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patient chemotherapy room using the port system and
a portable pump.
Regimens

The modified FOLFOX6 regimen included leucavo-
rin 400mg/m?intravenous (IV) on day 1, FU 400mg/m?
1V on day 1 followed by 2,400mg/m? IV over 46 hours,
and oxaliplatin 85mg/m? IV on day 1. All therapy was
administered every 2 weeks for a total of 10-13 doses.
Treatment was administered until progression of dis-
ease or unmanageable toxic effects occurred. After the
eighth to tenth FOLFOX cycle, tri-weekly mFOLFOX6
maintenance therapy was initiated. In the case of dis-
ease progression, the FOLFIRI (5) regimen could be in-
troduced.
Adverse event reporting

Adverse events were reported using the Nation-
al Cancer Institute Common Terminology Criteria for
Adverse Events version 3.0. Routine reporting was re-
quired for all events > grade 3, every 6 weeks during
active treatment.
Dose meodifications

Oxaliplatin and FU were reduced for grade 3 and
4 adverse events except for diarrhea and stomatitis,
wherein only FU was reduced for less than grade 4 tox-
icity, or for neurologic toxicities, wherein only oxalipl-
atin was modified for grades 3 and 2, provided the tox-
icity exceeded 7 days in duration.

RESULTS
Patient characteristics

Twenty-nine patients with metastatic CRC were
treated by the modified FOLFOX6 regimen from May
2005 to December 2009. The patient characteristics
are shown in Table 1. The patient ages ranged from 39
to 77 years (median 62 years). Nineteen (65.5%) had
liver metastases, and 11 (37.9%) had multiple met-
astatic sites. A total of 446 cycles of treatment were
administered with a median of 16 cycles per patient
(range 13 to 23 cycles). The median number of tri-
weekly mFOLFOX6 cycles administered was 7 (range
5-14). The median cumulative dose of oxaliplatin ad-
ministered was 1,360mg/m? (range 1,105-1,955mg/
m?). After the study, all patients received the FOLFIRI
regimen as the second-line chemotherapy in most cas-
es. At a median follow-up of 23 months (Table 2}, 15
patients were deceased. The median progression-free
survival time was 9.4 months.
Toxicity

All patients had peripheral neuropathy during treat-

TABLE 1. Patient Characteristics.

ment, but grade 3 neurotoxicity was observed in only
2 patients (6.9%). The frequencies of hematologic and
non-hematologic toxicity were very low,

DISCUSSION

The current standard first-line chemotherapy for
metastatic CRC is the FOLFOX regimen (3,4). Cumula-
tive sensory neurotoxicity is a well-known dose-lim-
iting factor of oxaliplatin (3). Alternative strategies
of oxaliplatin-based therapy with decreased cumula-
tive neurologic toxicity, such as the OPTIMOX regimen,
have also been examined (6). A high rate of hematalog-
ical or nonhematological toxicity is observed with the
use of the FOLFOX regimen at the conventional biweek-
ly schedule. Prevention or cure is one option for which
carbamazepine, gabapentin, calcium, and magnesium
have already been investigated (7). However, neuro-
modulatory agents have shown rather disappointing
activity in the prevention of oxaliplatin-induced neu-
rotoxicity (8,9).

We developed a new treatment with the mFOLF-
0X6 regimen administered biweekly for 10-13 con-
secutive cycles followed by a 3-week rest period, after
which treatment was resumed with cycles of tri-week-
ly mFOLFOX6 administration at standard doses. The
present study showed that the standard mFOLFOX6
treatment, followed by tri-weekly mFOLFOX6 main-
tenance therapy, was associated with a very low inci-
dence of hematological and non-hematological toxici-
ties, including severe neuretoxicity (3.1%), in 32 eval-
uable metastatic CRC patients. Furthermore, the me-
dian RD (9.2 months) and median PFS (8.6 months)
were comparable with those usually observed with the
mFOLFOX6 regimen (7). The low incidence of severe
neurotoxicity observed in our study was clearly relat-
ed to the planned tri-weekly treatment schedule. The
tri-weekly mFOLFOX regimen is not only a way to de-
crease neurotoxicity but also a new strategy to admin-
ister chemotherapy with advantages in costs and qual-
ity of life without a deterioration of survival rates.

CONCLUSIONS

The tri-weekly mFOLFOX6 maintenance chemo-
therapy was associated with a very low incidence of
grade 3 neurotoxicity. RD and PFS were comparable to
those usually reported in the treatment of metastat-
ic CRC patients. The tri-weekly maintenance strategy
may reduce toxicity and maintain efficacy.

TABLE 2. Response to treatment {n=29).

Characteristics No. of Patients (%)
Age Median, years 62
Range, years 39-77
Gender
Male 14 (48.3)
Female 15(51.7)
Primary tumor Colon 14 (48.3)
\ Site Rectum 15 (51.7) )

Complete Response 0 {0%)])

Partial Response 17 (58.6%)

Stable Disease 10 (34.5%)

Progressive Disease 2 {6.9%)

Response Rate 58.6%

Time to progression 9.4 months (35% CI 8.2-10.5)
kMedian survival time 23 months (95% CI19.6-27.8} )

— 119 —



Hepato-Gastroenterology 58 (2011)

S Tsutsumi, R Watanabe, Y Tabe, et al.

REFERENCES

1.
2.

o

Jemal A, Siegel R, Ward E, Hao Y, Xu }, Murray T, Thun MJ:
Cancer statistics 2008. CA Cancer } Clin 2008; 58: 71-96.
Hamady ZZ, Kotru A, Nishio H, Lodge JP: Current techniques
and results of liver resection for colorectal liver metastases. Br
Med Bull 2004; 70:87-104.

de Gramont A, Figer A, Seymour M, et al.: Leucovorin and flu-
orouracil with or without oxaliplatin as first-line treatment in
advanced colorectal cancer, ] Clin Oncol 2000; 18: 2938-2947
Raymond E, Chaney SG, Taamma A, Cvitkovic E: Oxaliplat-
in: a review of preclinical and clinical studies. Ann Oncol 1998;
9:1053-1071.

Grothey A, Sargent D, Goldberg RM, Schmoll Hj: Survival of
patients with advanced colorectal cancer improves with the
availability of fluorouracil-leucovorin, irinotecan, and oxalipla-
tin in the course of treatment. | Clin Oncol 2004; 22:1209-1214.
Tournigand C, Cervantes A, Figer A, et al.: OPTIMOX1: a ran-

— 120 —

domised study of FOLFOX4 or FOLFOX7 with oxaliplatin in a
stop-and-go fashion in advanced colorectal cancer - a GERCOR
study. ] Clin Oncol 2006; 24:394-400.

Goldberg RM, Sargent D], Morton RF, et al.: A randomized
controlled trial of fluorouracil plus leucovorin, irinotecan, and
oxaliplatin combinations in patients with previously untreated
metastatic colorectal cancer. ] Clin Oncal 2004; 22:23-30.
Cascinu S, Catalano V, Cordella L, et al.: Neuroprotective ef-
fect of reduced glutathione on oxaliplatin-based chemotherapy
in advanced colorectal cancer: a randomized, double-blind, pla-
cebo-controlled trial. ] Clin Oncol 2002; 20:3478-3483.

Von Delius S, Eckel F, Wagenpfeil S, et al.: Carbamazepine
for prevention of oxaliplatin-related neurotoxicity in patients
with advanced colorectal cancer: final results of a randomised,
controlled, multicenter phase Il study. Invest New Drugs. 2007;
25(2):173-80.



ANTICANCER RESEARCH 31: 3963-3968 (2011)

Tumor Response and Negative Distal Resection Margins of
Rectal Cancer after Hyperthermochemoradiation Therapy

SOICHI TSUTSUMI!, YUICHI TABE!, TAKAAKI FUJII!, SATORU YAMAGUCHI!, TOSHINAGA SUTO!,
REINA YAJIMA!, HIROKI MORITA!, TOSHIHIDE KATO!, MARIKO SHIOYAZ2, JUN-ICHI SAITO?,
TAKAYUKI ASAO!, TAKASHI NAKANO? and HIROYUKI KUWANO!

Departments of 1General Surgical Science and *Radiation Oncology,
Gunma University, Graduate School of Medicine, Maebashi, Gunma, Japan

Abstract. Background: The safety of regional hyperthermia
has been tested in locally advanced rectal cancer. The aim of
this study was to assess the effects of shorter distal margins on
local control and survival in rectal cancer patients who were
treated with preoperative hyperthermochemoradiation therapy
(HCRT) and underwent rectal resection by using the total
mesorectal excision (TME) method. Patients and Methods:
Ninety-three patients with rectal adenocarcinoma who received
neoadjuvant HCRT (total radiation: 50 Gy) were included in
this study. Surgery was performed 8 weeks after HCRT, and
each resected specimen was evaluated histologically. Length of
distal surgical margins, status of circumferential margins,
pathological response, and tumor node metastasis stage were
examined for their effects on recurrence and survival. Results:
Fifty-eight (62.4%) patients had tumor regression, and 20
(21.5%) had a pathological complete response. Distal margin
length ranged from 1 to 55 mm (median, 21 mm) and did not
correlate with local recurrence (p=0.57) or survival (p=0.75)
by univariate analysis. Kaplan-Meier estimates of recurrence-
free survival and local recurrence for the <10 mm versus 210
mm groups were not significantly different. Positive
circumferential margins and failure of tumors to respond were
unfavorable factors in survival. Conclusion: Distal resection
margins that are shorter than 10 mm but are not positive
appear to be equivalent to longer margins in patients who
undergo HCRT followed by rectal resection with TME. To
improve the down-staging rate, additional studies are needed.
Cancer of the lung and bronchus, prostate, and colorectum
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in men and of the lung and bronchus, breast, and colorectum
in women continue to be the most common fatal type of
cancer (1). Colorectal cancer alone is expected to account for
9% (26,580) of all male and 9% (24,790) of all female
cancer deaths in 2010. More than one-third of colorectal
carcinomas occur in the rectum. An important concern in
rectal cancer is a high local recurrence rate, as opposed to
that in colon cancer. Current guidelines from the National
Comprehensive Cancer Network (2) recommend that all
patients with clinical stage II/III rectal cancer should be
treated with preoperative chemoradiation followed by total
mesorectal excision (TME). In locally advanced rectal
cancer, the addition of S-fluorouracil (5-FU) to preoperative
radiotherapy has been shown to improve the pathological
complete response rate, tumor down-staging, and
locoregional control compared with radiotherapy alone (3).
Hyperthermia is a procedure that involves heating tissues to
a high temperature ranging from 41 to 43°C. This therapy
has been combined with radiotherapy and/or chemotherapy
for many years, with remarkable success in treating advanced
and recurrent cancer. Hyperthermia affects cells in the S
phase, inhibits sub-lethal damage repair, and improves
oxygenation, making it an attractive therapy to combine with
radiation and/or chemotherapy in the hopes of synergy (4).
A previous study reported the additional effect of
hyperthermia over preoperative radiation alone without any
increase in adverse effects (5). Local hyperthermic therapy
in combination with radiation has been shown to be less
invasive; therefore, the use of local hyperthermia with
radiation for local advanced rectal cancer has been
recommended as a preoperative therapy.
Sphincter-preserving ultra-low anterior resection (LAR) is
preferred to abdominoperitoneal resection (APR) with
permanent colostomy for tumors located at least 2 cm proximal
of the anal sphincter complex. Previous studies have shown that
close distal margins are associated with an increased risk of
mucosal recurence and overall cancer recurrence (6). We have
been conducting a clinical trial of regional hyperthermia in
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combination with chemoradiotherapy (hyperthermochemo-
radiation therapy; HCRT) by using chronochemotherapy (7) for
locally advanced rectal cancer (8). The advantages of
preoperative HCRT include tumor down-staging, improved
resectability, overall survival, and increased anal sphincter
preservation (9). The aim of this study was to assess the effects
of shorter distal margins on local control and survival in rectal
cancer patients who were treated with preoperative HCRT and
underwent rectal resection by using the TME method.

Patients and Methods

Patients and therapeutic strategy. Between January 2004 and March
2011, 93 patients with proven rectal adenocarcinoma who underwent
HCRT followed by surgery were included in this study. During the
diagnostic work-up, all patients underwent staging for distant
metastases with computed tomography of the abdomen and thorax. T
Stage was determined by magnetic resonance imaging, especially
T2-weighted imaging before and after HCRT. The extent and
location of the tumor were classified according to the TNM (10).

Preoperative HCRT. All patients in this study underwent preoperative
HCRT at the Department of Radiology and Radiation Oncology,
Gunma University Hospital. The radiation treatment was delivered by
10-MV x-rays through a three-field box technique. The clinical target
volume encompassed the primary tumor and the entire mesorectal
tissue. The total radiation dose was 50 Gy, with daily fractions of 2.0
Gy on 5 consecutive days per week. Chemotherapy consisted of 5-FU
(250 mg/m? per day) and levofolinate calcium (25 mg/m?2 per day)
administered by continuous infusion at night for 5 days a week in the
1st, 3rd, and Sth weeks of radiation. Two to five hyperthermia sessions
were performed once a week with 8 MHz radiofrequency capacitive
heating equipment (Thermotron-RF 8, Yamamoto Vinita Co., Ltd.,
Japan).

Surgery and postoperative therapy. Rectal resection was performed
using the principles of TME 8 weeks after the completion of HCRT.
A complete 6-month course of adjuvant 5-FU-based chemotherapy
was typically recommended for all medically fit patients completing
HCRT and curative surgery. The majority of the patients received
oral 5-FU/leucovorin.

Pathology. Each resected specimen was examined for histological
changes after HCRT according to the histological criteria of the
Japanese Classification of Colorectal Carcinoma (11). Grades were
assigned according to the amount of necrosis, degeneration, and
[ytic change of the tumor in the estimated total amount of the lesion
(12). Grading of the histopathological response was performed by
pathologists. The distal margin was defined as the gross distance
between the distal edge of the tumor or post-treatment fibrosis, if
present, and the distal mucosal resection margin.

Results

Patients’ characteristics. Ninety-three patients with lower
third rectal cancer were included in this study; the median age
was 64 years. Sixty-eight patients were males, and 25 patients
were females, with a male-to-female ratio of 2.7: 1. Patient
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Table 1. Patients’ characteristics.

Characteristic No. of cases (%)
Age, years

Median (range) 64 (43-85)
Gender

Male 68 (73.1)

Female 25 (26.9)
Stage

I 39 (41.9)

11X 50 (53.8)

v 4 (4.3)
Surgical technique

APR 17 (18.3)

LAR 76 (81.71)
Sphincter-preserving rate 81.7%

APR; Abdominoperitoneal resection; LAR, low anterior resection.

characteristics are shown in Table I. All patients tolerated this
regimen without hematological toxicity. The non-
hematological toxicities observed were diarrhea in one patient
and anorexia in one patient, both with grade 3 cancer. When
the clinical pretreatment stage was compared with the
pathologic results, down-staging of the T and N stages was
possible in 51 (45.2%) and 54 patients (58.1%), respectively.
The overall down-staging rate, including both the T and N
stages, was 63.4% (59/93). Significant down-staging
estimated in the primary lesion, in which tumors were
undetectable by MRI and colonoscopy and negative results
were obtained from biopsies, occurred in 47 patients (50.5%).
Anterior resection was performed with colorectal anastomosis
using a double-stapler device in 55 (59.1%) patients and with
coloanal anastomosis using the hand-sewn technique in 21
(22.6%) patients. Abdominoperineal resection was performed
in 17 (18.3%) patients. The overall sphincter preservation rate
in the present study was 81.7% (76 out of 93 patients).

The pathological diagnoses obtained from surgical
specimens are shown in Table II. Pathological complete
response (pCR) of the primary tumor (Figure 1) and lymph
nodes on the pathological specimen was observed in 20
patients (21.5%), and one patient showed pCR of the primary
tumor but had residual tumor cells in the regional node. All
patients had pathologically negative distal resection margins.
Patients with pCR after HCRT had no better outcome than
did those without pCR (Table II). pCR after HCRT might not
be indicative of a prognostically favorable biological tumor
profile. For the LAR specimen, the distal resection margins
ranged from 1 to 55 mm (median 21 mm), not including the
anastomotic staple rings. Fourteen (15.1%) patients who
underwent LAR had distal resection margins of <10 mm.
Seven (7.5%) patients were found to have positive
circumferential margins with the pelvic side wall.
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Figure 1. Microscopic evaluation of tumor response. A: Low magnification (x25) image showing the ulcer at the tumor bed site. B: Higher
magnification (x100) image deep in the wall of the fibrosis shows a high number of Iymphocytes and fibroblasts scattered throughout the scar tissue.

The median follow-up was 37 months (range 4-81 months)
for all patients, and 84 patients were still alive at the time of
writing. A distal margin length shorter than 10 mm did not
correlate with local recurrence (p=0.57) or survival (p=0.73)
by univariate analysis. Kaplan-Meier estimates of recurrence-
free survival and local recurrence for the <10 mm versus >10
mm groups were not significantly different (Figure 2).
However, positive circumferential margin and down-staging
were related to overall survival (Figures 3 and 4).

Discussion

Whether LAR or APR is performed, ensuring that the intact
rectum and mesorectum are removed with clear surgical
margins is immensely important to prevent the local
recurrence -of rectal cancer. Preoperative chemoradiation
can potentially increase the feasibility of sphincter-
preserving resections by reducing the tumor volume and by
defending against local tumor extensions (13). Given the
additional effects of hyperthermia on chemoradiation
therapy, HCRT may compensate for the narrow
circumference and distal resection margins. The rate of

Table I1. Comparison of clinicopathologic variables.

Distal resection margin <10 mm =10 mm p-value
n=14 n=79

Local recurrence 1(7.1%) 3 (3.8%) 0.5745

Survival 13(929%) 71(89.9%) 0.7313

Pathologic circumferential - + p-value

resection margin n=86 n=7

Local recurrence 3 (3.5%) 1 (143%) 0.1795

Survival 790919%) 5(714%) 0029

Pathologic complete response  pCR (~) pCR (+) p-value
n=73 n=20

Local recurrence 4 (2.3%) 0 (0%) 0.2896

Survival 70 (91.9%) 20 (71.4%) 0.1006

Down-staging - + p-value
n=34 n=59

Local recurrence 3(8.8%) 1(1.7%) 0.1049

Survival 27 (7194%) 57 (96.6%) 0.0187

3965

— 123 —



ANTICANCER RESEARCH 31; 3963-3968 (2011)

gos
c
5’) 0.47 <10 mm
A 210 mm
0.2 p=0.8087
0-

T T T T T T T

80 90

0 10 20 30 40 S50 60 70
Months following surgery

Figure 2, Kaplan-Meier distribution of overail survival for patients with
<10 mm distal margins versus those with 210 mm distal margins.

pCR after neoadjuvant chemoradiation therapy ranged from
10 to 16% in various series examined in a review (14).
Recent efforts incorporating newer cytotoxic and
molecularly targeted agents into chemoradiation therapy
regimens have been reported. Large randomized trials
showed that the addition of weekly oxaliplatin to
fluoropyrimidine-based chemoradiation led to an increase
in grade 3/4 toxicity but no difference in pCR rates. Early
phase trials evaluating the anti-epidermal growth factor
receptor antibody cetuximab in combination with
chemoradiation reported modest pCR rates of 5 to 12%. In
this study, the pCR rate was 21.5%, which compares
favorably with that observed in the other reports. Moreover,
our study showed a greater reduction of adverse effects
through the use of chronochemotherapy (8).

Tumor distance from the anal verge was significantly
greater after HCRT, thus it was possible to carry out
sphincter-preserving surgery in a larger proportion of the
patients. The close distal resection margin, even if it was
shorter than 10 mm, was not related to local recurrence
and survival in this study. A positive circumferential
margin was also not related to local failure (Table II).
Obtaining negative distal and circumferential margins
remains a goal of rectal cancer surgery after HCRT. The
malignant potential and behavior of tumor after HCRT
might be different from the pretreatment status. Further
investigations are needed in order to archive better
individual oncologic results.

Down-staging in this study was a good predictor of
outcome. Down-staging oncological treatment has not been
viewed as an additional therapy, and there is no evidence-
based protocol to follow if the tumor fails to regress or
increases in size after HCRT. Trials of chemotherapy with
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Figure 3. Kaplan-Meier distribution of overall survival for patients with
negative circumferential margins versus those with positive
circumferential margin.
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Figure 4, Kaplan-Meier distribution of overall survival for patients with
down-staging versus those without down-staging.

new biologic agents in a preoperative setting for patients
whose disease fails to down-stage after HCRT are needed.
New techniques for rectal cancer surgery also need to be
investigated. However, a prospective randomized study that
inspects the adequacy and safety of the distal and
circumferential resection margins would be difficult to set
up. The limitations of our study include the small number
of patients and the short follow-up period. The results of
our study are encouraging in terms of the rate of down-
staging, pCR, and sphincter-preserving surgery. The
favorable results of our study might be due to additional
hyperthermia with chemoradiation therapy. Further
investigations to improve the down-staging rate of HCRT
for rectal cancer are required.
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Dt BHRIC/ARTRBEBEEZITY, 20084E3 HIRE L2 CT TRHL 2 2BERIIRZED %
Mol WLV 4ERZBL 2008 4 11 B OEEER CT TREIEENREX RO, EEIER
85 7.2cm THIEIFMFFD staple line # G0 EZHFMMIGFELTRBY, RETERLBW L/ BE N
SMAIR 3B L RERILE SO LEBE~NLSHICRERE BRI iz (Fig.2). EEEILEARER
ETIEEABERMCHETEEROBRELZD, BABEZEHL Tz BRIBTREZT) S5 H#HE
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4 <F =7 X0 pCR #B7:F GIST BFTHE#H

DMBEOEHIHRILETH S LEDR, BEIKREVWEEZ SR MBI LERELTY Héte L,
4 <F =7 (400mg/day) ## 2 »HMES L. 20094 2 A OEEER CT TIXEE T ANL, M
JEA~DRBEHE SN L Tz (Fig.3). ZORETHBRTREZHNL, PINENICARE 2ol
BE ¢ IR 367°C, ILE 124/80mmHg, WR¥A 64/4r, BEECIIIER 2 A, ERSICHEFHE
TR

MEAELFERE - BEFTRIEEDT, BE~Y— I —DLER AL o7,

PEERER CT TR« JEBIX 75%60cm L2 R0, BEENOEEHNRIBMBL T (Fig.3). #
B~ OREH#E b i/ LTz, ERE PR, WIBRTRE L FIWF L7

A= F =T OFHRIE PR TH o725, SHOBGMEIC L HEWEHPMEOTRELZEZ shiziz)
ks 5 HeHE L

FMTR  BEIFIMIR, REEYEASHMEEERE LTw WIRKICHEEE~ORBIZRD %
Modz. BRBESURMN, FROMURIS RN 2 T L7

YIRERNRATR BRI HELZ AT 5 70x60cm OFRERDERE TH o 7-. GE TITLEICERE
FEELTEBY, BAKNRGISTICRONS L) 2EABATIIR o7 (Fig. 4).

TR B AT R - GIST Ml 3580 3, MEBRERSEERTH o 72, viable cell iZ720 3, pCR
LHES NI (Fig.5). F7-B8EFHITEITLEr o7

WithARR - WRICA X F =T OHRGRTOT, FRICTREBEFRTH 525, itk 1 FRBREATH
HITFAH TR,
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4 =F= 7k Y pCR #8728 GIST BFiER

‘were &et]eaiieii,ﬁ o o

z  E

RIFCTO GIST B|AA F T4 20 X5 L, B B GIST [T 2 BROFEANEA ~F =75
TH5H. BIEGIST I LT, BRIBEFN LA 2EERENL  URAEBTH > 2560 F R
FEICRBTHor. MERTITONATF o7 OE NHBRABRICL 5L, BHETS537%, SD
BEOIRE IV u—VETEI6% &, BURBEDRFRE SN Twa. FARROBE TR
Tk, A ¥ F 7 OREEDRE ckitBEFERERHLICIYVEZLZLPRESNTEY, 27V 1]
ICIERPA L NBEFTIIRITIL 8% L|EIEL, 7V VY IDERTIE 8% ThHho7z.

LU 23S, BRNOBKRRBOERTL A F T HRBEMTO CRAIZIZEAERL A<vF=
TOREAZ LY EREOY A ZhNEA LT, RHEMAMREIICE viable 2 BB —BIERFEL TS
bOLEZONTWAEY, ARFTOREICLY, RHEOEEITREENTEBY, FEOa ¥y ba—n
CEARF T RN E) BHICHET A2 LR ETH L. TO—FT, AFoTHEICLS
BEWEHSZRHEOHRBICLY, A F 7 OREFEEEL 22580050 2w,

METE, BEGISTICH LA v F =7 2% 5% ICHUREZTV, BEF2EREZ BTV HMELHAS
B9 NCCN @ GIST B 7 4 F5 4 27Tk, BF GIST 1243 2 4B 0B BEORAL LT, 1 vF
= TRREIEDH 5 GIST %, 4 ¥ F =7 T#ITHEIL LEE{L L7z GIST, 2w idhEr %2 &7 5
GIST TREEEFEEURTELZEAICE, AR FMIEEL 2L LTwA.

Rutkowski 5%% Gronchi %%, IR EE, BRER GIST I 2 4 v~ F = T#H 5B OEEIRICD
WT, A 9F 7B OEEURETFREGTH Y, BEIFA v F TSR ES LREI Y o
MWHERL N VIRBTOFM T, PIRE, AFEFLHIETL, FERRRICZZ LHELTWA.

KIS, BT ERE R LB CIST ICH L TA R F =705 21Tw, REOI Y ba—VEFo 72
)R TEMERITL, BREEEOSEUREBITT A 2 & 20T &7z UBREROR AR T,
FEIEERI IR MR ORREDA 5B DAT, GIST O viable cell (23803 pCR & HIWF L 7. YIRER L
GIST MIBIXFED SN A hr o 7288, A v F = THEICL Y EG EHADMES N2 L2 S RERIE GIST
DEFICFE LRV EE 7.

A<F 27 REEAROEREZIH L, 7RIV ARHET L0, BEARIERLLLHFRE
BEBEITEENTVEY. FREFATEZD L) REILERD B o728, MROBE ZEEMEOFRT
MEPEEL, 4 <F =T OHREENRICLVEEMEIHER 2OGREBNEOAIRY, MEE
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Table I Reported cases of g}éi&;}hgicai complete response obtained after neoadjuvant chemotherapy by imatinib
mesylate io Japan . Clnniadt e S e ,
Tumor size before . .
Case Author Age Initial therapy Recuz- administration of Response to O'Pfil'atl()fl after Pat.hol_oglcal
Year Sex rence IM (cm) treatment  administration of IM findings
imal®) 66 inistrati Total gastrectom i
1 Abeshima Administration Nome  Over fist size PR g Y Hyahng
2004 M of IM Left lobectomy of the liver degeneration
o 52 i Local Proximal gastrectom i
5 Nojiri Partial 4 (Local), 7 (Liver) D 8 ¥ Hyalme‘
2005 M gastrectomy  Liver Partial hepatectomy ~ degeneration
Koeda® 56 Total ) Myzxoid
3 2007 M gastrectomy Spleen 4x4 PR Splenectomy degeneration
78 . Partial gastrectom i i
4  Ourcase Proximal Local 8.5x72 PR 8 7 Angiomatoid
M  gastrectomy Partial hepatectomy change
IM: imatinib mesylate

BOMREELbDLEZ LN

BB DIRIEIC D W TiE, Rutkowski 5%% Gronchi 52D W d 4 T = SO Skl EE T,
WHTELZTRMICAYF T 2EHHET AL PLETH L L LTWE, FIEFIE pCR 55 iz
B, FRBOALF 2 THESEITo TRV, BELITERRZED TV,

E GIST I<xf L T BT LB E R T W LZEMICB W T pCR2MEOA B 2 L X ENRTHB. [
GIST., [A Y WEEA ~F =7 % F— 7 — FICEZHRRMEETIITS Web BT 1983 £20 5 2010 4 % TH
T rL, EREFALEDE GIST (I3 L TR EERE L TR ICFR 21T - 2 3mBE L 5 HITH -
72, 2D BLYBRIEART pCR 2 HER L 72Dk 3BV DATH o 72 (K#ERE R ). RIORT LI ICH
BB % &7 4 BIOKE T, ZEE SO0 RE L7z L BIIMERRRICA < F = 72 AL TWwA 2, #
DD 3BFNIFMBEOBRINIF LAY F T E2FER LTS (Table 1), ZEHITIAEILIRERZIC
IFEINPAMAF =T 2BELTWEY, RN 4 ETRITBERER LD, A9F2T70k52H
HL7z REFIHREROEEELREL, #HRECHIMIK~ORBEL RO, A~vF =TIk
LR ERERES LEMTRE 20, OBERCTpCR P EONLFIRENTH L EEZ N

b, BARXOBERLE 7 HERERIBES ) THRLA
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A Resected Case of Local Recurrence of GIST of the Stomach
in which Pathological complete Response after Neoadjuvant Chemotherapy

by Imatinib Mesylate

Akiharu Kimura”, Kiyoshi Hiramatsu®, Tadayuki Sakuragawa®, Tomotaka Tsuchiya”,
Hidehiko Otsuji”, Takao Maeta”, Hiroshi Tanaka”, Katsue Yoshida®,
Yuichi Machiki” and Hiroyuki Kuwano”
Department of Surgery, Kirvu Kosei General Hospital”
Department of Pathology, Kiryu Kosei General Hospital”
Department of Surgery, Hino Municipal Hospital®

Department of General Surgical Science, Ganma University Graduate School of Medicine?

A 78-year-old man underwent proximal gastrectomy for gastrointestinal stromal tumor (GIST) of the
stomach in November 2004.The pathological diagnose was GIST, and it was positive for KIT and CD34
immunohistochemically, indicating it was in a high risk group. Administration of imatinib mesylate at a
dose of 400 mg/day was given for 21 months after surgery as adjuvant chemotherapy. In November
2000, abdominal computed tomography (CT} revealed local recurrence of GIST invading the liver and
diaphragm making curative resection difficult, so administration of imatinib mesylate was restarted.
Three months after reinitiating imatinib mesylate treatment,abdominal CT showed reduction in tumor
size. Therefore,we judged this lesion to be resectable and performed local resection. Histopathologically,
the tumor was replaced by angiomatoid change,and no viable tumor cells were detected. Pathological
complete response (pCR) was obtained. This was a rare case, in which local recurrence of GIST invading
the liver and diaphragm was resected after neoadjuvant chemotherapy by imatinib mesylate, and
pathological complete response was obtained.
Key Words: GIST, imatinib mesylate, neoadjuvant therapy
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Oxaliplatin-induced neurotoxicity involves TRPMS8 in the
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Introduction

Abstract

Oxaliplatin-induced peripheral neurotoxicity (OPN) is commonly associated with
peripheral hypersensitivity to cold sensations (CS) but the mechanism is unknown.
We hypothesized that the transient receptor potential melastatin 8 (TRPMS), a
putative cold and menthol receptor, contributes to oxaliplatin cold hypersensitivity.
To determine whether the TRPMS is involved in acute OPN, varying concentrations
of menthol were topically applied to the tongues of healthy subjects (n# = 40) and
colorectal cancer patients (# = 36) before and after oxaliplatin administration. The
minimum concentration of menthol to evoke CS at the menthol application site was
determined as the CS detection threshold (CDT). In healthy subjects, the mean CDT
was 0.068. Sex and age differences were not found in the CDT. In advanced colorectal
cancer patients, the mean CDT significantly decreased from 0.067% t0 0.028% (P=
0.0039) after the first course of oxaliplatin infusions, and this marked CS occurred
in patients who had grade 1 or less neurotoxicity, and grade 2 neurotoxicity, but not
in those with grade 3 neurotoxicity. Further, the mean baseline CDT in oxaliplatin-
treated patients was significantly higher than that of chemotherapy-naive patients
and healthy subjects (0.151% vs. 0.066%, P = 0.0225), suggesting that acute sensory
changes may be concealed by progressive abnormalities in sensory axons in severe
neurotoxicity, and that TRPMS is subject to desensitization on repeat stimulation.
Our study demonstrates the feasibility of undertaking CDT test in a clinical setting
to facilitate the identification of early neurotoxicity. Moreover, our results indicate
potential TRPMS involvement in acute OPN.

is usually triggered by cold exposure and begins in the hands
or feet but sometimes occurs around the mouth or in the
throat (Raymond et al. 1998a; Raymond et al. 1998b; Grothey,

Oxaliplatin-induced peripheral neurotoxicity (OPN) is dele-
terious to patients both in terms of troublesome symptoms
and the need to reduce or discontinue chemotherapy (Adels-
berdger et al. 2000). Oxaliplatin, a third-generation platinum
analog, causes a unique spectrum of acute peripheral nerve
hyperexcitability that has not been observed in patients re-
ceiving other platinum chemotherapeutic agents. Conversely,
chronic oxaliplatin treatment induces an axonal neuropa-
thy that is similar to that observed with other platinum-
based compounds (Lehky et al. 2004). In clinical studies, ap-
proximately 90% of oxaliplatin-treated patients experienced
unique acute OPN, particularly cold-induced paresthesia that

2003; Ali 2010;). It is an acute transient syndrome that may
begin during drug infusion or within minutes, hours, or 1-2
days after administration but is usually self-limiting, often
disappearing within a few days (Gamelin et al. 2002, 2006).
Recently, a wide repertoire of sensory transduction
molecules that convert external environmental stimuli into
neural activity has been identified (Basbaum et al. 2009).
For example, the transient receptor potential (TRP) family
of ion channels are the primary detectors of thermal stim-
uli (Jordt et al. 2003), and TRP melastatin 8 (TRPMS) de-
termines whether temperatures are considered cool or cold

68 © 2012 The Authors. Published by Wiley Periodicals, Inc. This is an open access article under the terms of the Creative
Commons Attribution Non-Commercial License which permits use, distribution and reproduction in any medium, provided
the original work is properly cited and is not used for commercial purposes.
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(McKemy et al. 2002; Peier et al. 2002; Daniels and McKemy
2007). However, to date, there is no evidence that TRPMS is
involved in the mechanisms of acute OPN.

Menthol, a potent TRPMS agonist, has long been known
to induce or intensify cold sensations by interacting with
the peripheral cold receptor, TRPMS8 (McKemy et al. 2002;
Peier et al. 2002; Knowlton et al. 2010). The tongue is a
well-characterized sensory organ, and TRPMS is present in
sensory lingual nerve fibers that mainly project from the
trigeminal ganglion where they function as cold and menthol
receptors on the tongue (Abe et al. 2005).

On the basis of these observations, we hypothesized that
TRPMS8 is involved in the mechanisms of acute OPN, es-
pecially marked sensitivity to cold. We tested this hypothe-
sis by topically applying varying concentrations of menthol,
a TRPMS agonist, to the patients” tongue before and after
oxaliplatin infusions to determine their sensitivity to cold
sensation. The minimum concentration of menthol to evoke
cold sensation (CS) at the menthol application site was de-
termined as the cold sensation detection threshold (CDT).

The conventional clinical grading system was used to as-
sess the severity of neurotoxicity in relation to CDT, Patients
also completed self-report ratings of their sensitivity to cold
sensation, and the results of these objective and subjective
findings were compared.

Materials and Methods
Subjects and treatment regimen

A total of 76 subjects were enrolled in this study: 40 healthy
subjects (24 women, 16 men; median age, 54 years; range,
22-85) and 36 patients (22 women, 14 men; median age,
57 years; range, 33-80) with advanced-stage colorectal can-
cer who received standard oxaliplatin in combination with
infusional 5-fluorouracil/leucovorin (FOLFOX) as a first-
line treatment. In the FOLFOX regimens, oxaliplatin (mod-
ified FOLFOX 6, 85 mg/m?) was given intravenously over
2 h on day 1 in conjunction with leucovorin (200 mg/m?)
and followed by a 5-fluorouracil (5-FU) bolus injection
(400 mg/m?), repeated every 2 weeks. A continuous 24-h
infusion of 5-FU (600 mg/m?) was given over days 1 and 2.
On day 2, leucovorin (200 mg/m?; over 2 h) and 5-FU bolus
(400 mg/m?) were given intravenously.

The subjects did not consume any spicy food 1 day prior to
testing. They were also asked to refrain from eating, drinking,
chewing gum, brushing their teeth, and using mouthwash for
2 h before testing, and we verified that the participants had
observed these restrictions at the beginning of each session.

The present study was conducted in accordance with
the Declaration of Helsinki for the care for human stud-
ies adopted by the Ethics Committee of Higashi-Asahikawa
Hospital. All patients provided written informed consent.

© 2012 The Authors. Published by Wiley Periodicals, Inc.

TRPMS in Oxaliplatin-Induced Neurotoxicity

Assessment of menthol in experiments 1
and 2

A solution of 5% L-menthol (from dry crystals; MERCK,
Tokyo, Japan) was prepared in warm distilled water (41°C)
at the time of application, and this solution was further di-
luted in warm distilled water to yield menthol solutions of
0.005%, 0.01%, 0.05%, 0.1%, 0.5%, and 1% (0.32 mM, 0.64
mM, 3.2 mM, 6.4 mM, 32 mM, and 64 mM, respectively).
These solutions were topically applied with a cotton swab to
the dorsal anterior tongue in two experiments (Fig. 1a). In
experiment 1, the six different menthol solutions were ad-
ministered to healthy subjects and patients with colon cancer
prior to oxaliplatin exposure, and their subjective ratings of
cold sensitivity were recorded. In experiment 2, patients were
examined for alterations in the menthol-induced cold sensa-
tions before and 5-6 h after the patients receiving individual
oxaliplatin infusions. The menthol concentrations used in
this study were based on a previous human study (Albin
etal. 2008). The vehicle control (warmed distilled water) was
applied in the same manner.

Both experiments were performed in a room maintained
at a constant temperature (22 £ 1°C) and a relative humid-
ity of 55 £ 5%. The menthol testing was performed by two
investigators (TK and MS) on all participants. Neither the
individuals nor the investigator were aware of whether men-
thol or the vehicle was applied first because the substances
were encoded by a technical assistant.

Cold sensations and Cold sensation
detection threshold

The highest and lowest concentrations of the menthol solu-
tions were set at 1% and 0.005%, respectively. Starting at the
lowest and increasing to the highest menthol concentration,
the solutions were applied with an interstimulus interval of
10 sec. For each stimulus, the subject was instructed to push
a button as soon as he or she detected a CS (CDT). The CDT
was considered the minimum menthol concentration. When
no threshold was obtained, the highest concentration tested
(19%) was entered as the threshold value.

Assessment of neurotoxicity

The National Cancer Institute Common Terminology Cri-
teria for Adverse Events (CTCAE) version 3.0 was used to
evaluate the severity of neurotoxicity: grade 1 (mild), loss
of deep tendon reflexes or paresthesia not interfering with
function; grade 2 (moderate), sensory alteration or paresthe-
sia interfering with function but not activities of daily living;
grade 3 (severe), sensory alteration or paresthesia interfering
with activities of daily living; and grade 4, disabling (Trotti
et al. 2003).

69

- 135 —



TRPMS in Oxaliplatin-Induced Neurotoxicity

a

O
2

too .15

3

&

>

o {}JB"

Lo

g

@ -+

¢ 0.054

&

Wy

@ B

M 0.00 5 7
Mals Female
(=18 {bi=24)

T. Kono et al.

Baseline/average CDT

9
Healthy voluntsers (=40

=]

e

L
5

=]

pey

L]
i

=

[l

(43
i

Baseline/average CDT

0.00

80-89 yr
(M=5)

60-790
(M=)

20-39  40-59
(=8 {M=17y

Figure 1. Effects of menthol on cold sensation and the detection threshold in healthy human subjects. (a) The menthol solution was topically applied
with a cotton swab to the dorsal anterior tongue. (b) The mean baseline cold sensation detection thresholds (CDTs) in healthy human volunteers (n =
40) were 0.01% (1 of 40 subjects), 0.05% (26 of 40), and 0.1% (13 of 40). The overall mean CDT was 0.068 -+ 0.026% (mean + SD). (¢) Significant
sex difference in mean baseline CDT was not found. (d) Significant age difference in mean baseline CDT was not found. Cross is the mean of CDT.

Statistics

The effects of oxaliplatin were analyzed by the nonparamet-
ric Wilcoxon #-test for paired samples. In all of the statis-
tical analyses, significance was determined using an alpha
level of 0.05. All statistical procedures were performed using
the IBM-SPSS software package version 18.0] for Windows
(Tokyo, Japan) and the GraphPad Prism 4 statistics program
(GraphPad Software, Inc., San Diego, CA).

Results

Effects of menthol on €S and CDT in healthy
human subjects and patients with colon
cancer (experiment 1)

All subjects noticed a significant feeling of coldness at the
menthol application site. The CS occurred within the first
3 sec, reached an intensity plateau at approximately 5 sec
and then disappeared within 10 sec. The intensity of the CS
increased in a dose-dependent manner. None of the subjects
experienced a CS when the vehicle control was applied. The
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mean baseline CDTs in healthy human volunteers were 0.01%
(1 of 40 subjects), 0.05% (26 0f 40), and 0.1% (13 of 40). The
mean CDT was 0.068 =+ 0.026% (SD) (Fig. 1b). To assess
reproducibility, 40 healthy subjects were retested, and their
CDTs were found not to differ significantly from the previous
testing. Significant sex and age differences in mean baseline
CDTs were not found as well (Fig. 1¢ and d). No serious
adverse events occurred during the study and all doses of
menthol were well tolerated.

The mean CDT in patients with colon cancer who had
never received any chemotherapy was 0.067 £ 0.025% (n =
12). No significant difference in mean baseline CDT was
observed between healthy subjects and patients with colon
cancer. In addition, no serious adverse events occurred during
the study and all doses of menthol were well tolerated.

Changes in the CDT before and after
oxaliplatin administration (experiment 2)

Figure 2a shows the CDTs that were obtained before and af-
ter the first oxaliplatin administration in patients who had

© 2012 The Authors. Published by Wiley Periodicals, Inc.
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Figure 2. Changes in the cold sensation detection threshold (CDT) before and after oxaliplatin administration. (a) The CDT was determined by
applying menthol before and after the first oxaliplatin administration. The CDT significantly decreased from 0.067 + 0.025% (mean = SD) to 0.028 +
0.029% (n = 12, P = 0.0025). (b) Changes in the CDT before and after oxaliplatin administration in patients previously treated with oxaliplatin. The
CDT significantly decreased from 0.151 £+ 0.263% to 0.083 + 0.198% (n = 24, P = 0.0004). (¢) The mean baseline CDT was significantly higher in
patients previously treated with oxaliplatin (n = 24) than in untreated subjects (n = 52) (0.151% vs. 0.066%, P = 0.0225). (d) The CDT was measured
before and after oxaliplatin was administered to patients who had grade 1 or less neurotoxicity. The CDT significantly decreased from 0.073 + 0.034%
t0 0.028 £ 0.021% (n = 9, P = 0.0126). (e) The CDT was measured before and after oxaliplatin was administered to patients who had grade 2
neurotoxicity. There was no significant difference in the CDTs (n = 8; before, 0.183 + 0.332%; after, 0.036 + 0.033%; P = 0.022). (f) The CDT was
obtained before and after oxaliplatin was administered to patients who had grade 3 neurotoxicity. There was no significant difference in the CDTs
(n = 7; before, 0.214 + 0.347%; after, 0.209 + 0.351%; P = 1.0). Cross is the mean of CDT.

never received chemotherapy. All but one patient were hy- Discussion
persensitive to menthol as indicated by a significant decrease
in the CDT from 0.067 % 0.025% t0 0.028 £ 0.029% (n =12,
P = 0.0025). The CDTs were also measured before and after
oxaliplatin administration in patients who had previously re-
ceived oxaliplatin (n = 24, median, 330 mg/m?; range, 85 —
2450 mg/m?). Under these conditions, the CDT significantly
decreased from 0.151 £ 0.263% to 0.083 % 0.198% (n =
24, P = 0.0004) (Fig. 2b). Taken together, these findings
show that the mean baseline CDT was significantly higher
in patients previously treated with oxaliplatin (n = 24) than
in untreated subjects (n = 52) (0.151% vs. 0.066%, P =
0.0225).

When the relationship between the CDTs and the CTCAE
neurotoxicity ratings in oxaliplatin-treated patients was eval-
uated, the CDTs were found to be significantly decreased in
patients who had grade 1 or less neurotoxicity (from 0.073%
10 0.028%) (n =9, P = 0.0126) (Fig. 2d), and grade 2 (from
0.183% to 0.036%) (n = 8, P = 0.022) (Fig. 2e), but not in
those with grade 3 neurotoxicity (from 0.214% to 0.209%)
(n=7, P=1.0) (Fig. 2f).

Our results indicate a potential correlation between TRPMS8
activity and OPN, especially in acute hypersensitivity to CS,
and that acute changes in CDT may facilitate the identifica-
tion of early OPN. In chemotherapy-naive patients, signif-
icant sensitivity to topical menthol developed after the first
oxaliplatin infusion, suggesting that oxaliplatin had indeed
induced cold hypersensitivity. In contrast, patients with pre-
vious oxaliplatin exposure showed reduced cold hypersensi-
tivity. With regard to the relationship between the CDT and
neurotoxicity grade, we found that mild or moderate neuro-
toxicity was associated with significant changes in the CDT,
while severe neurotoxicity was not associated with marked
changes in the CDT. Whether the CDT remains unaltered in
oxaliplatin-treated patients who do not develop OPN despite
chronic oxaliplatin exposure requires further investigation.
Nonetheless, these findings suggest that the CDT is a sensitive
marker of early oxaliplatin-induced sensory disturbances.
Menthol activates the cold-transducing Ca®* ion channel
TRPMS8 and increases cold-evoked currents (McKemy et al.
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2002; Peier et al. 2002), and TRPMS is naturally expressed
sensory neurons (Reid et al. 2002; Abe et al. 2005; Kobayashi
et al. 2005; Madrid et al. 2006). These TRPM8-expressing
sensory neurons project into the superficial laminae of the
spinal cord dorsal horn (Dhaka et al. 2008; Wrigley et al.
2009) that contains cold-sensitive neurons that project into
the spinothalamic tract (Craig and Dostrovsky 2001). Thus,
the cold-induced paresthesias after oxaliplatin administra-
tion that were accentuated by menthol might be mediated
via the activation of TRPM8-expressing innocuous cold re-
ceptors, assuming that the receptors access central neurons.
Although the precise mechanisms underpinning OPN are
still uncertain, this study may serve as an entry point in
furthering the mechanistic understanding of OPN. Oxali-
platin has also been shown to modify intracellular Ca?* han-
dling within the cell bodies of cultured neurons (Grolleau
etal. 2001). A more recent study cited a possible mechanism
for some of the oxaliplatin-induced effects that is related to
the modification of surface charges around the ion chan-
nel: either due to extracellular Ca** chelation or binding of
a charged biotransformation product of oxaliplatin to the
channel (Broomand et al. 2009). In addition, the prospec-
tive CONcePT study confirmed that OPN could be strongly
attenuated by pre- and post-ireating patients with Ca** and
Mg** infusions (Gamelin et al. 2008). These findings suggest
amode of action that involves a Ca** -dependent mechanism
in OPN. Therefore, the Ca?* ion channel TRPMS appears to
be a good candidate for understanding the Ca**-dependent
mechanism in OPN.

The TRP ion channel family consists of approximately 28
mammalian cation channels (Gaudet, 2008; Talavera et al.
2008; Eid and Cortright, 2009) that are involved in a wide
range of physiological and pathophysiological processes in-
cluding taste, thermosensation, pain, and cell cycle regula-
tion. The TRP ion channels present a novel mechanism for
controlling Ca?* transients in human neurons and represent
potential targets for regulating neurite proliferation and out-
growth. Recent studies have shown that regulating TRPMS8
ion channels may be a way of controlling Ca** transients
in human neurons. We, therefore, hypothesized that oxali-
platin could alter calcium-sensitive voltage-gated Na chan-
nels through a pathway that involves Ca>* jons that are likely
mobilized by TRPMS.

Several limitations should be considered in light of our
results. Firstly, we did not conduct additional follow-up of
CDT after oxaliplatin infusion. Such data would provide a
context for the length of time it takes for the CDTs to return
to normal and would be very useful from a clinical transla-
tion standpoint to approximate the outcome of patients after
oxaliplatin infusion. This approach will be incorporated into
our next protocol. Second, we compared our CDT findings
against the CTCAE grading system that is a gross general
measure of neuropathy impairment (Trotti et al. 2003) that
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precludes specific measurement of cold allodynia symptoms.
Hence, our menthol testing needs validation against a testing
method that provides an objective evaluation of cold allo-
dynia/parasthesia, preferably the gold standard of CS, such
as quantitative sensory testing. The validation of the men-
thol testing using quantitative sensory tests will be one of the
important future studies. In addition, although our healthy
subjects and chemotherapy-naive patients were similar in
age, sex, and baseline CDTs, having colon cancer patients
as controls rather than healthy volunteers would have estab-
lished equivalency at baseline by accounting for the potential
influence of cancer-specific changes on CDTs. Future stud-
ies would benefit from conducting additional evaluations
of CDTs after oxaliplatin infusion, performing quantitative
sensory testing, and using patients with colon cancer without
OPN as controls.

The present data show that menthol may be used to deter-
mine and evaluate the neurotoxicity severity score, although
the methodology using menthol has not been firmly estab-
lished. Interestingly, patients with prior oxaliplatin exposure
had significantly elevated CDT at baseline, and patients with
grade 3 neurotoxicity did not show significant changes in the
CDT before and after oxaliplatin administration. These find-
ings suggest that TRMS8 may be associated with the chronic
stage of OPN. Unfortunately, in this study, these patients were
not prospectively monitored for changes in the CDT during
and after a long period of oxaliplatin treatment therefore, we
could not confirm whether or not the CDT increased with
OPN progression. A prospective, multicenter, randomized,
double-blind study is needed to investigate the possibility of
CDT as a diagnostic marker for OPN.

In conclusion, our findings indicate that OPN may be asso-
ciated with TRPMS in acute hypersensitivity to CS, and that
additional studies on TRPMS8 will enhance our understand-
ing of the mechanisms of OPN. Further, our study demon-
strates the feasibility of undertaking CDT test in a clinical
setting to facilitate the identification of early neurotoxicity,
although larger trials need to be conducted to confirm our
findings.
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