 variant genotypes (as in the published Uppsala model) [11].

276 Clinically important drug interactions known to alter the

277 pharmacokinetics of warfarin were not included as covar-

278 iates in the Uppsala model. However, the final model

279 parameters were estimated by Hamberg et al. [11] using a

280 large dataset (n = 1,426) from the WARG study, a cohort

281 that was not controlled for interacting drugs [25]. There-

282 fore, estimates of the between-subject variability used for

283 the prior model in the TCIWorks method should reflect the

284 influence of commonly co-prescribed drugs.

285 2.6 Analysis of Bias and Imprecision

286 The observed and predicted INRss values were compared

287 using measures of bias (mean prediction error [MPE]) and

288 a measure of imprecision (mean square prediction error

Table 1 Uppsala model [11] parameter estimates used for the
TCIWorks dosing method

Parameter Population
estimate

Between-subject
variability (%)

CLs (L/h) 0.348 29.8

Vs (L) 14.3 23.2

ka (h
-1) 2 (fixed) NA

Emax 1 (fixed) NA

c 1.15 NA

EC50 (mg/L) 4.10 33.2

MTT1 (h) 28.6 NA

MTT2 (h) 118.3 NA

Proportional residual error (eINR) 20

CLs clearance of s-warfarin, EC50 concentration of s-warfarin at 50 %
of maximum drug effect, Emax maximum drug effect, ka absorption
rate constant, MTT mean transit time, Vs volume of s-warfarin, c Hill
coefficient
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Fig. 2 Details of the Uppsala model [11] used for the TCIWorks
dosing method. The initial condition for A was 0, for C1m was 1 and
C2m was 1. Adapted by permission from Macmillan Publishers Ltd
[11], copyright 2010. A amount of drug in the body, C1m and C2m are
the mth compartment in the two transit chains, CLs and Vs are the
s-warfarin clearance and volume of distribution, respectively (derived
by Uppsala from a separate pharmacokinetic analysis [10]), DR dose
driving rate, EDK50 dose rate for 50 % inhibition of coagulation, EFF
inhibitory effect on vitamin K epoxide reductase, Emax maximum
inhibition of coagulation, ke first-order elimination rate constant, MTT
mean transit time, c Hill coefficient

D. F. B. Wright, S. B. Duffull

Journal : Large 40262 Dispatch : 21-10-2012 Pages : 10

Article No. : 17
h LE h TYPESET

MS Code : CPKWright_Stage 150 h CP h DISK4 4

A
u

th
o

r 
P

ro
o

f

dA

dT
= �k

e

·A

dC11
dT

= (1� EFF ) · 3

MTT
C1

� C11 ·
3

MTT
C1

...

dC1
m

dT
= C1

m�1 ·
3

MTT
C1

� C1
m

· 3

MTT
C1

dC21
dT

= (1� EFF ) · 3

MTT
C2

� C21 ·
3

MTT
C2

...

dC2
m

dT
= C2

m�1 ·
3

MTT
C2

� C2
m

· 3

MTT
C2

k
e

=
CLs

V s
DR = A · k

e

EDK50 = CL · EC50

EFF =
E

max

·DR�

EDK�

50 +DR�

K-PD Model4 Genotype Nomogram6 Non-Genotype Nomogram7,8 

Initiation Dosing

Maintenance Dosing

Initiation Dosing

Maintenance Dosing

0 20 40 60 80

0
20

40
60

80
10

0

Time (Days)

IN
R 

in
 R

an
ge

 (%
)

DoseMe (with genotype)
CROWN Nomogram (with genotype)
Observed result from CROWN trial

Population 
Estimate

Between-subject 
Variability (%)

Kinetic ParametersKinetic ParametersKinetic Parameters

CL (L/hr) 0.348

Vc (L) 14.3

KDE = CL/Vc (/hr) 58.9%

Pharmacodynamic ParametersPharmacodynamic ParametersPharmacodynamic Parameters

Emax 1

! 1.15

EC50 (mg/L) 4.10 34.0

MTT1 (hr) 28.6

MTT2 (hr) 118.3

Proportional 
residual error, σ (%) 20


