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Background. This study aimed to evaluate the impact of ketorolac on the pharmacokinetics of 5-FU and its effect on the efficacy of
5-fluorouracil (5-FU) on the HT-29 cell line. Methods. Cell culture: the HT-29 cell line was treated with different concentrations of
5-FU, ketorolac, and combination of 5-FU and ketorolac for 24 and 48 hours. The cell viability (%) was calculated by the MTT
assay. Animal study: rats were randomly divided into control and pretreatment groups. The control group received physiological
saline, whereas the pretreatment group received ketorolac by intraperitoneal (i.p.) injections on a daily basis for 14 days. On the
15th day, both groups received 5-FU (i.p.). Blood samples were collected at different times for HPLC analysis, and 5-FU
pharmacokinetic parameters were calculated. Results. At cell culture study, in a certain concentration range, combination therapy
showed synergistic effects (<0.05). However, at concentrations above this range, combination therapy showed antagonistic effects
on 5-FU efficacy (<0.05). According to the pharmacokinetic analysis, pretreatment with ketorolac resulted in a significant increase
in AUC, Cyax and Tp,ax of 5-FU (<0.05) and a significant decrease in V/F and CI/F of 5-FU (<0.05). Conclusions. Combination
therapy with ketorolac and 5-FU, depending on time and concentration, has a synergistic effect on reducing the viability of cancer
cells. Also, ketorolac is able to alter the pharmacokinetics of 5-FU. Since there is a close relationship between pharmacokinetic
parameters of 5-FU and its effectiveness/toxicity, it seems that these changes are towards creating a synergistic effect on 5-FU
cytotoxicity. These results suggest the need to optimize the dose of these drugs in order to increase clinical efficacy and reduce the
toxicity associated with them.

1. Introduction

Despite the availability of new anticancer drugs, 5-fluo-
rouracil (5-FU) as an old and well-known agent in cancer
chemotherapy is still used in colorectal, breast, stomach,
and pancreatic cancers. 5-FU-based chemotherapy needs
further investigation in two aspects. First, the response rate
to monotherapy with 5-FU is limited for several reasons,
including pharmacokinetic properties (rapid metabolism
and short half-life) and the rapid development of acquired
resistance. Moreover, further increase of its dose leads to

inevitable side effects [1-4]. Second, about 3 to 5% of
patients have low activity of dihydropyrimidine dehy-
drogenase (the rate-limiting enzyme in the biotransfor-
mation of 5-FU), the reason for which can be traced to the
polymorphism phenomenon. In other words, polymor-
phisms in dihydropyrimidine dehydrogenase (DPD) may
result in a decrease or loss of DPD enzymatic activity and
consequently decrease of 5-FU metabolism. This process
leads to the accumulation of 5-FU which can cause sig-
nificant toxicity, including leukopenia and thrombocyto-
penia [5].
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Therefore, to prevent treatment failure and adverse ef-
fects, it is necessary to take appropriate considerations. In
recent years, the role of nonsteroidal anti-inflammatory
drugs (NSAIDs) in cancer management has been considered
due to various mechanisms such as anti-inflammatory ef-
fects, inhibition of angiogenesis, induction of apoptosis and
sensitivity to anticancer drugs, and enhancement of cellular
immune responses. Acute inflammation has been shown to
be one of the body’s natural defense mechanisms, and the
body recovers spontaneously after a short-term inflamma-
tory response. However, long-term chronic inflammation
may lead to carcinogenesis or worsening the prognosis of
cancer by inducing cell proliferation, angiogenesis, and
metastasis, as well as reducing the response to the immune
system and chemotherapeutic agents. In fact, many mo-
lecular targets and signaling pathways in cell proliferation,
angiogenesis, and apoptosis are common to inflammation
and carcinogenesis, and chronic inflammation plays a role in
malignant changes by disrupting the regulation of these
targets and pathways [6-8]. Furthermore, due to the known
effectiveness of NSAIDs in controlling pain, it seems that
these drugs can counteract the undesirable effect of pain on
the prognosis of malignancies as much as possible by
overcoming the increase in endogenous opioid levels during
the pain process and consequently, prevention of the acti-
vation of peripheral p-opioid receptors and signaling
pathways that affect tumor progression [9].

In addition to the role of NSAIDs in cancer management,
these drugs are able to alter the pharmacokinetics and phar-
macodynamics of other drugs, such as some chemotherapeutic
agents [10]. Studies have evaluated the use of NSAIDs in
combination with cancer chemotherapy in vitro and in vivo,
and combination therapy has shown promising results in terms
of effectiveness. It seems that combination of 5-FU with
NSAIDs can provide a better prognosis in treatment of cancer.
However, possible side effects cannot be ignored.

Ketorolac is a nonselective nonsteroidal anti-inflam-
matory drug with potent analgesic effects (closely to opioids)
and moderate anti-inflammatory activity and plays an im-
portant role in pain alleviation in patients with advanced
cancer. It is an excellent alternative to oral NSAIDs and
makes possible to reduce the dose and adverse effects as-
sociated with opioid analgesics [11, 12]. Therefore, it may be
coadministered with chemotherapeutic agents (concurrently
or sequentially) to manage cancer-related pain. Accordingly,
the interaction between ketorolac and chemotherapy drugs
needs further investigation. The present study was carried
out to investigate the effect of ketorolac on the pharma-
cokinetics of 5-FU in rats and also the effect of ketorolac on
the efficacy of 5-FU on human colorectal adenocarcinoma
cell line HT-29 [13].

2. Materials and Methods
2.1. Cell culture Study

2.1.1. Cell Line and Chemicals. The human colorectal ade-
nocarcinoma cell line HT-29 was obtained from the Pasteur
Institute Cell Bank (Iran, Tehran) and was maintained in
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accordance with the instructions provided by the American
Culture Collection. Culture medium RPMI 1640, fetal bo-
vine serum (FBS), and penicillin-streptomycin (pen-strep)
were purchased from BIO-IDEA (Iran). Thiazolyl blue
tetrazolium was provided from Life Biolab (Germany).
Trypsin and DMSO were purchased from Merck (Germany).
5-FU and ketorolac were obtained from Korea United
Pharm (South Korea) and Caspian Tamin (Iran),
respectively.

2.1.2. Cell Culture. HT-29 cell line was cultured in RPMI
1640 medium supplemented with 10% (v/v) FBS and 1 (v/v)
penicillin-streptomycin, under standard conditions (satu-
rated humidity atmosphere containing 95% air and 5% CO,
at 37°C). At 75% of the junction, cells were harvested using
0.25% trypsin and were planted on a 96-well plate. The cells
were allowed to attach to the surface for 24 hours before
exposure to the drugs.

2.1.3. Treatment and MTT Assays. The cells were treated
with different concentrations of ketorolac, 5-FU (as posi-
tive control), and combination of ketorolac and 5-FU for 24
and 48 hrs. The concentrations of ketorolac were 0.005,
0.01, 0.02, 0.04, and 0.08 millimolar (mM). The concen-
trations of 5-FU were 0.007, 0.0137, 0.027, 0.055, and
0.11 mM. The concentrations of combination regimen of
ketorolac and 5-FU were 0.0025mM ketorolac
+0.0035 mM 5-FU, 0.005 mM ketorolac +0.007 mM 5-FU,
0.01 mM ketorolac +0.0137 mM 5-FU, 0.02mM ketorolac
+0.027 mM 5-FU, and 0.04 mM ketorolac +0.055mM 5-
FU. Nontreated cells were considered as negative control.
The MTT colorimetric assay was used to evaluate the effects
of ketorolac, 5-FU, and combination therapy on the HT-29
cell line. For this purpose, after the cell treatment, the
contents of 96-well plate were carefully removed and MTT
(thiazolyl blue tetrazolium bromide) dye was added to it.
Then, it was incubated for 4 hours under standard con-
ditions. In the next step, the MTT dye was separated and the
formazan crystals produced by the living cells were dis-
solved in DMSO. Finally, the absorbance of the samples was
determined using an ELISA reader at 570 nm. The above
steps were repeated at least 3 times for different concen-
trations of each group. Cell viability (%) and also IC-50
levels of ketorolac and 5-FU were calculated. The data were
analyzed by one-way ANOVA using Prism 8.0 software,
and the significance level was set atp-value <0.05. Cell
viability (%) =(mean absorbance in the test group/mean
absorbance in the negative control group) x 100.

2.2. Animal study

2.2.1. Chemicals. 5-Chlorouracil (5-ClU), ammonium ace-
tate, DMSO, HPLC grade methanol, HPLC grade acetoni-
trile, and HPLC grade water were purchased from Merck
(Germany). 5-FU and ketorolac were obtained from Korea
United Pharm (South Korea) and Caspian Tamin (Iran),
respectively.
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2.2.2. Animals. This study was carried out on 12 adult male
Wistar rats with an average weight of 200 + 20 g, provided by
the University animal house, Babol, Iran. The rats were
maintained under a 12:12 h light/dark cycle, at temperature:
22+2°C, and humidity: 55+ 10%. Moreover, rats had free
access to food and water. Animals were acclimatized for a
period of at least 7 days before the administration. The
handling of animals and all experimental procedures were
conducted in compliance with the guideline for the care and
use of laboratory animals in Iran, and the protocol was
approved by the Institutional Review Board of Babol Uni-
versity of Medical Sciences.

2.2.3. Treatment and Blood Sample Preparation. Rats were
randomly divided into two groups (n=6): control and
pretreatment. The control group received daily injections of
physiological saline, whereas the pretreatment group re-
ceived ketorolac (20 mg/kg/day, intraperitoneal) for 14 days.
On the 15th day, blood samples were first collected from the
retro-orbital sinus of rats (zero time). Then, rats in both
groups received 5-FU (50 mg/kg, intraperitoneal). The blood
samples were collected from the retro-orbital sinus of rats at
5, 15, 30, 60, 120, and 240 mins after 5-FU injection. Then,
plasma was carefully separated. Plasma, 5-ClU (50 yg/ml as
internal standard), and acetonitrile were poured into
microtubes, in that order. The contents of the microtubes
were made completely uniform by vortex for 1-2 mins and
then centrifuged at 4°C and 16000 RPM for 10 mins.
Supernatants were collected and transferred to new
microtubes, and then the microtubes were refrigerated with
the lid open to evaporate the solvent. Finally, methanol was
added to the contents of each microtube and the mixture was
vortexed for 1-2mins before injection into the HPLC
system.

2.2.4. HPLC Assay of 5-FU in Rat Plasma. High perfor-
mance liquid chromatography (HPLC) is a simple, fast, and
sensitive method that has been developed for plasma 5-FU
analysis and has been validated for pharmacokinetic studies
[14]. In this study, HPLC device with UV detector (maxi-
mum wavelength 264 nm) was used. Separation was per-
formed using C18 column at 25°C. The mobile phase
consisted of ammonium acetate buffer (0.01 M, pH=3.5)
and acetonitrile, which was pumped at a flow rate of 0.75 ml/
min.

2.2.5. Pharmacokinetic Parameters and Statistical Analysis.
Pharmacokinetic parameters for each rat were calculated
using PK-Solver software based on a two-compartment
model. Comparisons between groups were carried out by ¢-
test. The significance level was set at p-value <0.05.

3. Result

3.1. Cell culture. The results are reported as mean +SD
(standard deviation). No significant difference was detected
after 24 hrs of treatment with ketorolac, 5-FU, and ketorolac

+5-FU. The results of 48 hrs of treatment are as follows: the
percentage of cell viability at concentrations of 0.005, 0.01,
0.02, 0.04, and 0.08 millimolar (mM) Kketorolac were
89.04 +£10.94, 85.15+8.80, 75.00+3.11, 54.18 +3.11, and
25.88 + 3.26, respectively. The percentage of cell viability at
concentrations of 0.007, 0.0137, 0.027, 0.055, and 0.11 mM 5-
FU  were 72.24+2273, 6576+1.65, 55.64+1.17,
25.29 +£2.53, and 14.33 +£0.34, respectively. The percentage
of cell viability at concentrations of 0.0025mM ketorolac
+0.0035 mM 5-FU, 0.005 mM ketorolac +0.007 mM 5-FU,
0.01 mM ketorolac +0.0137mM 5-FU, 0.02mM ketorolac
+0.027 mM 5-FU, and 0.04 mM ketorolac +0.055 mM 5-FU
were 96.04 +0.73, 54.02 +3.94, 48.09 + 5.3, 43.48 + 1.26, and
31.36 + 0.84, respectively (Figure 1).

According to the results of the MTT assay, the percentage
of cell viability decreased in proportion to the increase in
drug concentration in each group. The rate of reduction in
viability after treatment with 5-FU was higher than ketorolac
(at almost similar concentrations). In a certain concentra-
tion range, the rate of reduction in viability after combi-
nation therapy with ketorolac and 5-FU was higher than
ketorolac or 5-FU (at almost similar concentrations), and
combination therapy with these drugs showed synergistic
effects: 5-FU + ketorolac >5-FU > ketorolac. However, at
concentrations above this range, combination therapy
showed antagonistic effects on 5-FU function, and the rate of
reduction in viability after treatment with 5-FU was higher
than combination therapy or treatment with ketorolac (at
almost similar concentrations): 5-FU > 5-
FU + ketorolac > ketorolac (Figure 2).

3.2. Pharmacokinetic Analysis. The observed plasma con-
centrations of 5-FU after intraperitoneal injection of 5-FU
(50 mg/kg) to the control group and the ketorolac-pretreated
group are presented as mean+SD in Table 1. The mean
plasma concentration-time curves of 5-FU (50 mg/kg, in-
traperitoneal) in the control group and the ketorolac-pre-
treated group are shown in Figure 3, and the standard
deviation is specified on it. The pharmacokinetic parameters
calculated based on the two-compartment model and using
PK-Solver software are presented as mean + SD in Table 2.
K., Ki», K51, and Kjy show the absorption, distribution,
redistribution, and elimination rate constants, respectively.
The amount of these constants in the pretreatment group
was significantly lower than the control group (p < 0.05). Ty,
2« and Ty5p indicate the distribution and the elimination
half-life, respectively. Based on the analysis, Ty, in the
pretreatment group increased significantly (by an average of
366%) and Ty, decreased (by an average of 5%). Changes in
Ty, g were not noticeable. However, considering the drug
concentration profile in rats pretreated with ketorolac, it
seems that the time allotted for this study (4 hours) was not
adequate, and decision on the pharmacokinetic behavior of
5-FU in the elimination phase requires further studies. The
volume of distribution over bioavailability (V/F) and ap-
parent clearance (CL/F) of 5-FU in the pretreatment group
compared to the control decreased significantly by an av-
erage of 32% and 66% (p < 0.05), respectively. In this study,
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FiGuRre 1: Viability (%) of HT-29 human colorectal cancer cells after 48 hours of treatment with various concentrations of ketorolac (a), 5-
FU (b), and combination of them (c). Cell viability was determined by MTT assay and evaluated using a cell viability index (%), which was
defined as: (mean absorbance in the test group/mean absorbance in the negative control group) x 100. Results are mean + SD and sig-

nificance level set at p<0.05.

it was also found that the maximum plasma concentration
(Cmax) and time to reach it (T,,,,,) and also the area under the
curve (AUC) from time zero to the end of sampling (AUC,.
240) In the pretreatment group compared to the control
increased significantly by an average of 83%, 173%, and
208% (p <0.05), respectively (Table 1).

4. Discussion

Based on previous studies, combination of 5-FU with var-
ious modulators including DPD inhibitors may enhance the
apoptotic and antitumor effects of 5-FU. Studies have shown
that the NSAIDs can be promising modulators for 5-FU-
based chemotherapy, especially in tumors with high COX-2
expression. COX-2 is the best target characteristic of
NSAIDs. The activity of DPD and COX-2 is significantly
increased in inflammatory diseases and various malignan-
cies, including colon cancer. The coexistence between COX-
2 activity and DPD has been proven, and the effect of
NSAIDs on these enzymes has been studied. According to
these studies, treatment with NSAIDs at low doses reduces
COX-2 and DPD activity simultaneously [15]. Inhibition of
DPD gene expression or loss of its enzymatic activity leads to
accumulation of 5-FU chemotherapy drug, which leads to a
significant increase in drug toxicity. In addition to inhibiting
COX-2 and DPD, some NSAIDs can potentiate the

inhibitory effects of 5-FU on tumor growth in parallel with
the induction of apoptosis by inhibiting thymidylate syn-
thase or increasing the expression of p53, c-jun, caspase-3,
Bax, etc. Based on the results of cell culture in the present
study, ketorolac is able to reduce the viability of cancer cells,
which confirms the role of NSAIDs in cancer management.
On the other hand, it was found that combination therapy
with ketorolac and 5-FU in a dose-dependent and time-
dependent manner has synergistic effects on reducing the
viability of cancer cells. However, further studies are needed
to understand the mechanism of action of ketorolac in
inducing cell death and the mechanisms involved in causing
this synergistic effect.

According to various studies, NSAIDs are able to alter
the pharmacokinetics of other drugs, including some
chemotherapeutic agents. These drugs may significantly
affect the disposition kinetics of other drugs. They can also
separate other drugs from the plasma protein binding site,
inhibit their metabolism, or impair renal excretion [16].
Lack of effectiveness and incidence adverse effects and
toxicity are considered to be the main causes of treatment
failure. The pharmacokinetics of drugs are largely related to
these causes [17]. Although 5-FU is a prodrug and it seems
difficult to establish a direct relationship between the
pharmacokinetics of this drug and its effectiveness or
toxicity, the results of several studies have shown that there
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Figure 2: Comparison of HT-29 human colorectal cancer cell viability (%) after 48 hours of treatment with ketorolac, 5-FU, and
combination of them at almost similar concentrations. Cell viability was determined by MTT assay and evaluated using a cell viability index
(%), which was defined as: (mean absorbance in the test group/mean absorbance in the negative control group) x 100. Results are mean + SD

and significance level set at p <0.05.

TaBLE 1: Plasma concentration of 5-FU (50 mg/kg, i.p) in the control group and the pretreatment group as mean +SD (p <0.05).

Mean + STDEV plasma concentration of 5-FU (ug/ml)

Pretreatment group (5-FU + ketorolac)

0
2.67 £1.38
4.79+£1.21
7.29+3.16
10.28 £2.31
9.58 £1.40
315+0.77

Time (min)
Control group (5-FU alone)
0 0
5 2.39+£0.45
15 4.74+0.63
30 6.31+0.59
60 3.28+0.55
120 2.04+0.24
240 0.72+0.17
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F1GURE 3: Mean + SD of plasma concentration of 5-FU (50 mg/kg,
i.p.) in the control group and the ketorolac-pretreated group.

is a close relationship between plasma concentration (and
pharmacokinetic parameters such as AUC and clearance)
of 5-FU and its effectiveness or toxicity [18, 19]. Therefore,
pharmacokinetic evaluation will help ensure that treatment
will not fail and it will be safe. The results of the present
study indicated a pharmacokinetic interaction between
ketorolac and 5-FU. In other words, ketorolac is able to
alter the pharmacokinetics of 5-FU. According to the
abovementioned, it seems that these changes are towards
creating a synergistic effect on 5-FU cytotoxicity.

5-FU, like other antimetabolite agents, has the highest
activity in the S-phase of the cell cycle [20], and its antitumor
effects depend on the duration of drug exposure more than
its plasma level [21]. Based on the results of pharmacokinetic
analysis, the presence of ketorolac in the 5-FU chemotherapy
protocol may have a positive effect on both time and
concentration factors. On the other hand, previous studies
have shown that an acute increase in 5-FU plasma



6 Journal of Tropical Medicine
TaBLE 2: Pharmacokinetic parameters of 5-FU (50 mg/kg, i.p) in the control group and the pretreatment group as mean + SD.
Parameter Control group (5-FU alone) Pretreatment group (ketorolac + 5-FU)

Ka (1/min) 0.046 +£0.002 0.023+£0.011
K, (1/min) 0.018 + 0.001 0.01 +0.002
K, (1/min) 0.019 £ 0.001 1.81E-10 + 1.3E-10
K,; (1/min) 0.011 +0.001 0.005 +0.002
T 1/2a1pha (min) 15.99 +0.67 74.44 + 14.66
T \/oBeta (min) 153+8 145 + 58

T 1 /oka (min) 14.95 +0.63 37.3+18.1
V/F ((mg/kg)/(ug/ml)) 3.74+041 2.54+0.89
CL/F ((mg/kg)/(ug/ml)/min) 0.068 +0.011 0.023 +0.005
T 1ay (min) 25.65 +0.52 69.95 +13.77
C max (ug/ml) 5.69 +0.68 10.39 + 1.49
AUC 0-240 ([Jg/ml.min) 568 +78 1750 + 280
AUC 0-inf (ug/ml.min) 750 + 115 2206 + 374
AUMC (yg/ml.minz) 130199 + 24878 356887 + 70025

concentration can cause severe side effects [22]. Therefore, it
seems that ketorolac can partially prevent the severe side
effects arising from the acute increase in 5-FU plasma
concentration. Furthermore, in this study, contrary to what
is usually seen in the clinic, intraperitoneal injection method
was used to administer 5-FU. Although there is more
pharmacokinetic diversity following intraperitoneal ad-
ministration compared to the intravenous injection, this
method may have advantages such as increasing the drug
concentration in the peritoneal cavity, high drug concen-
trations in the portal vein blood, and reducing systemic
toxicity. Comparison of intraperitoneal administration with
intravenous administration of 5-FU as adjunctive chemo-
therapy in patients with colorectal cancer has shown that due
to the reduction of hepatotoxicity and hematological toxicity
in the intraperitoneal route, higher doses of the drug can be
administered through this way [23]. Accordingly, pre-
treatment with ketorolac as well as the choice of intraper-
itoneal administration method both affect 5-FU-induced
toxicity.

The pharmacokinetics of 5-FU are significantly influ-
enced by various factors such as high serum alkaline
phosphatase level, drug infusion duration, and DPD level
[19, 24]. DPD is an effective enzyme in the first step of
reduction and the rate-limiting step in the degradation of
pyrimidine nucleic acids and their analogues. Although
cytochrome P-450 isoenzymes are the most abundant drug
metabolizing enzymes in phase I, other enzymes such as
DPD also affect the pharmacokinetics and effectiveness of
drugs [25]. DPD is a key enzyme in the 5-FU catabolism
process, and more than 80% of the administered dose of 5-
FU is broken down by this enzyme in vivo. The activity level
of this enzyme is one of the most important determinants of
5-FU toxicity. DPD, like other enzymes involved in drugs
metabolism, may be altered as a result of concomitant use of
other drugs. Kobuchi showed that the factor that signifi-
cantly affects the pharmacokinetic parameters of 5-FU (such
as AUG, total clearance, and half-life) after administration of
single or repeated doses of 5-FU is hepatic DPD activity [26].
Reference [27] showed that nonsteroidal anti-inflammatory
drugs in combination with 5-FU by DPD modulation
(decreased mRNA expression or enzymatic activity) can

simultaneously and significantly increase the sensitivity and
cytotoxic effects of 5-FU in xenografts and cells expressing
high COX-2(27). Therefore, it seems that one of the possible
mechanisms of ketorolac in creating a synergistic effect on
the efficiency of 5-FU in reducing the cancer cells viability
and causing pharmacokinetic interaction with it is DPD
modulation. Other possible mechanisms involved in causing
pharmacokinetic changes are the inhibitory effects of
ketorolac on renal secretion and the reduction of 5-FU
glomerular filtration via inhibition of prostaglandin syn-
thesis [28, 29]. Our study had some limitations. In this study,
we evaluate the 5-FU serum concentration, and we did not
evaluate its metabolites which are responsible for its anti-
cancer and toxic effects. Moreover, we cannot define the
absolute mechanisms for the observed effects of ketorolac.
More studies are needed to understand the mechanism of
the effectiveness and possible side effects.

These results are important because, first, in a group of
patients who do not respond well to 5-FU at therapeutic
doses, while using ketorolac as an analgesic in the treatment
protocol, in addition to reducing the dose and side effects of
opioid analgesics can increase the effectiveness of 5-FU
without need for increasing the dose. However, further
studies are needed to evaluate the toxicity of this drug
regimen. Second, in a group of patients who suffer from 5-
FU-induced toxicity at therapeutic doses due to polymor-
phism in the DPD gene, recognizing the interaction between
these drugs will help adjust the individual dose and prevent
unwanted side effects.
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