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Abstract

Background: Warfarin is the most widely used oral anticoagulant; nevertheless, dosing of warfarin is problematic for
clinicians worldwide. Inter-individual variability in response to warfarin is attributed to genetic as well as non-genetic
factors. Pharmacogenomics studies have identified variants in CYP2C9 and VKORC1 genes as significant predictors of
warfarin dose, however, phenotypes of rare variants are not well characterized.

Case presentation: We report a case of hyper-responsiveness to warfarin in a 22-year-old outpatient with Crohn’s
disease who presented with a swollen, red, and painful left calf. Deep venous thrombosis (DVT) in the left lower
extremity was confirmed via ultrasonography, and hence, anticoagulation therapy of heparin and concomitant war-
farin was initiated. Warfarin dose of 7.5 mg/day was estimated by the physician based on clinical factors. Higher than
the expected international normalized ratio (INR) value of 4.5 necessitated the reduction of the warfarin dose to 5 and
eventually to 2.5 mg/day to reach a therapeutic INR value of 2.6. Pharmacogenetic profiling of the VKORC1 -1639G > A
and CYP2C9 *2, ¥3, %4, *5, %8, *14, *20, *24, ¥26, *33, *40, 41, *42, *43, ¥45,*46, *55, *62, *63, *66, *68, *72,*73 and *78
revealed a VKORC1-1639GA/CYP2C9*1*46 genotype. The lower catalytic activity of the CYP2C9*46 (A149T) variant
was previously reported in in vitro settings.

Conclusions: This is the first report on a case of warfarin hyper-responsive phenotype of a patient with the heterozy-
gous CYP2C9*1*46 polymorphism.
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Background

Since its emergence, personalized medicine (PM) has
placed itself as an advanced practice of medicine that
uses individuals’ non-genetic and genetic profiles to
guide and support the decision-making processes regard-
ing prevention, diagnosis, and treatment of disease.
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Pharmacogenetics and pharmacogenomics (PGx) have
been widely recognized as pillars of PM [1].

Warfarin is a classic example of the clinical utility of
PGx- guided personalized medicine [2]. On one hand,
warfarin is the most commonly prescribed oral anticoag-
ulant in the world, with indications spanning a wide array
of thromboembolic disorders, including prevention and
treatment of DVT and pulmonary embolism, in addi-
tion to atrial fibrillation and prosthetic heart valves [3].
On the other hand, potential warfarin-drug interactions
with a multitude of drugs and foods along with warfarin’s
narrow therapeutic index raise serious safety concerns,
with bleeding being the most serious and most frequent
adverse effect of warfarin [3]. Moreover, inter-individual
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variations in dose requirements that ensure the stability
of anticoagulation and minimal bleeding risk make war-
farin dosing a challenging task [4].

A value within the INR’s range of [2.0-3.0] is a prac-
tical indicator of the safety and effectiveness of warfarin
[5]. Environmental factors influencing warfarin’s benefit-
harm profile encompass age, gender, body weight, con-
current medications, diet (i.e., intake of vitamin K), and
patient’s compliance [6]. Comorbidities, such as Crohn’s
disease (CD), may also affect warfarin pharmacokinetics
[7]. Although indispensable for warfarin dosing, these
factors are rarely sufficient for health caregivers to deter-
mine the optimal warfarin dose and may constitute the
tip of the iceberg [2, 6]. Responsiveness to warfarin is
also influenced by the genetic makeup of each individ-
ual patient. Single Nucleotide Polymorphisms (SNPs) in
the genes encoding vitamin K epoxide reductase com-
plex 1 (VKORC1), the enzyme targeted by warfarin,
and CYP2C9, the major warfarin metabolizing enzyme,
have been recognized as the major genetic determinants
of warfarin dosing [8].

The clinically relevant SNPs in VKORC1 or CYP2C9
are those that can enhance or decrease the anticoagula-
tion effect of warfarin, and consequently, increases the
risk of hemorrhage or the likelihood of recurrent throm-
bosis, respectively [9].

Warfarin exhibits its anticoagulation activity via inhib-
iting VKORCI, thus preventing the activation of the
clotting factors II, VII, IX, and X [10]. Of the well-char-
acterized SNPs, the -1639G>A (rs9923231) located in
the promoter region of the VKORCI gene is of utmost
importance due to its impact on the gene expression and
dosage requirement [11].

The CYP2C9 gene is highly polymorphic, with the
most prevalent and clinically relevant variants being
the CYP2C9*2 (NM_000771.3:c.430C>T, p.Argl44Cys,
rs1799853) and CYP2C9*3 (NM_000771.3:c.1075A >C,
p-lle359Leu, rs1057910) [12, 13]. Both CYP2C9*2 and
CYP2C9*3 decrease the enzyme activity compared to the
common allele*1 by 30% and 90%, respectively [14].

Although 85 other allelic variants have been reported
in the CYP2C9 gene according to the latest updates of
pharm VAR, the scarcity of most of these variant alleles
in the world’s multi-ethnic populations has hindered
their assignment clinical phenotypes and confined their
functional impact assessment to mostly in vitro mod-
els [15]. Exceptionally, the relatively high frequencies of
the *5, *6, *8, and *11 in African descendants have made
the in vivo assessment of these alleles feasible [16, 17].
Still, over 50% of the missense variants in pharm VAR
have unknown significance and little clinical attention
has been paid to these infrequent CYP2C9 alleles [15].
Of these less well functionally characterized alleles, the
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CYP2C9*46 (rs754487195), confined to the Han Chi-
nese population, has been only in vitro assessed and the
resulting evidence supported a phenotype with impaired
enzymatic activity in metabolizing substrate (i.e., pheny-
toin) [18].

This study is the first to report a clinical case of a young
patient with Crohn’s disease and ultrasonography con-
firmed DVT who exhibited a warfarin hyper-responsive
phenotype and the heterozygous CYP2C9*1*46 genotype.

The case presentation

A 22-year-old Syrian male presented with a red, swollen,
and painful left leg. His medical history included Crohn’s
disease, for which he received sulfasalazine (2000 mg/
daily) and azathioprine (100 mg/daily). The patient had
no comorbidities nor was he on any other medications.

Based on clinical examination and angiographic
ultrasound, the patient was diagnosed with deep vein
thrombosis in his left lower extremity, for which he was
hospitalized, and a loading dose of unfractionated hepa-
rin (75 units/kg) was initiated. In accordance with his
weight (80 kg, BMI=26.1 kg/m?), the total loading dose
of 6000 units of heparin was given as a bolus, followed
by a continuous intravenous infusion of 18 units/kg/
hour. Owing to his young age, being overweight and the
enhancing effect of azathioprine on warfarin metabo-
lism, the hospitalist decided to concomitantly commence
warfarin at 7.5 mg daily, and INR testing was performed
every other day. On the fifth day, the value of INR dra-
matically increased to 4.5, which obliged a reduction of
warfarin dose to 5 mg daily and a halt in heparin infu-
sion. The patient was discharged on the sixth day after
admission. The next INR values were 3.2 and 2.9 on the
eighth and tenth days. Then, it reached a value of 3.9 after
one week of discharge. Therefore, the warfarin dose was
decreased to 2.5 mg per day (30% of the initiation dose),
which led to reaching and maintaining a therapeutic INR
value of 2.6, as shown in Fig. (1).

Since PGx testing has not been adapted to guide war-
farin dosing in the Syrian health system, we sought to
perform PGx testing for warfarin’s relevant genes (i.e.,
CYP2C9 and VKORC1). After patient consenting, three
milliliters of peripheral blood were withdrawn to an Eth-
ylenediaminetetraacetic acid (EDTA) tube for genotyp-
ing. Then Genomic DNA was extracted using Genomic
DNA Purification with Nucleospin® Blood Quick Pure, in
accordance with the manufacturer’s protocol. The DNA
sample was amplified by Polymerase Chain Reaction
(PCR) in a final volume of 50 pL. Three reactions were
needed to identify the patient’s VKORC1 -1639G > A and
CYP2C9 *2, *3, *4, *5, *8, *14, *20, *24, *26, *33, *40, *41,
*42, *43, *45, *46, *55, *62, *63, *66 *68, *72, *73 and *78.
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Fig. 1 Timeline showing the case patient’s warfarin dose adjustments according to INR values until reaching a stable dose. “INR: International

Normalized Ratio, IV: intravenous

PCR conditions and primers used are summarized in
table (1). The PCR products were sequenced in Macrogen
labs (Seoul, Korea) and sequencing chromatograms were
read using Geneious software and are shown in Fig. (2).

Discussion and conclusions

Approximately 50% of the inter-individual variations in
warfarin doses could be attributed to genetic polymor-
phisms of the CYP2C9 and VKORCI1 genes, together
with the patient’s clinical and demographic factors [19].
Here we report a case of warfarin hyper-responsiveness,
manifested by above the therapeutic range INR (ie,
a supratherapeutic INR) in response to standard warfarin
doses in a young man in his twenties with a history of CD
managed by sulfasalazine and azathioprine.

Patients with inflammatory bowel disease (IBD),
including CD, are at two to three times higher risk for
developing thrombosis. Noticeably, morbidity and mor-
tality linked to thromboembolism are significantly higher
in young IBD patients and those who are hospitalized
due to a flare [20]. Moreover, patients with Crohn’s dis-
ease may also have reduced small intestine absorption
of drugs, including warfarin, as a result of losing the

effective surface area secondary to chronic inflammation,
ulcerative lesions, or resection [7, 20].

On the other hand, azathioprine, indicated in a variety
of autoimmune disorders such as CD, was reported to
induce warfarin resistance and therefore a dose-depend-
ent increase of at least 2.5-fold in warfarin dose require-
ment with the initiation of azathioprine at 75-200 mg
daily [21]. Taken together, CD per se and concomitant
azathioprine are expected to increase warfarin dose
requirements in our case patient. Intriguingly, our patient
attained high INR at a standard dose of warfarin, which
could have predisposed him to serious bleeding. Due to
the failure of non-genetic factors guided warfarin dose
prediction, it was rational to investigate the underlying
genetic factors that may elucidate this patient’s hyper-
responsiveness to a standard dose of warfarin.

Based on the FDA’s label and dosing algorithms tailored
to individual genetic factors, the VKORC1 -1639G>A
polymorphism (the AA genotype) demands lower dose
requirements of warfarin [22]. Moreover, patients with
CYP2C9 *1/*3, *2/*2, *2/*3, and *3/*3 genotypes are asso-
ciated with lower warfarin dose requirements accom-
panied by a greater tendency to experience bleeding

Table 1 PCR Conditions & Primers Sequence for VKORC1 and CYP2C9 Genotyping

polymorphism or allele Primers sequence Product Annealing Cycles
size (bp) TM(C°)

-1639G>A F: 5-GCCAGCAGGAGAGGGAAATA-3'R: 5-AGTTTGGACTACAGGTGCCT-3' 290 60 35

*2,%8,%14,%20,%26, *33, ¥40, *41, %42,  F: 5-TACAAATACAATGAAAATATCATG-3'R: 5-CTAACAACCAGGACTCATAATG-3" 690 46 40

¥43,%45,%46,%62,%63,%72,%73,%78
*3,%4, %5, %24, *55, 66,68

F: 5"-TGCACGAGGTCCAGAGATAC-3'R: 5-ACAAACTTACCTTGGGAATGAGA-3' 105 53 35
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complications with standard warfarin dosing [22].
However, genotyping analysis of our patient proved the
absence of the most clinically relevant CYP2C9 reduced
function alleles (namely the *2,*3, *4, *5, *8, and *14) and
heterozygosity of VKORC1 -1639G > A.

Accordingly, the calculated daily warfarin dose for
our patient was estimated to be 6.6 mg/day based on
the Gage algorithm that takes into account the patient’s
environmental factors and his genotype [23, 24]. Almost
identically, a daily dose of 6.7 mg was conceived based on
the International Warfarin Pharmacogenetics Consor-
tium (IWPC) algorithm advocated by the Clinical Phar-
macogenetics Implementation Consortium (CPIC) [24,
25]. However, such algorithm-guided dose was found to
be three times higher than the real-world dose (2.5 mg/
day) needed to reach and maintain INR values within the
target range.

Puzzled by the failure of the different algorithm-guided
warfarin dose estimations, we sought to take advantage
of the lengths of the PCR products and their inclusive-
ness of other alleles with unknown impact or with proven
in vitro reduced activity but not established clinical
phenotype.

We explored the presence of unknown impact alleles
(i.e., *20, *41, *47 *62, *63, *66, *68) and those with proven
in vitro reduced activity (i.e., *24, *26, *33, *42, *43, *45,
*46, and *55) [26]. Of these investigated allelic variants,
one copy of the CYP2C9*46 (3623G > A, Alal49Thr) was
detected, which makes our patient heterozygous for this
allele.

Our search for the predicted phenotype of the
CYP2C9%46 allele revealed paucity of relevant data. A

single study by Dai and colleagues adapted an in vitro set-
ting approach to investigate the impact of the CYP2C9*46
allele, among others, on the functionality of the encoded
enzyme [18]. Based on the differential clearance rate of
diclofenac as a substrate, Dai’s findings proved a relatively
reduced enzymatic activity of the CYP2C9*46 allele in
comparison with the wild type as well as the well-estab-
lished reduced function CYP2C9*3 allele [18]. Neverthe-
less, no in vivo investigation nor clinical evidence has
supported this in vitro finding, partially due to the rarity
of this allele and/or its detection in individuals not on any
of the CYP2C9 substrate drugs. Building on the findings
of these in vitro comparisons, we speculate a reduced
enzymatic activity of the CYP2C9#46 allele by more than
90%.

The calculated daily dose for a carrier of the
CYP2C9%1*3 and VKORCI1 -1639GA genotype is sug-
gested to be 4.5 mg based on the Gage algorithm [24].
Hence, warfarin dose requirement is expected to be lower
than 4.5 mg daily for patient(s) with the CYP2C9*1*46
and VKORC1 GA genotype.

This is the first report of a patient on warfarin with the
CYP2C9*1*46 genotype. The CYP2C9*46 allele has not
been previously reported in populations other than Han
Chinese [27]. The genetic makeup of the Middle East
populations, including Syrians, is thought to be similar
to that of the Caucasians’ rather than East Asians’ [28].
However, this case of a Syrian carrier of the CYP2C9*46
allele sheds the light on the diversity of the Middle
Eastern populations due to human migrations, wars,
and trade, which resulted in a remarkable ethnic, cul-
tural, and genetic diversity. The currently implemented
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dosing algorithms (i.e., Gage, IWPC, and CPIC) take
into consideration only the well-characterized and rela-
tively frequent allele variants that result in altered activ-
ity or inactive proteins. Nevertheless, our data suggest
that more attention should be paid to subjects carry-
ing the corresponding infrequent unknown function or
in vitro predicted reduced enzymatic function variants
CYP2C9 alleles when prescribing warfarin. Incorporating
this and other less well-characterized alleles, and prob-
ably genes, in warfarin dosing algorithms may contribute
to the enhancement of their performance in the predic-
tion of warfarin optimal dose.
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