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Abstract

Achieving therapeutic anticoagulation efficiently with warfarin is important to reduce thrombotic 

and bleeding risks and is influenced by genotype. Utilizing data from a diverse population of 257 

patients who received VKORC1 and CYP2C9 genotype-guided warfarin dosing, we aimed to 

examine genotype-associated differences in anticoagulation endpoints and derive a novel 

pharmacogenetic nomogram to more optimally dose warfarin. We observed significant differences 

across patients with 0, 1, or ≥2 reduced-function VKORC1 or CYP2C9 alleles, respectively, in 

time to achieve therapeutic international normalized ratio (INR) (7.8±5.8, 7.2±4.7, and 5.4±4.6 
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days, P=0.0004) and mean percentage of time in therapeutic range in the first 28 days (22.2, 27.8, 

and 32.2%, P=0.0127) with use of existing pharmacogenetic algorithms. These data suggest that 

more aggressive dosing is necessary for patients with 0 to 1 VKORC1/CYP2C9 variants to more 

efficiently achieve therapeutic anticoagulation. Herein, we provide a novel kinetic/

pharmacodynamic-derived dosing nomogram optimized for a heterogeneous patient population.
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Introduction

Warfarin remains the most commonly prescribed oral anticoagulant in the U.S. despite the 

recent approval of direct oral anticoagulants (DOACs).(1, 2) While use of DOACs will likely 

increase over time for many indications based on recent practice guidelines (3), warfarin will 

likely remain an important option for anticoagulation, especially for older patients, those 

with greater morbidity, those who fail treatment with DOACs, and socioeconomically 

disadvantaged populations who may have limited access to newer agents due to high costs 

and copays.(2, 4) Additionally, assays to measure plasma levels of DOACs are not widely 

available to guide decisions about timing of urgent surgeries or assessing DOAC 

contribution to severe bleeding, further limiting DOAC use.(5) Warfarin use, on the other 

hand, is hindered by the drug’s narrow therapeutic window and significant inter-patient 

variability in the dose necessary for therapeutic anticoagulation.(6–8)

Prompt achievement of therapeutic anticoagulation is a major goal when initiating warfarin, 

especially in patients with acute thromboembolism, because the rates of thrombotic 

progression and reoccurrence are highest in the first few months after diagnosis.(9–13) At 

the same time, the risk for major bleeding events is 10-fold higher during the first month 

following warfarin initiation than for the remainder of therapy (14), likely influenced by 

inappropriate initial warfarin dosing. Traditionally, warfarin is started at a fixed dose of 5 

mg/day, with dose adjustment based on the international normalized ratio (INR) response.(3) 

However, time to achieve therapeutic anticoagulation is often prolonged with this approach, 

placing patients at increased risk for thrombotic events and/or bleeding complications.(15, 

16)

Genetic variation significantly influences warfarin dose requirements, time to achieve 

therapeutic anticoagulation, rate of INR increase, and risk for supra-therapeutic 

anticoagulation and major bleeding.(17–19). The two most relevant pharmacogenes are 

those encoding for vitamin K epoxide reductase complex 1 (VKORC1), warfarin’s 

pharmacological target, and cytochrome P450 (CYP)2C9, the primary metabolic enzyme for 

S-warfarin.(19–21) The reduced-function VKORC1 -1639A and CYP2C9*2,*3, *5, *6, and 

*11 alleles are associated with increased warfarin sensitivity, lower warfarin dose 

requirements, and an increased risk for supra-therapeutic anticoagulation and major bleeding 

during warfarin initiation.(7, 17, 18, 22) The VKORC1 AA genotype is associated with 

decreased time to achieve therapeutic anticoagulation.(17)
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In an effort to improve warfarin dosing, decrease the time to reach therapeutic 

anticoagulation, and reduce the risk for supra-therapeutic anticoagulation, we clinically 

implemented genotype-guided warfarin dosing utilizing recommended pharmacogenetic 

algorithms (23–26) for hospitalized patients newly starting warfarin at the University of 

Illinois Hospital and Health Sciences System (UI Health) in 2012.(27) The purpose of this 

study was to compare anticoagulation-related endpoints by genotype group among patients 

receiving genotype-guided dosing with the use of recommended pharmacogenetic dosing 

algorithms in a real world setting. We also sought to derive a novel dosing nomogram to 

more optimally dose warfarin.

Results

Patient characteristics and outcomes

A total of 257 patients were included in the study. The mean age of the study population was 

51 years, and 49% were female. The majority were African American (55%) and receiving 

warfarin for the treatment of acute venous thromboembolism (62%). Genotype results were 

available prior to administration of the second warfarin dose for 88% of patients. When 

stratified by number of variant VKORC1 or CYP2C9 alleles, 52% of patients had zero, 29% 

had one, and 19% had ≥2 reduced-function alleles. With the exception of race, there were no 

significant differences in demographic characteristics, baseline INR, or warfarin indication 

among these genetic subgroups (i.e. 0, 1, or ≥2 variant VKORC1 or CYP2C9 alleles, Table 

1). As anticipated based on reported genotype frequencies,(28) most African Americans had 

no variant alleles, and most Caucasians had at least one variant. The most common 

VKORC1 genotype observed was −1639GG, consistent with the large percentage of African 

Americans.

UI Health providers adhered to genotype-guided dose recommendations by the Personalized 

Medicine Program (PMP) (within 0.5 mg) 84% of the time. Accordingly, mean daily 

warfarin doses administered during hospitalization differed significantly by genetic 

subgroup (P<0.0001), with the lowest doses in patients with ≥2 reduced-function alleles 

(Figure 1). The association remained significant when analyzed within African American 

and non-African American subsets (Figure S-1). Twenty-six percent of patients received a 

loading dose on day 1 or 2, which was similar among genetic subgroups. The median length 

of hospitalization was 7 (IQR 3–14) days and did not differ by genetic subgroup.

A total of 173 patients (67%) reached a therapeutic INR within the initial 28 days of 

warfarin therapy. The remaining 84 patients were censored observations in the time-to-event 

analysis. Controlling for race and inpatient status at the time of therapeutic INR, time to 

reach first therapeutic INR varied significantly across the 3 genetic subgroups, with patients 

reaching therapeutic anticoagulation earlier with each additional reduced-function allele 

(P=0.0004, Table 2). Consistent with this observation, the rate of INR rise also significantly 

differed among genetic subgroups, with a greater rise with each additional reduced-function 

allele (P<0.0001, Table 2). When stratifying by race, we observed similar trends for time to 

first therapeutic INR and rate of INR rise in African American and non-African American 

subgroups (Table S-1). As expected, the time to first therapeutic INR and rate of INR 

increase were inversely correlated (r= −0.88, P<0.0001).
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The time-to-event analysis showed a significant difference among genetic subgroups in 

probability of achieving therapeutic INR in the initial 28 days (Figure 2, Wilcoxon test of 

equality over strata P = 0.0077). There was a distinct separation of the Kaplan-Meier curves 

around day 10, and thus, probability of achieving therapeutic INR was examined in 2 

intervals: days 0–10 and days 11–28. Adjusting for race and inpatient status, there was an 

increased chance of achieving first therapeutic INR at any time between days 0 and 10 with 

each additional reduced-function allele (HR 1.44, 95% CI 1.14–1.81, P=0.0019), while there 

was no significant association between genetic subgroup and achieving first therapeutic INR 

between days 11 and 28 (HR 0.99, 95% CI 0.59–1.64, P=0.9524). For patients with 0, 1, and 

≥2 reduced-function alleles, mean percentage of time in therapeutic range in the first 28 days 

was 22.2, 27.8, and 32.2% (P=0.0127), and mean percentage of time below therapeutic 

range was 72.1, 61.1, and 57.0% (P=0.0016), respectively (Figure 3). Patients with ≥1 

reduced-function alleles were more likely to have an INR >3 in the later phase (days 11–28) 

than those without variant alleles (P=0.0178). Twenty-two patients (8.6%) had an INR >4 

over the course of follow-up. The percentage of patients with an INR>4 did not differ among 

genetic subgroups in the study population overall (P=0.1151, Table 2), or within the African 

American and non-African American subsets (Table S-1). However, it was nearly three times 

more common among patients with ≥2 versus 0 reduced-function alleles (P=0.0427 overall).

Optimized warfarin dosing nomogram

To decrease the time required to reach therapeutic INR in patients with 0 or 1 reduced-

function VKORC1 or CYP2C9 alleles, a dosing nomogram was developed based on clinical 

trial simulations (Supplementary Material). The nomogram consists of a loading dose grid 

(Table 3A), accounting for genotype, to be utilized on days 1–2 and a maintenance dosing 

grid and calculation (Table 3B), accounting for genotype and age, to be utilized beginning 

on day 3 for maintenance dosing. Incremental dose adjustments (Table 3C) can be made on 

days 3, 5/6, and/or 7/8/9 to compensate for additional variability in dose/response reflected 

by INR measurements. To confirm the validity of our approach, maintenance doses 

calculated from our proposed nomogram were compared to recommended warfarin doses 

from the FDA-approved label (29) for different combinations of VKORC1 and CYP2C9 
(Figure 4) variants; in most cases, there was less than 30% difference from the label 

recommendations.

Discussion

The VKORC1 and CYP2C9 genotypes are significant contributors to warfarin dose 

requirements and influence time to reach therapeutic anticoagulation and risk for over-

anticoagulation and bleeding during warfarin initiation.(17–19) Based on this evidence, the 

FDA-approved warfarin (Coumadin®) product label provides average warfarin dose 

recommendations based on CYP2C9*2 and *3 and VKORC1 genotypes, (29) and the 

Clinical Pharmacogenetics Implementation Consortium (CPIC) recommends dosing 

warfarin based on genotype when genotype results are available. (23) CPIC further 

recommends the use of pharmacogenetic dosing algorithms, specifically citing algorithms by 

the IWPC and by Gage et al.(24–26) Both were derived from large patient populations, 
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largely of European descent, and are publicly available through the www.warfarindosing.org 

website.

Ideally, use of genotype information to dose warfarin would eliminate differences in 

anticoagulation endpoints that are observed by genotype with traditional dosing. However, 

we found significant differences in such endpoints despite use of recommended 

pharmacogenetic dosing algorithms. Specifically, we found that patients with 2 or more 

reduced-function VKORC1 and/or CYP2C9 alleles reached a therapeutic INR rapidly, in 

some cases as early as day 2 of warfarin therapy. These patients were at an increased risk of 

having an INR above therapeutic range in the initial 4 weeks of therapy and were more 

likely than patients without a variant allele to have an INR >4, a level associated with 

increased bleeding risk.(13, 30) Conversely, there was a significant delay in achieving 

therapeutic INR among patients with 0 to 1 reduced-function alleles, and these patients were 

significantly less likely to reach a therapeutic INR in the initial 10 days of therapy. Although 

there were a limited number of African Americans in our study with 2 or more reduced-

function alleles, similar trends were observed in the African American subset as in the 

population overall, suggesting that the findings extend across race groups. These data 

suggest that more aggressive dosing is needed early in the course of therapy for patients with 

≤1 variant allele to prevent delays in achieving therapeutic anticoagulation, while more 

cautious dosing may be warranted in patients with multiple variant alleles to avoid over-

anticoagulation.

A limitation with the algorithms used in this study is that they were derived from patients 

receiving stable warfarin doses during the maintenance phase of therapy, rather than from 

patients newly starting warfarin. As such, they were not designed to provide genotype-

specific loading dose recommendations. Less than 30% of patients with 0 to 1 reduced-

function alleles received a loading dose in our study. However, our data suggest that loading 

doses are needed in these patients to facilitate earlier attainment of therapeutic 

anticoagulation. In contrast, patients with multiple reduced-function alleles attain therapeutic 

anticoagulation quickly, and could potentially be harmed by loading doses. Further, the 

algorithms used in our study were derived from populations that had relatively few patients 

of African and Latino descent, who comprised the majority of our study population. 

Previous studies have shown that these algorithms perform worse in African Americans 

compared to Caucasians,(31, 32) suggesting a need for novel algorithms that perform well in 

non-European patients.

We believe our findings may help explain the negative outcomes with genotype-guided 

dosing observed in the COAG trial.(33) Specifically, COAG participants in the 

pharmacogenetic arm were dosed according to the Gage et al. algorithm used most often at 

our institution. The COAG trial found no benefit with regard to percentage of time in the 

therapeutic INR range during the initial 28 days of therapy with genotype-guided dosing 

compared to clinically-based dosing in an ethnically diverse cohort, in which 27% of study 

participants were African American.(33) Although a quarter of the COAG trial population 

was of African descent, investigators only tested for CYP2C9 reduced-function variants 

more commonly found in Caucasians. Furthermore, most African Americans have the 

VKORC1 GG genotype,(32) and our data suggest that the algorithm used in COAG would 
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not have been sufficient for patients with the GG genotype (and 0 to 1 CYP2C9 allele) to 

facilitate efficient attainment of therapeutic anticoagulation. Moreover, our data suggest that 

dosing used in the COAG trial would also be insufficient for patients with the VKORC1 AG, 

CYP2C9*1/*1 genotype combination, which is most commonly observed in Europeans.

Herein, we propose a novel warfarin dosing nomogram based on kinetic/pharmacodynamic 

(K/PD) modeling and simulation that may adequately account for the dynamic aspects of 

warfarin dose response, and may more effectively attenuate differences in anticoagulation 

endpoints observed by genotype with use of existing pharmacogenetic algorithms. Given 

that warfarin inhibits the production of coagulation factors II, VII, IX, and X and that factor 

II has a half-life of about 60 hours, the full anticoagulant effects of warfarin are delayed until 

factor II reaches steady state; (34) current pharmacogenetic algorithms based on 

multivariable linear regression are unable to account for this delay between 

pharmacokinetics (PK) and pharmacodynamics (PD). In contrast to these regression-based 

algorithms that only provide a stable dose prediction, our dynamic dosing nomogram 

includes loading doses to be utilized on days 1 and 2, maintenance doses to be utilized 

starting day 3, and incremental dose adjustments to be made depending on the INR values at 

three “checkpoints” during the first week of initiation. The uniqueness of our nomogram is 

in its distinct genotype-specific loading and maintenance dose recommendations, designed 

to facilitate efficient and safe attainment of therapeutic anticoagulation across genotypes 

during the critical initiation phase. The application of this nomogram in virtual European 

and ethnically diverse patients eradicated overall differences in INR response profiles among 

genotype groups. Based on our simulations, our nomogram could potentially enable 

ethnically diverse individuals to achieve a therapeutic INR within one week, across 

VKORC1 and CYP2C9 genotypes. Although our dosing nomogram performed well in 

simulations, it requires prospective application and evaluation to confirm that it improves 

time to therapeutic INR and time within therapeutic range.

A limitation to our study is that neither the CYP2C9*8 variant nor the rs12777823 A>G 

variant, identified in a recent African American genome wide association study of warfarin 

dose response,(35) were included on the genotyping panel at UI Health. Therefore, the effect 

of accounting for these variants on anticoagulation endpoints could not be examined. An 

additional limitation is that our nomogram does not include variants other than VKORC1 
and CYP2C9*2, *3, and *8. Without available PK data for patients in this study, we 

borrowed PK parameters for CYP2C9*1, *2, and *3 from Hamberg et al. (36) to estimate 

our own PD parameters for modeling. We used clearance data for CYP2C9*8 from Liu et al. 
(37) to extrapolate dose reduction in *8 carriers. We did not include other CYP2C9 variants 

in our nomogram due to lack of PK data of sufficient sample size needed for modeling. 

However, based on available in-vitro PK data, we suggest the following: use dosing 

recommendations for CYP2C9*1/*3 for patients with the *1/*5 or *1/11 genotype and 

dosing recommendations for the *2/*3 genotype for patients with the *1/*6 genotype.(37–

39) For African Americans with the rs12777823A allele, after selecting a warfarin dose 

based on the nomogram for CYP2C9 and VKORC1 genotypes, we suggest reducing the 

weekly warfarin dose by 15% for the AG genotype and 25% for the AA genotype, based on 

dose requirements in previous studies.(35) Another limitation is that our data and associated 

nomogram are only generalizable to patients with a target INR range of 2–3. Further, 39% of 
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patients did not have outpatient follow-up after hospital discharge, and since many were 

discharged before reaching therapeutic anticoagulation, this contributed to the fairly low 

percentage of time within therapeutic range values we observed. Lastly, the number of 

patients who received loading doses in our study was low, and thus we could not assess the 

effect of loading doses on anticoagulation-related outcomes.

In summary, our data from a real world setting suggest that genotype-guided dosing with 

recommended pharmacogenetic algorithms fails to eliminate differences in anticoagulation 

endpoints by genotype in a diverse patient population. More aggressive dosing appears 

necessary in patients with 0 to 1 reduced-function VKORC1 or CYP2C9 alleles to reduce 

time to achieve therapeutic INR. Conversely, carriers of multiple reduced-function alleles 

achieve therapeutic INR quickly with current dosing algorithms, and dose reduction may be 

necessary after reaching therapeutic INR to prevent over-anticoagulation. We propose a 

novel warfarin dosing nomogram that may facilitate more efficient attainment of therapeutic 

anticoagulation across genotype groups in most patient populations observed in the U.S.

Methods

Study population and procedures

Adult patients newly started on warfarin and receiving genotype-guided dosing by the 

Personalized Medicine Program (PMP) as part of their clinical care at the UI Health were 

enrolled. Patients with a history of warfarin use in the previous 6 months or history of liver 

transplant were excluded. Only patients who provided written informed consent with 

authorization for medical record review were included in the current analyses, and in order 

to avoid the confounding effects of differing INR goals, only patients with an INR goal of 2–

3 were included. The study protocol was approved by the University of Illinois at Chicago 

Institutional Review Board.

The process for providing genotype-guided dosing has been previously described.(27) 

Briefly, an initial dose recommendation, calculated using a published clinical dosing 

algorithm,(24) was automatically provided to the ordering physician via an alert in the 

electronic health record at the time of the initial warfarin order. In cases where deemed 

appropriate, a clinical pharmacist followed up with the ordering physician to recommend an 

initial loading dose.

Genotyping was performed on an eSensor® XT-8 platform (Genmark Diagnostics Inc, 

Carlsbad, CA) within the UI Health Molecular Pathology Laboratory, a College of American 

Pathologists (CAP)-accredited/Clinical Laboratory Improvement Amendments (CLIA)-

licensed clinical laboratory. This platform tested for the following alleles: VKORC1 
c.-1639G>A (rs9923231); CYP2C9*2 (p.R144C, rs1799853), *3 (p.I359L, rs1057910), *5 
(p.D360E, rs28371686), *6 (c.818delA, rs9332131), *11 (p.R335W, rs28371685), *14 
(p.R125H, rs72558189), *15 (p.S162X, rs72558190), and *16 (p.T299A, rs72558192); and 

CYP4F2 p.V433M (rs2108622). Genotype results were targeted to be available in time to 

inform the second warfarin dose. A pharmacist within the PMP provided daily dose 

recommendations, which were calculated using published pharmacogenetic algorithms, via a 

consult note in the electronic health record. (24–26) The algorithm by Gage et al. (24, 26) 
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(available through www.warfarindosing.org) was used except for patients on CYP2C9 

enzyme inducers (e.g. phenytoin), in which case the algorithm from the International 

Warfarin Pharmacogenetics Consortium (25) (IWPC, also available through 

www.warfarindosing.org) was used. The algorithm available through 

www.warfarindosoing.org allows for daily refinement of warfarin dosing based on INR 

response to previous doses. Additional adjustment to the algorithm-calculated dose was 

made for patients with a CYP2C9*11 or *14 allele (30% reduction; no one had the 

CYP2C9*15 or *16 genotype), renal dysfunction (10% to 20% reduction for an estimated 

glomerular filtration rate of 30–60 ml/min or <30 ml/min, respectively), or taking 

medications known to interact with warfarin that were not included in the algorithm (e.g. 

metronidazole).(40, 41) In cases where the patient did not receive an initial loading dose, the 

PMP recommended a dose that 20–50% higher on day 2 where deemed appropriate. The 

majority of patients were referred to the UI Health Antithrombosis Clinic after discharge.

Data collection and statistical analysis

Patients were followed prospectively until hospital discharge and up to 450 days after 

warfarin initiation for those followed in the UI Health Antithrombosis Clinic. All clinical 

analyses were based on comparison among the following genetic subgroups: 0, 1, or ≥2 

reduced-function VKORC1 (i.e. -1639A) and/or CYP2C9 (i.e. *2, *3, *5, *6, *11, *14) 

alleles. CYP4F2 was not included in our variant allele groupings because it was not utilized 

to inform warfarin dosing during the initial year of the program and its effects are minimal 

compared to the VKORC1 or CYP2C9 alleles.(7, 42, 43). Furthermore, the variant CYP4F2 
433Met genotype is associated with warfarin resistance rather than sensitivity and is 

uncommon in African Americans, who comprised the largest population at UI Health. The 

primary outcome of interest was time to achieve an INR in therapeutic range (i.e. 2–3) 

within 28 days, calculated as the number of days between the first warfarin dose and first 

INR in range. Additional outcomes were daily warfarin dose during hospitalization, rate of 

INR increase, incidence of patients with an INR >4, and time in therapeutic range. 

Consistent with previous reports (33, 44), data for the primary and secondary outcomes were 

collected up to 28 days.

The χ2 test of independence was used to assess differences among the 3 genetic subgroups 

(i.e. 0, 1, or ≥2 reduced-function alleles) for categorical variables and analysis of variance 

(ANOVA) was used for continuous variables. Multivariable linear regression was used to 

determine the effect of genetic subgroup on the (log-transformed) time to first therapeutic 

INR within 28 days. Covariates included in the regression model were race and inpatient 

status at the time of first therapeutic INR. Race was included because it differed significantly 

among genetic subgroups, while inpatient status at the time of first therapeutic INR was used 

as a time-varying covariate because our hospitalized patients achieved first therapeutic INR 

more quickly on average than our outpatients.

Time-to-event analysis to evaluate the differences in time to first therapeutic INR stratified 

by genetic subgroups was performed, with an event defined as the first INR in therapeutic 

range of 2–3. A Kaplan-Meier plot was generated, and a Wilcoxon test of equality over 

strata was performed to determine whether the probability of reaching a therapeutic INR was 
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different among genetic subgroups. Furthermore, piecewise Cox proportional hazards 

regression was performed, adjusting for the same covariates used in the multivariable 

regression model. Based on the Kaplan-Meier plot, the overall time to therapeutic INR was 

divided into 2 intervals of warfarin therapy, days 0–10 and days 11–28. All enrolled subjects 

were included in the time-to-event analysis; however, only a portion of them reached 

therapeutic INR. The remainder of subjects contributed all available information to the 

model until the censored event occurred (i.e., loss to follow-up or lack of the event 

occurrence in the first 28 days).

For every patient, daily warfarin dose was calculated by adding all warfarin doses the patient 

received while hospitalized, and dividing the sum by the number of days that he/she received 

a dose. Mean daily warfarin doses during hospitalization were compared among genetic 

subgroups by one-way ANOVA. To determine the rate of INR increase for each patient in 

the first 28 days, we utilized all INRs assessed up to the first INR in range. The value was 

calculated as a difference between first therapeutic and baseline INR divided by the number 

of days between. The log-transformed rate of INR increase was compared among genetic 

subgroups using multivariable linear regression, controlling for race and inpatient status. In 

order to compare rate of INR increase with time to first therapeutic INR within 28 days, the 

Spearman correlation test was used. To assess the incidence of patients with an INR >4 in 

the first 28 days, we compared the number of patients with INR values >4 in each genetic 

subgroup by using the χ2 or Fisher’s exact test, as appropriate. The percentage of time 

above, below and within therapeutic INR range (i.e. 2–3) for each patient were calculated in 

R (version 3.2.1) using the Rosendaal method, which assumes a linear increase or decrease 

between two consecutive INR measurements.(45) The average percentage of time in 

therapeutic range over 28 days after therapy initiation for all patients was then plotted using 

the ggplot2 package in R. Based on this plot, the decision was made to compare the 

percentage of time above therapeutic range for the later phase of warfarin therapy (days 11–

28) in patients with ≥1 reduced-function alleles to that in patients without reduced-function 

alleles using the Welch two sample t-test. To compare the percentage of time within and 

below therapeutic range among genetic subgroups, the Wald test was performed using the 

Imtest package in R. All other statistical analyses were performed with SAS version 9.4 

(SAS Institute, Cary, NC).

Development of warfarin initiation nomogram

A population kinetic/pharmacodynamic (K/PD) model was developed to characterize the 

warfarin dose/response relationship in our ethnically diverse patients, based on Hamberg et 
al., (36) as shown in the Supplementary Material. For this model, data were used from 

patients followed prospectively during hospitalization and up to 450 days after warfarin 

initiation. The K/PD model was then used in clinical trial simulations including virtual 

individuals (n=54), each with different combinations of VKORC1 (GG, GA, AA) and 

CYP2C9 (*1/*1, *1/*2, *1/*3, *2/*2, *2/*3, *3/*3) genotypes and age (50, 70, 90), in order 

to develop a warfarin initiation nomogram to reach therapeutic INR range (i.e. 2–3) across 

genotypes and race/ethnicities (African Americans, Hispanics, Caucasians, etc.). Parameter 

estimates trained with our own dataset or from Hamberg et al. were used to simulate dose/

response behavior in a diverse or European population, respectively. The loading and 
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maintenance doses derived from our nomogram were optimized to attenuate differences 

among genotype groups based on the performance of simulated INR profiles in typical 

individuals in the first 22 days after therapy initiation. Based on the relative difference in 

clearances,(37) we recommended a 30% dose reduction in our nomogram for patients with 

CYP2C9 *1/*8 or *8/*8.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Highlights

What is the current knowledge on the topic?

Genotype significantly affects warfarin dose requirements, time to achieve therapeutic 

anticoagulation, and risk for supra-therapeutic anticoagulation and major bleeding.

What question did this study address?

Among our diverse patient population, how effective is genotype-guided warfarin dosing 

with use of recommended pharmacogenetic dosing algorithms and can we improve upon 

this dosing strategy?

What this study adds to our knowledge

Our data suggest that more aggressive dosing than recommended by current 

pharmacogenetic dosing algorithms is needed for patients with 0 to 1 reduced-function 

VKORC1 or CYP2C9 alleles, which encompasses most African American and Caucasian 

patients, while more cautious dosing may be necessary to avoid over-anticoagulation in 

multiple variant allele carriers. Our novel dosing nomogram, which provides genotype-

specific loading dose recommendations, may enable more effective attainment of 

therapeutic anticoagulation among genotype groups within the diverse populations found 

in the U.S.

How this might change clinical pharmacology or translational science

Precision dosing of warfarin has the potential to aid patients in obtaining therapeutic 

anticoagulation more safely and efficiently, ultimately translating into improved patient 

outcomes.
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Figure 1. 
Box plots of daily warfarin dose during hospitalization by genetic subgroups for all study 

participants. The diamonds represent means and lines within boxes represent medians. The 

upper and lower boundaries of the boxes mark the 3rd and 1st quartile. The whiskers above 

the boxes represent the smaller value of the maximum and 3rd quartile plus 1.5 multiplied 

by the interquartile range, whereas the whiskers below the boxes represent the larger value 

of the minimum and 1st quartile minus 1.5 multiplied by the interquartile range. Circles 

represent outliers.

Arwood et al. Page 14

Clin Pharmacol Ther. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Kaplan-Meier time-to-event function estimates for patients with 0, 1, or ≥2 reduced-function 

alleles
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Figure 3. 
Percentage of time in INR range (as calculated by Rosendaal method)(45) that is i) above 3 

(red) ii) below 2 (blue) and iii) within 2-3 (green) for patients with 0, 1, and ≥2 variant 

alleles
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Figure 4. 
A-C) Comparison of warfarin maintenance doses for a 70-year old individual calculated 

using our nomogram vs. dose recommendations shown on the FDA-approved label for 

warfarin (Coumadin®) (29) as stratified by VKORC1 and CYP2C9 genotypes.

Error bar indicates the recommended dose range from the label.
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Table 2

Anticoagulation metrics by genetic subgroups

Number of variant alleles
(VKORC1-1639G>A or CYP2C9) P-value

0 1 ≥2

Time to first therapeutic INR (days), mean ± SD (n=83)
7.8 ± 5.8

(n=53)
7.2 ± 4.7

(n=37)
5.4 ± 4.6 0.0004

Rate of INR increase, mean ± SD (n=83)
0.21 ± 0.16

(n=53)
0.23 ± 0.19

(n=37)
0.38 ± 0.31 <0.0001

Patients with an INR >4, % (n=133)
5.3

(n=75)
10.7

(n=49)
14.3 0.1151

Daily warfarin dose during hospitalization (in mg), mean ± SD (n=133)
6.3 ± 2.5

(n=75)
5.2 ± 1.9

(n=49)
3.9 ± 1.9 <0.0001

INR – international normalized ratio; SD – standard deviation
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