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Figure 5 Effect of trifluoperazine on mechanical nociceptive threshold in the von Frey test. Trifluoperazine (0.3 mg/kg) was administered
orally in intact rats. The von Frey test was performed immediately before (0 min) and at 30, 120 and 240 min after administration of
trifluoperazine. Trifluoperazine did not affect mechanical nociceptive threshold in intact rats. Values are expressed as the mean + SEM. of 8
animals. No statistical difference was identified (one-way ANOVA followed by Tukey-Kramer post-hoc test).
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trifluoperazine on spinal CaMKII activity may be
involved in the reduction of pain behavior, and low
doses of trifluoperazine may be useful for the treatment
of the oxaliplatin-induced neuropathy.

Conclusions

Our results indicate that repeated administration of oxali-
platin increases spinal CaMKII activity. This increase of
CaMKII activation was reversed by intrathecal injection of
the selective CaMKII inhibitor and the selective NR2B
antagonist. This CaMKII activation may contribute to the
incidence of mechanical allodynia. Furthermore, the selec-
tive CaMKII inhibitor and the selective NR2B antagonist
reduced the oxaliplatin-induced pain behavior. In addition,
trifluoperazine reduced the oxaliplatin-induced mechani-
cal allodynia and CaMKII activation. These results suggest
that inhibition of CaMKII or NMDA-CaMKII pathway
provides a novel therapeutic target for the treatment of
the oxaliplatin-induced peripheral neuropathy.

Methods

Animals

Male Sprague-Dawley rats weighing 200-250 g (Kyudo
Co., Saga, Japan) were used in the present study. Ani-
mals were housed in groups of four to five per cage,

with lights on from 7:00 to 19:00 h. Animals had free
access to food and water in their home cages. All
experiments were approved by the Experimental Animal
Care and Use Committee of Kyushu University accord-
ing to the National Institutes of Health guidelines, and
we followed International Association for the Study of
Pain (IASP) Committee for Research and Ethical Issues
guidelines for animal research [23].

Drugs

Oxaliplatin (Elplat®) was obtained from Yakult Co., Ltd.
(Tokyo, Japan). KN-93, Ro 25-6981 hydrochloride
hydrate and trifluoperazine dihydrochloride were pur-
chased from Sigma-Aldrich (Missouri, USA). KN-92 was
purchased from Calbiochem (California, USA). Oxalipla-
tin was dissolved in 5% glucose solution. The vehicle-
treated rats were injected with 5% glucose solution. KN-
93, KN-92 and Ro 25-6981 were dissolved in 100%
dimethyl sulfoxide (DMSO). Trifluoperazine was dis-
solved in distilled water. The doses of these drugs were
chosen based on previous reports [2,3,7].

Production of neuropathy
Mechanical allodynia and cold hyperalgesia were
induced according to the method described previously
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Figure 6 Effect of trifluoperazine on oxaliplatin-induced
increase of spinal CaMKIl phosphorylation. Rats were treated
with oxaliplatin (4 mg/kg, ip.) twice a week for 4 weeks (days 1, 2,
8,9, 15, 16, 22 and 23). The lumbar sections (L) of the spinal cord
were quickly removed at 30 min after administration of
trifluoperazine (0.3 mg/kg, p.o.) on day 25. CaMKIl phosphorylation
(pCaMKil) in the lumbar sections of the spinal cord was determined
by Western blotting. An increase of pCaMKil was found in the spinal
cord of oxaliplatin-treated rats. Acute treatment with trifluoperazine
reduced oxaliplatin-induced increase in the spinal pCaMKIl. Values
are expressed as mean + SEM. of 6-7 animals. *p < 0.05 compared
with vehicle, Ttp < 0.01 compared with oxaliplatin alone by Tukey-

Kramer post-hoc test.

[24]. Oxaliplatin (4 mg/kg) or vehicle (5% glucose solu-
tion) was administered i.p. twice a week for 4 weeks (on
days 1, 2, 8, 9, 15, 16, 22 and 23). The volume of vehicle
or drug solution injected was 1 mL/kg for all drugs.

Behavioral studies

Behavioral test was performed blindly with respect to
drug administration.

von Frey test for mechanical allodynia

The mechanical allodynia was assessed by von Frey test.
Each rat was placed in a clear plastic box (20 x 17 x 13
cm) with a wire mesh floor and allowed to habituate for
30 min prior to testing. von Frey filaments (The Touch
Test Sensory Evaluator Set; Linton Instrumentation,
Norfolk, UK) ranging from 1- to 15-g bending force
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Figure 7 Effect of trifluoperazine on motor coordination in the
rota-rod test. Trifluoperazine (0.3 mg/kg) was administered orally in
intact and oxaliplatin-treated rats. The rota-rod test was performed
immediately before (0 min) and at 30 min after administration of
trifluoperazine. Trifluoperazine did not affect motor coordination in
intact and oxaliplatin-treated rats. Values are expressed as the mean
+ SEM. of 8-11 animals. No statistical difference was identified (one-
way ANOVA followed by Tukey-Kramer post-hoc test).

were applied to the midplantar skin of each hind paw
six times, with each application held for 6 s. The paw
withdrawal threshold was determined by a modified up-
down method [25].

Acetone test for cold hyperalgesia

The cold hyperalgesia was assessed by acetone test.
Each rat was placed in a clear plastic box (20 x 17 x
13 c¢m) with a wire mesh floor and allowed to habitu-
ate for 30 min prior to testing. Fifty microliters of
acetone (Wako Pure Chemical Industries, Ltd., Osaka,
Japan) was sprayed onto the plantar skin of each hind
paw 3 times, and the number of withdrawal responses
was counted for 40 s from the start of the acetone
spray.

Rota-rod test for motor coordination

The rota-rod test was performed to investigate the
change of motor coordination. Rats were placed on a
rotating rod (Muromachi Kikai Co., Ltd., Tokyo, Japan)
and the latency to falling was measured for up to 2 min
according to the method described previously [26]. The
test was performed three times, and the rotating speed
was 10 rpm.

Effects of KN-93, KN-92 and trifluoperazine on
Oxaliplatin-induced mechanical allodynia

We confirmed the incidence of mechanical allodynia in
the von Frey test on day 24. We carried out the drug
evaluation on the next day. KN-93 (10-50 nmol) or KN-
92 (50 nmol) was administered i.t. injection by direct
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lumbar puncture in a volume of 50 pL. The von Frey
test was performed immediately before (0 min) and at
30, 60, 90 and 120 min after administration of the
drugs. Trifluoperazine (0.05-0.3 mg/kg) was adminis-
tered p.o. The von Frey test was performed immediately
before (0 min) and at 30, 120 and 240 min after oral
administration of trifluoperazine.

Effect of KN-93 on Oxaliplatin-induced cold hyperalgesia
We confirmed the incidence of cold hyperalgesia in the
acetone test on day 5. KN-93 (10-50 nmol) was adminis-
tered i.t. injection by direct lumbar puncture in a
volume of 50 pL. The acetone test was performed
immediately before (0 min) and at 30, 60, 90 and 120
min after administration of the drug.

Effect of trifluoperazine on mechanical nociceptive
threshold

We investigated the effect of trifluoperazine on the
mechanical nociceptive threshold in the von Frey test.
Trifluoperazine (0.3 mg/kg) was administered p.o. in
intact rats. The von Frey test was performed immedi-
ately before (0 min) and at 30, 120 and 240 min after
oral administration of trifluoperazine.

Effect of trifluoperazine on motor coordination

We investigated the effect of trifluoperazine on the
motor coordination in the rota-rod test. Trifluoperazine
(0.3 mg/kg) was administered p.o. in intact and oxalipla-
tin-treated rats. The rota-rod test was performed imme-
diately before (0 min) and at 30 min after oral
administration of trifluoperazine.

Western blotting analysis

The lumbar sections (L4_g) of the spinal cord were
quickly removed at 30 min after administration of KN-
93 (50 nmol, i.t.), Ro 25-6981 (300 nmol, i.t.) or trifluo-
perazine (0.3 mg/kg, p.o.) on day 25. The tissues were
homogenized in a solubilization buffer containing 20
mM Tris-HCl (pH 7.4, 2 mM EDTA, 0.5 mM EGTA, 10
mM NaF, 1 mM NazVO,, 1 mM PMSF, 0.32 M Sucrose,
2 mg/ml aprotinine, 2 mg/ml leupeptin), and the homo-
genates were subjected to 12.5% SDS-PAGE, and pro-
teins were transferred electrophoretically to PVDF
membranes. The membranes were blocked in Tris-buf-
fered saline Tween-20 (TBST) containing 5% BSA
(Sigma-Aldrich) for an additional 1 h at room tempera-
ture with agitation. The membrane was incubated over-
night at 4°C with mouse polyclonal anti-CaMKIla
antibody or rabbit polyclonal anti-(Thr286)pCaMKII
(1:5000; Santa Cruz Biotechnology, California, USA) and
then incubated for 1 h with corresponding horseradish
peroxidase conjugate secondary antibodies (1:5000; Jack-
son Immuno Research Laboratories, Inc., PA, USA). The
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immunoreactivity was detected using Enhanced Chemi-
luminescence (Perkin Elmer, Massachusetts, USA).
Ratios of the optical densities of pCaMKII to those of
CaMKII were calculated for each sample.

Data analysis

Values were expressed as the means + SEM. The values
were analyzed by the Student’s t-test or one-way analysis
of variance (ANOVA) followed by the Tukey-Kramer
post-hoc test (StatView; Abacus Concepts, Berkely, CA,
USA) to determine differences among the groups. A p
value of less than 0.05 is considered as statistically
significant.
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Oxaliplatin-based chemotherapy has been widely used for colorectal cancer. However, it causes severe
acute and chronic peripheral neuropathies. Recently, we reported that calcium channel blockers prevent
the oxaliplatin-induced cold hyperalgesia in rats. The purpose of this study was to determine whether
the treatment with calcium channel blockers prevents the peripheral neuropathy during oxaliplatin

Keywords: therapy. The electronic medical charts for patients who received modified FOLFOX6 regimen from
Calcium channel blocker January 2008 to December 2010 were evaluated. Of the 200 patients who received modified FOLFOX6
ngonr]:ctg?r?:gcer therapy, 84 patients were excluded due to the exclusion criteria. Calcium channel blockers had been
Oxaliplatin taken by 26 of 69 male patients, but only three of 47 female patients. Therefore, in the present analysis,

the male data of the groups with and without calcium channel blockers (n =26 and 43, respectively)
were compared. The cumulative incidence curve of acute neuropathy was significantly lower in the
group with calcium channel blockers (P=0.0438, log-rank test), whereas there was no difference
between these groups in the cumulative incidence curve of chronic neuropathy (P=0.4919, log-rank
test). The present study indicated that calcium channel blockers inhibit the development of acute
peripheral neuropathy in patients receiving modified FOLFOX6 therapy.

© 2012 Elsevier Masson SAS. All rights reserved.

Peripheral neuropathy

1. Introduction blind trial failed to demonstrate any benefit to using gabapentin to
treat symptoms of chemotherapy-induced peripheral neuropathy
[17]. Therefore, new agents to strongly reduce the symptoms of
neuropathy are required.

We previously reported that repeated administration of
oxaliplatin induced cold hyperalgesia from the early phase and
mechanical allodynia in the late phase in rats, and that oxalate
derived from oxaliplatin is involved in the cold hyperalgesia
[18]. Recently, an increase in transient receptor potential (TRP)
melastatin 8 (TRPM8) mRNA levels was reported to be involved
in the oxaliplatin-induced cold hyperalgesia in mice [19].
TRPMS is an ion channel that belongs to the TRP family and
it is activated by cold temperatures (< 25 °C) or menthol [20,21].
We also found that treatment with oxaliplatin induced

Oxaliplatin-based chemotherapy has been widely used for
colorectal cancer. However, it causes severe acute and chronic
peripheral neuropathies. Acute neuropathy is peculiar to oxali-
platin and appears soon after administration [1-3]. The acute
neuropathy occurs in about 85 to 95% of all patients receiving
oxaliplatin [4]. The patients suffer from paresthesia in the
extremities and perioral area, shortness of breath, swallowing
difficulty and in particular from severe cold hypersensitivity
enhanced by exposure to cold [1,3-5]. In addition, pharyngolar-
yngeal dysesthesia, throat and jaw tightness, and dysphonia often
occurred [6-8]. It has been thought that the acute neuropathy is
not due to morphological damage of the nerve [9] and is due to

alternations of voltage-gated Na® and K* channels [10-13]. In
clinical trials, calcium and magnesium infusions have been tried to
reduce the oxaliplatin-induced neuropathy [14,15]. In addition,
gabapentin is recommended as first-line treatment for the
neuropathic pain [16]. However, a phase III randomized double-

Abbreviations: TRP, Transient receptor potential; TRPMS8, Transient receptor
potential melastatin 8.
* Corresponding author. Tel.: +81 92 642 5920; fax: +81 92 642 5937.
E-mail address: n-egashi@pharm.med.kyushu-u.ac.jp (N. Egashira).

0753-3322/$ - see front matter © 2012 Elsevier Masson SAS. All rights reserved.
http://dx.doi.org/10.1016/j.biopha.2012.10.006

cold hyperalgesia and the increase in TRPM8 mRNA levels via
Ca?* influx in cultured rat dorsal root ganglia [22]. Interestingly,
co-administration with calcium channel blockers such as
nifedipine prevents the oxaliplatin-induced cold hyperalgesia
in rats [22].

Calcium channel blockers are commonly-used drugs for
controlling blood pressure. However, there is little published data
regarding the influence of calcium channel blockers on the
incidence of peripheral neuropathy during oxaliplatin treatment.
We, therefore, investigated to determine whether the treatment
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with calcium channel blockers prevents the peripheral neuropathy
in patients receiving oxaliplatin therapy.

2. Materials and methods
2.1. Patients

All patients who were administered oxaliplatin from January
2008 to December 2010 at Kyushu University Hospital were
identified and their electronic medical charts were evaluated.
Patients with known peripheral neuropathy, brain metastasis,
prior oxaliplatin-containing chemotherapy and oxaliplatin-based
chemotherapy except modified FOLFOX6 were excluded. Patients
treated with opioids, gabapentin, gosha-jinki-gan and vitamin B,
were also excluded because these drugs have been reported to
ameliorate the various neuropathies [23-26]. The present study
was conducted in accordance with the Declaration of Helsinki and
its amendments, and the protocol was approved by the ethics
committee of Faculty of Medicine, Kyushu University (approved
no. 22-147 of the institutional review board).

2.2. Chemotherapy

Patients received modified FOLFOX6 regimen: comprising
oxaliplatin 85 mg/m? and I-leucovorin 200 mg/m? administered
as 2-h infusions on day 1, followed by a 5-fluorouracil bolus of
400 mg/m? and a 46-h infusion of 5-fluorouracil 2400 mg/m? over
days 1 and 2. The chemotherapy was repeated once every two
weeks and was continued unless the disease progression,
development of severe side effects, refusal of care, or decision of
discontinuation of treatment by physician.

2.3. Evaluation criteria

Chronic neuropathy is cumulative and is most commonly seen
in patients who received oxaliplatin at the total doses of more than
540 mg/m? [27]. Additionally, cisplatin, which induces peripheral
neuropathy like oxaliplatin-induced chronic neuropathy, often
induces neuropathy at the cumulative dose of 350 mg/m? [28]. As
an acute neuropathy, the acute neurotoxicity symptoms such as
severe cold hypersensitivity of limbs, perioral paresthesias,
shortness of breath, swallowing difficulty, pharyngolaryngeal
dysesthesia, throat and jaw tightness and dysphonia in the first

Patients received oxaliplatin-based
chemotherapy (#=200)

v

Excluded (#=84)

four cycles of modified FOLFOX6 (cumulative dose under 340 mg/
m?) were extracted from the electronic medical charts. Since the
National Cancer Institute-Common Toxicity Criteria was inappro-
priate for the evaluation of acute neuropathy symptoms, we
evaluated incidence of symptoms. Since chronic neuropathy is the
main dose-limiting toxicity of oxaliplatin, we captured the change
of chemotherapy schedule and/or addition of supplementary
analgesics as the surrogate endpoint of chronic neuropathy.

24. Statistical analysis

Data were analyzed retrospectively for the association of use of
calcium channel blockers and the occurrence of acute neuropathy
due to modified FOLFOX6. The incidence of acute neuropathy was
evaluated in patient subgroups treated with or without calcium
channel blockers at baseline in patients who received modified
FOLFOX6. Kaplan-Meier curves were constructed to show the
probability of acute neuropathy in relation to increasing cumula-
tive dose of oxaliplatin, and log-rank test was used for evaluation of
the differences in the curves. For the comparison of distribution of
samples, data were examined using Mann-Whitney U test, Fisher’s
exact test and x test with Yate’s correlation as appropriate. P value
of < 0.05 was considered as statistically significant. All statistical
analyses were carried out using Stat view (Abacus Concepts,
Berkeley, CA, USA).

3. Results

A consort diagram is presented in Fig. 1. Between January 2008
to December 2010, a total of 200 patients were treated with
modified FOLFOX6. Of these, 84 patients were excluded due to the
exclusion criteria. Calcium channel blockers had been taken by 26
of 69 male patients, but only three of 47 female patients. Therefore,
in the present analysis, the male data of the groups with and
without calcium channel blockers (n =26 and 43, respectively)
were compared. Although patients who received calcium channel
blockers (calcium channel blocker group) were older than those
without these drugs (control group) (median age 70 versus 62
years, respectively, P = 0.0015), the demographic characteristics of
the calcium channel blocker group significantly did not differ from
control group for the rest (Table 1). All patients of calcium channel
blocker group were chronically treated with calcium channel
blockers before the start of oxaliplatin therapy. Calcium channel

Analysis object

Male (#n=69)

A 4 Y

CCB group
(n=26)

Control group
(17=43)

A 4

Female (n=47)

A\ 4 A

Control group CCB group
(n=44) (n=3)

Fig. 1. Consort diagram. CCB: calcium channel blockers.
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Table 1
Patients characteristics.
Control Calcium channel P value
group blocker group
n=43 n=26
Age (year)
Median (range) 62 (36-83) 70 (42-84) 0.0015°%
Primary tumor n (%)
Colorectal 39 (91) 22 (85) 0.4637°
Others 4(9) 4(15)
Diabetes n (%)
With 6 (14) 9 (35) 0.0855¢
Without 37 (86) 17 (65)
Relative dose intensity
of oxaliplatin (%)
Median (range) 89 (47-102) 88 (47-98) 0.5731°
Prior chemotherapy n (%)
Yes 11 (26) 6 (23) >0.9999°¢
No 32 (74) 20 (77)
Surgery of primary
tumor n (%)
Yes 34 (79) 21(81) >0.9999¢
No 9 (21) 5(19)

¢ Mann-Whitney U test.
b Fisher's exact test.
¢ %2 test with Yates’ correction.

blockers used in these patients were amlodipine, nifedipine,
azelnidipine, diltiazem, benidipine, cilnidipine, nilvadipine (Table
2).

The incidence of acute neuropathy increased with increasing
cumulative dose of oxaliplatin (Fig. 2). The cumulative incidence
curve of acute neuropathy was significantly lower in the calcium
channel blocker group (P = 0.0438, log-rank test, Fig. 2A), whereas
there was no difference between these groups in the cumulative
incidence curve of chronic neuropathy (P =0.4919, log-rank test;
Fig. 2B).

4. Discussion

In this study, the cumulative incidence curve of acute
neuropathy was significantly lower in the calcium channel blocker
group, whereas there was no difference between these groups in
the cumulative incidence curve of chronic neuropathy. Thus, this
retrospective analysis indicates for the first time that the calcium
channel blockers inhibit the developing of acute but not chronic
neuropathy in patients receiving modified FOLFOX6. Oxaliplatin is
metabolized to oxalate and platinum metabolites such as
dichloro(1,2-diaminocyclohexane)platinum [29]. In the study
using rats treated with oxaliplatin, we demonstrated that oxalate
and platinum metabolites are involved in the cold hyperalgesia
from the early phase and mechanical allodynia in the late phase,
respectively [18]. Furthermore, our data suggested that calcium
channel blockers have prophylactic potential for acute neuropathy
[22]. Our present findings are in good agreement with the results
from the experimental models [22].

Table 2
Breakdown of calcium channel blockers.
n (%)

Amlodipine 12 (46)
Nifedipine 6 (23)
Azelnidipine 2(8)
Diltiazem 2(8)
Benidipine 1(4)
Cilnidipine 1(4)
Nilvadipine 14)
Amlodipine and nilvadipine 14)

(A)
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Fig. 2. Probability of acute (A) and chronic (B) neuropathy by cumulative dose of
oxaliplatin in patients treated with or without calcium channel blockers.

The chronic neuropathy is characterized by loss of sensory and
motor neuropathy after long-term treatment of oxaliplatin and it is
similar to cisplatin-induced neurological symptom [1]. Recently,
we reported that repeated administration of oxaliplatin causes the
degeneration and the decrease in the density of myelinated fibers
in rat sciatic nerve in late phase but not early phase [9]. Thus, the
mechanism underlying chronic neuropathy seems to be different
from that of acute neuropathy.

In the present study, we evaluated the data of males only
because female patients, who had taken calcium channel blockers,
were a few. Gamelin et al. [30] have reported that the oxaliplatin-
induced neurotoxicity was caused equally in men and women, but
women seemed to have more severe neuropathy. In general,
females exhibit lower thresholds, greater ability to discriminate,
higher pain ratings, and less tolerance of noxious stimuli than
males [31]. As a result, we could exclude the sexual influence in
this study.

In the present analysis, calcium channel blocker group was
older than control group. Perhaps, the reason is that the use of
calcium channel blockers is related to advanced age. Since age is
not a risk factor of oxaliplatin-induced neuropathy [32,33], the
influence of age is unlikely to have a significant impact on the
present results. However, the prospective studies need to be done
to confirm the influence of age.

Currently, the addition of anti-angiogenic drug bevacizumab to
oxaliplatin-based chemotherapy is commonly conducted in first-
line chemotherapeutic treatment to enhance the effect of
oxaliplatin. Since bevacizumab often induces hypertension as an
adverse effect, antihypertensive drugs are used for its treatment
[34]. In addition, calcium channel blockers have no interaction
with oxaliplatin. Indeed, there is no report to indicate the calcium
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channel blockers affect the antitumor activity or side effects of
oxaliplatin. In light of our finding, calcium channel blockers may be
adequate for treatment of hypertension in patients receiving
oxaliplatin therapy.

In conclusion, this retrospective analysis indicates that calcium
channel blockers inhibit the development of acute neuropathy in
patients receiving modified FOLFOX6. However, it was difficult to
properly regard the grade of the neuropathy since this study was a
retrospective study. Therefore, appropriately powered prospective
studies are required to confirm an unequivocal application of
calcium channel blockers as a preventive agent against acute
neuropathy in patients receiving oxaliplatin therapy. We recom-
mend that investigators prospectively collect data regarding
preventive effects of calcium channel blockers on the oxalipla-
tin-induced acute neuropathy.
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Team Approach for XELOX+Bevacizumab Therapy

Hiroshi Matsuoka, Kotaro Maeda, Tunekazu Hanai, Harunobu Sato,
Kouji Masumori, Yosikazu Koide, Hidetoshi Katsuno, Tomohito Noro,
Katuyuki Honda, Miho Siota, Tomoyoshi Endo and Sinji Matsuoka
Department of Surgery, Fujita Health University School of Medicine

XELOX+Bevacizamab (BV) is one of the most common regimens for advanced colorectal cancer in Europe and the
US, but there is little clinical data in Japan.

We studied the effectiveness and safety of XELOX+BYV therapy for advanced colorectal cancer patients in a phase I
clinical trial. The primary endpoint was response rate (RR). Secondary endpoints were progression-free survival (PFS),
time to treatment failure (TTF) and incidence of adverse events,

In this study we used the team approach for management of adverse events. This report describes the effectiveness of
adverse event management and the improvement of ingestion compliance by the team of doctors, nurses, and pharmacists.

The rate of Hand Foot Syndrome grade 2/3 in a domestic phase I/I study JO19380 was 17.2%/1.7% respectively,
while that in our study was 13.2%/0%.

The relative dose intensity of six courses was 8§9.2% (L-OHP) and 91.0% (XELODA), respectively. The response rate
was 66.7 %, and the decrease control rate was 96.7%.

Outpatient chemotherapy will increase gradually, and so it will become even more important to control adverse events

at home.
(20124 2 B 7 AZAT)
(2012 4¢ 6 A 20 A23)
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Our Experiences of Anal Squamous Cell Carcinoma Treated by Chemoradiotherapy: Harunobu Sato, Yoshikazu Koide,
Hiroshi Matsuoka, Katsuyukl Honda, Miho Shiota, Tomoyoshi Endo, Shinji Matsuoka, Kohei Haita, Masahiro Mizuno and
Koutarou Maeda (Dept. of Stirgery, Fujita. Health University)

Summary, .

We reviewed the chntcal reoords of 6 cases w;th anal squamous cell carcinoma to evaluate the clinical effectiveness of
chemoradiotherapy (CRT). The radiothérapy consisted of 40 Gy delivered to the pelvis and bilateral inguinal lesion, and a
pefianal booster dose of 20 Gy, in'fractionsiof 2.0 Gy per day, 5 days per week. 5~FU and mitormycin C were administrated
3-times every. 4-weeks as.standard: chemotherapy:. On the first day: of radiation therapy, 750.mg/m? of 5~FU in‘the form of a
contnnuous 24~hour infusion for § days was. given. On the first day of chemotherapy, 10 mg/m? of mitomycin C was also
given as a smgle botus infusion. One aged patient with a T3 tumor was administrated oral 8—1 during radiotherapy. Four
patients had a T2 tumor; 1 had a T1 tumor, and 1 had-a T3 tumor, One patient had metastases in the Virchow lymph node
that originated from synchronous vaginal cancer.:No patient had hematogenous-metastases. Grade 2 adverse effects oc-
curred in 3 patients, and Grade 3 in 1 patient, during CRT, but the completion of CRT was achieved in all 6 patients. All pa-
tients had complete response (CR) in the anal lesion after CRT. Only the patient with a T3 tumor who was administrated S—
1 showed signs of recurrence in the anal lesion. CRT is expected to be a safe and effective treatment for improving the
prognosis of anal squamous carcinoma. Key words: Anal cancer, Chemoradietherapy, 5—fluorouracil

CEE FMETERERICE LT, A {chemoradiotherapy: CRT) ##ifF L7z 6 BIDEFBERE RS Lo s
iR (RT) W, VB SRRE S WREESRRIC 40-Gy/30 MBS, ALPIERIC 20 Gy/10 HBRS L7z, RT BB %5 5-FU 750
g n?/day %-day 1~ 5 #5iHEL, mitomycin € 10mg/m? % day 1 ICHHEL, 4 BRI 3 72— AMATY 5 LERE
- AL L, BB T3ES T S-1 (40mg/H) ZRMRL 7o BHEY 4 X TL16, T2446, T31HT, TLEHM
TR EREEIC L B Virchow Y Y SINOER R b8, 58D Y SSIEB R RO h o . SFATHTHES D2
MAVEL CRT 0 34 Grade 2, 18113 Grade'3 OB EEH IO A, RT OHETR{LEREONEL 1 BHULRLRS
T &HITC CRT %55 T & 2o CRT ORIRISALFIHEICH LTRHIA complete response (CR) Tdh o7z, S-1 MR
L7z T3EH &R L 5 PSR E CBAEHRP T‘& %o EFRBFELERBICN TS CRT RESICHTHUIET, MESHES
YL ﬁ#t%zanto
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) W HEERHIMECH 5 L EXLNBHY, TNLKE
U ThY, ZORRBMOBRERS R, 40, LR

fiin) =R ol 1P human papﬂloma virus, human im-
ifinodeficiency virus & ORIRASERM S, EE T
TEmICH B L ENTVEY, 1070 444E TIRECRIZS
WS R ATEEM LR LI 5 BROF LT
& o Ta % BAE T REHRE (chémoradiotherapy:
CRT)AEHEERE LTI EhTwEY, BETE, &
FIcBWTHIFARPELERBIIN LT CRT ST E N

ERE LCHEERE LCCRT 24To 2 6 8l0M
BB HBET S,

I #HR&ELUVFHE

1 ¥ =8
201245 3 CILBRLAIMRFLEROS S, B
E#E#E LT CRT BTSNz 6 FlE R e Lz (R

* BRHERBEERS - TEHEAENH

BIRSE: T A70-1192 EMREHEHASITHELE » £ 1-98 HERBHERS - THHLENH
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Microsomal Epoxide Hydrolase Polymorphisms,
Cigarette Smoking, and Risk of Colorectal Cancer:
The Fukuoka Colorectal Cancer Study
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Microsomal epoxide hydrolase (EPHX1) plays an important role in the activation and detoxification of polycyclic
aromatic hydrocarbons, carcinogens found in cigarette smoke. Polymorphisms in exon 3 (Y113H) and exon 4 (H139R)
of the EPHXT have been associated with enzyme activity. We investigated the risk of colorectal cancer in relation to
the EPHXT Y113H and H139R polymorphisms and assessed effect modifications of cigarette smoking and the other
covariates. The interaction between the EPHX7 polymorphisms and selected genetic polymorphisms was also exam-
ined. We used data from Fukuoka Colorectal Cancer Study, a community-based case-control study, including 685
cases and 778 controls. In-person interviews were conducted to assess lifestyle factors. The EPHX7 Y113H and H139R
polymorphisms were determined by the TagMan assay and the polymerase chain reaction-restriction fragment length
polymorphism, respectively. Neither of the two polymorphisms nor the imputed EPHX1 phenotype was associated
with colorectal cancer risk. Cigarette smoking and alcohol intake showed no effect modification on the association
with the EPHXT polymorphisms or the imputed EPHX1 phenotype. Increased risks of colorectal cancer associated with
the 113Y allele and imputed EPHX1 phenotype were observed among individuals with high body mass index (BMI;
>25.0 kg/mz), but not among those with low BMI (<25.0 kg/mz). The risk decreased with an increasing number of
the 139R allele in the null genotypes of GSTM1/GSTT1. It is unlikely that the EPHX1 polymorphisms play an important
role in colorectal carcinogenesis. The observed interactions of the EPHXT polymorphisms with BMI and the GSTM1/
GSTT1 genotypes warrant further investigation. ® 2012 Wiley Periodicals, Inc.

Key words: microsomal epoxide hydrolase; polymorphism; cigarette smoking; colorectal cancer

INTRODUCTION

Colorectal cancer accounts for 10% of all cancers
and is the third most common cancer in the world
[1]. In Japan, the temporal trend showed a marked
increase in the incidence of and mortality from co-
lorectal cancer until 1990s [2], and the rates are cur-
rently among the highest in the world [1]. Risk for
colorectal cancer is influenced by both environmen-
tal and genetic factors [3]. Several lifestyle factors
such as physical inactivity, alcohol use, and high in-
take of red meat have been implicated in increased
risk of colorectal cancer [4]. It has been a matter of
controversy whether smoking is related to increased
risk of colorectal cancer [5]. Smoking is consistently

© 2012 WILEY PERIODICALS, INC.

related to increased risk of colorectal adenomas [6],
and a recent meta-analysis reported a small increase
in the risk of colorectal cancer associated with
long-term smoking although the findings are rather

Abbreviations: EPHX1, microsomal epoxide hydrolase 1; BMI, body
mass index; GST, gluthathione S-transferase; OR, odds ratio; Cl, con-
fidence interval; CYP, cytochrome P-450; PCR-RFLP, polymerase
chain reaction-restriction fragment length polymorphism.
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disparate [7]. While descriptive features of lung
and colorectal cancers are not supportive of a causal
role for smoking in colorectal carcinogenesis [8], it
is possible that smoking may confer increased risk
of colorectal cancer in genetically susceptible indi-
viduals in terms of the metabolism of carcinogens
in tobacco smoke [9].

Microsomal epoxide hydrolase (EPHX1) is an en-
zyme involved in the metabolism of reactive epox-
ides including polycyclic aromatic hydrocarbons,
carcinogens found in cigarette smoke [10]. The
EPHX1 converts benzo(a)pyrene 7,8 epoxide to the
less reactive and more water-soluble dihydrodiol,
benzo[a]pyrene 7,8 diol [10]. Although this reaction
is generally considered as a detoxification reaction,
the less reactive dihydrodiol can be further activated
into a highly reactive benzo(a)pyrene 7,8 dihydro-
diol 9,10 epoxide [11]. Two functional polymor-
phisms are known in the EPHXI gene; one is the
Y113H in exon 3 (rs 1051740), and the other is
the H139R in exon 4 (rs 2234922) [12]. In vitro, the
EPHX1 113H allele is associated with a 40% decrease
in enzyme activity, and the 139R allele has an
approximately 25% higher activity [12]. Individuals
homogyzous or heterozygous for the 113H were
shown to have decreased risks of lung cancer
[13-15] and upper aerodigestive cancer [16]. Fur-
thermore, high-activity phenotype imputed from
the combined genotypes of the Y113H and H139R
was associated with increased risks for cancers of
the lung [13] and upper aerodigestive tract [16]
among those with a high exposure to cigarette
smoking. These findings suggest that the EPHXI

polymorphisms may play a role in the development

of tobacco-related cancers. The 113H allele was asso-
ciated with an increased risk of bladder cancer [17],
however.

Several studies have addressed the association of
the EPHX1 polymorphisms with colorectal cancer
[18-23] and adenomas [23-28], reporting inconsis-
tent findings. Individuals with the 113HH genotype
had an increased risk of colorectal cancer in the
earliest study [18] but a decreased risk in the
subsequent study [19]. The other studies showed no
measurable association of Y113H, H139R, or the im-
puted phenotype activity with colorectal cancer risk
[20-23]. On the other hand, high-activity pheno-
type was associated with an increased risk of colo-
rectal adenomas among smokers [24,25], whereas
individuals homozygous for the 113H allele and
those with the composite genotype representing
very slow activity showed an increased risk of
colorectal adenomas when they had a high exposure
to smoking [28]. In the present study, we examined
the risk of colorectal cancer in relation to the
EPHX1 Y113H and H139R polymorphisms and
assessed the interaction between these polymor-
phisms and cigarette smoking in the Fukuoka
Colorectal Cancer Study, a community-based case-
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control study in Japan. We also explored the effect
modifications of alcohol intake and body mass in-
dex (BMI) and the interactions between the EPHX1
polymorphisms and other genetic polymorphisms
of the enzymes involved in tobacco carcinogens.

MATERIALS AND METHODS

Methodological issues of the survey in the
Fukuoka Colorectal Cancer Study have been de-
scribed previously [29]. The study was approved by
the ethics committee of the Kyushu University
Faculty of Medical Sciences and the collaborating
hospitals except two; in the two hospitals, ethics
committee was not available at the time of the sur-
vey, and the survey was done with an approval of
each hospital director.

Subjects

Both cases and controls were residents of Fukuoka
city or three adjacent areas. Cases consisted of
consecutive patients with histologically confirmed
incident colorectal cancer who were admitted to
the two university hospitals and six affiliated hospi-
tals for surgical treatment during the period of
September 2000 to December 2003. Eligible cases
were those aged 20-74 yr at the time of diagnosis
and lived in the study area. They also had to be
mentally competent to complete the interview.
Exclusion criteria were patients who had history of
partial or total removal of the colorectum, familial
adenomatous polyposis, or inflammatory bowel
disease. Of the 1,053 eligible cases, a total of 840
(80%) participated in the interview and 685 gave an
informed consent for genotyping.

Controls were frequency matched with cases on
sex and 10-yr age class using the same inclusion cri-
teria as for the cases except they did not have a prior
diagnosis of colorectal cancer. Exclusion criteria
were the same as those for the cases. A total of 1,500
subjects were selected by a two-stage random sam-
pling using residential registry and were invited to
participate in the study by mail. Among them,
1,382 were found to be eligible; 833 (60%) partici-
pated in the survey, and 778 gave an informed con-
sent for genotyping.

Data Collection

Lifestyle factors were ascertained by in-person
interview using a uniform questionnaire. Cases were
interviewed in the respective hospitals while con-
trols were interviewed in the public community cen-
ters or collaborating clinics. The index date was
defined as the date of the onset of symptoms or
screening leading to the diagnosis for the cases and
the date of interview for controls. BMI (kg/m?) 10 yr
earlier, which was estimated by reported height and
weight, was used because the current body mass in-
dex was unrelated to colorectal cancer risk [30].
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Body weight 10 yr earlier was not available for 2
cases and 10 controls and was substituted with the
current body weight. Years of smoking and numbers
of cigarettes smoked per day were ascertained for
each decade of age if the subjects had ever smoked
cigarettes daily for 1 yr or longer. Cigarette-yr until
the beginning of the previous decade of age was de-
termined by multiplying the number of cigarettes
smoked per day by the years of smoking, and classi-
fied into 0, 1-399, 400-799, and >800 cigarette-yr.
Information on alcohol consumption, type of job
and non-occupational physical activity at the
time of 5 yr prior to the index date was ascertained.
Non-occupational physical activity was expressed as
a sum of metabolic equivalents (MET) multiplied by
hours of weekly participation in each activity [30].

Genotyping

DNA was extracted from the buffy coat by using a
commercial kit (Qiagen GmbH, Hilden, Germany).
The following genotyping procedures used 1 pl tem-
plate DNA with a concentration of 10 ng/ul. Geno-
typing of the EPHX1 Y113H polymorphism was
carried out by the TagMan assay (assay ID
C_14938_30; Applied Biosystems, Inc., Foster City,
CA), using the Stratagene Mx3000P Real-Time QPCR
system (Agilent Technologies, Inc., Santa Clara, CA).
The EPHX1 H139R polymorphism was determined
by the polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) method as
described elsewhere [31], using primers 5-GGTGCC-
AGAGCCTGACCGTGC-3' (sense) and 5'-ATGGAAC-
CTCTAGCAGCCCCGTACC-3' (anti-sense). The PCR
product of 319 bp was digested with Rsal, resulting
in fragments of 297 and 22 bp for the 139H allele
and fragments of 177, 122, and 22 bp for the 139R
allele. The digestion products were separated on a
3% agarose gel (NuSieve, Lonza, Rockland, ME).

Statistical Methods

The EPHX1 activity phenotype was imputed on
the basis of the number of putative high-activity
alleles (113Y and 139R) in the combined genotype
[13]. Associations of the EPHX1 genotypes with co-
lorectal cancer risk were examined in terms of odds
ratio (OR) and 95% confidence interval (CI), which
were obtained from logistic regression analysis. Sta-
tistical adjustment was made for 5-yr age class (start-
ing with the lowest class of <50 yr), sex, residence
area (Fukuoka City or the adjacent areas), and smok-
ing (0, 1-399, 400-799, or >800 cigarettes-yr). The
results did not change with additional adjustment
for BMI 10 yr ago (<22.5, 22.5-24.9, 25.0-27.4, or
>27.5 kg/m?), alcohol intake (0, 0.1-0.9, 1.0-1.9, or
>2.0 units/day), type of job (sedentary, moderate, or
hard), non-occupational physical activity (0, 1-15.9,
or >16 MET-h/wk), and parental history of colorec-
tal cancer. Thus, we presented the ORs with adjust-
ment for age, sex, residence area, and smoking.

Molecular Carcinogenesis

Trend of the association was assessed with scores
0, 1, and 2 assigned to the three genotype catego-
ries. Effect modifications of smoking and the other
covariates were tested by the Wald statistic for a
product term of the ordinal variable for genotype
and a dichotomous variable for smoking (<400 and
>400 cigarette-yr) [32], alcohol intake (<2.0 and
>2.0 unit) [33], and BMI (<25.0 and >25.0 kg/m?)
[30] with reference to the previous results. Previous-
ly, we reported the associations with Cytochrome
P450 (CYP) 1A1, Gluthathione S-transferase (GST) M1,
and GSTT1 polymorphisms in relation to colorectal
cancer risk in the same study subjects [34]. Since the
EPHX1 is in the interplay with the CYP1A1l and GST
in the metabolism of tobacco-related carcinogens
[19], interactions between the EPHX1 polymorphisms
and these other polymorphisms (CYPIAI*2A,
CYP1A1*2C, and the combination of the GSTMI
and GSTT1 genotypes) were also explored. The Har-
dy-Weinberg equilibrium was tested using Pearson’s
x°-test with 1 degree of freedom. A two-sided P-val-
ue <0.05 was considered as statistically significant.
Statistical analyses were calculated using SAS version
9.2 (SAS Institute, Cary, NC).

RESULTS

Characteristics of cases and controls have been
previously reported [33]. In brief, the mean age (SD)
of the cases and controls were 60.2 (8.7) and 58.6
(10.7) yr, respectively (P = 0.003). Males numbered
426 (62%) in the case group and 490 (63%) in the
control group. As compared with controls, cases
were more likely to be heavy drinkers, had greater
BMI 10 yr earlier, and had a higher frequency of
family history of colorectal cancer. Cases and con-
trols were not different with respect to residence
area, smoking, type of job and non-occupational
physical activity.

Genotype distribution of the controls was in
Hardy-Weinberg equilibrium for both the EPHXI
Y113H (P = 0.35) and H139R (P = 0.41). Frequen-
cies of the EPHX1 113H allele were 0.42 in cases and
0.44 in controls, and frequencies of the EPHX1 139R
allele were 0.16 in cases and 0.18 in controls. As
compared with the EPHX1 113YY genotype, the
EPHX1 113HH genotype was associated with a
slightly decreased risk of colorectal cancer. The
EPHX1 139R allele tended to be related to a de-
creased risk. These decreases in risk were far from
the statistical significance, however. The imputed
EPHX1 phenotype activity was unrelated to colorec-
tal cancer (Table 1). Sex-specific analyses showed no
difference in the association with the EPHXI
Y113H, H139R polymorphisms, and the imputed
EPHX1 phenotype activity between men and wom-
en (P = 0.94, 0.82, and 0.93, respectively). The asso-
ciations did not differ in two age groups of <50 and
>50 yr (P =0.29 for Y113H, 0.70 for H139R, and
0.37 for the imputed phenotype). Furthermore, we

— 160 —



