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Genetic predisposition to acute gastrointestinal bleeding after
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Impaired drug metabolism is a major cause of adverse drug reactions, and it is often caused by
mutations at genes coding for drug-metabolising enzymes. Two amino-acid polymorphisms of
cytochrome P4502C9 (CYP2C9), an enzyme involved in the metabolism of several nonsteroidal anti-
inflammatory drugs (NSAIDs), were studied in 94 individuals with acute bleeding after NSAIDs use
and 124 individuals receiving NSAIDs with no adverse effects. The frequency of CYP2C9 variant
alleles was increased in overall bleeding patients, with a significant trend to higher risk with increasing
number of variant alleles (P =0.02). The odds ratio for bleeding patients receiving CYP2C9 substrates
(n=33) was 2.5 for heterozygous and 3.7 for homozygous carriers of mutations (P <0.015), suggesting
that the inherited impairment of CYP2C9 activity increases the risk for severe adverse drug reactions

after NSAIDs use.
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Introduction Severe adverse effects secondary to the use of
nonsteroidal anti-inflammatory drugs (NSAIDs) occur in a
small percentage of subjects. Such effects are of high
importance because of their clinical consequences and because
millions of people are daily treated with NSAIDs. Acute
gastrointestinal bleeding is an unwanted side effect common to
all chemical types of NSAIDs, and occurs either with oral or
parenteral administration of the drugs, thus indicating that a
local irritation mechanism is not enough to explain gastro-
intestinal bleeding after NSAIDs use.

Interindividual variability in drug metabolism is a major
cause of adverse drug effects. In many cases, such variability is
linked to polymorphisms in genes coding for drug-metabolis-
ing enzymes. Individuals carrying enzyme-inactivating muta-
tions display impaired drug metabolism. Higher plasma drug
concentrations and lower clearance rates occur in carriers of
inactivating mutations when treated at standard doses.

The enzyme CYP2C9 is responsible for the metabolism of
several NSAIDs (Goldstein & de Morais, 1994). The gene
coding for the CYP2C9 enzyme is polymorphic, and several
allelic variants of the gene have been described (Xie et al.,
2002). Two of these variant alleles occur with a high
population frequency and are related with impaired drug
metabolism in white subjects. These variant alleles designated
as CYP2C9*2 and CYP2C9*3 consist of single-nucleotide
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substitutions that cause the amino-acid changes R144C and
1359L, respectively. Both variant alleles lead to decreased
enzyme activity on CYP2C9 substrates, as compared with the
wild-type allele, designated as CYP2C9*] (Haining et al.,
1996; Crespi & Miller, 1997). Major clinical implications of
CYP2C9 genotype have been shown with warfarin; individuals
carrying variant alleles require low doses and are at increased
risk for major bleeding complications during therapy (Aithal
et al., 1999). Since most NSAIDs are metabolised by the
CYP2C9 enzyme, it can be hypothesised that individuals
carrying variant alleles, and therefore with low enzyme activity
in vivo, should be at a higher risk of developing adverse drug
reactions with NSAIDs use. This study was carried out to
investigate such a hypothesis.

Methods The study group consisted of 94 patients suffering
from acute gastrointestinal bleeding after NSAIDs use and 124
individuals who consumed NSAIDs, at similar doses as
patients and that reported no adverse effects (Table 1). All
consecutive patients who matched the inclusion criteria (i.e.
evidence for upper gastrointestinal bleeding with immediate
antecedents of NSAID therapy and the absence of other
factors that may have caused gastrointestinal bleeding) were
required to participate in the study and all of them agreed. To
avoid confounding factors, patients taking NSAIDs because of
gastric pain, as well as patients under concomitant therapy
with drugs that are substrates or inhibitors of CYP2C9 were
not included. Endoscopy was carried out in 93 bleeding
patients, and the infection by Helicobacter pylori was
investigated in 62. Control individuals were consecutively
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selected from patients with diverse pathologies who required
NSAIDs therapy, and who attended the participating hospi-
tals. Over 95% of control individuals requested agreed to
participate. Informed consent was a prerequisite for inclusion.
Indication for NSAID therapy was both, for bleeding patients
and controls, as follows: individuals under long-term therapy

Table 1 Descriptive data of bleeding patients and
control subjects involved in the study
Variable Bleeding patients Control patients
(n=94) (n=124)

Age (years)

Mean (s.d.) 62.2 (19.9) 68.3 (12.7)
Gender

Men 53 58

Women 41 66
Duration of NSAID
therapy (days)

1 13 0

2-3 15 0

4-7 31 0

Over 7 35 124

Mean (days; s.d.) 249 (713) 1084 (1536)

Types of NSAID Number, daily dose Number, daily dose

(min-max, mg) (min-max, mg)

Aceclofenac 2 (100-200) 4 (100-200)
Celecoxib 3 (200-600) 4 (200-400)
Diclofenac 8 (50-300) 13 (50-250)
Ibuprofen 9 (600-1800) 10 (600-1800)
Indomethazine 1 (150) 3 (75-150)
Lornoxicam 1 (16) 3 (8-16)
Piroxicam 7 (20-200) 8 (20-120)
Naproxen 2 (500-1000) 5 (500-1000)
Salicylates 51 (100-2000) 59 (100-2000)
Paracetamol 2 (500) 4 (500-1000)
Metamizole 1(575) 1 (575)
Ketorolac 4 (10-70) 6 (10-60)
Dexketoprofen 3 (25-75) 4 (25-75)

received NSAIDs due to arthrosis, rheumatoid arthritis or as
anti-aggregation therapy. Individuals with short-term therapy
received NSAIDs because of acute osteoarticular pain. Data
concerning concomitant drug use, including proton-pump
inhibitors and other drugs used to prevent gastric ulcerations,
were collected for bleeding patients and control individuals.
The study was approved by the ethics committees of the
participating hospitals.

Blood samples were immediately frozen after collection and
kept at —80°C until analysis. Genomic DNA was prepared
from peripheral leucocytes, and dissolved in sterile 10 mM
Tris—HCI, pH 8.0, 1 mM ethylenediaminetetraacetic acid at a
final concentration of 400-600 ug/ml™'. The samples were
stored at 4 °C in sterile plastic vials. The presence of CYP2C9
variant alleles was investigated by the use of polymerase chain
reaction (PCR) and restriction mapping as described elsewhere
(Sullivan-Klose et al., 1996). The intergroup comparison
values were calculated by using the y*test, unless the
conditions for the application of this test were not valid. In
such cases, Fisher’s exact test was used to calculate the P value.
Intergroup comparisons were considered as statistically
significant when P values were below 0.05. The 95%
confidence intervals (CI) were calculated by using the SPSS
(10.0) statistical package.

Results The CYP2C9 genotypes and allele frequency of
bleeding patients and controls are shown in Tables 2 and 3.
The frequency for CYP2C9 variant alleles was increased in
patients with acute bleeding, with an odds ratio (OR) value of
1.64 (95% CI 1.05-2.58; P=0.023). Assuming that the risk is
linked to the possession of variant alleles, the OR for
individuals carrying variant alleles is 1.76 (0.99-3.13;
P=0.042) and the >-value for linear test for trend is 5.35
(P=0.020), with an OR of 1.61 for heterozygous and 3.10 for
homozygous carriers of mutations.

Nine bleeding patients and 34 control individuals concomi-
tantly received proton-pump inhibitors and/or other drugs to
prevent gastric ulcerations. When these individuals are not

Table 2 CYP2CY9 genotyping results in patients with acute gastrointestinal bleeding secondary to NSAID and in control
individuals who reported no adverse effects during NSAID therapy

Genotype Bleeding patients num, (%) Control patients num, (%) Crude OR 95% CI P
CYP2C9*1/*1 43 (45.7) 74 (59.7) 0.57 0.32-1.02 0.041
CYP2C9*1/*2 30 (31.9) 29 (23.4) 1.54 0.81-2.93 0.161
CYP2C9*1/*3 12 (12.7) 16 (12.9) 0.99 0.41-2.35 0.976
CYP2C9*2/*2 6 (6.4) 2 (1.6) 4.16 0.74-30.6 0.078*
CYP2C9*2/*3 2 (2.1) 1 (0.8) 2.67 0.19-75.7 0.579*
CYP2C9*3/*3 1 (L.1) 2 (1.6) 0.66 0.02-9.39 0.731%
Total 94 (100) 124 (100) - - -

“Fisher’s test was used for these comparisons.

Table 3 Frequencies for CYP2C9 variant alleles in patients with acute gastrointestinal bleeding secondary to NSAID
and in control individuals who reported no adverse effects during NSAID therapy

Variant allele Bleeding patients num, (%)

CYP2C9*1 128 (68.1)
CYP2C9*2 44 (23.4)
CYP2C9*3 16 (8.5)

Total 188 (100)

Control patients num, (%) Crude OR 95% CI P
193 (77.8) 0.61 0.39-0.95 0.022
34 (13.7) 1.92 1.14-3.25 0.009
21 (8.5) 1.01 0.48-2.08 0.987

248 (100) - - -
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included in the comparison, the OR for variant CYP2C9
alleles is 1.69 (95% CI 0.94-3.06), almost identical to that
obtained when concomitant drug use was not taken into
consideration (data not shown).

Confounders such as infection by H. pylori, gender and type
of gastrointestinal lesion (i.e. peptic ulceration or acute
bleeding gastropathy) did not significantly influence the
genotype results. In all, 13 bleeding patients had a history of
acute gastrointestinal bleeding, and the frequency of variant
alleles in this subgroup of patients did not differ from the
overall bleeding patients group. The increase in the frequency
of variant alleles among bleeding patients was independent of
the time elapsed from the treatment initiation until the onset of
acute bleeding. The lack of impact of these possible
confounder factors in the association of CYP2C9 polymor-
phism and bleeding risk can be evaluated by comparing
the data of subgroups of bleeding patients, shown in Table 4,
with the data from control patients shown in Tables 2
and 3.

Regarding the drug type, the relative risk for carriers of
variant alleles was analysed independently among bleeding
patients treated with NSAIDs associated with a high and low
risk of major gastrointestinal complications, according to the
estimated relative risks reported elsewhere (Henry et al., 1996).
Such factors did not significantly influence the bleeding risk
associated to CYP2C9 genotype. The OR for carriers of
variant alleles among bleeding patients receiving drugs with a
high relative risk for gastrointestinal complications, such as
piroxicam, indomethazine or naproxen was 1.6. This value is
similar to that of bleeding patients receiving drugs with a low
relative risk for gastrointestinal complications such as ibupro-
fen or diclofenac, with an OR of 1.7.

In contrast, the association of CYP2C9 genotype and
bleeding risk depended on whether the drug is a substrate of
the CYP2C9 enzyme. In all, 33 bleeding patients were under
therapy with NSAIDs, who undergo extensive CYP2C9
metabolism, including aceclofenac, celecoxib, diclofenac,
ibuprofen, indomethazine, lornoxicam, piroxicam and napro-
xen (Goldstein & de Morais, 1994; Lee et al., 2002). Among
these patients, the OR for carriers of variant alleles, as
compared with 50 control subjects receiving such drugs was
2.60 (95% CI 1.10-6.19; %> 5.68, P=0.017). The >-value for
the linear test for trend is 5.92 (P =0.015), with an OR of 2.47
for heterozygous and 3.70 for homozygous carriers of
mutations. In the rest of the bleeding patients, a lower
influence of CYP2C9 genotype in bleeding risk was observed.
In all, 53 patients were treated with NSAIDs that are partially
metabolised by CYP2C9, such as salicylates and paracetamol
(Patten et al., 1993; Miners & Birkett, 1998). Among these
patients, the OR for carriers of variant alleles is 1.49 (1.33 for
heterozygous and 1.53 for homozygous individuals) when
compared with 63 controls treated with these drugs. Eight
bleeding patients received drugs in whose metabolism the role
of CYP2C9 has not been fully elucidated, including metami-
zole, ketorolac and dexketoprofen. The OR for carriers of
variant alleles, as compared with 11 control subjects receiving
the same drugs, is 0.89.

Discussion This study provides evidences for inherited
susceptibility of developing severe adverse drug reactions
during NSAIDs use. Such susceptibility is linked to amino acid
polymorphisms of the CYP2C9 enzyme. The association of

Table 4 Summary of genotyping data in subgroups of bleeding patients

Other factors

Gender Type of lesion

Age

NSAID type

Days of

Antecedents

Helicobacter

Age Age Men Women Peptic Acute
>median ulcer

<median

Partial
CYP2C9
metabolism

Extensive

Overall
bleeding

patients

Variable

therapy
<median

of acute

pylori +

gastric

CYP2CY

bleeding

lesion

metabolism

Allele variant

o
S~ = S~ 5 =
S S sSan s %
SEAas = TS = )
— = ~ — = ~ %
v — O N o — on Ne) N
© =N o < e
2
<
>
S~ & ZS@a = 8§
AN 1N 8
S S S S B
O on on — <t o — — o
LCee T T ooz
~ o0 — O o Al o
— ol — [}
=
F
=
<
O
2
_~—~ P
— < —~ S~ —_ ©
ARATEE AN,
nrs S A= 5 5
O o — — o N —
LdT T L T o
© — o O N @ 2
alia\] =] — < .
Z
S
~~ _~— £
(=Nl = N = <
3 A=) o o =8
Sooc S e S [5)
= A~ — v oeno— — =i
cdzs © Les o
— \O N (=) oo Al v N
(o] o — U
I
B
—_~ — s
AN~ = cn~ o O
Wiles) S o0
O < S ol % S =
© A — <t < ®© — S
Lo ITIX =T =
— e o Neno  ® =
e — ISR © s
—
—
)
o
AT~ = aaa o E
. 2 Y N
o< S s =) =
oA = <+ <+ = = 15
— N S~ S N S~ <>—<‘
<t © oo o o0 00 W — [5)
nQ © —— < °
g0
=
]
0o~ = 8=~ 5 ¢
e 3 e =
AR - NN — -
g © IIT T ¥
<+ <t © N o0 5
~ S ISR no e
— 72l
@)
=
—~ e~ —_~—~—~ <
=aS o ITIT= =5 Z
N > L Z
S S gt — S
o= = T~ = o
LdT T ITIT T §
S—oa o Sown  n -
B >N aa <+ 2
s .
o 2
—~ e~ —~ T =
T~ = AN~ & &©
[ b s}
o S o < S Lo
AN = I+ 6 = .
LaL T ITIX = © s
0N~ RN = =]
R =N o T+ o5
=IR]
<2
~ B
=
Ao~ = = <Yo~ 5 %o
N ER= N S S o
SN = TN = = 2
L T SIS o =g
on <t o o v onown o )
~ S ISR " =
— R=N
==
2 —
(o=
e —~ % §
Neli-iNe) = TN~ = s
3 =) R O o
=] O < S =2
o= = Ay = < 2
Ll T cLee 2 7S
A~~~ o N o =3
2=
=
20
= %
=~ = S8~ & ©&
T2 (=] - o (= ;—_O
% S v S =
S aw = NN — SIS
o Z NN N o]
o <t\O  © a2 g
A= ® < <+ = = O
— st SEES
T
go
%) »n —bﬂ)ﬁ
@ =235 o 52
~oNn 9 8o5 © =
* % % o) = 20 5y = £ W
SIS =2 e8> 5 g
0 00 < SNEEERES % >.2
INESEN —_ SE o Q — Sz
NN F OSEZE E g8
PPN PN 1) 3 0O © O ) o%
COL K VOZIZ = OC&

British Journal of Pharmacology vol 141 (2)



208 C. Martinez et al

Special Report

variant CYP2C9 alleles and the risk of acute gastrointestinal
bleeding shows a gene—dose effect (i.e. the risk increases with
the number of mutated allelic variants), and it is higher in
patients receiving drugs that are mainly metabolised by the
CYP2C9 enzyme. This suggests that CYP2C9 genotyping may
identify a subgroup of individuals who are at a potentially
increased risk of acute gastrointestinal bleeding when treated
with NSAIDs. It should be pointed out that in this study the
observed risk is mainly related to the CYP2C9*2 allele, either
in heterozygosity or homozygosity (Tables 2 and 3). This is
surprising since the CYP2C9*2 variant allele does not contain
mutations that affect substrate binding capacity (Lee et al.,
2002). A possible explanation for the association of
CYP2C9*2 with NSAID-related bleeding risk may be related
to a combined effect of mutations on CYP2C8 and CYP2C9
genes. In fact, a linkage disequilibrium between CYP2C9*2
and CYP2C8*3 variant alleles has been shown (Yasar et al.,
2002). Further studies on the individualised role of both
CYP2C8 and CYP2C9 variant alleles on the clearance in vivo
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