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Abstract

Objectives: Diamine oxidase (DAQ) is an enzyme that cata-
lyzes oxidation and is highly active in the mature upper villus
cells of the intestinal mucosa. This study sought to evaluate
plasma DAO activities during adjuvant chemotherapy in pa-
tients with gastric cancer. Methods: We investigated 20 pa-
tients with gastric cancer who were treated with oral fluoro-
uracil anti-cancer drugs as adjuvant chemotherapy. Plasma
DAOQ activity was measured in all patients before chemother-
apy and at 2, 4 and 6 weeks after the start of chemotherapy,
and quality of life was evaluated simultaneously. Resufis:
The median DAO activity after 4 weeks of chemotherapy was
significantly decreased compared to the pre-chemotherapy
levels (6.6 vs. 7.5 U/l; p = 0.038). The changes in the rate of
DAQ activity at 2 and 6 weeks following the start of chemo-
therapy in patients with gastrointestinal tract toxicity were
significantly lower than in those without toxicity (p = 0.021

and 0.047, respectively). The patient cohort showed a slight-
ly positive correlation between DAO activity and global
health status and a negative correlation between DAO activ-
ity and appetite loss. Conclusions: Plasma DAO activities
may be useful for monitoring and evaluating gastrointesti-
nal tract toxicities induced by adjuvant chemotherapy with
oral fluorouracil in patients with gastric cancer.

Copyright @ 2012 §. Karger AG, Basel

Introduction

Gastric cancer is the fourth most common cancer
worldwide and is a leading cause of cancer-related death
[1]. Results from a recent large-scale randomized con-
trolled trial indicated that S-1, an oral fluoropyrimi-
dine, is an effective adjuvant treatment for patients who
have undergone a D2 dissection for locally advanced
gastric cancer [2]. Consequently, using S-1 in adjuvant
chemotherapy is now standard clinical practice for stage
II/III gastric cancer patients in Japan. Adverse events
caused by S-1 include gastrointestinal tract toxicities
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such as anorexia, nausea, diarrhea and stomatitis, which
can negatively affect the nutritional status by decreasing
food intake and result in disturbance or even discon-
tinuation of chemotherapy. Therefore, preventing such
gastrointestinal toxicities during chemotherapy is ex-
tremely important for improving the prognosis of can-
cer patients.

Diamine oxidase (DAO) is an enzyme that catalyzes
oxidation, including the oxidative deamination of several
polyamines, which are essential factors in cell prolifera-
tion. Therefore, DAO is an important regulator in rap-
idly proliferating tissues such as bone marrow and intes-
tinal mucosa [3, 4]. In humansand rodents, DAQ is found
in various tissues, with small intestinal mucosa showing
the highest enzymatic activity [5]. Furthermore, plasma
DAQ activity increases in parallel with DAQO activity in
the villi of the small intestinal mucosa in maturing rats
[6, 7] and correlates with the severity of small intestinal
mucosal lesions induced by anti-cancer drugs [8]. In ad-
dition, serum levels of DAQ activities seem to be a reliable
indicator of intestinal mucosal integrity and reflect quan-
titative changes in the small bowel mucosal mass [6, 9,
10].

Despite the common use of adjuvant chemotherapy
after curative surgery for gastric cancer, the association
between predictive indicators and gastrointestinal tox-
icities or quality of life (QOL) scores in patients undergo-
ing chemotherapy has not been investigated. The present
study measured DAO activity to evaluate mucosal injury
in patients with gastric cancer undergoing postsurgical
adjuvant chemotherapy. To the best of our knowledge,
this is the first examination of DAO activities associated
with gastrointestinal toxicities caused by chemotherapy

and patient QOL.

Patients and Methods

Twenty patients with stage [ or [1f gastric cancer, treated with
oral fluorouracil anti-cancer drugs as adjuvant chemotherapy af-
ter curative operation at the Department of Surgery, Kochi Med-
ical School (Nankolku, Japan) in 2010, were enrolled in this study.
The hospital ethics committee approved the protocol and written
informed consent was obtained from each patient. All patients
received 80 mg of $-1 per square meter of body surface area per
day, for 4 weeks, followed by 2 weeks of no chemotherapy. The
plasma DAO activity was measured before chemotherapy and at
2, 4 and 6 weeks after the beginning of treatment. Simultaneous-
ly, QOL was evaluated using the European Organization of Re-
search and Treatment of Cancer QOL Questionnaire (EORTC

QLQ-C30) [11].

148 Oncology 2012;82:147-152

Measurement of Plasma DAO Activity

Blood samples were anticoagulated with heparin and centri-
fuged to obtain plasma for the determination of DAO activities,
which was carried out according to the method of Takagi et al.
[12]. Briefly, plasma was added to a cadaverine solution and in-
cubated. The incubation mixture was then mixed with a color
reagent containing DA-67 and peroxidase. After a given period,
the absorption of the reaction product was measured colorimet-
rically at 668 nm against the blank solution using a spectropho-
tometer, The plasma DAO activity was expressed as units per

{er.

Assessment of QOL

We assessed the QOL during chemotherapy by administering
the EORTC QLQ-C30 [11]. The EORTC QLQ is an integrated sys-
tern for assessing health-related QOL in cancer patients partici-
pating in international clinical trials. The QLQ-C30 contains
scales and items addressing functional aspects of QOL and symp-
toms that commeonly occur in patients with cancer. These include
five functional scales, three symptom scales, a global health status
scale, and six single items. All of the scales and single-item mea-
sures range in score from 0 to 100, with a high-scale score repre-
senting a higher response level. Thus, a high score for a function-
al scale represents a high or healthy level of functioning, and a
high global health status score represents a high QOL, buta high
score for a symptom scale or item represents a high level of symp-
tomatology or problems. Kobayashi et al. [13] confirmed the va-
Hdity and reliability of the Japanese version of the EORTC QLQ-
C30 in Japanese cancer patienis. The EORTC QLQ-C30 question-
naire was delivered to the patients during the plasma DAO
aclivity measurements.

Statistical Analysis

Significances of difference between mean values were assessed
by the two-tailed Mann-Whitney U test or the two-tailed Welch
ttest. The ¥? test was used to evaluate differences between quali-
tative variables. Correlation between DAO activity and QOL
scores using EORTC QLQ-C30 was evaluated by calculating
Pearsow’s product moment correlation coefficient. All data are
presented as the mean X standard deviation. p values <0.05 were
considered to indicate statistical significance. Statistical analysis
was performed with SPSS® for Windows version 13.0 (SPSS, Chi-
cago, [1L, USA).

Results

Patient Characteristics

Table 1 summarizes the clinical characteristics of all
patients (n = 20) in this study. Our cohort comprised 16
men and 4 women with a median age of 67 years (range
44-78). The patients underwent distal gastrectomy in 13
and total gastrectomy in 7 cases and included 4 cases in
stage ITA, 3 cases in stage IIB, 5 cases in stage II1A, 4 cas-
esin stage I11B, and 4 cases in stage IIIC classified accord-
ing to the International Union against Cancer TNM clas-
sification [14] and the TNM Supplement [15]. Six patients
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Fig. 1. Changes in DAO activities during chemotherapy. DAO ac-
tivity at 4 weeks after the beginning of the chemotherapy was sig-
nificantly decreased compared to the measured activity before

chemotherapy.

Table 1. Patient characteristics

Median age (range}, years 67 (4478}
Gender Male 16
Female 4
Operation Distal gastrectomy i3
method Total gastrectomy 7
Stage A 4
B 3
HIA 5
B 4
HicC 4
Gastrointestinal  Stomatitis i
tract toxicities Appetite loss 3
Nausea 3
Diarrhea 3

had adverse events related to gastrointestinal toxicities of
grade 1 or 2 (defined according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events, version 3.0} including stomatitis, appetite loss,
nausea and diarrhea.

DAQ Activity during Chemotherapy

Fig. 2. Changes in DAO activities during chemotherapy relative
to gastrointestinal toxicities. Changing rates of DAQO activity at 2
and 6 weeks after the beginning of the chemotherapy in patients
with gastrointestinal tract toxicity were significantly lower than
in those patients without toxicity. ‘

DAO Activities during Chemotherapy

The median DAO activity before chemotherapy and at
2, 4 and 6 weeks after chemotherapy was 7.5 (range 2.5~
23.9),6.9 (range 2.5-30.8), 6.6 (range 1.5-18.0) and 5.7 U/l
(range 1.5-24.6), respectively. DAO activity at 4 weeks af-
ter the start of chemotherapy was significantly decreased
compared to the levels measured before chemotherapy
(p=0.038; fig. 1). DAO activity at 6 weeks after the begin-
ning of chemotherapy was decreased compared to the
pre-chemotherapy level, while there was no significant
difference.

Changes in DAO activities during chemotherapy rela-
tive to gastrointestinal toxicities are shown in figure 2.
When DAOQ activities were expressed as a percentage of
the level before chemotherapy to compare DAQ changes
among patients, the median percentage of activity rate
change at 2 and 6 weeks after the beginning of chemo-
therapy was significantly lower in patients with gastroin-
testinal tract toxicity than in those without toxicity (67
vs. 107%, p = 0.021; 55 vs. 97%, p = 0.047, respectively).
There were no significant differences in patient charac-
teristics including gender, operation method and disease
staging between the gastrointestinal toxicity-negative
and -positive groups.

Oncology 2012:82:147-152
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Fig. 3. Scatter plot of DAO activities and QOL scores indicative of global health status (a) and appetite loss (b).
a Graph showing a slightly positive correlation between DAQO activity and global health status. s Graph show-
ing a negative correlation between DAO activity and appetite loss.

Correlation between DAQ Activities and QOL

Figure 3 indicates the correlation between DAQO ac-
tivities and QOL based on the EORTC QLQ-C30 scores.
DAO activities showed a significant positive correlation
with global health status (y = 0.246). On the other hand,
there was a slight, but significant, negative correlation be-
tween DAO activities and appetite loss (y=~0.351). There
were no significant correlations between DAQ activities
and other domains of the QOL scores including func-
tional scales and symptom scales.

Discussion

Our study demonstrated that plasma DAO activities
were significantly decreased by adjuvant chemotherapy
using S-1 in patients with gastric cancer who had under-
gone curative surgery. Furthermore, the findings indi-
cated lower rates of change in DAOQ activity in those pa-
tients also showing gastrointestinal tract toxicity induced
by chemotherapy.

A study in rats showed decreased plasma DAO activ-
ity in animals administered an oral fluorouracil anti-
cancer drug and a correlation between the changes in
plasma DAO activity and the severity of histopathologi-
cal findings in the jejunal mucosa and mucosal area in-
duced by the anti-cancer agent [16]. These results sug-
gested that mucosal injury could be caused by a de-
creased release of intestinal mucosal DAO into the

150 Oncology 2012;82:147-152

systemic circulation. Qur report of plasma DAO activi-
ties in human patients given oral fluorouracil anti-can-
cer drugs for gastric cancer is the first to mirror the find-
ings in animals.

In the present study, plasma DAO activities correlated
slightly with some QOL scores, namely global health sta-
tus and appetite loss. Abdominal symptoms including di-
arrhea and appetite loss are common gastrointestinal
tract toxicities induced by cancer treatment and are
caused by intestinal mucosal dysfunction due to the che-
motherapeutic drugs. Diarrhea and appetite loss are the
most frequent adverse events in adjuvant chemotherapy
for gastric cancer, with an incidence of 59.8-61.1% [2].
Our study revealed a correlation between the severity of
gastrointestinal tract toxicity due to anti-cancer drugs
and plasma DAQ activity in patients on chemotherapy. In
patients with hematological malignancies, plasma DAO
activity was significantly correlated with the severity of
small intestinal mucosal lesions induced by anti-cancer
drugs [8]. From the standpoint of both gastrointestinal
tract toxicities and QOL, plasma DAO activity may be a
useful indicator of mucosal injury following chemother-
apy.

It has been reported that treatment with irinotecan hy-
drochloride (CPT-11), a topoisomerase I inhibitor highly
effective for various cancers, caused severe diarrhea and
simultaneously decreased mucosal DAO activity [17].
However, to the best of our knowledge, there is no study
demonstrating a relationship between plasma DAO ac-
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tivity and diarrhea, including our study. When intestinal
mucosa cells became necrotic and are shed into the intes-
tinal lumen under conditions of diarrhea, the intestinal
mucosal villi decrease. This could be the case because in-
jury of the small intestine leads to reduced DAO activity
in the mucosal villi, increasing the likelihood that plasma
DAO activity will decrease. Further studies are needed to
elucidate whether plasma DAO activity reflects diarrhea
caused by anti-cancer drugs directly.

Gastrointestinal tract symptoms induced by anti-can-
cer drugs are difficult to evaluate quantitatively. Previous
studies have shown that glutamine, a semi-essential ami-
no acid used as a special nutrient by intestinal mucosal
cells, may protect against intestinal barrier dysfunction
(18, 19]. Glutamine is also known to reduce intestinal per-
meability increased by stress, such as surgery and severe
trauma [20]. In addition, medium-chain triglycerides en-
hance cell proliferation in the intestinal epithelium and
mucous secretion from goblet cells in the small intestine
of rat, both of which may improve mucosal injury [21].
Gastrointestinal tract toxicity was clarified by measuring
plasma DAO activity, which may be one of the important
quantitative biomarkers to evaluate preventive effective-
ness of glutamine or medium-chain triglycerides against
the gastrointestinal mucosal disorder caused by anti-can-
cer drugs. Furthermore, since DAO activity decreases be-
fore the manifestation of gastrointestinal tract toxicities,
measuring such activity could serve as a predictive indi-
cator of adverse events due to anti-cancer drugs and of

chemotherapy tolerability.
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the evaluation of coinciding gastrointestinal tract toxici-
ties induced by the anti-cancer drug.
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peripheral primitive neuroectodermal tumor @ 2
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BEE L TESESN, ES/pPNET L LT 1EBCHES N, SEREBE» > FE L
ES/pPNET OREEFLIOZ  BZEEEER, UK, BWEATH 2. S, bhibiidE
FER Iz 84 L7z ES/pPNET @ 2 BB EER L 7o £ TOWE 1T, B RMSETHREL
R TR, BREEESHREAILEO CENTH D XMEFER M HET 5.
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Ewing A& (BLF, ES)/pPNET (Ewing sarcoma /
peripheral primitive neuroectodermal tumor, AT
ES/pPNET) i3 W /NE» 6 BEHICAON L BEFE
OEMEEETHY, FRCEEEBCHEET I e
WEINTW S, KIBEB>» 5 FE L T2 ES/pPNET
D% ik, BEEEE, M, WE»SOFRETHD,
| MEkEPSIc 4 L7 BS/pPNET D T2 hTh 5.
ShHEpb o EFERFEEICFEE LT ES/pPNET @
2PV REER L Je D CXRREE RN A WME 5.

E B

GERT 78RR, .

*5F B,

BIERE | BEEAE.

IR | 20104E 1 A, BE % TR S22, K
BETEMOETE2RY, B CT mETKHEMmMED
2 W3 /NGHEEO EIRERAE O ERENME & 2l s
REEBE STz, 2010 3 BDREE CT BET
[Em oA ER, CA1250 ER 2589, GIST EDEM

if

20114E 6 A 9 HZA 20114E7 H 7 B
Gl
T783-8505 FAEITH EBH]NE

! Ewing AJE, pPNET, EENEE

JEIE 3 5eh AU ENTR B e M BB L 2o 7z,

BHAR [ FET &z LRl

MEFTR D Hb : 9.9g/dl L BEET 27, CA125
194U/ml (<35U/ml) & E& L Tz,

IS5 CT 4R%E | £ FIEH I 13cm O WERE— T,
—&Riz High density lesion 23fE7E 4 % 825G 72 &
BErED (Fig. 1),

INIERGRE BEFRERD o7 . DEL D,
5% & % W IZ BRSO GIST % 8WF iz 1T
Lz,

Fig.1. Abdominal CT scan shows a large tumor.
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Fig. 2A. The tumor portion was composed of small round cells (H.E. X100).
B. Immunohistochemical finding shows positive staining for CD99 (X 100).
C. Fish test of the tumor shows separated signal. AlB
C

Fig. 3A. Abdominal CT scan shows the main tumor.
B. The disseminated lesion was showed around mesentery.
C. The disseminated lesion was showed on abdominal wall in abdominal CT

scarn. AlB
B|C
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BARERA B S 72 &

Fig.4A. The tumor portion was composed of small round cells (HE. X 400).
B. Immunohistochemical finding shows positive staining for CD99 (X 400).

C. Fish test of the tumor shows separated signal. AlB
C

FWAR  BERNcSEOMEBAERD . BEE
i, BITRBENERLEZ ONERCEENEE
HEETH Y, BITRHEERSVIRMN 2T UEE
B,

MR RIS SRR E | JEE I3 —# lcmyxomatous
RELPHIMERD 2, SHROEE TH- 72, H.E.
LB TR R BERR D T — /N HEMlanEE L
Twiz (Fig. 2A). fEdaid CDI9GY (Fig. 2B),
Vimentin BT, c-kit ix LB < OMifgic Bt T
bHolz, Zoffl, ¥4+ FF > AE1/3, Calretinin,
S100, CD34, CD10, CD56, Inhibina &\ 231 3 &%
TH o fz, i, EWSR1 (22q 12) Break probe

(POSEIDON) #ZHWT FISH®ER{To/z L2 5,
B 7 vhsk & fu(Fig. 2C), ES/pPNET &2

Lz,

RS | Bk TH 5 - OMERIMEFEEL 3 TD
Bho i, WK1 EBDOWRRE 4 BIclEENER
U CHEF e T L7z,

fERI 2 1 38R%, L.

i | ZohEElE.

BRI © 20104E 9 A, Ll FavicZ#2. PET

WAETEEEANC FDG 0SB 2R 5B EE*
SEADBEMBEENCERAR L 2072,

IEEhEs CT2E | £B RO BRI ZEL0cm Ko 5%
SRR 2 A EE (Fig. 3A) &, BAHEDBEME (Fig.
3B), BEIC Y SHDEE 2ED 7z (Fig. 3C),

PIE &Y EEERER S GIST 58 &bz, +
EES10em L K& L, BEBWETOEKRLEDTF
Mz Tl 72,

FWrrR [ BEACSEOMERKRERD 2, BE
REATRIBIRE T 2 5 FE L 12 E10cm DFE S\
BETHY, BHEE, KB, BECEERERRAD .,
BT AR CIEE R i L, BEREET
FENz YR Uiz,

AR SMRE HE LB TNCHOKX S
AN T~ ifa s TR A L. (Fig.
4A), FIEGMEIE CD56, CD99 (Fig. 4B), synapto-
physin, CD57, NSE Bt ¢, CD3, CD20, AE1/AE3,
EMA, Desmin f&t:T&H - 72, S-100 protein, LCA,
CK7TtEThH- 7z, EH 1 L FEHRkIc EWSRI (22q 12)
Break probe (POSEIDON) % i\ T FISH #&&E 21T
ofe b A, Y 7 VBSEH & L(Fig. 4C), ES/
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Table 1. Cases of Japanese ES/pPNET arising from the abdominal cavity

Age/Sex Symptom Origin Size {cm) Therapy Prognosis Recurrence

41/M Hypogastralgia Omentum 7.0%5.0  Partial resection = 4M/Death Local recurrence
Chemotherapy Dissemination

40/M Hypogastralgia Small intestinal mesentery 11X8.0 Partial resection  7M/Death Local recurrence
Chemotherapy Dissemination

24/F Hypogastralgia Small intestinal mesentery 6.0 Surgery 10M/Death Dissemination

/Peritoneum Chemoradiation

52/M Abdominal distention Mesentery 13X12 Resection 5M/Death Dissemination

37/M Abdominal distention Pelvis/Omentum Unknown Partial resection  Unknown Dissemination

24/F Abdominal distention T-colon 12X10 Resection 20M/Survival None

49/M Hypogastralgia Small intestinal mesentery 3.5X2.0  Partial resection = 1M/Death Dissemination

41/M Hypogastralgia
59/M Abdominal mass

20/F Epigastralgia

Small intestinal mesentery 9.0X8.0
D-colon 11

Small intestinal mesentery 15X13

Probe laparotomy 1M/Death S-colon/Sacrum Invasion

Resection 7M/Death Local recurrence
Dissemination
Bypass surgery 2M/Death Dissemination

Radiation

78/F Chest pain T-colon mesentery 13%8.0 Total resection 12M/Survival Local recurrence
Dissemination
38/F Chest pain T-colon mesentery 9.4X7.5  Total resection 12M/Survival None
Chemotherapy
pPNET : 221 L7z, TETWVn5,

el 3%k - VDC-IE (Vincristine+ Cyclo-

phosphamide+Doxorubicin+Ifosfamide+
Etoposide) 1 & 2 i EEE = 8 2 — A fEfT
Uiz, i 1 EOBE, BREBOTREBRIFTD 5.
z =

ES ik, 121F/NRLEFEDOBRRFEL LK
Mez/NEEME» & 2 5 BEEE E LT Ewing IZ
kY ERCEE s nIz), 20k, BEFEED ES DR
HEEEIT & < DU G R R TECREE 2B ES &
L T19754F Angervall&Enzinger & 23 L 722, —
7, 1918%Eiz Stout Iz & » TIERREE Z - 2 RE
EFEo/NARMREE S #]E & iR, Bk
FHRESHRZEADME BB L T 5 85 & U TRMER

MR SR EE M JEYE Peripheral primitive neur-

oectodermal tumor (pPNET) OFEENHE SN D &
3 oved, Lvl, IhneEER, BFEOREH
SRR FEMZEOES T L > TEERREEES, &
EFM ES, pPNET, %7z Askin B T3 t(11; 22)

(q24 ; q12) ZEDHKBORGBEEEEET S 2 LA
BHoMcRD?, Insix—EDER LT, 3T WHO
548 (20024F) 1B WT ES & PNET 134 25 1o 1
BIMRIE~D /3 2R T HE M, 5% 5 H—0 [EE
CEHEINES/pPNET L LC 1 EHBFTRIND &
30120, FTz, FEIL b B -PHETHEBIZ T TR
ReBDHoWBEENPSEL L ZEPHLPIIE S

KEEBIEE DO T ES/pPNET OFEZ 4 ~T7%
LENTHN ™, BENEFEFED ES/pPNET @4 #H
ERIFLBOTCENRERTH Y, BBEHI2ED
2B T, B3 7 0 5, FEIFRIZ4.9
% (20~T785%) TH Y, FEkD ES/pPNET 28/NEH» 5
BEBCESFETIOETERTREL T
%, ES/pPNET o F ZER B, B 0
BB ICEEL ZERTH 228, NEFIALHE
Bic L sk OTEDONTW S, FERL:, BEERK
7%, EEEECcEL CRBREZ CTHEIRTwE Y
DEFRETH -7z, WEEL TX, SBHIEIERATH
EPNHETENT WSS, %  BEMAVIRITT CTH - 72,
MRIBIAE & LT, MR b iR
BT E N Twie, FRIEAL T, Telkah
2 1HEBRWTI02 BUAKRFECLTB D FERRT
Ho7z(Tablel), LHL, biubhOEFIZ 2461 b
MiReE 1 DN 82, ER 1 TREREZHED T
WARBESHTHD, EF 2 IEREERDTREEFT
»H5, BFENT, BEY Ewing Sarcoma Family
Tumor (ESFT) x4 % VDC-IE ik DEEREERR
¥, BB EHE L ESFT EF~®D Irinotecan+cis-
platin fFFIEEE D ER OB RABRISETHTH D,
IEF YA LTSN D TR WY, ES/
pPNET 123 4 BE X, #IEFR COZ2VIKRIZZ
WEETHD, WERMBEEEECEIREERERED
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TWO CASE REPORTS OF EWING SARCOMA WITH PERIPHERAL PRIMITIVE
NEUROECTODERMAL TUMOR (ES/pPNET) ARISING FROM ABDOMINAL CAVITY

Ian FUKUDOME®, Ken DABANAKA?, Ken OKAMOTO?,
Tutomu NAMIKAWAY, Michiya KOBAYASHI? and Kazuhiro HANAZAKIY

Department of SurgeryY, Human Health and Medical Sciences®, Kochi Medical School

We report two rare cases of Ewing sarcoma with peripheral primitive neuroectodermal tumor (ES/
pPNET) arising from the abdominal cavity in a 78-year-old female patient and a 38-year-old female
patient. In Japan, ES/pPNET arising from the abdominal cavity is a very rare disease. We could only
find 10 reports in Japan. We experienced two such cases, and put these dates in order and suggest that
perfect surgical resection is very important together with postoperative chemotherapy.

Key words : Ewing sarcoma, pPNET, intraabdominal tumor
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Abstract

Background Oxaliplatin is now considered a standard
treatment for advanced or unresectable colorectal cancer,
but its main dose-limiting toxicity is sensory neuropathy.
The OPTIMOX (stop and go) approach offers a reasonable
strategy, but the preventive agent is not established. It is
reported that the Kampo medicine, Goshajinkigan (GIG),
has recently been considered an effective agent for the
neuropathy of taxanes and for vibration sensation in
patients with diabetic neuropathy. The aim of this study
was to clarify the efficacy of GJG for peripheral neuropa-
thy associated with oxaliplatin therapy.

Patients and method From 2007, 45 patients treated with
modified FOLFOX6 for non-resectable or recurrent colo-
rectal cancer participated in the study. Twenty-two patients
(GIG group) received oral administration of 7.5 g/day of
GIG every day during mFOLFOX6 therapy and 23 patients
{control group) did not receive GJG. Neuropathy was
evaluated during every course according to DEB-NTC
(Neurotoxicity Criteria of Debiopharm).

Results The median number of cycles per patient in the
GIG group was 13 (range 4-32), and in the control group
was 12 (range 4-28). The cumulative dose of oxaliplatin
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was 1105 mg/m® (GJG group) and 1120 mg/m? (control
group). The incidence of grade 3 peripheral neuropathy in
the GJG group was significantly lower than in the control
group (p < 0.01, log-rank test). The incidence of grade 3
peripheral neuropathy after 10 courses was 0% in the GIG
group and 12% in the control group, and after 20 courses
was 33% in the GJG group and 75% in the control group.
The percentage of grade 2 and 3 peripheral neuropathy in
the GJIG group was lower than that in the control group.
There were no differences in adverse effects between the
two groups except for peripheral neuropathy and influence
on tumeor response.

Conclusion The Kampo medicine, Goshajinkigan, is
useful in preventing neuropathy in non-resectable or
recurrent colorectal cancer patients treated with a FOLFOX
regimen.

Keywords Neuropathy - Kampo medicine -
Goshajinkigan - Oxaliplatin - Colorectal cancer

Introduction

Oxaliplatin, a third-generation platinum analog, has dem-
onstrated efficacy as first-line chemotherapy in metastatic
colorectal cancer [1] and as adjuvant therapy [2]. Although
all platinum analogs are potentially neurotoxic, oxaliplatin is
associated with a unique spectrum of neurologic symptoms.
Acute neuropathy develops immediately after infusion,
characterized by cold-exacerbated paresthesia, muscle
spasms, and fasciculations [1, 3]. Although acute symptoms
typically resolve within a week, at higher cumulative doses
oxaliplatin induces dose-limiting sensory neuropathy lead-
ing to sensory ataxia and functional impairment [1, 3].
Severe oxaliplatin-induced neuropathy occurs in 10-20% of
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patients receiving over 750-850 mg/m? [1, 2]. Neuropathy
limits treatment tolerability, often necessitating treatment
delay or cessation, and neuropathic symptoms may persist
for a long time [4, 5].

The OPTIMOX (stop and go) approach [6] offers a
reasonably good strategy, but attempts to prevent oxalipl-
atin-induced neuropathy have not been successful. Gamelin
et al. [7, 8] reported that administration of calcium glu-
conate and magnesium sulfate (Ca/Mg) before and after
oxaliplatin therapy could alleviate peripheral neurotoxicity.
Other similar treatments have been described, including
glutathione [9], N-acetylcysteine [10], xaliproden [11],
carbamazepine [12], or glutamine [13], but a preventive
agent for oxaliplatin-induced neuropathy has not yet been
established. The Kampo medicine, Goshajinkigan (GJG), is
composed of 10 natural ingredients and is classified as a
drug that affects sensory nerves [14, 15]. Some studies
suggested that GJG improved taxanes-induced neuropathy
[16] and vibration sensation in patients with diabetic neu-
ropathy [17]. Recently, Kono et al. [18] reported in a ret-
rospective study that GJG was effective for peripheral
neurotoxicity of oxaliplatin in patients with advanced or
recurrent colorectal cancer.

We conducted the present prospective randomized study
to confirm the efficacy of GIG for preventing oxaliplatin-
induced peripheral neuropathy in patients with non-
resectable or recurrent colorectal cancer who received
modified FOLFOX6 (mFOLFOX6) therapy. The aim of
this study was to clarify the efficacy of GIG for peripheral
neuropathy associated with oxaliplatin therapy.

Materials and methods
Patients

In a study that investigated the neuropathy of various
agents, including oxaliplatin, the incidence of more than
grade 2 (National Cancer Institute’s Common Toxicity
Criteria; NCI-CTC) neuropathy was 5% in the Ca/Mg
group and 54% in the control group when the mean total
dose of oxaliplatin was 500-550 mg/m? (equivalent to six
cycles at an oxaliplatin dose of 85 mg/m?) [7]. The number
of patients required to reproduce these results was calcu-
lated using a type I error (a) of 0.05, a type II error (b) of
0.2, and a control-to-treated data number ratio of 1:1.
Therefore, the number of subjects for this study was set at
45 to allow for a 10% dropout rate. From January 2007 to
December 2009, a total of 45 advanced or recurrent colo-
rectal cancer patients who received mFOLFOXG6 therapy at
Tokushima University Hospital were eligible for this study.
Patients signed the consent form and fulfilled the following
criteria before treatment: Eastern Cooperative Oncology

Group (ECOQG) performance status (PS) of (-2, normal
bone marrow function (white blood count >4000/mm°,
platelet count >100000/mm?), liver function (serum total
bilirubin <1.5 mg/dl), renal function (creatinine <1.5
mg/dl), and heart function (stable cardiac rhythm, no active
angina, no clinical evidence of congestive heart failure).
Patients were excluded from the study if they had clinical
neuropathy, diabetes mellitus, alcoholic disease, or brain
involvement, or if they were on vitamin B, magnesium or
calcium therapy. Clinical data was collected as follows;
age, gender, performance status, primary tumor site, met-
astatic tumor site, and details of mFOLFOX6 therapy
(previous chemotherapy, use of bevacizumab, number of
courses, cumulative oxaliplatin dose). Informed consent
was obtained from all patients included in the study, which
was approved by local ethics committees. This study was
registered in UMIN (000002494).

Treatment plan

Therapy was administered on an outpatient basis and
patients were premedicated with appropriate antiemetics.
Patients were randomly assigned to receive mFOLFOX6
therapy with GJG (GJG group) or without (control group).
Random allocation of participants to GJG group or control
group was performed by a person not involved in the care
or evaluation of the patients. GIG (7.5 g/day divided into
2-3 doses) (Tsumura and Co., Japan), was administered
during mFOLFOX6 therapy, given orally before meals or
between meals on a daily basis. Other sensory neuromod-
ulatory agents such as calcium-magnesium infusions or
antiepileptic-like agents were forbidden. The mFOLFOX6
chemotherapeutic regimen consisted of a 2-h infravenous
infusion of oxaliplatin (85 mg/mz) combined with 1-LV
(100 mg/m?), followed by a rapid intravenous infusion of
5-FU (400 mg/mz), and then a 46-h continuous infusion of
5-FU (2400 mg/m?). This regimen comprised one course of
therapy and was repeated once every 2 weeks.

Patient evaluation

Patients enrolled in this study were evaluated at baseline
(prior to chemotherapy) and before each course of treatment.
The differences between the two groups, GJG group and
control group, were evaluated as follows: the incidence of
grade 3 peripheral neuropathy, the number of patients in each
course, the percentage of grade 2 and 3 peripheral neuropa-
thy in each course, adverse effects (grade 3) except for
neuropathy, and influence of tumor response to mFOLFOX6.
Peripheral neuropathy evaluations were based on the
Neurotoxicity Criteria of Debiopharm (DEB-NTC) [19]. If
patients had grade 3 neuropathy, the oxaliplatin dose was
reduced to 75% of the previous dose. Adverse effects of
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grade 3 except for neuropathy were assessed using the NCI-
CTC. Chemotherapy was delayed uatil recovery if the neu-
trophil count decreased to less than 1500/L or the platelet
count decreased to less than 100000/L. 5FU and oxaliplatin
doses were reduced when NCI-CTC grade 3 or 4 non-neu-
rological toxicity occurred. The anti-tumor effect of che-
motherapy was assessed by the Guidelines for Evaluation of
the Response to Treatment in Solid Tumors (RECIST) [20].

Data analysis

The primary end point of this study was the incidence of
grade 3 peripheral neuropathy. The secondary end points
were the percentage of grade 2 and 3 peripheral neuropathy
in each course, adverse effects except for neuropathy, and
tumor response to mFOLFOX6. The assessment of the
occurrence of peripheral neuropathy was based on Kaplan—
Meier analyses. The two groups were compared with the
log-rank test to identify differences in the incidence of
peripheral neuropathy. The chi-squared test was used to
assess differences in incidence of grade 3 peripheral neu-
ropathy at each course between the two groups. Quantita-
tive data were given as median (range). Comparisons of
other clinical data were performed using a chi-squared test,
Fisher’s exact probability test or Mann—Whitney U test, as
appropriate. All statistical tests performed were two-sided
and declared at the 5% significance level. All statistical
analysis was performed using StatMate version 3 software
(Japan).

Results
Patient characteristics

All patients were randomly allocated to the GJG group
(n = 22) or the control group (n = 23). The population in
the GIG group consisted of 14 men and 8 women with a
median age of 67. The population in the control group
consisted of 8 men and 15 women with a median age of 65.
The majority of patients in the two groups were PS O and 1.
The primary tumor sites in the GJG group were 15 colon
and 7 rectum, and those in the control group were 16 colon
and 7 rectum. The metastatic site was similar in the two
groups. There was no statistically significant difference
between the two groups based on any of these parameters.
The patients’ characteristics are listed in Table 1.

Details of mFOLFOX6 therapy
The details of mFOLFOX6 therapy are listed in Table 2.

The presence of previous chemotherapy treatment and the
use of bevacizumab were similar in the two groups. The
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Table 1 Patient characteristics

GIG Control p value
n 22 23
Age 67 (48-77) 65 (52-80) 0.21
Sex.
Male 14 (64%) 8 (35%) 0.1
Female 8 (36%) 15 (65%)
Performance status
0 9 41%) 10 (43%) 0.87
1 10 (45%) 11 (48%)
2 3 (14%) 2 (9%)
Primary tumor
Colon 15 (68%) 16 (70%) 0.82
Rectum 7 (32%) 7 (30%)
Metastatic site
Liver 12 (54%) 12 (53%) 0.84
Lung 3 (14%) 4 (17%)
Local 3 (14%) 1 (4%)
Lymph node 2 (%) 3 (13%)
Other 2 (9%) 3 (13%)
Table 2 Details of FOLFOX therapy
GIG Control p value
(n=22) (n=23)
Previous treatment
Yes 4 (18%) 4 (17%) 0.75
No 18 (82%) 19 (83%)
Use of bevacizumab
Yes 18 (82%) 18 (78%) 0.94
No 4 (18%) 5 (22%)
No. of courses 13 (4-32) 12 (4-28) 0.87

Cumulative L-OHP
dose (mg/m?)

1105 (340-2720) 1120 (340-2380) 0.87

median number of chemotherapy courses was 13 (range
4-32) in the GJG group and 12 (range 4-28) in the control
group. The median cumulative oxaliplatin (L-OHP) dose
was 1105 mg/m? (range 340-2720) in the GJG group and
1120 mg/m? (range 340-2380) in the control group. There
was no statistically significant difference between the two
groups based on any of these parameters. In the GIG group,
13 patients discontinued chemotherapy; nine showed pro-
gressive disease and four patients experienced an allergic
reaction to oxaliplatin. In the control group, 11 patients
discontinued chemotherapy; nine showed progressive dis-
ease, one had an allergy to oxaliplatin and one patient
complained of persistent grade 3 oxaliplatin-induced
neuropathy.
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Fig. 1 Kaplan-Meier analyses showed that the incidence of grade 3
peripheral neuropathy occurred significantly less frequently in the
GJG group than the control group (p < 0.01, log-rank test)
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Fig. 2 The percentage of grade 2 and 3 peripheral neuropathy in each
cycle was lower in the GJG group than the control group

Effect of GJG on neuropathy

The compliance in the GJG group was 100%. Compliance
was checked on the starting day of each course. The
number of patients in each course was similar in the two
groups. Kaplan-Meier analyses showed that the incidence
of grade 3 peripheral neuropathy occurred significantly less
frequently in the GJG group than the control group
(»p <0.01, log-rank test). The incidence of grade 3
peripheral neuropathy after 10 courses was 0% in the GIG
group and 12% in the control group, and after 20 courses
was 33% in the GJG group and 75% in the control group
(Fig. 1). There was no statistically significant difference
between the two groups in regard to the incidence of grade
1 or worse and grade 2 or worse peripheral neuropathy
(data not shown). The percentage of grade 2 and 3
peripheral neuropathy in each course was lower in the GIG
group than the control group (Fig. 2).

Adverse effects and influence on tumor response

Table 3 summarizes adverse effects (grade 3) except for
neuropathy. There were no chemotherapy-related deaths

Table 3 Adverse effects (grade 3) except for neuropathy

GIG (n =22) Control (n = 23) p value
Neutropenia 3 (14%) 1 (4%) 0.27
Anorexia 0 (0%) 1 (4%) 0.32
Nausea 4 (18%) 2 9%) 0.34
Vomiting 1 (5%) 1 (4%) 0.97
Diarrhea 2 (9%) 4 (17%) 0.41
Mucositis 2 (9%) 2 (9%) 0.96
All grade 3 toxicity 8 (36%) 8 (35%) 0.84
Table 4 Tumor response to FOLFOX
GIG (n =22) Control (n =23) p value
Tumor response
Complete response 0 (0%) 0 (0%) 0.86
Partial response 15 (68%) 13 (57%)
Stable disease 5 (23%) 8 (35%)
Progressive disease 2 (9%) 2 (8%)
Response rate 15 (68%) 13 (57%) 0.62
Disease control rate 20 (91%) 21 (92%) 0.96

during the study. The main toxicities were neutropenia,
nausea and diarthea. In regard to tumor response to
mFOLFOX6, no complete response was observed in either
group. A partial response was observed in 15 patients
(68%) in the GIG group and in 13 patients (57%) in the
control group. Stable disease was observed in 5 patients
(23%) in the GIG group and in 8 patients (35%) in the
control group. The response rate (complete response and
partial response) and the disease control rate (complete
response, partial response and stable disease) were 68 and
91% in the GJG group and 57 and 92% in the control
group, respectively. There were no statistically significant
differences in incidence and severity of adverse effects
except for peripheral neuropathy and influence on tumor
response to mFOLFOX6 between the two groups. The
tumor response to mFOLFOXG6 is shown in Table 4.

Discussion

Although the OPTIMOX (stop and go) approach [6] offers a
reasonably good strategy, there are several problems, such as
the period of use of oxaliplatin and the use of bevacizumab,
which are yet to be solved. On the other hand, attempts to
prevent oxaliplatin-induced neuropathy have not been suf-
ficiently successful. There are previous randomized con-
trolled studies [9-13, 21] regarding prevention of
oxaliplatin-induced neuropathy, including this present
report. Five of the seven studies showed the efficacy of the
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agent in preventing oxaliplatin-induced peripheral neurop-
athy. The efficacy of glutamine was reported by Wang et al.
[13] and glutathione, a byproduct of glutamine metabolism,
was reported by Cascinu et al. [9]. Additionally, Lin et al.
[10] reported the efficacy of N-acetylcysteine which could
increase whole blood concentrations of glutathione in
patients with N-acetylcysteine supplementation. A major
role of glutamine in the prevention of platinum-induced
neuropathy has been suggested by several experimental
findings. Because glutamine is known to upregulate nerve
growth factor (NGF) mRNA in an animal model [22], glu-
tamine supplements may prevent chemotherapy-induced
neuropathy via upregulating the NGF level. On the other
hand, it has also been hypothesized that high systemic levels
of glutamine may downregulate the conversion of glutamine
to an excitatory neuropeptide, glutamate, which may also
account for the reduced symptoms observed in patients
receiving glutamine [23]. Next, a large randomized con-
trolled trial [11] tested xaliproden, a neurotrophic and neu-
roprotective diug, 1land found that it reduced the risk of
grade 3-4 peripheral neuropathy by 39% in metastatic
colorectal cancer patients receiving oxaliplatin.

In contrast, two studies of calcium gluconate and mag-
nesium sulfate (Ca/Mg) [21] and carbamazepine [12], the
sodium channel blocker, could not show the efficacy of the
agent in preventing oxaliplatin-induced peripheral neu-
ropathy. The mechanism of platinum drug neurotoxicity
may involve drug accumulation within the peripheral ner-
vous system, especially in the dorsal root ganglia [24]. This
suggested that sodium channels may only be involved in
acute peripheral neuropathy.

This present study is the first report proving the efficacy
of the Kampo medicine, Goshajinkigan, against oxalipla-
tin-induced peripheral neuropathy using a prospective
control study. Neuropathy is the major cause of dose
reduction and discontinuation of oxaliplatin treatment [2],
with severe neuropathy occurring in 15-20% patients with
a cumulative dose of 750-850 mg/m2 [1, 2]. In the present
study, the mean cumulative oxaliplatin dose administered
was 1105 mg/m? in the GIG group and 1120 mg/m? in the
control group. Recently, Kono et al. {18] reported in a
retrospective study that GIG was effective against periph-
eral neurotoxicity of oxaliplatin. Additionally, a larger
placebo-controlled double-blind randomized phase II study
[25] to confirm the usefulness of GJG is taking place in
Japan.

A major concern is that GJG might protect tumor cells
from the cytotoxic effects of chemotherapy. Although
Ca/Mg infusion was suggested to decrease antitumor
activity [26], in the current study GJG did not have an
influence on tumor response to mFOLFOX6 therapy. Kono
et al. [18] reported that the tumor response rate was lower
in the group that received GIG + Ca/Mg than in the GIG
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group and suggested that some interaction might have
occurred when GJG and Ca/Mg were combined. Addi-
tionally, in the current study GJG did not have an influence
on adverse effects except for peripheral neuropathy.

Several mechanisms have been suggested by which GIG
may alleviate peripheral neuropathy [27-29]. The first is that
GJG promotes the release of dynorphin, and thus improves
numbness/pallesthesia via the opiate system. The second is
that GJIG promotes nitric oxide production, and thus
improves the circulation and the blood supply to the nerves.
Recently, Joseph et al. [30] reported that oxaliplatin acted on
IB4-positive C-fiber nociceptors to induce an oxidative
stress-dependent acute painful peripheral neuropathy.
Imamura et al. [31] reported that GIG reduced transmitter
proteins and sensory receptors associated with C-fiber acti-
vation. This effect may be one of the mechanisms of GIG
which prevents oxaliplatin-induced neuropathy.

In regard to combination treatment, Kono et al. [18]
reported that the patients who received GIG + Ca/Mg
developed worse neuropathy than those who received GIG
alone and suggested that GJG alone (rather than combined
with Ca/Mg) may be more effective in suppressing
peripheral neurotoxicity. Although it will be necessary to
confirm the usefulness of combination treatment by per-
forming larger prospective studies in the future, a candidate
may be either GIG + glutamine or GJG + xaliproden.

The key weaknesses of this report are as follows: no
placebo control, no double-blinding and a small sample.
However, Kampo medicines in Japan are strictly monitored
by means of three-dimensional high-performance liquid
chromatography (3D-HPLC), and therefore their reliability
is of a high level. We firmly believe that the result of a
placebo-controlled double-blind randomized phase II study
[25] to confirm the usefulness of GJG reinforces our
findings.

Conclusions

The Kampo medicine, Goshajinkigan, safely reduced the
incidence of severe neuropathy by mFOLFOX6 regimen
without any adverse influence on the response rate to
mFOLFOX6. Therefore, Goshajinkigan is useful in pre-
venting oxaliplatin-induced neuropathy in patients with
non-resectable or recurrent colorectal cancer.
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