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Abstract: CYP2C9 gene encodes an enzyme involved in the metabolism of a wide variety of drugs which include
celecoxib. This study investigated the frequencies of the alleles and genotypes of CYP2C9*1, CYP2C9*2, and
CYP2C9*3 among Filipinos who underwent surgery, and to determine the association of CYP2C9 polymorphisms
with post-operative pain relief via COX-2 inhibitors. Response to celecoxib was determined using the numerical
rating scale (0-10) on the 24th and 48th hour of surgery. The CYP2C9 alleles were detected by real-time PCR. For
CYP2C9*1 and CYP2C9*3, the allele frequencies among Filipinos were 99% and 1% respectively, which is similar
with other East Asians. CYP2C9*2 alleles were not detected. The frequencies of CYP2C9*1/*1 and CYP2C9*1/*3
genotypes were 98% and 2% respectively. At 24 hours post-surgery, the average pain score was 2.57 + 1.03, while
on 48 hours post-surgery, the average pain score was 0.67 + 0.61 among those who have the wild-type CYP2C9*1
allele. The average pain score on the 24th and 48th hour post-operatively was observed to be 2.5 + 0.71 and 0.5 +
0.71 respectively among two patients classified as intermediate metabolizer carrying the CYP2C9*1/*3 genotype.
Low frequencies of CYP2C9 polymorphisms were observed in the present study, this pattern was similar with other
Asians except Indians, and considerably lower than Caucasians. Our results suggest that CYP2C9 genotyping is
not routinely needed for Filipinos but must be considered among mixed races. Consequently, a more personalized
therapeutic strategy was derived from these data, resulting in good clinical outcomes and less adverse drug effects.
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Introduction date, more than 60 allelic variants of the CYP-

2C9 gene have been described [4]. CYP2C9*1
The cytochrome P450 2C9 (CYP2C9) is one of is the wild-type allele and is associated with
the enzymes responsible for the metabolism normal enzyme activity and normal metabolism
of a wide range of drugs such as anticoagu- of drugs. The two most common variants are
lants, hypoglycemic agents, non-steroidal anti- CYP2C9*2 and CYP2C9*3. The CYP2C9*2

inflammatory drugs (NSAIDs) and selective
COX-2 inhibitors [1-4]. Polymorphisms in the
CYP2C9 gene have been associated with de-
creased enzyme activity and alteration of cele-
coxib pharmacokinetic parameters. Particular-
ly, individuals with low enzyme activity (e.g.
slow metabolizers) have a high propensity for

allele is the result of a 430C>T transition in
exon 3 leading to an Arg-to-Cys substitution at
amino acid position 144 of the CYP2C9 mole-
cule. On the other hand, CYP2C9%3 is the re-
sult of a 1075A>C transversion in exon 7 caus-
ing an lle-to-Leu substitution at amino acid

adverse drug reactions [5]. position 359. Studies have shown that both
alleles are associated with significantly redu-
CYP2C9 gene is located at chromosome 10g- ced enzyme activity [6-8]. In addition, carriers

23.33 which shows genetic polymorphisms. To of the CYP2C9*3 variant are at risk for compli-
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Table 1. Patient characteristics and type of
surgery performed

Characteristics Fre:l({;) ;my
Sex

Male 32 (32)

Female 67 (68)
Age Mean 44
Surgery performed

Thyroidectomy 56 (57)

Functional endoscopic sinus surgery 22
Tympanoplasty/mastoidectomy 9
Tonsillectomy 7
Excision biopsy 5

cations such as bleeding following use of war-
farin. The frequencies of these two variants
vary between different ethnic populations. For
CYP2C9*2, the allele frequency among Cau-
casians ranges from 10-20%, whereas CYP-
2C9*2 has not been detected among East
Asian populations such as Chinese, Japanese
and Koreans. For CYP2C9*3, the allele fre-
quency among East Asians varies from 1-6% [1,
9l.

Selective COX-2 inhibitor is a type of NSAID
that has been utilized in post-operative pain
management. Previous studies showed that
COX-2 has some advantage over traditional or
nonselective NSAID especially in certain group
of patients undergoing tonsillectomy, eye and
neurosurgical procedures, and other types of
surgeries which contraindicate the use of
traditional NSAID. Development of COX-2 and
other pain relievers with less post-operative
side effects made comeback investigations to
effectively alleviate pain and suffering of post-
operative patients and promote speedy recov-
ery from surgery [10-12]. However, COX-2 ad-
ministration despite its popularity, still requires
cautious monitoring to prevent peri-operative
adverse effects like traditional NSAID leading
to renal injury, stomach ulcers and bleeding
[13].

The distribution of CYP2C9 gene polymorph-
isms have been extensively studied in many
populations. However, data among Filipinos are
lacking. Here, we determined the allelic and
genotype frequencies of CYP2C9*1, CYP2C9*
2 and CYP2C9*3 among Filipinos and com-
pared with other ethnic populations. In addi-
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tion, we investigated the association of CYP-
2C9 polymorphisms with post-operative pain
relief via COX-2 inhibitors. The characterization
of CYP2C9 polymorphisms among various eth-
nicity could contribute to the optimization of a
wide range of drugs which include celecoxib.

Materials and methods
Study participants

A total of 99 unrelated patients were enrolled
in this prospective observational study cover-
ing the period of December 2017 to October
2019. There were 32 (32%) males and 67
(68%) females. The study included patients 21
to 60 years old, with American Society of Anes-
thesiologists (ASA) classification 1 and 2, who
underwent ENT procedures such as thyroidec-
tomy, functional endoscopic sinus surgery, tym-
panoplasty, mastoidectomy, tonsillectomy and
excision biopsy (Table 1). This population was
chosen because these patients were already
on full diet following surgery, thus they can be
given oral analgesics such as celecoxib. Pa-
tients were excluded if any of the following are
present: history of COX-2 inhibitor allergy; th-
ose who took COX2 inhibitors or any analgesics
in the pre-operative period; patients with his-
tory of gastrointestinal toxicity to NSAIDs; pa-
tients with creatinine of less than 30 ml/min-
ute; pregnant; and patients with ischemic heart
disease.

All patients enrolled for this study were Fili-
pinos, ethnically and primarily Malay, Malay-
Chinese, Malay-Polynesian, and those 4th gen-
eration Filipino American or Filipino-European
descent. All patients signed written informed
consent prior to their enrolment. This study
was approved by the Institutional Ethics Re-
view Committee of St. Luke’s Medical Center.

Genomic DNA extraction and CYP2C9 genotyp-
ing by real-time PCR

Approximately 4 mL of blood was drawn from
each patient in EDTA anti-coagulated tube.
Genomic DNA was isolated and purified using
QlAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany) according to manufacturer’s instruc-
tions. The DNA concentration and purity were
analyzed using Nanodrop 1000 spectropho-
tometer (NanoDrop Technologies, Wilmington,
DE, USA). Genotyping of CYP2C9*2 and CYP-
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Figure 1. Representative amplification plot for real-time PCR using the 5’ nuclease assay. Allelic discrimination plot
showing a cluster of samples categories as AA genotype, homozygous wild-type (blue); AC genotype, heterozygous

(green); and no template controls (black).

2C9*3 variants was carried out using ABI™
7500 Fast Real-Time PCR System (Applied
Biosystems, California, USA) based on 5’ nu-
clease assay (Figure 1). The two variants were
genotyped in separate SNP Assays: SNP ID
rs1799853 for CYP2C9*2 and SNP ID rs105-
7910 for CYP2C9#*3 but utilized the same run
method (hold at 95°C for 10 min followed by
50 cycles of 92°C for 15 min and 60°C for 1
min and 30 sec). Negative and no template
controls were included for every run to ensure
the quality of genotyping results. Allelic dis-
crimination analysis of CYP2C9*2 and CYP-
2C9*3 variations was performed using SDS
2.3 software (Applied Biosystems, California,
USA) (Figure 1).

Post-operative pain management

On the day of every patient’s surgery, stand-
ard ASA monitoring was performed including
non-invasive blood pressure monitoring, pulse
oximetry, capnography, and electrocardiogram.
The patients were given 40 mg intravenous
(IV) dose of parecoxib intraoperatively. Twelve
hours after the IV dose, post-operative care
was initiated by administration of first 200 mg
oral dose of celecoxib. Likewise, the same oral
dose was given within 24 to 48 hours post-
operative period. Follow up was done to check
the patient’s response to celecoxib and this
was accomplished using the numerical pain
score on the 24th and 48th hour post-oper-
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ative period. Tramadol was chosen as rescue
medication for standardization, it was adminis-
tered in 50 mg IV dose every 8 hours as need-
ed for pain score of greater than 4 (scale of
0 to 10) despite intake of celecoxib (Table 2).

Statistical analysis

Data were analyzed using the SPSS software
and GraphPad QuickCalcs for categorical data
(GraphPad Software, California, USA). Hardy-
Weinberg Equilibrium was analyzed by the chi-
square test. The genotype distribution and
allele frequencies were estimated using 95%
confidence interval for every observed propor-
tion. Fisher’s exact test was used to compare
allele frequencies of CYP2C9*2 and CYP2C9*
3 polymorphism obtained from this study to
other population. A P value of less than .05
was considered statistically significant.

Results

Allele and genotype frequencies of
CYP2C9*1/*2/*3 single nucleotide polymor-
phisms among Filipinos

The frequency of CYP2C9*1/*2/*3 alleles we-
re 99%, 0% and 1% respectively. Ninety-eight
percent (97/99) of the patients were genoty-
ped as CYP2C9*1/CYP2C9*1 and 2% (2/99)
as CYP2C9*1/CYP2C9*3 (Table 3). The obser-
ved genotype frequency distribution of CYP2-
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Table 2. Numerical rating scale for pain assessment

Classification of patients

) Class definition
according to drug response

Score Interpretation

0 No pain Responder
1-3 Mild pain Responder
4-6 Moderate pain Intermediate
7-10 Severe pain Non-responder

NRS of 0-3 after being given 1 dose of celecoxib
NRS of 0-3 after being given 1 dose of celecoxib
NRS of 4-6 after being given more than 1 dose of celecoxib

NRS of 7-10 or those who have been given celecoxib but still needed rescue medications

NRS = numerical rating scale.

Table 3. CYP2C9 genotype and allele frequency

Predicted phenotype and mean pain

Genotype distribution (n = 99 patients)

scores at 24 and 48-hours post-

Genotype Frequency; n (%) 95% ClI surgery
CYP2C9*1/CYP2C9*1 97 (98) 92-100 Based on the CYP2C9 genotypes,
CYP2C9*1/CYP2C9*2 0 0-4 patients predicted metabolizer phe-
CYP2C9*1/CYP2C9*3 2(2) 0-8 notypes were used to assess and
CYP2C9*2/CYP2C9*2 0 0-4 monitor the patient response to ce-
CYP2C9*2/CYP2C9*3 0 0-4 lecoxib. Homozygous wild-type was
Allele frequency (n = 198 alleles) predicted to be extepsive metaboliz-
Allele Frequency; n (%) 95% Cl er, heterozygous variants were clas-
CYP2C9*1 196 (99) 96-100 sified as intermediate metabolizer,
whil mpound heteroz n
CYP2C9*2 o 0-2 e compo d eterozygous and
homozygous variants were poor me-
CYP2C9*3 2(1) 0-4

Table 4. Frequency of CYP2C9*2 and CYP2C9*3 variants

tabolizer. In this study, the genotype-
derived poor metabolizer phenotype
was absent in the study population,
whereas 98% (97/99) of the patients

CYP2C9*2 genotype n=99 Prevalence (%)
CcC 99 100
CT 0 0]

T 0 0
Allele Number of alleles Frequency
C 198 100

T 0 0

CYP2C9*3 genotype
AA 97 98
AC 2 2
cC 0 0]

Allele Number of alleles  Frequency
A 196 99
C 2 1

95% Cl was predicted to be extensive metab-
95-100 olizer and 2% (2/99) to be intermedi-
0-4 ate metabolizers. At 24 hours post-
0-4 surgery, the average pain score was
95% Cl 2.57 + 1.03, while on 48 hours post-
98-100 surgery, the average pain score was
0-2 0.67 = 0.61 among those who have
the wild-type CYP2C9~*1 allele. The
99.98 average pain score on the 24th and
48th hour post-operatively was ob-
08 served to be 2.5 + 0.7 and 0.5 +
0-4 0.71 respectively among two pati-
95% Cl ents classified as intermediate me-
96-100 tabolizer carrying the CYP2C9*1/*3
0-4 genotype (Table 5).

C9#*3 did not show a deviation from the Hardy-
Weinberg equilibrium.

None of the patients were found to be hete-
rozygous (CT) or homozygous (TT) for CYP2C9*
2 alleles. On the other hand, CYP2C9*3 geno-
typing showed prevalence of 98% (97/99) for
the wild-type (AA) and 2% for the heterozygous
(AC). No homozygous variant (CC) was identified
in this study (Table 4).
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Allele frequencies of CYP2D6*2/*3
reported from various ethnic populations

Table 6 shows the CYP2C9*2 and CYP2C9*
3 allele frequencies among various popula-
tions. No significant differences were found
between Filipinos and other Asians, except for
North Indian population. The allele frequencies
of CYP2C9*2 and CYP2C9*3 were significant-
ly different (P = <.001) between Filipinos and
Caucasian populations.
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Table 5. Predicted phenotype and mean pain scores at 24 and 48-hours post-surgery

Genotype Predicted phenotype n =99 Pain score (24 hours) Pain score (48 hours)

Homozygous wild-type Extensive metabolizer 97 2.57 +1.03 0.67 £0.61
CYP2C9*1/CYP2C9*1

Heterozygous Intermediate metabolizer - -
CYP2C9*1/CYP2C9*2 2 25+0.71 0.5+0.71
CYP2C9*1/CYP2C9*3

Compound heterozygous Poor metabolizer - -
CYP2C9*2/CYP2C9*3

Homozygous variant Poor metabolizer - -
CYP2C9*2/CYP2C9*2
CYP2C9*3/CYP2C9*3

Table 6. Comparison of CYP2C9*2 and CYP2C9*3 allele frequencies from various ethnic populations

Population n Number of alleles CYP2C($’93*V2a|fL:Z()J|uency CYP2C(£2’*V5;I1:2()J|uency Reference
Asian
Filipino 99 198 0 1.0 Present study
Indian 89 178 4.5 (.0023) 10.1 (<.001) [9]
Malay 183 366 1.0 (NS) 3.0 (NS) [18]
Japanese 140 280 0 (NS) 1.8 (NS) [20]
Korean 574 1148 0 (NS) 1.1 (NS) [21]
Chinese 394 788 0.1 (NS) 3.6 (NS) [22]
African
Ethiopian 150 300 4.3 (.0023) 2.3 (NS) [19]
Caucasian
Romanian 332 664 11.3 (<.001) 9.3 (<.001) [8]
Italian 157 314 11.0 (<.001) 9.0 (<.001) [19]
French 151 302 15.0 (<.001) 8.0 (<.001) [22]
British 100 200 12.5 (<.001) 8.5 (<.001) [25]
American 100 200 8.0 (<.001) 6.0 (.01) [26]
Swedish 430 860 10.7 (<.001) 7.4 (<.001) [27]

P value was calculated using Fisher’s exact test; NS = not significant.

Discussion

The frequency of CYP2C9*1, CYP2C9*2 and
CYP2C9*3 have been reported in various eth-
nic populations worldwide [14-17]. The fre-
quency of the wild-type allele CYP2C9*1 and
the common CYP2C9*3 variant among Han
Chinese were 94.48% and 2.94% respectively
[5]. The frequency of the wild-type allele am-
ong Koreans was reported to be 0.934 [1]. In
another study, the frequency of CYP2C9+*3
among Malays was 3% [18]. In contrast, the
allele frequencies of CYP2C9*1 (80%), CYP-
2C9*2 (11%) and CYP2C9*3 (9%) among Ita-
lians were similar with other Caucasian popu-
lations [19]. The results of the present stu-
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dy showed a frequency of 99% for CYP2C9*
1 and 1% for CYP2C9*3 among Filipinos. Our
findings are comparable to the frequencies of
wild-type CYP2C9*1 and CYP2C9*3 variant
allele among other East Asian populations. In
this study, no CYP2C9*2 variant was detect-
ed. This finding agreed with previous studies
among East Asian countries like Japan, China,
Korea, and Malaysia; suggestive that CYP-
2C9~*2 is rare or almost absent in this region
[20-22]. Meanwhile, 2% of the patients were
predicted as intermediate metabolizers for ac-
quiring heterozygous CYP2C9*3; this variant
has been reported to have reduced enzymatic
activity. To the best of our knowledge, this is
the first report of CYP2C9 allele frequency
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among Filipinos, which was also primarily used
to assess the predicted metabolizer pheno-
typesofpost-operativepatientstakingCOX-2inhi-
bitors.

Patients with CYP2C9*1,/CYP2C9*3 genotype
have responded well to celecoxib with the
24-hour mean pain score of 2.5 + 0.71 and
48-hour mean pain score of 0.5 + 0.71, even
lower than those with homozygous CYP2C9*
1. However, considerations in the treatment
strategies should be made since they were
predicted as intermediate metabolizers com-
pared to those participants which can rapidly
eliminate the drug after delivery of therapeutic
effect. Fortunately, celecoxib and other COX-2
inhibitors have a broad therapeutic window
which may be favorable for these patients
against unwanted adverse drug reactions. In
2016, Kim and colleagues reported that the
plasma concentration of celecoxib and its final
metabolite, celecoxib carboxylic acid was de-
termined to correlate the effects of CYP2C9
polymorphisms in drug clearance. This provid-
ed further information on how each phenotypic
group differs in clearing celecoxib once it has
delivered its therapeutic pain relief [23]. How-
ever, this study cannot confirm previous find-
ings that the plasma concentration of celeco-
xib is correlated to the effects of CYP2C9 poly-
morphisms. This serves as a limitation of this
study.

The CYP2C9 polymorphisms are relevant in
terms of predicting the efficacy and adverse
effects of NSAIDS, hypoglycemic agents and
anticoagulants belonging to the class of vita-
min K epoxide reductase inhibitors. Among the
patients enrolled, there was no reported side
effect encountered secondary to COX-2 inhibi-
tor throughout the study period.

A similar study evaluated the relationship bet-
ween polymorphisms in CYP2C9 and the phar-
macokinetics of celecoxib. The study demon-
strated that individuals carrying CYP2C9*1/
CYP2C9*3 and CYP2C9*3/CYP2C9*3 had
lower clearance than those with the wild-type
allele CYP2C9*1/CYP2C9*1. In addition, the
half-life was noted to be 2.7-fold higher in
patients with CYP2C9*3/CYP2C9*3 than in
those with the wild-type but not in those with
CYP2C9*1/CYP2C9*3 [24]. The findings of
this study suggest that those who carry the
CYP2C9*3/CYP2C9#*3 have poor metabolism
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of celecoxib thus, the dose of celecoxib be
decreased in CYP2C9*3 carriers.

Moreover, clinical case reports have associat-
ed genotypes expressing the CYP2C9*2 and
CYP2C9*3 alleles with significant reductions
in both metabolism and daily dose require-
ments of selected CYP2C9 substrates. Indivi-
duals expressing these variant genotypes ap-
pear to be significantly more susceptible to
adverse effects with the narrow therapeutic
index agent warfarin and phenytoin, particular-
ly during the initiation of therapy [6].

Genotyping of CYP2C9 is expected to have a
role in predicting drug clearance and imple-
menting individualized pharmacotherapy. Pro-
spective clinical studies with large samples
are needed to establish gene-dose and gene-
effect relationships for CYP2C9 [28, 29]. Thus,
future pharmacogenetic studies may be done
to investigate other variants that may signifi-
cantly influence celecoxib dosing among Fili-
pinos.

The outcome of this study suggests that rou-
tine CYP2C9 genotyping need not be perform-
ed among Filipinos but must be considered
among mixed race patients most especially
those with Caucasian lineage. This is to en-
sure that every patient will be treated with per-
sonalized care and prevent the occurrence of
unnecessary adverse drug reactions.
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