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Abstract
Background—Warfarin is commonly prescribed for prophylaxis and treatment of
thromboembolism after orthopedic surgery. During warfarin initiation, out-of-range International
Normalized Ratio (INR) values and adverse events are common.

Methods—In orthopedic patients beginning warfarin therapy, we developed and prospectively
validated pharmacogenetic and clinical dose refinement algorithms to revise the estimated
therapeutic dose after 4 days of therapy.

Results—The pharmacogenetic algorithm used the cytochrome P450 (CYP) 2C9 genotype,
smoking status, perioperative blood loss, liver disease, INR values, and dose history to predict the
therapeutic dose. The R2 was 82% in a derivation cohort (N = 86), and 70% when used
prospectively (N = 146). The R2 of the clinical algorithm that used INR values and dose history to
predict the therapeutic dose was 57% in a derivation cohort (N = 178), and 48% in a prospective
validation cohort (N = 146). In one month of prospective follow-up, the percent time spent in the
therapeutic range was 7% higher (95% CI: 2.7%–11.7%) in the pharmacogenetic cohort. The risk
of laboratory or clinical adverse event was also significantly reduced in the pharmacogenetic
cohort (Hazard Ratio 0.54; 95% CI: 0.29–0.97).
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Conclusions—Warfarin dose adjustments that incorporate genotype and clinical variables
available after four warfarin doses are accurate. In this non-randomized, prospective study,
pharmacogenetic dose refinements were associated with more time spent in the therapeutic range
and fewer laboratory or clinical adverse events. To facilitate gene-guided warfarin dosing we
created a non-profit website, www.WarfarinDosing.org.
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Introduction
To prevent or treat venous and arterial thromboembolism, an estimated 2 million Americans
begin warfarin (Coumadin® and others) each year [1]. Unfortunately, warfarin has a narrow
therapeutic index and marked inter-individual variation in dose requirements. Traditional
dose titration based on the International Normalized Ratio (INR) response results in a high
incidence of adverse events.[2–4]

Recent studies emphasize the importance of certain genetic markers in explaining inter-
individual variation in warfarin requirements.[4–6] Common single nucleotide
polymorphisms (SNPs) in the cytochrome P450 (CYP) 2C9 system (CYP2C9*2 and
CYP2C9*3) are associated with impaired metabolism of warfarin,[2,7–10] leading to a
decrease in dose requirements and an increase in the time it takes to become therapeutic.
SNPs in the gene for vitamin K epoxide reductase complex 1 (VKORC1) correlate with
warfarin sensitivity.[11–14] In recognition of the effects of genetic variation, on August 16,
2007 the United States Food and Drug Administration (FDA) approved the label change of
Coumadin to recommend lower initial doses in patients known to have certain SNPs in
CYP2C9 or VKORC1.[15]

Several pharmacogenetic algorithms have been developed to predict the therapeutic warfarin
dose at baseline from these SNPs,[12,16–19] but they explain only half of the variability in
warfarin dose (derivation R2 ranging from 47% to 61%). Recently, a single-centered
randomized trial of one of these algorithms found no significant improvement in laboratory
or clinical adverse events.[20] Another single-centered trial tailored warfarin adjustments as
well as the baseline dose according to CYP2C9 genotype. This protocol improved INR
control, reduced the delay until the dose was therapeutic, and averted minor bleeds, but did
not consider VKORC1 genotype.[21]

Pharmacogenetic dose-refinement algorithms are a complementary approach to estimating
the therapeutic dose: they combine genotype and clinical factors with initial INR response
after several warfarin doses have already been given.[5] Dose revision algorithms are
important because they allow clinicians to adjust the dose around the time of hospital
discharge and before the second week of warfarin therapy—the time when supratherapeutic
INR values occur commonly.[22] The potential benefit of pharmacogenetic dose-refinement
algorithms, however, remains uncertain. Thus, the goals of this study were: (1) to develop a
pharmacogenetic dose-refinement algorithm to predict the therapeutic dose after 4 days of
therapy (the INR4 dose-refinement algorithm) and (2) prospectively, to compare 30-day
laboratory and clinical outcomes for warfarin therapy tailored to clinical vs.
pharmacogenetic factors.
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Materials and Methods
All patients provided written informed consent in accordance with the declaration of
Helsinki. The Human Research Protection Offices at Washington University in St. Louis
and at Kaiser Permanente in Colorado approved the protocol. 265 patients were recruited
who agreed to pharmacogenetic therapy; 412 received clinically-based therapy. Patients
were not randomized to study arms.

Pharmacogenetic Cohorts
To derive and validate a pharmacogenetic INR4 refinement algorithm, we studied 265
orthopedic patients who were referred to one of two anticoagulation services: the Barnes-
Jewish Hospital Anticoagulation Service at the Washington University Medical Center
(WUMC) or the Clinical Pharmacy Anticoagulation Service at Kaiser Permanente in
Colorado (KP). The derivation pharmacogenetic cohort consisted of 86 participants from
prior studies[5,9] who had an INR measured after 4 warfarin doses (INR4) and achieved a
stable dose in the therapeutic range during follow-up.

The validation pharmacogenetic cohort consisted of 142 WUMC patients and 37 KP patients
prospectively followed between January 2007 and February 2008. For generalization, we
included patients regardless of drug interactions, comorbidities, or adherence to the study
protocol. We excluded patients who did not have an INR4 measured or who had
contraindications to warfarin treatment, an age under 18, or a previous therapeutic warfarin
dose.

Patients receiving pharmacogenetic care took their first daily dose 18–24 hours before
surgery. Their initial three doses were tailored to clinical factors (age, race, body surface
area [BSA], amiodarone use, smoking status, and target INR), CYP2C9 genotype,[9] and
after February 27, 2006 also to VKORC1 genotype.[19] In all pharmacogenetic cohorts, the
dose on day 4 was per published INR3 nomogram[5] implemented on
www.WarfarinDosing.org or a similar paper-based prototype. In the validation
pharmacogenetic cohort, the dose on day 5 was given per the pharmacogenetic INR4 dose-
refinement algorithm developed herein; participants continued on this dose until it was
clinically necessary to adjust it (median duration, 5 days). We prescribed warfarin for
approximately one month after hospital discharge. In the validation pharmacogenetic cohort,
33 patients (17%) stopped their warfarin prior to becoming therapeutic. Using an intent-to-
treat basis in the analysis of clinical outcomes, we included these patients as well as patients
whose 5th warfarin dose deviated from that estimated by the pharmacogenetic INR4 dose-
refinement algorithm by more than 1 mg (N=20, 14%).

Timing of warfarin administration and INR blood draws was per protocol. Inpatients
received warfarin between 14:00 and 17:00. After INR4, patients had INR values collected
on Mondays and Thursdays. With each INR, patients were queried about compliance and
adverse events. For patients who had estimated blood loss (EBL) during surgery recorded as
“minimal” or < 60 ml (N = 3), we rounded EBL to 60 ml.

Clinical Cohorts
To derive and validate the clinical INR4 dose-refinement algorithm we studied patients
having the same inclusion and exclusion criteria as in the pharmacogenetic cohorts. The
clinical derivation cohort consisted of 178 orthopedic patients whom we followed between
August 2003 and November 2006 at WUMC. We prospectively validated the clinical
algorithm in an independent cohort of 233 WUMC patients whose warfarin we managed
between November 2006 and January 2007.
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Timing of warfarin administration and INR blood draws in the two (derivation and
validation) clinical cohorts followed the same protocol as in the pharmacogenetic cohorts.
Except for 18 individuals who were included from the derivation pharmacogenetic cohort,
the initial 3 doses in both the derivation and validation clinical cohorts were based on
clinical algorithms.[19] In the derivation clinical cohort, dose refinements were made per
local nomogram. In the validation clinical cohort, dose 4 was based on a clinical refinement
algorithm [23] and dose 5 was based on the clinical INR4 dose-refinement algorithm
developed here. Participants continued on this fifth dose until it was clinically necessary to
adjust it based on subsequent INR values (median duration, 5 days). As in the
pharmacogenetic cohort, analysis of secondary outcomes was performed on an intent-to-
treat basis and included clinically-dosed patients whose 5th warfarin dose deviated from the
estimated therapeutic dose by more than 1 mg (N=51, 35%) as well as patients who stopped
their warfarin therapy prior to achieving a therapeutic dose (N=87, 37%).

Genotyping
For the pharmacogenetic cohorts we collected 10 ml of anticoagulated whole blood and, for
WUMC participants enrolled after November 2006, a saliva sample. We isolated genomic
DNA from these samples using Puregene® DNA purification reagents and protocol (Gentra,
Minneapolis MN). Each sample was genotyped for the CYP2C9*2 [rs1799853] and
CYP2C9*3 [rs1057910] alleles as well as the VKORC1 SNP −1639/3673 G>A [rs9923231].
Samples collected from August 2003 through July 2006 (N=86) were genotyped using
previously described methods.[5] WUMC samples collected after that date (N=142) were
genotyped using one of two commercial platforms: (1) Invader® assay (Third Wave
Technologies, Madison WI) with the TECAN GENios FL™ fluorescence plate reader
(Zurich, Switzerland), and/or (2) INFINITI™ analyzer (Autogenomics, Carlsbad, CA). We
selected these platforms because they facilitate same-day genotyping and were 99%–100%
accurate [24]. KP samples were genotyped using the Invader® assay. We performed and
interpreted all genotyping while blinded to clinical variables and therapeutic dose.

Study Outcomes
The primary outcome was the accuracy of the algorithms, measured by R2. Consistent with
our prior work,[5] a therapeutic dose was defined as the warfarin dose that yielded an INR in
the therapeutic range following at least 6 consecutive days of the same dose for the
derivation cohorts. For the validation cohorts, we required at least 7 days of the same dose
and at least 2 therapeutic INR values. The target INR was 2.2 for most patients (2.0 for KP
patients), and a therapeutic INR was defined as the target +/− 0.5 inclusive (e.g. 1.7 to 2.7).
The composite secondary endpoint was an INR > (target INR + 1.5) or clinical adverse
event (a major hemorrhage or symptomatic venous thromboembolism). Major hemorrhage
was defined as any bleed that required medical attention. We calculated the percent of time
below, in, and above the therapeutic range on days 4–30 of therapy using linear interpolation
for missing INR values.[25]

Statistical Analysis
In both derivation cohorts and later in the pooled cohorts, we analyzed demographic,
clinical, and pharmacological information for relationships with warfarin dose (Table 1). We
used dummy variables to code for the demographic factors, clinical variables, smoking
status, and medications. ‘Liver disease’ was defined as hepatic cirrhosis, a two-fold
elevation of any liver transaminase, or an albumin < 3.6. ‘Statin’ was any HMG-CoA
reductase inhibitor except pravastatin, which does not interact with warfarin.[26] In the
pharmacogenetic cohorts we coded CYP2C9 *2 and *3 SNPs as 0 (if absent), 1
(heterozygous), or 2 (homozygous) to model additive allelic effects on warfarin dose.
Similarly, we coded VKORC1−1639/3673 G>A as 0 (if absent), 1 (heterozygous), or 2
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(homozygous AA). We used the natural logarithm (ln) to transform the skewed distributions
of therapeutic dose, EBL, and post-operative INR values. Using stepwise and backward
regression we offered non-collinear variables and biologically plausible interaction terms to
the regression models and retained variables that were statistically significant (two-tailed P
≤ 0.05). When we excluded KP patients from a secondary analysis, p-values were not
qualitatively affected, justifying the pooling of data from KP and WUMC.

We validated the INR4 refinement algorithms in independent cohorts. We calculated
absolute prediction error as |predicted dose – therapeutic dose|, where | · | is the absolute
value operator. We calculated relative error as |predicted dose – therapeutic dose|/
therapeutic dose. We tested the difference in R2 between clinical and pharmacogenetic
cohorts using bootstrap re-sampling with 1000 samples. We used the Cox proportional
hazard model to test the composite endpoint. We performed statistical calculations in SAS
(Version 9.1for Windows; SAS Institute, Inc; Cary, NC).

To derive a pooled pharmacogenetic algorithm, we used therapeutic participants from both
pharmacogenetic cohorts (N=232). We derived the pooled clinical cohort from all
participants but included those who were in both pharmacogenetic and clinical cohorts (N =
25) only once. Because of collinearity of doses 1–3, we offered their average into the
regression model.

Results
Derivation

Demographic and clinical variables were similarly distributed among the cohorts (Table 1).
In the derivation pharmacogenetic cohort, therapeutic dose was inversely correlated with
INR4 response, CYP2C9*2 and CYP2C9*3 alleles (P<0.001, P=0.007, and P<0.001,
respectively). Other significant predictors of therapeutic dose were the first three warfarin
doses, smoking status, liver disease, and EBL. In contrast, VKORC1−1639/3673 G>A
(rs9923231), was not a significant independent predictor of dose nor was sex or race. This
algorithm explained 82% of the variation in the derivation pharmacogenetic cohort:

Therapeutic Dose (mg/day) = EXP[1.403 + 0.082 × 1st Warfarin Dose + 0.037 × 2nd

Warfarin Dose + 0.037 × 3rd Warfarin Dose −0.130 × CYP2C9*2 + 0.199 × Smokes −1.989
× ln(INR4) + 0.140 × ln(EBL) × ln(INR4) −0.385 × CYP2C9*3 −0.463 × Liver Disease],
where EXP is the exponential operator, Smokes indicates smoking status, and ln() is the
natural logarithm operator.

The clinical algorithm that best estimated therapeutic warfarin dose included the first three
warfarin doses and INR response after 4 days of warfarin therapy. Again, INR4 correlated
inversely with therapeutic dose (P<0.001). Statin use, smoking, and history of liver disease
were offered to the clinical algorithm, but were not significant predictors (P=0.11, P=0.25,
and P=0.62, respectively). The clinical INR4 algorithm explained 57% of the therapeutic
dose variation in the WUMC clinical derivation cohort:

Therapeutic Dose (mg/day) = EXP[1.254 + 0.071 × 1st Warfarin Dose + 0.053 × 2nd

Warfarin dose + 0.053 × 3rd Warfarin dose −1.159 × ln(INR4)].

Validation
In the validation pharmacogenetic cohort, the pharmacogenetic algorithm explained 70% of
the dose variation (R2=70%), which was significantly greater (P=0.009) than the 48% R2 in
the validation clinical cohort (95% CI on difference= 3.3% to 33.6%) (Table 2). Among the
validation cohorts, the hazard ratio for the composite endpoint in the pharmacogenetic vs.
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clinical cohorts was 0.54 (95% CI: 0.29 to 0.97) (P < 0.039, Figure 1). The odds of having a
clinical adverse event (not including laboratory events) in the two validation cohorts were
not significantly different (Table 3). The pharmacogenetic validation cohort spent 7% more
time in the therapeutic range (P=0.002; 95% CI: 2.7%, 11.7%): 3% less time
supratherapeutic (P=0.038; 0.0% to 5.6%), and 4% less time subtherapeutic (P=0.045; 0.1%
to 8.7%) (Figure 2, Table 3). Median length of follow-up was similar in the two validation
cohorts.

Pooled Algorithm
After pooling the two pharmacogenetic cohorts (N=232), the most accurate dose revision
algorithm was:

Therapeutic dose = EXP[1.098 + 0.048 × 1st warfarin dose + 0.048 × 2nd warfarin dose +
0.048 × 3rd Warfarin Dose+ 0.055 × ln(EBL) − 0.145 × Statin − 0.100 × VKORC1 − 0.102
× CYP2C9*2 − 0.315 × CYP2C9*3 + 0.128 × Smokes − 0.888 × ln(INR4)], where VKORC1
indicates the number of G>A alleles at rs9923231. This algorithm explained 77% of the
variation in the pooled pharmacogenetic cohort (Table 4), resulted in a median absolute
dosing error of 0.68 mg/day, and was highly correlated (R2 = 93%) with the
pharmacogenetic algorithm that we validated prospectively (Figure 3).

The clinical algorithm that best explained the variation in the pooled dataset of derivation
and validation pharmacogenetic and clinical cohorts (N=531) was:

Therapeutic dose = EXP[0.927+ 0.035× ln (EBL) + 0.062 × 1st Warfarin Dose − 0.08830 ×
Statin + 0.062 × 2nd Warfarin Dose + 0.062 × 3rd Warfarin Dose − 1.029 × ln(INR4) +
0.076 × Smokes]. This algorithm explained 61% of the variation in the pooled clinical
cohort (Table 4), had a median absolute error or 0.74 mg/day, and was highly correlated (R2

= 94%) with the clinical algorithm that we validated prospectively (Figure 4).

Discussion
Warfarin initiation carries a high risk of adverse events.[4,27,28] Traditionally, nomograms
attempted to minimize this risk through trial-and-error dose refinements based on an INR
value after the third or fourth warfarin dose.[29–32] Although the INR response to warfarin
indeed correlated with therapeutic dose, additional factors predicted the therapeutic dose: the
initial warfarin doses, CYP2C9 and VKORC1 genotypes, statin use, smoking, EBL, and
possibly liver disease. By systematically taking these factors into account as proposed here,
clinicians can estimate the therapeutic dose after four days of warfarin therapy more
accurately than ever before. Compared to clinical dosing, pharmacogenetic dosing for days
1–5 of warfarin therapy in orthopedic patients was associated with more accurate predictions
of the therapeutic warfarin dose, better INR control, and fewer laboratory or clinical adverse
events.

Similar to dose-initiation pharmacogenetic algorithms, CYP2C9*2 and *3 alleles were
significant predictors of therapeutic dose in the INR4 dose-refinement algorithms developed
here.[12,16–18] Although VKORC1 genotype was the first variable to enter a stepwise
regression algorithm that predicted initial dose,[19] it was the sixth variable to enter the
pharmacogenetic algorithm developed here (Table 4). In the pooled dataset as well,
VKORC1 contributed only 1% to the total R2. These observations suggest that information
on warfarin sensitivity can be captured by INR4. These results are similar to a recent cohort
study, which found that VKORC1 correlated with INR response during the 1st week of
therapy, but its association with dose quickly waned .[22] We hypothesize that the reason
CYP2C9 remains highly predictive whereas VKORC1 does not, is due to the mechanism of
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action: CYP2C9 affects S-warfarin metabolism while VKORC1 affects the sensitivity.
Initially, INR response reflects warfarin sensitivity, but not S-warfarin half life.

Just as the predictive ability of VKORC1 appears to wane over time, body size and age were
not independent predictors of warfarin dose in any INR4-based algorithm, despite a
correlation between these variables and dose in prior work.[7,12,16–19] Thus, body size and
age may not be important predictors of dose revisions, at least when initial doses are tailored
to body size and age, as in this study.

Other variables related to warfarin dose remain important even after being taken into
account in earlier prescriptions. The correlation between warfarin dose revision and smoking
status in the pharmacogenetic cohorts is consistent with the increase in warfarin clearance
from smoking.[33] The association between statin use and therapeutic dose is consistent
with assertions that statins (other than pravastatin) reduce cytochrome P450 metabolism.
[26,34] Liver disease was not significant in the final model, but clinicians likely lowered
initial doses in such patients, masking any potential effect.

Among validation cohorts, the time until a composite outcome was significantly delayed in
the pharmacogenetic cohort (P=0.039). Although most outcomes were supratherapeutic INR
values (rather than symptomatic events), there is a strong correlation between such values
and major or fatal hemorrhages.[28,35] While non-randomized studies such as this one
cannot prove causality, the improved accuracy of the pharmacogenetic algorithm may help
prevent these outcomes. The first pharmacogenetic algorithm validated at 70% (95% CI:
58.4% to 74.8%) and the pooled pharmacogenetic algorithm had a derivation R2 of 77%.
Because initial doses in the pharmacogenetic cohort were tailored to genotype, some of the
benefit in that cohort is likely due to the accuracy of the day 1–3 pharmacogenetic
algorithms.[19] For comparison, pharmacogenetic algorithms used at time of warfarin
initiation have an R2 of 47% to 61%.[12,17,19,36] Clinical algorithms used at time of
warfarin initiation have an R2 of 17% to 22%[19] and clinical algorithms used after 3
warfarin doses have an R2 of approximately 53%.[23]

Our results are consistent from those of smaller, randomized trials. In the trial by Caraco and
colleagues, participants randomized to CYP2C9 testing had few minor hemorrhages and
fewer supratherapeutic INR values than participants randomized to clinical dosing.[21] In
that study and ours (Table 1), patients prescribed pharmacogenetic therapy averaged higher
initial doses than participants treated clinically—which would have decreased the time spent
subtherapeutic (Figure 2). In the trial by Anderson and colleagues, participants randomized
to pharmacogenetic testing had no reduction in adverse events, but did have more accurate
estimations of their therapeutic dose—an observation that we also made (Table 2). A minor
difference between the finding in their trials and ours is that we found a significant reduction
in supratherapeutic INR values (Figure 2) and the trials did not. Nevertheless, they had
similar trends and were not powered to detect a 3% absolute reduction, which is what we
found (Table 3).

To limit bias that could have been caused by differential management, both prospective
cohorts were managed by anticoagulation services, and the clinical and pharmacogenetic
cohorts were closely matched (Table 1). Nevertheless, potential biases remain in any non-
randomized study. Another limitation is that we did not evaluate the pharmacogenetic
strategy in non-orthopedic patients, Asian patients, or patients who received loading doses
(e.g. 10 mg for initial days). A minor limitation is that although R2 is a standard measure of
accuracy it can only be measured in participants who achieved stable therapeutic doses.

Despite these limitations, the algorithms developed here have potential to improve the safety
and efficiency of warfarin initiation, especially in orthopedic patients where all warfarin
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doses can be tailored to genotype, without delaying warfarin initiation. We have made the
pharmacogenetic and clinical algorithms available at a non-profit website,
www.WarfarinDosing.org, and propose that they be investigated in a randomized trial.
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Figure 1.
Time until a laboratory or clinical adverse event in the validation cohorts.
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Figure 2.
Percent time spent above, in, and below the therapeutic INR range in the clinical and
pharmacogenetic validation cohorts.
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Figure 3.
Actual versus predicted doses in the pooled pharmacogenetic cohort.
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Figure 4.
Actual versus predicted doses in the pooled clinical cohort.
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Table 1

Demographic and clinical information in the derivation and validation cohorts.

Derivation Cohorts Validation Cohorts

Genetic
Cohort
(N=86)

Clinical
Cohort
(N=178)

Genetic
Cohort
(N=179)

Clinical
Cohort
(N=233)

Demographic Variables

    Age in years, mean (SD) 60 (14) 59 (15) 57 (12) 59 (15)

    BSA, mean (SD), m2 2.0 (0.28) 2.0 (0.28) 2.0 (0.25) 2.0 (0.27)

    Male, N (%) 42 (49) 88 (49) 86 (48) 109 (47)

    African-American, N (%) 11 (13) 24 (13) 17 (9) 27 (12)

    Caucasian, N (%) 74 (86) 153 (86) 160 (89) 203 (87)

    Other Race, N (%) 1 (1) 1 (1) 2 (1) 3 (1)

Orthopedic Indication

    Total Hip Replacement, N (%) 84 (98) 172 (97) 158 (88) 213 (91)

    Total Knee Replacement, N (%) 2 (2) 6 (3) 21 (12) 20 (9)

Genotypes

    CYP2C9*2 Allele Frequency 0.14 n.a. 0.12 n.a.

    CYP2C9*3 Allele Frequency 0.07 n.a. 0.06 n.a.

    VKORC1 A Allele Frequency 0.31 n.a. 0.36 n.a.

Clinical Variables

    Therapeutic Warfarin Dose,
    geometric mean (SD), mg 5.1 (2.5) 4.6 (2.2) 4.8 (2.3) 4.4 (2.1)

    Estimated Blood Loss, geometric
    mean (SD), mL 400 (597) 442 (749) 332 (325) 357 (480)

    INR2, geometric mean (SD) 1.3 (0.2) 1.3 (0.2) 1.3 (0.1) 1.3 (0.2)

    INR3, geometric mean (SD) 1.6 (0.5) 1.7 (0.4) 1.6 (0.3) 1.6 (0.4)

    INR4, geometric mean (SD) 1.7 (0.5) 1.7 (0.4) 1.6 (0.3) 1.7 (0.5)

    Target INR, mean (SD) 2.3 (0.2) 2.2 (0.1) 2.2(0.1) 2.2 (0.1)

    1st Dose, mean (SD), mg* 6.9 (2.3) 5.4 (1.7) 5.3 (1.4) 4.8 (1.1)

    2nd Dose, mean (SD), mg 4.7 (1.8) 4.8 (1.4) 4.9 (1.6) 4.7 (1.4)

    3rd Dose, mean (SD), mg 5 (2.3) 4.8 (1.5) 4.8 (1.8) 4.6 (1.5)

    Statin Use, N (%) 13 (15) 26 (15) 47 (26) 63 (27)

    Amiodarone Use, N (%) 0 (0) 0 (0) 2 (1) 0 (0)

    Current Smoker, N (%) 16 (19) 23 (13) 25 (14) 39 (17)

    Liver Disease, N (%) 2 (2) 4 (2) 3 (2) 10 (4)

SD=Standard Deviation. BSA=body surface area. INR=International Normalized Ratio. Statin = any HMG-CoA reductase inhibitor except for
pravastatin.

N.A. means not available.

*
P < 0.05 between the validation cohorts.
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Table 2

Accuracy of INR4 dose refinement algorithms in the validation cohorts.

R2 MAE (mg/day)
[25%,75%]

Predictions within 1
mg of therapeutic dose

Clinical Algorithm
(N=146)

48% 0.74 [0.29,1.4] 70%

Pharmacogenetic
Algorithm (N=146)

70% 0.73 [0.31,1.29] 73%

MAE=Median Absolute Error. INR4 = International Normalized Ratio after the fourth warfarin dose.
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Table 3

Thirty-day outcomes of clinical and pharmacogenetic algorithms in the validation cohorts.

Clinical (N=233) Genetic (N=179)

Mean PTTR (SD)* 61 (23.6) 68 (22.3)

Mean % time supratherapeutic (SD)* 11 (16) 8 (11.4)

Mean % time subtherapeutic (SD)* 28 (22.5) 24 (21.3)

Symptomatic adverse events (%) 7 (3.0) 1 (0.6)

     DVT 3 (1.3) 0 (0)

     PE 0 (0) 0 (0)

     Bleed 4 (1.7) 1 (0.6)

PTTR=Percent Time in Therapeutic Range. DVT=Deep Vein Thrombosis. PE=Pulmonary Embolism. Bleed=a hemorrhage requiring hospital
treatment.

*
P < 0.05.
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Table 4

Multivariate Analysis: Independent Predictors of Therapeutic Warfarin Dose using the Pharmacogenetic and
Clinical INR4 Algorithms in the pooled cohorts.

Model
Entry

Variable % Change in therapeutic warfarin
dose (95% CI)

R2 after
entry

Pharmacogenetic Model (N=232)

1** Average (1st, 2nd, and 3rd

Warfarin Doses)
+15.5% (12.1% to 18.9%) 0.54

2** ln(INR4) −19.9% (−23.3% to −16.4%) 0.68

3** CYP2C9*3 −27% (−33.7% to −19.7%) 0.71

4** Statin −13.5% (−19.5% to −7%) 0.73

5** Current Smoker +13.7% (4.1% to 24.2%) 0.74

6** VKORC1 −9.5% (−14.9% to −3.8%) 0.75

7* CYP2C9*2 −9.7% (−16.3% to −2.6%) 0.76

8* ln(EBL) +2.8% (0.7% to 5%) 0.77

Clinical Model (N=531)

1** Average (2nd and 3rd
Warfarin Doses)

+20.6% (18.3% to 23%) 0.36

2** ln(INR4) −22.7% (−24.9% to −20.4%) 0.59

3** Statin −8.5% (−13.8% to −2.8%) 0.60

4* ln(EBL) +1.8% (0.2% to 3.4%) 0.60

5* Current Smoker +7.9% (0.6% to 15.7%) 0.61

Percent change was calculated per 1 mg change in warfarin doses, per 0.25 change ln(INR4), per CYP2C9 and VKORC1 allele.

Ln()= the natural logarithm. INR4= International Normalized Ratio after four warfarin doses. Statin = any HMG-CoA reductase inhibitor except
for pravastatin. EBL= Estimated Blood Loss.

*
P < 0.05.

**
P < 0.005.
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