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Purpose: Warfarin is an oral anticoagulant associated with adverse reaction to drugs due to wide
inter- and intra-individual dosage variability. Warfarin dosage has been related to non-genetic
and genetic factors. CYP2C9 and VKORC1 gene polymorphisms affect warfarin metabolism
and dosage. Due to the central role of populations’ ethnical and genetic origin on warfarin dos-
age variability, novel algorithms for Latin American subgroups are necessary to establish safe
anticoagulation therapy.

Patients and methods: We genotyped CYP2C9*2 (c.430C > T), CYP2C9*3 (c.1075A >
C), CYP4F2 (c.1297G > A), and VKORC1 (-1639 G > A) polymorphisms in 152 Colombian
patients who received warfarin. We evaluated the impact on the variability of patients’ warfarin
dose requirements. Multiple linear regression analysis, using genetic and non-genetic variables,
was used for creating an algorithm for optimal warfarin maintenance dose.

Results: Median weekly prescribed warfarin dosage was significantly lower in patients having
the VKORCI1-1639 AA genotype and poor CYP2C9*2/*2,*2/*3 metabolizers than their wild-
type counterparts. We found a 2.3-fold increase in mean dose for normal sensitivity patients
(wild-type VKORC1/CYP2C9 genotypes) compared to the other groups (moderate and high
sensitivity); 31.5% of the patients in our study group had warfarin sensitivity-related geno-
types. The estimated regression equation accounted for 44.4% of overall variability in regard to
warfarin maintenance dose. The algorithm was validated, giving 45.9% correlation (R?>=0.459).
Conclusion: Our results describe and validate the first algorithm for predicting warfarin main-
tenance in a Colombian mestizo population and have contributed toward the understanding of
pharmacogenetics in a Latin American population subgroup.

Keywords: genetic polymorphism, adverse drug reaction, gene frequency, anticoagulants

Introduction
Warfarin is an oral anticoagulant which is prescribed worldwide for the prophylaxis and
treatment of several diseases such as deep venous thrombosis, pulmonary embolism,
and ischemic cerebrovascular events.'” Although warfarin has high clinical efficacy,
it has been associated with different bleeding-related hospital readmission rates.** The
US Food and Drug Administration (FDA) has stated that this complication has been
partly due to wide inter- and intra-individual dosage variability, thereby contributing
to increased incidence of adverse effects and complications, some of which can be
life-threatening.' Indeed, routine high-dose usage can lead to severe bleeding episodes.
Warfarin doses are usually established empirically and are adjusted by dose titra-
tion in line with the international normalized ratio (INR) for monitoring patients’
anticoagulant response.>%’ Chemically, warfarin is a racemic mixture of R- and

submit your manuscript
Dove

http:

Pharmacogenomics and Personalized Medicine 2018:11 169-178 169
© 2018 Galvez et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

TACM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com

Galvez et al

Dove

S-enantiomers acting on the coagulation cascade by inhibit-
ing VKORCI, which prevents clotting factor carboxylation.
The S-enantiomer is metabolized by the CYP2C9 enzyme.
When compared with R-enantiomer, S-warfarin has greater
anticoagulant activity.® The CYP4F2 enzyme participates in
the same molecular cascade in vitamin K catabolism.”

Warfarin dosage has been related to non-genetic factors
such as alcohol consumption, age, gender, and advanced
liver or kidney disease.® Genetic factors such as CYP2C9 and
VKORC1 gene polymorphisms (eg, CYP2C9*2,1s1799853;
CYP2C9*3, 1s1057910; VKORCI rs9923231) have been
related to warfarin metabolism and dosage.>>%%-12

In vitro studies have indicated that CYP2C9*2 impairs
S-warfarin metabolism by 30% and *3 alleles by 90%.
The r$9923231-VKORC1 polymorphism has been related to
VKORCI protein expression modifications and changes in
warfarin sensitivity,'* while the CYP4F2 rs2108622 sequence
variant has been linked to enzymatic activity modification
and warfarin dose variability.'

The FDA and Clinical Pharmacogenetic Implementation
Consortium (CPIC) have recommended genotyping these
pharmacogenes when prescribing an initial dose of warfarin
for more than 10 years now."!* Depending on CYP2C9 and
VKORCI alleles and non-genetic factors, some pharmaco-
genetic algorithms have been described for establishing an
adequate prediction for warfarin dosage in different popula-
tions, such as Asian Americans, Hispanics, Caucasians, and
African-Americans.'" "

Latin Americans account for the largest recently admixed
population in the world.?* México, Peri, Ecuador, and Gua-
temala have a greater Amerindian influence than Argentina,
Puerto Rico, Costa Rica, Nicaragua, and Uruguay. These
countries have ethnic influence mainly of European popula-
tions. For Colombia, high inter-population variability has
been recorded.?! Colombia has ~50 million inhabitants;
49% of the population is mestizo (European and Amerin-
dian ancestries), 37% has European origin, 10% has African
ancestry, and 3.4% is Amerindian.?

Due to the central role of populations’ ethnical and genetic
origin on warfarin dosage variability, novel algorithms for
Latin American subgroups are necessary to establish safe
anticoagulation therapy protocols. The present study has thus
assessed VKORC1, CYP2C9, and CYP4F2 polymorphism
impact on the variability of Colombian patients’ warfarin
dose requirements and determined the frequency of individu-
als having sensitivity to this drug. Our results indicated that
median weekly prescribed warfarin dosage was significantly

lower in patients having the VKORC1-1639 AA genotype and
poor CYP2C9*2/%2,*2/*3 metabolizers than their wild-type
counterparts. Regarding warfarin sensitivity, we found a 2.3-
fold increase in mean dose for normal sensitivity patients
(wild-type VKORC1/CYP2C9 genotypes) compared to the
other groups (moderate and high sensitivity); 31.5% of the
patients in our study group had warfarin sensitivity-related
genotypes.

We thus proposed and validated a dosage prediction
algorithm for anticoagulated patients having stable INR. We
evaluated the contribution of genetic and non-genetic fac-
tors to dosage variability. The estimated regression equation
accounted for 44.4% of total variability in regard to warfarin
maintenance dose. Our study gives the first description and
validation of an algorithm for predicting warfarin dosing
maintenance for a cohort of the Colombian patients and pro-
vides a starting point for future initiatives involving increased
patient panel size. The results presented here should be used
and monitored by doctors working in public and private
medical institutions.

Patients and methods

Sampling and data collection

Patients were divided into two groups (Generation-G and
Validation-V) for the study. Cohort G included 152 patients
who were attending the Rosario University’s Teaching
Hospital (Méderi), a third-level hospital in Bogota (Colom-
bia). These patients were already using warfarin and had at
least three consecutive INR measurements (2.0-3.0). All
eligible individuals were asked to participate in the study
and those who agreed to do so signed an informed consent
form. Several variables were recorded for each participant,
such as demographic information, gender, anthropometrical
measurements (weight, height, BMI, warfarin dose, INR
measurements, and concomitant drug use (eg, amiodarone
or statins) which theoretically could interact with warfarin
(Table 1).

Subjects having INR values outside the therapeutic range
and individuals suffering from renal or hepatic disease were
excluded from the study.

All the experimental procedures followed in this study
were approved by the Universidad del Rosario’s Ethics Com-
mittee, and the study was conducted in line with the Declara-
tion of Helsinki (approval date: April 13, 2010; institutional
review board reference DVG-088 and ABN062).

Cohort V (validation) (n=87) consisted of patients attend-
ing the Military Hospital in Bogota (Colombia). Data on
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Table | Patients’ characteristics in the G and V groups

Parameters G group V group
Total (n=152 | Total (n=87
patients) patients)

Age (years) 62.67+15.34 62.29+12.36

Gender (male: female) 85:67 46:41

Height (cm) 162+0.08 16110.09

Weight (kg) 69.21£13.39 72.1+13.54

Body mass index (kg/m?) 25.62+6.04 27.65+4.86

Mean weekly warfarin dose (mg) 32.02+11.68 29.1£12.46

Diagnosis, n (%)

Heart disease 53 (34.86%) 48 (55.2%)

Deep venous thrombosis 48 (31.57%) 27 (31.0%)

Pulmonary thromboembolism 15 (9.86%) 13 (14.9%)

Cerebrovascular disease 7 (3.94%) I (12.6%)

Antiphospholipid syndrome 3 (1.97%) 3 (3.4%)

Others 26 (17.10%) 5 (5.7%)

gender, weight, height, BMI, mean weekly warfarin dose,
and age were collected for Cohort V. The characteristics of
patients belonging to groups G and V were similar (Table 1).
V-group data were only used for validating the warfarin dos-
age algorithm.

CYP2C9, CYP4F2, and VKORC| genotyping

Genomic DNA was obtained from patients’ blood samples
using the conventional salting-out procedure. Genomic
regions encompassing CYP2C9*2 (c.430C>T), CYP2C9*3
(c.1075A>C), CYP4F2 (c.1297G>A), and VKORCI
(-1639G>A) polymorphisms were amplified by PCR,
purified, and directly sequenced. Primer sequences and
PCR conditions are available upon request. Wild-type
sequences are those listed in the Ensembl database (https://
www.ensembl.org/index.html): ENST00000260682.7
(CYP2C9), ENST00000221700.10 (CYP4F2), and
ENST00000394975.2 (VKORC1). The details of the protocol
can be obtained at protocols.io: http://dx.doi.org/10.17504/
protocols.io.pbedije

Data analysis

CYP2C9, CYP4F2, and VKCORCI1 variant allele and
genotype frequencies were determined. Hardy—Weinberg
equilibrium (HWE) was evaluated using a chi-squared test.
Combined CYP2C9 and VKCORCI genotype frequency
was also established. The CYP4F2 was not considered in the
combined genotypic analysis as it was not in HWE. To select
genetic and non-genetic factors for the multiple linear regres-
sion analysis, we performed a univariate analysis for each
variable (eg, age, height, weight, gender, BMI, amiarodone,

VKORC1 and CYP2C9 genotypes), and those with a sig-
nificant P-value were included. Multiple linear regression
analysis, using genetic and non-genetic variables, was used
for creating an algorithm for each patient’s optimal warfarin
maintenance dose. This algorithm was then assessed and
validated using the V cohort. Correlation analysis was used to
determine correlation between warfarin actual and predicted
(based on the algorithm) maintenance dose.

By using the clinical and genetic data of the G group, we
evaluated the predictive power of some previously reported
algorithms.

Those algorithms were considered according to the fol-
lowing features: 1) evaluation of CYP2C9*2, CYP2C9*3,
and VKORC1-1639G>A (or YVKORC1 1173C>T, in this case
we imputed its value); 2) equations to predict stable warfarin
dosing; 3) ethnicity; and 4) equations containing clinical
parameters similar to our study. Three algorithms from differ-
ent studies that met our inclusion criteria were finally selected
from the literature: Sconce et al,”® International Warfarin
Pharmacogenetics Consortium IWPC,* and Perini et al.” The
statistical test was performed considering a P-value <0.05 as
statically significant (95% CI) and a statistical power of 0.8.

Results

Demographic and clinical characteristics
Patients’ characteristics of G group are summarized in
Table 1. The patients’ median age was 62.7 years (range:
26-88); 67 were females and 85 were males. The main
medical indications for anticoagulation therapy were the
presence of heart disease (34.9%) and deep vein thrombosis
(31.6%). The study cohort’s mean weekly warfarin dosage
was 32.02+11.68 mg/week; 40.1% of our patients suffered
adverse drug reactions (ADRs).

CYP2C9, CYP4F2, and VKORCI variant

genotype frequency

CYP4F2 CC genotype frequency was 50.65%, CYP4F2
CT 34.21%, and CYP4F2 TT 15.13%, while VKORC1 GG
genotype frequency was 32.2%, VKORCI GA 47.6%, and
VKORC1 AA 20.4% (Table 2). CYP2C9 genotype frequen-
cies were *1/*1 80.92%, *1/*2 11.11%, *1/*3 5.92%, *2/*2
1.31%, and *2/*3 0.65%; CYP2C9*3 homozygous mutant
alleles were not identified (Table 2). The CYP2C9 genotype-
based predicted metabolizer frequencies were normal
metabolizers (*1/*1) 81.01%, intermediate metabolizers
(*1/%2, *1/*3) 17.03%, and poor metabolizers (¥2/*2, ¥2/*3)
1.96% (Table 3). VKORC1 (P=0.38) and CYP2C9 (P=0.99)
allele frequencies had HWE compared to the CYP4F2 variant

Pharmacogenomics and Personalized Medicine 2018:1 |

submit your manuscript 171

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.ensembl.org/index.html
https://www.ensembl.org/index.html
http://dx.doi.org/10.17504/protocols.io.pbedije
http://dx.doi.org/10.17504/protocols.io.pbedije

Galvez et al

Dove

Table 2 Genotype frequencies of VKORC/, CYP2C9, and CYP4F2
variants in the study group

Gene Genotype Genotype frequency
VKORCI GG 32.2% (n=49)
GA 47.6% (n=72)
AA 20.4% (n=31)
CYP2C9 *1/*1 80.92% (n=123)
*1/+2 11.11% (n=17)
*1/%3 5.92% (n=9)
#2142 1.31% (n=2)
*21*3 0.65% (n=1)
CYP4F2 CcC 50.65% (n=77)
CcT 34.21% (n=52)
TT 15.13% (n=23)

Table 3 Genotype frequencies within warfarin metabolism and
sensitivity groups

Warfarin metabolism (CYP2C9)

Metabolism Genotype Genotype
frequency

Normal il 81.01% (n=123)

Intermediate *F2, ¥1/%3 17.03% (n=26)

Poor *2/%2, ¥2/*%3 1.96% (n=3)

Warfarin sensitivity (VKORCI/CYP2C9)

Sensitivity Genotype Genotype
frequency

Normal GG/*I*1, GGI*1*2, GA/*I*] 68.4% (n=104)

Moderate GG/*1*3, GG/*2*2, 28.9% (n=44)

GG/*2*3, GA/¥1%2,
GA/*1*3, GAI2*2,
AAEIEL, AAFF1*2
High GG/*3*3, GA/*2*3,
GA/*3*3, AA*1*3,
AA/F2¥2, AAIF2*3,

2.6% (n=4)

AA/¥3*3

which was not in HWE (P=0.02), which was thereby excluded
from further analysis and from the algorithm.

Assessing CYP2C9 and VKORC/ genotype
combination regarding warfarin sensitivity
and dosing
The weekly prescribed median warfarin dosage was sig-
nificantly higher (1.7 times) in patients with VKORCI GG
genotypes (39.33 mg/week) compared to VKORCI GA/AA
genotype (22.95 mg/week) (P<0.0001). We found a statistically
significant difference (1.6 times) regarding weekly median
warfarin dose between normal (33.14 mg/week) and poor (20
mg/week) CYP2C9 metabolizers (P<0.001) (Table 4).

We established three groups regarding predicted warfa-
rin sensitivity (normal, moderate, and high), depending on

CYP2C9 and VKCORCI combined genotypes. The normal
sensitivity group included GG/*1*1, GG/*1*2, and GA/*1*1
(VKORC1/CYP2C9) genotypes, accounting for 68.4% of the
patients (G group). The moderate sensitivity group consisted
of 28.9% of patients and included the GG/*1*3, GG/*2*2,
GG/*2*3, GA/*1*2, GA/*1*3, GA/2*¥2, AA/*1*1, and
AA/*1*2 genotypes (G group). The GG/*3*3, GA/*2*3,
GA/*3*3, AA/*1*3, AA/*2*2, AA/*2*3, and AA/*3*3
genotypes formed the high sensitivity group (2.6% of the
patients) (G group) (Table 3).

The required average dose according to combined
genotypes and warfarin sensitivity was 35.5 mg/week for
the normal sensitivity group, 25.2 mg/week for moderate
sensitivity patients, and 15.6 mg/week for high sensitivity
genotypes. The median doses for the three groups displayed
statistically significant differences (P<0.001) (Table 4). We
found that 75% of patients had adverse reactions in the high
warfarin sensitivity groups, 65.9% in the moderate group,
and 35.6% in the normal group (P=0.002).

Proposing and validating a warfarin-
dosing algorithm

Multivariate stepwise linear regression analysis was used
for selecting the factors involved in the warfarin mainte-
nance dosage. The study revealed that only age, gender, and
VKORCI and CYP2C9 genotypes had a relevant influence
on warfarin dosage variability. The weight, height, BMI,
amiodarone treatment, and CYP4F?2 genotype did not reach a
statistical significance (P>0.05). The following dosing algo-
rithm for Colombian patients was thus proposed: square root
of weekly dose (mg) =9.672 — (0.02*age) — (0.404*gender)
—(0.794*VKORC1) — (0.607*CYP2(C9); age was defined in
years and gender was coded as 1 for men and 2 for women.
VKORC1 was coded as 1 for GG, 2 for GA, and 3 for AA,
while CYP2C9 was coded as 1 for *1/*1, 2 for *1/*2, *1/*3,
or *2/*2 and 3 for 2*/3*,

Multivariate linear regression estimated 44.4%
(R?>=0.444) inter-individual variability in regard to main-
tenance warfarin dosage. VKORC! explained 26% of the
model’s genetic factors and CYP2C9 4%. The algorithm was
validated on the V group (n=87), giving 45.9% correlation
(R*=0.459) between predicted dose (using the proposed
model) and that used in V-group patients (P<0.0001)
(Figure 1).

The correlation between warfarin predicted and observed
doses, in the G group, with the algorithms by Sconce et al,?
Perini et al,”® and IWPC?* indicated R? values of 36,6%,
40.1%, and 43.8%, respectively (Figure 2).
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Table 4 Effect of CYP2C9 and VKORCI on mean dose (mg/week), according to genotype and sensitivity group

Gene Genotype Mean dose (mg/week) P-value

VKORCI GG 39.33 (mg/week) 0.0001
AA 22.95 (mg/week)

CYP2C9 *1/1 33.14 (mg/week) 0.001
*21%2, ¥2/*3 20 (mg/week)

Sensitivity groups Mean dose (mg/week) P-value Adverse drug reactions P-value

Normal (n=104) 35.53 (mg/week) 0.001 35.6% (n=37) 0.002

Moderate (n=44) 25.21 (mg/week) 65.9% (n=29)

High (n=4) 15.6 (mg/week) 75% (n=3)

R? lineal=0.459

60.00

40.00 1

20.00 A

Therapeutic dose (mg/week)

0-00 T T T T T T
10.00 20.00 30.00 40.00 50.00 60.00

Predicted dose (mg/week)

Figure | Validation of the proposed warfarin dosing algorithm in the validation
group.

Discussion
Warfarin is a frequently used drug with a narrow therapeutic
index and considerable inter-individual variability regarding
the accurate dose required to ensure safe anticoagulation.
Complications arising from inadequate warfarin dose are
frequently reported to the FDA.%?¢ An initial dose is usually
prescribed empirically and then adjusted until stable INR is
attained; patients have an increased risk of bleeding or suf-
fering from thromboembolism during this lapse of time.!A
suitable INR value was reached in our patients using a
7.5-77.5 mg/weekly warfarin dose range, which evoked high
inter-individual variability (10.3 mg/week). Considerable
ranges of variability have been described in other populations
(1-20 mg/day), which has been shown to be strongly related
to inter-individual differences regarding genetic variants.'?’
It has been widely accepted that genotyping CYP2C9 and
VKORC1 variants must be the first pharmacogenetic step
for initial warfarin dosage prescription.?®* Regarding these

genes, we have identified a relationship between the weekly
warfarin maintenance dose and the VKORCI-1639G>A,
CYP2C9*2, and CYP2C9*3 variants. The VKORC1-1639
A allele has been associated with lower daily warfarin dose
requirement.'#3%33 The warfarin dose required by our patients
carrying VKORC1 GA or AA genotypes to reach a stable
INR was significantly lower than that for those having the
GG counterpart (P<0.0001). Most of our patients (68%)
had been initially overdosed with warfarin as they carried
at least one A-VKORC] allele. Our results are consistent
with the foregoing data of patients of different ethnic ori-
gins in which the mean warfarin dose (mg/week) in patients
with GG genotype is significantly higher compared with
that with an AA genotype (African-Americans: 45 vs 35;
Hispanic-Americans: 42.5 vs 16.1; Asian: 34.3 vs 21.7,
and Caucasians: 31.7 vs 15.6).23* Wang et al, conducted a
functional study of VKORC1-1639G>A polymorphism and
demonstrated that the -1639A allele was associated with
twofold lower mRNA levels in human liver than the -1639G
allele. The VKORC1-1639 G>A substitution creates a sup-
pressor E-box binding site which attracts repressive E-box
binding proteins.* Moreover, this variant has been related to
a quantitative change in VKORC1 expression.* This finding
is consistent with a reduced warfarin maintenance dose in
patients carrying the VKORC1-1639A allele.®

The VKORCI1-1639GA frequencies identified in our
study were significantly different to those reported for
African-American and Asian populations.’”* VKORCI-
AA genotype frequency is substantially higher in Asians
(55%) compared to that in our population (20.4%) which
has been partly associated with Asian patients’ reduced
warfarin dose requirement.* Conversely, this variant occurs
less frequently in individuals having African ancestry (2%),
partially accounting for this population’s higher warfarin dose
requirements.*** As in our data, VKORC1-1639A homozy-
gotes alleles in other populations (Caucasian and Hispanic)
represent about 18% of allele frequency.*

Pharmacogenomics and Personalized Medicine 2018:1 |
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A wn B

Observed dose (mg/week)
Observed dose (mg/week)
3

-

20.00

200 0.00
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Sconce's algorithm predicted dose (mg/week)

Figure 2 Predictive power of reported algorithms in the G group.

IWPC algorithm predicted dose (mg/week)

R lineal=0.438 R lineal=0.401

Observed dose (mg/week)

40 50 60 100 120 140 160 180 200 220

Perini's algorithm predicted dose (mg/week)

Notes: (A) Predicted dose by Sconce’s algorithm, (B) predicted dose by IWPC algorithm, and (C) predicted dose by Perini’s algorithm.

Abbreviation: IWPC, International Warfarin Pharmacogenetics Consortium.

Regarding CYP2CY, our results indicated that around 81%
of Colombian patients carried homozygous CYP2C9*1/*1
wild-type alleles, suggesting that they were normal metabo-
lizers. It has been stated that individuals inheriting one or
two CYP2C9%*2 or CYP2C9*3 copies require lower warfarin
doses to reach therapeutic anticoagulation levels compared
to CYP2C9 patients carrying the homozygous wild-type ver-
sion (*1/*1).! Similarly, our data showed that patients who
are poor metabolizers needed a significantly lower warfarin
dose to reach stable INR compared to patients carrying a
wild-type genotype (P<0.001).

Concerning our G group, 19% of patients carried one
or two copies of CYP2C9*2 or CYP2C9*3. It has been
established that individuals carrying these genotypes are at
a higher risk of bleeding during warfarin therapy compared
to those carrying the CYP2C9*] allele and require more time
to achieve a stable INR.* Such data highlighted the need for
careful initial dosing of our patients carrying one or more
CYP2(9 allele variants to reduce the total time needed for
them to achieve therapeutic anticoagulation.

Other populations (eg, Caucasian, Middle Eastern, South
Asian) have displayed CYP2C9 genetic profiles similar to
those from our patients. However, African, African-Amer-
ican, and East Asian patients have shown different genetic
profiles (0%—0.05% CYP2C9*2/*2, or *2/*3).! African and
Asian patients thus do not suffer the effect of these variants.
Additional variants are associated with African-Americans’
warfarin dose requirements (eg, CYP2C9*5, *6,*8, and *11
polymorphisms) which are rare in non-African ancestry
populations.® This scenario reinforces the importance of
systematic dose-guided genotyping in warfarin users.

CYP2C9 and VKORC1 combined genotypes were used to
assess warfarin sensitivity in the study group (G). We deter-
mined that moderate sensitivity patients and high sensitivity

patients required 1.4 times and 2.3 times fewer amounts of
warfarin than the recommended initial dose (35 mg/week),
respectively; 31.5% of our patients were likely to be sensitive
to warfarin treatment. Previous studies have reported that
combined CYP2C9 and VKORCI functioning was essential
for correct warfarin clearance which has led to determining
that warfarin dosage requirement should be adjusted depend-
ing on these genes’ specific polymorphisms.*

ADR frequency was almost twice as high in our inter-
mediate (75%) or high (65.9%) warfarin sensitivity groups
as in patients having a normal sensitivity (35.6%), thereby
highlighting the importance of genetic factors in this drug’s
safety profile.

It has been reported that patients who are treated depend-
ing on their specific warfarin sensitivity genotypes reach a
target stable INR earlier than patients where genetic infor-
mation is lacking.*’” Furthermore, patients who received
genotype-guided warfarin dosing experienced fewer episodes
of bleeding. These findings highlighted the importance of
incorporating genomic variant analysis related to adverse
effects occurring in patients who are warfarin sensitive.

Warfarin’s narrow therapeutic index and differential ethni-
cal responses to its administration have led to the description
of dose prediction algorithms incorporating genetic and
non-genetic factors.®

Our study is the first to validate an algorithm in
Colombian patients who are broadly considered a mestizo
population.*® We found that age, gender, and polymorphisms
in CYP2C9 and VKORCI influenced warfarin dose in this
sample of Colombian patients, accounting for 44.4% of
warfarin dose variability required to reach a 2—3 INR. In
our algorithm, the CYP2C9 genetic variant explained 4% of
warfarin maintenance dose variability. VKORCI explained
26% of such variability, while non-genetic variants accounted
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for 14.4%. Contrary to that reporter by others, concurrent
medication such as amiodarone was not significantly asso-
ciated to warfarin dose and therefore were excluded from
our algorithm.* It has been shown that by incorporating
other drugs (statins, amlodipine, and diuretics) as predictor
variables in algorithms, an improvement of about 5% can
be achieved.?**° Interestingly, other models have described
that non-genetic factors have an even higher contribution
(30%-40%) to warfarin dosing than the genetic factors.>—
This might explain, at least in part, the efficiency differences
on algorithms which analyze common genes in ethnically
similar populations. In our study, only two out of nine non-
genetic variables were included in the final algorithm (P<0.05
in the univariate analysis). Their contribution was similar to
that reported by Perini et al, in Brazilian patients (13%),% but
different from that reported by other studies (30%—41%).3"-%
We can infer that the inclusion of a greater number of non-
genetic variables may impact on predictive analyses of ideal
warfarin doses.

Regarding genetic variables, our results are in accordance
with the literature. CYP2C9 and VKORC1 genotypes contribute
to the inter-individual variability of warfarin dosing in Euro-
pean population (21%),? Latin American population (38%),%
and Asian population (22%).>2 The VKORC]I 159923231
frequency is a major determinant of the differences observed
across populations. In African population, the polymorphisms
in VKORC1 and CYP2C9 explain only 11% of the warfarin
dose variation.**® The incorporation of additional polymor-
phisms (eg, CALU, 1s339097, CYP2C9 *8, *5, *6, and *11)
could reclassify the predicted metabolic phenotypes of almost
15% of African-Americans.”” We estimate that in our mestizo
patients, CYP2C9*2, CYP2C9*3, and VKORCI-1631G>A
single nucleotide polymorphisms are the major genetic factors
responsible for inter-individual variation in warfarin dosing.

Our algorithm generated a similar R? value to that reported
by others, including the IWPC algorithm (27 to 51%).%580
Multivariate analysis in several populations has led to spe-
cific warfarin dosing algorithms being proposed which have
explained 27%—67% of dosing variability.!”19503155.61-65 For
instance, Limdi et al proposed that algorithms explained
40%—-60% of inter-individual warfarin dose variation,%
and when these algorithms were used with individuals hav-
ing Caucasian and Asian origins, they explained ~50% of
warfarin dose variability; however, when used with African-
Americans, they could only explain 30% of such differ-
ences.® Interestingly, expanded genetic algorithms used for
African-Americans populations, which incorporate CYP2C9
(*6 and *8), CYP4F2*3, and CALU (p.R4Q), improved the

R? value to 41%.%" In Latin America, several warfarin dosage
algorithms have been described, but they are restricted to
some countries/populations (eg, Brazil, Mexican American,
and Puerto Rico).2>3*43968 Qur R* value was similar to that
of two studies performed in Brazilian (40%) and Puerto
Rican patients (48%),**° but lower than those reported by
other studies (from 51% to 70%).2343061.68Some authors have
recognized that in ethnically admixed populations, lower R?
values are obtained in warfarin dosing algorithms respect to
homogeneous ancestry populations.® It should be noted that
one of the Latin American studies that has published the high-
est value of R? (63.3%) included southern Brazilian patients
of European ancestry.® Other studies in Mexican American,
Caribbean Latino, and Brazilian populations have developed
algorithms that explain 68%, 70%, 63% of the inter-individual
variability in warfarin dosing with the inclusion of CYP4F2*3,
F2, CYP2C9*5, CYP2C9*6, CYP2C9*8, CYP2C9*1, and
NQOI*2 genotypes plus VKORCI haplotype and several
concurrent medications.**>*% Taken together, those variables
add about 11% to the proposed models. This might have
been due to the contribution of additional polymorphisms
in genes associated with warfarin metabolism. For instance,
the NQOI*2 allele has displayed an increased minor allele
frequency in Latin American patients, compared to other
populations, and has been associated with increased warfarin
dose requirements.** The addition of CYP4F2*3 and NQO1*2
explained about 68% of warfarin dose variability in Latin
American populations compared with 58% in algorithms that
do not include these variants.® These results strongly argued
in favor of the clinical utility of incorporating population-
specific genetic variants to those of warfarin dosing prediction.
Although the CYP4F2*3 variant has been show to contribute
to warfarin dose variability, our study displayed a deviation
from HWE in the G group which led to exclude it from the
prediction algorithm. Despite the HWE deviation, this variant
has been reported in patients with acute coronary syndrome.
However, only 5% of our cohort exhibited this phenotype. We
suggest that an expanded population analysis with CYP4F2*3
would be necessary to verify our result.

Individuals having European ancestry have been widely
studied to date regarding warfarin pharmacogenetics. For
instance, the European Pharmacogenetics of Anticoagula-
tion Therapy (EU-PACT) trial studied 455 patients (227 with
genotype-guided dosing and 228 controls). Significant differ-
ences were found between groups regarding the average time
to reach the therapeutic dose and INR. In the genotype-guided
patients over-anticoagulation was significantly reduced.'” The
Clarification of Optimal Anticoagulation through Genetics
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(COAGQG) trial adopted similar approaches in diverse popula-
tions including African-American participants. By contrast
with the EU-PCT, this clinical trial revealed no improve-
ment regarding the time taken to achieve the therapeutic
dose using a pharmacogenetic algorithm. The COAG trial
concluded that additional molecular polymorphisms related
with warfarin dose in African-Americans should be included
in pharmacogenetic algorithms.” Despite inconsistencies in
the EU-PACT and COAG trial outcomes, the CPIC included
separate recommendations for ancestry-based genotype-
guided therapy.!

Validation of the warfarin dosing algorithm in a differ-
ent group of patients within the present study (V group)
displayed a similar correlation (R?>=45.9%) (P<0.0001) to
that identified for the G group. We thus consider that the
proposed model might be systematically used on Colom-
bian patients carrying a similar VKORCI and CYP2C9
genetic background to the population involved here. It is
worth noting that another study on Colombian individuals
reported a Hispanic ancestry-related genetic isolate (the
self-designated “Paisa” community) explaining 38.3%
of warfarin variability. As in our study, it concluded that
VKORC1-1639 G>A was the main genetic determinant for
such variability (11.2%).™

Compared with ours, the algorithm derived by Sconce
et al?® (European population) showed a lower correlation
(R*=36.6%) and our pharmacogenetics algorithm gave a better
“ideal dose” estimates (R?>=44.4% in G group and R>=45.9%
in'V group) in relation to the algorithms proposed by IWPC?*
(R?=43.8%) and Perini et al*® (R?>=40.1%) (Figure 2). Those
models that involved ethnically non-homogeneous popula-
tions (IWPC and Perini) produced similar accuracy to that
observed in our model. In accordance with Ramos et al,®!
the predictive power of models for ideal warfarin dose may
be dependent on the ethnic origin of the population, and as
postulated by Suarez-Kurtz et al,’ all pharmacogenomics is
highly sensitive to within-population diversity.

Bottom et al*® developed an algorithm with high predic-
tive power (63%) for the Brazilian population of European
ancestry, by evaluating patients with models obtained from
an admixed Brazilian cohort (eg, white, brown, and black
population);® an inferior performance, attributed to the dif-
ferences in the ancestry between patients, was observed.*® In
addition, Suarez-Kurtz*’ reported that the predictive power of
the Bottom’s algorithm was higher in Brazilian white patients
(R*=0.50) compared with that from brown and black individu-
als (R?=0.40). Taken together, our results permit to establish
that novel algorithms for warfarin treatment, specifically
designed for Colombian individuals, should predict dosing

more accurately than guidelines used for other populations.
However, we consider that for Latin American populations,
the inclusion of other genes such as CYP4F2*3, NOOI*2,
F2 rs5896 and non-genetic variables (dose-adjusted INR,
admixture index) can be crucial to obtain a model with better
predictive power, such as described by Duconge (70%),%®
Ramos (67%),%! Bress (68%),** and Botton (63%).%

Limitations

We consider that the main limitation of our study was the
small sample size. In addition, the evaluation of only two
CYP2(C9 single nucleotide polymorphisms and the exclu-
sion of the CYP4F2 gene might be related to inaccurate R?
calculations. Further studies on an expanded Colombian
population are therefore necessary.

Conclusion

Taken together, our results describe the first validated algo-
rithm for predicting warfarin maintenance in a Colombian
population and have contributed toward the understand-
ing of pharmacogenetics in a Latin American population
subgroup.
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