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chemotherapeutic agents, no favorable candidate for sec-
ond-line chemotherapy is available. The answer to the
question of whether the combined use of chemotherapeutic
agents is more effective than the sequential use of a single
agent is being addressed in a randomized phase II study
being performed in Japan (unpublished results of the Trial for
Advanced Stomach Cancer (TASC) trial performed by the
Epidemiological and Clinical Research Information Network
(ECRIN) investigators), and the results will be reported.
Recent debates regarding differences in survival out-
comes between East and West have largely focused on
issues regarding surgical technique, especially in the field
of adjuvant therapy. In addition, with the advent of uni-
versal coverage health insurance in Japan, Japanese
patients are more likely to be diagnosed with a node-neg-
ative state that can be cured by surgical resection. The
question of variability in diagnostic criteria for malignancy
has also been raised, noting that gastric cancer is diagnosed
early according to nuclear and structural criteria in Japan
even when invasion is absent according to the Western
viewpoint [6]. If all these assumptions (i.e., stage migra-
tion, difference in pathological diagnosis between East and
West etc.) are confirmed, it is probable that stage-stratified
gastric cancer survival would be decreased in Western
countries compared with that in Asian countries. However,
objections to the hypotheses of geographic differences
have been raised in studies performed in Asian-American
gastric cancer patients in the United States [7] and in
Canada [8]. Results from the Los Angeles County Cancer
Surveillance Program demonstrated that, in California,
Asian-Americans showed a significantly better probability
of survival compared with non-Asians (hazard ratio 0.76,
95% confidence interval 0.72-0.82, p < 0.001), regardless
of the presence of a similar extent of surgery, and a similar
treating facility [7]. Of note, nearly one-fourth of Asians in
California are uninsured and they are thus less likely to
receive preventive or timely healthcare. This disparity in
healthcare access could indicate that Asians in California
would be more likely to have delays in diagnosis and to
present with more advanced disease. Similar studies have
been performed by the British Columbia Cancer Agency in
Canada, where universal coverage health insurance pro-
vides comprehensive medical access to all residents, and
treatment policies are fairly standardized in accordance
with practical guidelines. A proportional hazards model
adjusted for age, grade, location, extent, chemotherapy, and
surgery, did not show statistically significant differences in
outcome between Asians and non-Asians. However, Asian
Canadian patients who underwent curative gastric cancer
resection showed a significantly lower risk of mortality
compared with non-Asians (hazard ratio 0.60, 95% confi-
dence interval 0.41-0.87, p < 0.001) [8]. As far as these
results are concerned, we have to be a bit sceptical about

the widely accepted opinion that Asian treatments for
gastric cancer are superior to Western therapies.

Regarding the difference in subtypes of gastric cancer,
gastric cancer in the cardia and esophagogastric junction
adenocarcinoma were reported to be more common in
Caucasians than in Asians. However, a study looking at the
chronological changes in esophagogastric junction adeno-
carcinoma in the Japanese population has demonstrated
that the incidence has increased from 2.3 to 10% (a factor
of more than 4 times) during the past 40 years [9]; i.e., it
has become comparable to the incidence in Caucasians
[10]. One possible explanation could be the rapid expan-
sion of programs for the eradication of Helicobacter pylori
infection among Japanese. Since the 1990s, when H. pylori
was determined as the major causative organism of
atrophic gastritis, and the precancerous nature of atrophic
gastritis for intestinal gastric cancer was shown, the erad-
ication of H. pylori, using amoxicillin and levofloxacin
hydrate, has been extensively performed in the older Jap-
anese population at risk. As a result, the incidence of
intestinal-type cancer has been decreased. However, in
contrast, the preservation of gastric acid secretion due to
the removal of H. pylori could have led to the development
of esophagogastric junction diffuse-type adenocarcinoma
in Japanese [11]. The prevalences of the different types and
locations of gastric cancer may have been changing rapidly
in certain Asian populations, especially among Japanese.

The most critical limitation of the study by Hsu et al.
[11] is that the data obtained are mostly from the tabulated
meta-analysis data of randomized clinical trials. It is now
taken for granted that the meta-analysis of individual
patient data will be able to give more detailed answers to
most of the above-mentioned questions. Meta-analysis or
meta-regression analysis may be biased to a certain extent
by the lack of individual data for the patients enrolled in
each clinical trial.

All in all, we should wait for the results of the Global
Advanced/Adjuvant Stomach Tumor Research Interna-
tional Collaboration (GASTRIC) investigators’ individual
patient data meta-analysis [12] before further proclaiming
the importance of geographic differences in the safety and
efficacy of chemotherapies for gastric or esophagogastric
junction adenocarcinoma.
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Abstract

AIM: To investigate into the diversity of UG71A1 poly-
morphism across three different districts in Japan and
highlight genetic differences among the population in
Japan.

METHODS: We enrolled 50 healthy volunteers from
each of the Yamaguchi (western part of Japan), Kochi
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(southern part of Japan) and Akita (northern part of
Japan) prefectures. Blood samples (7 mL) were col-
lected from each participant and stored in EDTA for
subsequent genotyping by fragment size analysis,
direct sequencing and TagMan assay of UGTIA1*28,
UGTIA7*3/UGTIA9*22 and UGT1A1*93/UGTIAI*6/
UGTIAT*27/UGT1IA1*60/UGT1A7 (-57), respectively.

RESULTS: The only statistically significant differences
in allele polymorphisms among the group examined
were for UGT1A1%6. The Akita population showed more
UGT1A1%6 heterozygosity (P = 0.0496).

CONCLUSION: Our study revealed no regional diversi-
ty among UGT1A1, UGTI1A7 or UGT1A9 polymorphisms
in Japan.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Irinotecan with fluoropyrimidine is approved worldwide
as a first-line chemotherapeutic agent for metastatic
colorectal cancer™, Although prolonged survival has
been reported with the use of this drug, severe diatthea

and neutropenia have also been reported as dose-limiting
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toxicities in 20%-35% of patients treated by the agent.
Recent studies revealed that the risk of such severe tox-
icities might be associated with genetic variation in itino-
tecan metabolism, indicating a possible predictive factor.

Irinotecan is activated by hydrolysis to SN-38, a po-
tent topoisomerase I inhibitor that is primarily inacti-
vated through biotransformation into SN-38 glucuronide
(SN-38G) by the enzyme uridine diphosphate glucuro-
nosyltransferase isoform 1A1 (UGT1A7)™. In addition,
the toxicity of irinotecan has been correlated with poly-
motphisms in the number of TA repeats in one of the
promoter regions of the UGT7.A7 gene (UGT1.AT *26),
which affects transcriptional efficiency®. Because of the
clinical importance of the glucuronidation pathway in
itinotecan treatment, UGT7.47 *28 was proposed as a
potent predictor for severe toxicity” ", Recently, a novel
prospective dose-finding study of irinotecan alone based
on UGT1.A7*%6 and *28 genotyping was reported™?,
These results showed that the UGT7.A7 *6 or *28 geno-
type status could be used to determine RD (recommended
doses) of irinotecan. We conducted a prospective phase
II study of FOLFIRI for metastatic colorectal cancer in
Japan, analyzed the UGT7.47%28 and *6 polymorphisms
and demonstrated that the combination of the UG-
T1.A471%28 and *6 polymorphism is important to predict
the adverse event of the CPT-11",

The role of UGT17.47*28 alleles in the toxicity and
pharmacokinetics of irinotecan is considerably differ-
ent between Asians and Caucasians. Only homozygotes
of *28 have been associated with neutropenia in Cauca-
sians™*"* whereas both homozygote and heterozygote
*28 patients have shown severe toxicity with irinotecan in
japan[4’9]. Other tesults revealed that SN-38 glucuronida-
tion was highly impaired in heterozygotes, as previously
reportedp’@ Such ethnic differences may be associated
with other genetic variants of UGT1A family polymor-
phisms, such as UGT1.47%60, *6, UGT1.A7*3 and UG-
T1.49%22, which wete demonstrated in linkage disequilib-
rium experiments with UGT7.47%28""*¥, Such genotype
vatiation could affect SN-38 glucuronidation and also
the severe irinotecan-related toxicity. This study aimed to
clarify the regional differences in UGT enzyme polymor-
phisms among three different districts in Japan that are
widely different, both geographically and culturally.

MATERIALS AND METHODS

The 50 volunteers from Akita, Kochi and Yamaguchi
prefectures comprised of 8 males and 42 females, 6 males
and 44 females, and 11 males and 39 females, respectively,
with an average age of 37.5, 43.8 and 38.4 years, respec-
tively. The examinee demographics ate shown in Table 1.

Blood samples (7 mL) were collected from each paz-
ticipant and stored in EDTA for subsequent analysis. Ex-
aminees were limited to those whose parents and grand-
patents came from the same region. k

Written informed consent was obtained from all pat-
ticipants.
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: l’nmers and probes

UGTIAI*ZS -53 TA6/ TA7 F-FAM 5‘—gtgacacagtcaaacattaacttgt -3!

: i ‘R 5’-gcctttgctcctgccagaggtt -3
~ UGT1A7*3 N129K “F . S-tacacictggaggatcagga-3'
: : ‘W208R L o 5‘-tattgggcafcacgggttfg-3‘ i
; UGT1A9*22 : r-118 TiO/ T9 E 5'—acttaacattgcagcacagg—B' :
; o R 5latgggeaaaagccttgaact-3' -
UGTIAI*QS . B156G/A . F 5‘—cagaagggctagagaggaggaa -3
s e R 5‘-cttgctctcaaaactctgggataga-3’
FAM = b5-cctgtccaagctca-3'
. e 5-cacctgtctaagctca-3‘ G
UGTIAT*6 21G/A . CBB97I520
UGT1A1+27 686C/A | C20759820
UGTIAT%60  -3279T/G : C13213410
UGTIA7(S7)  STT/G . C2876S 10

"Primers for fragment size assay: F-FAM: Forward primer labeled FAM;
R: Reverse primer. Primers for Sequence assay: F: Forward primer; R:
Reverse primer. TagMan assay: F: Forward primer; R: Reverse primer;
FAM: Reporter 1 probe; VIC: Reporter 2 probe. Number: TagMan SNP
genotyping assays number.

Genotyping

Genomic DNA was extracted from peripheral blood an-
ti-coagulated with EDTA-2Na, using a conventional Nal
method®, UGT1.A1*28, UGT1.47%3/UGT1.A9%22 and
UGT1A1*93/UGT1A1*6/UGT1.A1*27/UGT1.A1*60/
UGT1A7 (-57) wete genotyped by fragment size analysis,
direct sequencing and TagMan assay, respectively. Primers
and probes used in this study are shown in Table 2.

For fragment size analysis, PCR reactions were per-
formed in a total volume of 10 pL containing template
DNA (80 ng/uL) according to the manufacturer’s instruc-
tions (Ex Taq; Takara, Tokyo, Japan). The amplification
was cartied out with a Gene Amp PCR System PCB808
(ASTEC, Tokyo, Japan), with an initial denaturation at
95 °C for 2 min followed by 27 cycles of denaturation
at 94 °C for 30 s, annealing at 60 'C for 20 s, and exten-
sion at 72 C for 30 s. The PCR products of TAG and
TA7, whose sizes wete 94 bp and 96 bp, respectively, were
mixed with Hi-Di formamide, including the internal size
standard (GeneScan 500, Applied Biosystems, CA, USA)
at a 1:10 (v0// o)) ratio. Then, samples wetre run in the
ABI Prism 3100 Genetic Analyzer (Applied Biosystems).
Fragment sizes were determined by comparison with the
internal size standard (GeneScan LIZ-500) using the local
Southern algorithm and the data were analyzed by Gen-
eMapper™ softwate version 3.5 (Applied Biosystems).

For direct sequencing, PCR amplifications were
performed using the Gene Amp PCR System PC808

July 15,2012 | Volume 4 | Issue 7 |
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A: Akita prefecture; K: Kochi prefecture; Y: Yamaguchi prefecture.

UGTIA7 N129K

 UGT1A7 W208R

uGT1A9*22

. o) may

- 4® 1764
C5(0) - 3@ 22(44)

~A»l

29 (58) 48
4@®) 1428  32(69) 40®)

. (p=0853) (P =0409) _ (P=0993) ,
&6 6 T cCc T TT GG TG TT 99 910 10/10
7(4 248 19(8) 29 2B@6) B0 28 2B BED) 5010 24(48)  21(42)

1734 2968 6(12) 2044

; , 2@y
1408 R 510 BU

- 22(44)

A: Akita prefecture; K: Kochi prefecture; Y: Yamaguchi prefecture.

(ASTEC, Tokyo, Japan) with Ex Taq polymerase. Ampli-
fication conditions were 30 cycles of 95 °C for 30 s, each
annealing temperature for 20 s, and 72 'C for 30 s. PCR
products were purified using ExoSAP-IT (Amersham
Bioscience, Tokyo, Japan) for 20 min at 37 'C and then
for 20 min at 80 C. Sequencing reactions were carried
out using a BigDye Terminator Cycle Sequencing Kit
(Applied Biosystems, Tokyo, Japan). After purification
with ethanol, the reaction products were analyzed using
an ABI 3100-Avant Genetic Analyzer (Applied Biosys-
tems).

TagMan assays of PCR products were performed
according to the manufacturet’s protocol. Specific for-
ward/reverse PCR primers and TaqMan probes for UG-
T1.A41%93 were custom-synthesized by Applied Biosys-
tems. Primers and probes for UGT7.A47%6, UGT1.A1*27,
UGT1A71%60, UGT1.A7 (-57) were purchased from
Applied Biosystems (TagMan SNP Genotyping Assays).
Reaction mixtures were loaded into 384 well plates and
placed in the ABI Prism 7900HT Sequence Detection
System (Applied Biosystems). PCR amplifications wete
petformed as follows: initial denaturation at 95 C for
10 min, followed by 40 cycles of PCR with a denatur-
ation at 95 C for 15 s, and one step annealing/extension
for 1 min at 60 C.

Statistical analysis and power calculation

Proportions of wild-type, hetero-type and homo-type
wete calculated with 95% Agresti-Coull confidence inter-
vals (95% CI)®, Fisher’s exact test with a two-sided sig-
nificance level of 0.05 was used for compating the ateas.
For a two-sided 95% CI for a binomial proportion whose
true value is varied from 0.5 to 0.1, a sample size of 50
yields a half-width of, at most, 14% in any situations of
the true value.

(44
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RESULTS

Tables 3 and 4 list the polymorphisms of UGT7A7 allele
*28, *6, ¥60, *27 and *93 (-3156), UGT1.A47 *3 (N129K,
W208R, -57) and UGT7.49*22. The incidence of wild-
type UGT7.47%28 in the Akita, Kochi and Yamaguchi
cohorts was 82% (95% CI: 69 to 90), 74% (95% CI: 60 to
84) and 74% (95% CI: 60 to 84), respectively (P-value =
0.663). The incidence of homozygous UGT7.A7*28 across
the three distticts was only 1.3% (95% CI: 0.0 to 5.0).

The only statistical difference in allele polymorphisms
examined among the three groups was in UGT7.A47%6.
The incidence of wild-type UGT7.A7%6 across the Akita,
Kochi and Yamaguchi populations was 58% (95% CI: 44
to 71), 72% (95% CI: 58 to 83) and 76% (95% CI: 62 to
86), respectively, while the incidence of heterozygous-
type UGT1.A7%6 was 40%, 28% and 18%, respectively.
Volunteers from Akita showed the most heterozygosity
in UGT1.A7%6, although the P-value was 0.0496.

DISCUSSION

The participants in this study wete mostly nurses and
other medical staff from hospitals in the three Japanese
prefectures. Around 95% of the nurses in Japan are
women; thus the predominance of female subjects in this
study.

There are several reports about the distribution of UG-
T1.A7 polymorphisms wotldwide. However, these studies
were limited to the promoter region, UGT1.A7#28%%,
and demonstrated that UGT7.47*28 homozygosity is
frequent in Europe (5.0%-14.8%), Africa (5.9%-17.9%)
and the Indian subcontinent (19.2%-24.0%), compared
to East Asia, which comprises mainly of the Chinese
(1.2%-5.0%)"**. Hall ¢z a/* showed that sub-Saharan
Africa, especially Cameroon, was 33% homozygous for

July 15,2012 | Volume4 | Issue 7 |
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Figure 1 The location of the three prefectures. Akita represents the northern
part of Japan, while the Kochi prefecture on Shikoku Island was obstructed
from communication with other prefectures by the Shikoku mountain (dotted
line) range in ancient times. Yamaguchi is one of the nearest prefectures to the
Korean Peninsula in Japan.

UGT1.A7*28, which is a faitly high frequency even com-
pared to Caucasians and Indians.

The incidence of homozygous UGT7.47*28 across
the three districts of our data in Japan was only 1.3%,
which is comparable to the 1.0% reported by Hall ez 2/,
Premawardhena ez al*? also reported a wider diversity
of repeat numbers among individuals from North and
Central America with varying degrees of Aftican ances-
try. Our data demonstrated that the repeat number of
(TA) was 6/6, 6/7 and 7/7, which is the same as those
reported for Europeans and other Asians. Hitherto,
no studies have investigated the regional diversity in
UGT1.A7-family polymorphism within one country, al-
though our study now indicates that there is no diversity
of UGT1.A47%28 polymorphism in Japan.

In this study, we selected the Akita, Kochi and Yama-
guchi prefectures (Figure 1). Akita represents the north-
ern part of Japan, while the Kochi prefecture on Shikoku
Island was obstructed from communication with other
prefectures by the Shikoku mountain range in ancient
times. Thus, both prefectures have developed a unique
dialect and less communication with each other histori-
cally. On the other hand, Yamaguchi is one of the nearest
prefectures to the Korean Peninsula in Japan. All the pre-
fectures chosen have also developed a unique culture.

Our study revealed no regional diversity of UGT7.A47,
UGT1.A7 and UGT1.A9 polymorphisms in Japan. Only
UGT1.A7%6 showed a statistically significant difference
among these three regions in Japan, with more G/A type
in the Akita prefecture compated to the other two re-
gions. However, the p-value for the UGT7.A7%6 polymot-
phism was marginal (P-value = 0.0496) and the statistical
significance is easily changeable due to the selection of
the sampling population. The number of UGT1.A47%*6
homozygotes was not different among the three districts,
with allele frequencies for Akita, Kochi and Yamaguchi
of 2.2%, 1.4% and 1.5%, respectively.

Our study is an exploratory research about the diver-
sity of UGT7.AT7 in Japan. Before the study, we speculat-
ed that Akita may have the same tendency of UGT1.A47

B{”
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polymorphism as Caucasians, i.e. Akita may have mote
polymorphism in UGT7.47*28 and less polymorphism
in UGTT1.A7*6. Howevet, our study revealed that UG-
T1.A7*28 showed no diversity and UGT7.A47%6 did not
show less polymorphism, although this was not random
sampling and generalizability of our population could not
be guaraateed.

As described, heterozygotes of UGT7.47*28 are ex-
tremely rare in the Japanese population compared to Cau-
casians and the incidence of heterozygotes and homozy-
gotes of UGT1.A7%28 across the three districts combined
was 22.0% and 0.013%, respectively.

Our study also demonstrated that the UGT7.A47%6
polymorphisms, G/A and A/A, occurred at a rate of
28.7% and 2.7%, respectively, in Japan. Kaniwa et a/*"
examined the variants of UGT7.A47% in Caucasian and
African-American populations. Caucasians showed only
two heterozygotes among 150 blood samples, while none
were found among the African-Americans. Our study
confirmed the Japanese standard data for UGT7.A7 poly-
morphism frequencies, which shows more vatiants for
UGT1A7%6 compared to Caucasian and African-Ameti-
can samples.

Jinno e a”” examined the glucuronidation of SN-38,
a potent inhibitor of topoisomerase 1, by human UG-
T1A1 variants in Cos-1 cells. The vatiant 211G<A (G71R)
(UGT1.A7%6) reduced the glucuronidation activity more
than 686C>A (P229Q) (UGT1.A471%*27). Moteover, hy-
perbilirubinemia observed in Japanese and Taiwanese
patients with the P229Q) variant is mainly attributable to
the TA7 variation. Thus, UGT7.47%6 plays an important
role during chemotherapy with irinotecan in East Asian
populations”*,

Finally, the variant sequences in exon 1, UGT1A7%6
and UGT1.A7*27, have been identified only in the Japa-
nese. Thus, Japanese studies could focus more on these
two genotypes, which might be more closely associated
with drug sensitivity in Japanese patients than in Cauca-
sians®>)

Our ongoing studies will compare UGT7.4 gene poly-
morphism worldwide, starting in Asian populations and
gradually spreading to Europeans. Such investigations
may also clarify the movement of people throughout his-
tory.

Background

Irinotecan with fluoropyrimidine is approved worldwide as a first-line chemother-
apeutic agent for metastatic colorectal cancer. Although prolonged survival has
been reported with the use of this drug, severe diarrhea and neutropenia have
also been reported as dose-limiting toxicities in 20%-35% of patients treated by
the agent. Recent studies revealed that the risk of such severe toxicities might
be associated with genetic variation in irinotecan metabolism, indicating a pos-
sible predictive factor.

Research frontiers

This study aimed to clarify the regional differences in UGT enzyme polymor-
phisms among three different districts in Japan that are widely distant, both
geographically and culturally.

Innovations and breakthroughs
The authors enrolled 50 healthy volunteers from each of the Yamaguchi (west-
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em part of Japan), Kochi (southern part of Japan), and Akita (northem part of
Japan) prefectures. Blood samples were collected from each participant and
stored in EDTA for subsequent genotyping by fragment size analysis, direct
sequencing, and TagMan assay of UGT1A1*28, UGTIAT*3/UGT1A9*22, and
UGT1A1*93/UGT1AT*6IUGTIAT27IUGT1AT*60/UGT1AT7 (-57), respectively.
Applications

The authors found that the only statistically significant differences in allele poly-
morphisms among the group examined were for UGT1A1*6. The Akita popula-
tion showed more UGT1A1*6 heterozygosity. This study revealed no regional
diversity among UGT1A1, UGT1A7 or UGT1A9 polymorphisms in Japan.
Peer review

Kobayashi et al aimed to clarify the regional differences in UGT enzyme poly-
morphisms among three different districts in Japan that are widely distant, both
geographically and culturally. The study seems interesting, but the sample size
is somewhat small.
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Abstract

Background: On the basis of international clinical trials, capecitabine plus cisplatin (XP) as a first-line treatment of
advanced gastric cancer is considered a global standard regimen. However, the usefulness of XP as compared with
S-1 plus cisplatin (SP), which is considered standard therapy in Japan, has not yet been assessed.

Methods/design: This is a multicenter randomized phase i trial to elucidate the efficacy of XP as compared with
SP for first-line treatment of advanced gastric cancer. Patients with unresectable metastatic or recurrent gastric
cancer, 20~74 years of age and human epidermal growth factor 2 (HER2)-negative status, will be assigned in a 1:1
ratio to receive either S-1 40 mg/m? bid for 21 days plus cisplatin 60 mg/m? (day 8) every 5-week cycle or
capecitabine 1000 mg/m? bid for 14 days plus cisplatin 80 mg/m? (day 1) every 3-week cycle. Patients will be also
asked to the analysis of tumor tissues for translational investigations. The Primary endpoint is progression-free
survival and secondary endpoints are overall survival, time to treatment failure, tumor response rate and safety.
These comparisons will also be evaluated in terms of biomarkers. Planned sample size is 100 (50 in each arm),
which is appropriate for this trial.

Discussion: Fluoropyrimidine plus cisplatin combination is the standard regimen of the first line treatment for
advanced gastric cancer. Both S-1 and capecitabine are the prodrug of 5-FU but differ from their process of
metabolism. Result of this trial and translational research will provide the important clues to prepare the
individualized therapy for advanced gastric cancer in the near future.

Trial registration: ClinicalTrials.gov Identifier NCT01406249
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Background

Gastric cancer is the fourth most common malignancy in
the world (988 602 cases in 2008, 7.8% of total) and the sec-
ond leading cause of cancer death (737 419 deaths, 9.7% of
total) [1]. For the treatment of advanced or recurrent gastric
cancer (AGC), the most commonly used regimens are com-
bination chemotherapy consisting of a fluoropyrimidine
(5-fluorouracil or oral fluoropyrimidine) plus a platinum
agent with or without docetaxel or anthracyclines [2-6].

S-1 is an oral anticancer drug composed of the
5-fluorouracil (5-FU) prodrug tegafur and two 5-FU mod-
ulators; it has achieved high response rates in patients with
gastric cancer in phase II studies [7,8]. In a phase III trial
(SPIRITS trial) that compared S-1 alone to S-1 plus cis-
platin (SP), SP showed a significantly longer overall sur-
vival (OS; 13 months vs. 11 months; HR =0.77, 95% CI
0.61-0.98, p = 0.04) and longer progression-free survival (PFS;
6.0 months vs. 40 months; HR =057, 95% CI 044-0.73,
p < 0.0001) [4]. Therefore, SP is now considered to be one
of the standard first-line regimens for AGC in Japan.

Capecitabine is also an oral fluoropyrimidine, which is
metabolized primarily in the liver and converted in tumor
tissues to 5-FU by the enzyme thymidine phosphorylase
(TP), which is associated in higher concentrations in
tumor cells than in normal cells [9]. Kang and colleagues
evaluated the non-inferiority of capecitabine plus cisplatin
(XP) compared with 5-FU plus cisplatin (FP). The median
PFS showed significant non-inferiority (5.6 months vs.
5.0 months; HR = 0.81, 95% CI 0.63-1.04, P <0.001) [5]. On
the basis of these results, XP is now considered one of the
standard treatments of AGC [10], and XP was adopted as
the reference arm in two recent global studies of molecular
targeting agents [11,12]. However, data is scarce with respect
to XP treatment in Japanese patients, and also the usefulness
of XP as compared with SP has not yet been assessed.

As another issue, these 2 types of oral fluoropyrimidine
show some different characteristics in the mechanisms of
their antitumor effect. A subset analysis of the FLAGS
trial showed that S-1 seemed to be better than 5-FU in
the subgroup with diffuse-type gastric cancer [6]. This re-
sult was consistent with the results of a subset analysis of
the JCOG9912 trial, which showed that S-1 was better
than 5-FU in patients with diffuse-type gastric cancer or
with gastric cancer associated with high dihydropyrimi-
dine dehydrogenase (DPD), with diffuse-type tumors
associated more commonly than intestinal type with high
DPD [13]. This result was expected, since S-1 consists of
tegafur, otastat potassium, and gimestat which is a potent
competitive inhibitor of DPD. Capecitabine is trans-
formed to 5-FU in several steps, to be finally converted
by TP as above [9]. A phase II trial in Japan showed that
response rate (RR) was significantly higher (Fisher’s exact
test, p =0.028) in patients with TP-positive and DPD-
negative tumors (60%, 6/10) than in the remaining
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patients (13%, 2/15) [14]. In contrast, high expression of
TP is reported to be negatively associated with efficacy of
5-FU or S-1 in gastric cancer [15,16].

On the basis of the above reports, histological type
(diffuse or intestinal) and biomarkers (TP, DPD, and others)
may be candidates to select whether S-1 or capecitabine be
used for each patient, although validation with a rando-
mized study is necessary. We planned the current clinical
trial to elucidate the efficacy of XP and SP for the first-line
treatment of AGC. This comparison will be also evaluated
in terms of several biomarkers.

Method/design

Study objective

This randomized phase II trial is planned to elucidate
the efficacy of SP and XP and also to explore predictive
or prognostic biomarkers with additional research. This
trial protocol has been approved by the Institutional Re-
view Board (IRB) of each participating institution and
the Kanagawa Cancer Center.

Study endpoints

Primary endpoint is PFS and secondary endpoints are
0OS, RR, time to treatment failure (TTF), and incidence
of adverse events (safety).

Eligibility criteria
Inclusion criteria

(i) Histologically confirmed gastric adenocarcinoma
with unresectable metastatic or recurrent disease
(i) Lesions confirmed by imaging no more than 28 days
before registration (not required for measurable

lesions as defined in RECIST version 1.1)

(iil) No previous chemotherapy or radiotherapy.
However, prior adjuvant chemotherapy is allowed if
more than 6 months has passed since the end of
adjuvant chemotherapy

(iv) Eastern Cooperative Oncology Group (ECOG)
Performance Status of 0, 1, or 2

{v) Life expectancy of at least 3 months after
registration

(vi) Written informed consent

(vii)Between the ages of 20 and 74 years at the time
informed consent is obtained

(viii) Adequate major organ function including:

(a) Neutrophil count: 21500/mm?

(b) Platelet count: 210.0 x 10%*/mm?

(c) Hemoglobin: 29.0 g/dL

(d) AST, ALT: <2.5 x upper limit of normal (ULN) in each
institution (<5 times in cases of metastases to liver)

(e) ALP: <2.5 x ULN in each institution (<5 times in
cases of metastases to liver, and <10 times in cases
of metastases to bone)
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(f) Total bilirubin: 1.5 x ULN in each institution
(g) Creatinine clearance: 260 mL/min (as estimated by
Cockeroft-Gault equation)

Exclusion criteria

(i) HER2- positive status

(i) Previous history of fluoropyrimidine therapy
within 6 months prior to registration

(iii) Previous treatment with platinum agents within
12 months prior to registration

(iv) Previous treatment with cisplatin more than total
dose of 120 mg/m?

(v) Previous history of serious hypersensitivity to
fluoropyrimidines or platinum agents

(vi) Previous history of adverse reactions suggestive of
dihydropyrimidine dehydrogenase (DPD) deficiency

(vii) More than 1 cancer at the same time or more than
1 cancer at different times separated by a 5-year
disease-free interval. However, multiple active
cancers do not include carcinoma in sity or skin
cancer which is determined to have been cured as a
result of treatment.

(viii) Obvious infection or inflammation (pyrexia 238.0°C)

(ix) Active hepatitis

(x) Heart disease that is serious or requires
hospitalization, or history of such disease within
the past year

(xi) Having a complication that is serious or requires
hospitalization (intestinal paralysis, intestinal
obstruction, interstitial pneumonia or pulmonary
fibrosis, poorly controlled diabetes mellitus, renal
failure, liver disorders, or hepatic cirrhosis)

(xii) Being treated or in need of treatment with
flucytosine, phenytoin, or warfarin potassium
(xiii) Chronic diarrhea (watery stools or >4 times/day)

(xiv) Active gastrointestinal bleeding

(xv) Body cavity fluids requiring drainage or other
treatment

(xvi) Clinical suspicion or previous history of metastasis
to brain or meninges

(xvii) Women who are pregnant, breastfeeding, or
potentially (hoping to become) pregnant

(xviii) Unwillingness to practice contraception

(xix) Poor oral intake

(xx) Psychiatric disorders which are being, or may
need to be, treated with psychotropics

(xxi) Otherwise determined by investigators or site
principal investigators to be unsuitable for
participation in study

Registration
Physicians or coordinators will send a Case Registration
Form to the data center (Epidemiological and Clinical
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Research Information Network, ECRIN) with all the
required items filled out. Enrollment has started from
July 2011.

Startification

Eligible patients will be randomized to either Arm-A
(SP treatment) or Arm-B (XP treatment) by dynamic al-
location via a centralized randomization method using 5
stratification factors as balancing variables:

(i) baseline ECOG Performance Status (0-1/2)

(ii) measurable lesion (yes/no)

(iii) prior adjuvant chemotherapy (yes/no)

(iv) histopathological classification (intestinal/diffuse)
(v) institution.

Statistical analysis

PFS has been set as the primary endpoint and is defined as
the time from date of registration until the date that pro-
gression is determined or the date of death for any reason,
whichever is sooner. “Progression” will be evaluated on the
basis of Response Evaluation Criteria In Solid Tumors
(RECIST) version 1.1 [17]. More information about the def-
inition of PFS and Progression are pre-specified (Table 1).

The primary objective of this trial is to evaluate the PFS
of SP and XP as the first-line treatment for advanced gas-
tric cancer. The 24-week progression-free rate (PFR) will
be estimated for each group, calculating point estimates
and 2-sided 90% confidence intervals. The 2-sided 90%
confidence interval of the difference between the 2 groups
will be also estimated. Exploratory analysis will be done to
test the null hypothesis that PES is equal in both groups.
Cumulative PFS curves will be constructed as time-to-
event plots by the Kaplan-Meier method.

With respect to secondary endpoints, efficacy endpoints
OS and TTF will be evaluated according to the method of
analysis of the primary endpoint. Overall response rate
(RR) is defined as the proportion of patients with complete
response (CR) or partial response (PR) by RECIST out of
the patients with measurable lesions, and the chi-square
test will be used to compare the 2 groups. The 2-sided 95%
confidence interval of the difference between the 2 groups
will also be estimated. For the analysis of safety, Fisher’s
exact test will be used if necessary, and the exact confidence
intervals for the binomial distribution will be estimated.

Sample-size calculation

Assuming a threshold 24-week PFR of 40% and an
expected 24-week PFR of 55% (clinically promising), and
a l.5-year registration period and a 1.5-year follow-up
period, 49 patients are required in each group to ensure a
1-sided alpha of 5% and statistical power of 90%. Assuming
that the 24-week PFR of the biomarker-positive (any FU-
related enzyme or expression of intestinal type) population
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Table 1 Definition of PFS and progression
Definition of PFS and progression are predefined as below

1) PFS will be determined as the time from the date of registration
until the date that progression is determined or the date of death
for any reason, whichever is sooner.

2) “Progression (PD)” means both PD confirmed by routine diagnostic
imaging in each course and PD confirmed by as-needed diagnostic
imaging in the case that there is clinical suspicion of PD. In the
latter case, it is preferable that there is at least objective evidence.

3) When progression is determined based on diagnostic imaging, the
date of progression will be the date on which imaging is assessed.
When clinical progression is first determined independently of
diagnostic imaging, and then later objectively determined on the
basis of diagnostic imaging, the date of progression will be back-
dated to the date of determination of clinical progression. if no
objective evidence is obtained, it will be treated as a censoring
event in the formal analysis, and sensitivity analysis will be also
conducted as if this were PD.

4.). When considering tumor regrowth and determining PD according
to RECIST, it is considered a PD as PFS event regardless of tumor
diameter. But even if it is decided as PD according to RECIST,
investigators can continue the protocol treatment if they consider
continued treatment to be beneficial to the patient.

5) If treatment discontinuation is needed due to symptomatic
deterioration without any objective evidence at that time, it is
reported as “symptomatic deterioration”. Investigators should
endeavor to obtain objective evidence of the progression even
after discontinuation of treatment. In this case, the event shall be
judged to be clinical PD and handled as mentioned in 2) above.
When progression is determined on the basis of diagnostic
imaging, the date of progression will be back-dated to the date of
diagnosis of symptomatic deterioration.

6.) Survivors for whom progression has not been determined will be
censored based on the last date on which the absence of
progression was clinically confirmed (the last day that PFS was
confirmed).

7.) Cases of discontinuation of protocol treatment because of toxicity
or patient refusal, even if another therapy is added as a post-
treatment, will be censored at the date of discontinuation or the
date that post-treatment was started.

8) In cases where progression is diagnosed on the basis of imaging,
the event will be determined based not on evaluation dates where
the result is “suspected” on imaging but on a subsequent
evaluation date where progression is “confirmed” on imaging.

9) Secondary cancer (multiple cancers in metachronous) will not be
regarded as either an event or censored.

in the SP arm is 45%, and the risk reduction rate in the XP
arm is 40%, 46 patients in total are needed to ensure a
2-sided alpha of 10% and statistical power of 70%. Under
the hypothesis that the targeted biomarker-positive popula-
tion is 50%, 92 patients in total are required. Considering
the likelihood of some ineligible cases in the whole setting
outlined above, the total sample size is set to 100. A follow-
ing Phase III study will be designed for both randomized
comparison and biomarker-oriented comparison of XP
and SP (4 groups).

Treatment program
Patients who allocated SP will be treated with S-1 and cis-
platin every 5-week cycle. S-1 will be administered orally at
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a dose of 40 mg/m” twice-daily (equivalent to a total daily
dose of 80 mg/m?) for 3 weeks (day 1 to 21). Cisplatin
60 mg/m” on day 8 of each cycle will be given by intraven-
ous infusion over 2 hours. On the other hand, patients who
allocated XP will be treated with capecitabine and cisplatin
every 3-week cycle. Capecitabine will be administered orally
at a dose of 1000 mg/m* twice-daily (equivalent to a total
daily dose of 2000 mg/m?) for 2 weeks (day 1 to 14).
Cisplatin 80 mg/m’ on day 1 of each cycle will be given by
intravenous infusion over 2 hours.

Treatment continuation is intended until disease pro-
gression or unacceptable toxicity. If treatment continu-
ation with cisplatin is determined to be unfeasible before
any progression is confirmed, continuously monotherapy
of S-1 or capecitabine will be continued until PD.

Follow-up

During treatment under this protocol, patients will have
a physical check-up and a blood examination before
every drug administration. PFS and RR will be moni-
tored by using abdominal CT or MRI every 6 weeks and
by measuring levels of tumor markers CEA and CA19-9.

Translational research project

Translational research will be conducted to elucidate the
clinical utility of the following biomarkers. These bio-
markers will be analyzed Immunohistochemistry (IHC)
and mRNA expression by using tissue specimen. Tumor
tissue samples from primary lesions and/or biopsy ma-
terial will be collected and centralized assessment.

(i) Immunohistochemistry (IHC): Expression of TP,
DPD, ERCC]1, Ki67, LGALS4, and CDH17

(ii) mRNA: Expression of TP, DPD, thymidylate
synthase (TS), orotate phosphoribosyltransferase
(OPRT), and excision repair cross-complementation
groupl (ERCC1)

Discussion
Recently, molecular target drugs has resulted in the oppor-
tunity to provide individualized treatment in the field of
AGC. Especially in patients with HER2-positive AGC
(defined as assessed by IHC 3+ on a scale of 0 to 3+, and/or
fluorescence in-situ hybridization; FISH, HER2:CEP17 ratio
22.0), ToGA study showed that adding trastuzumab was
significantly improved overall survival comparing with
standard chemotherapy consists of cytotoxic drugs [11].
This study excludes HER2-positive gastric cancer since
these patients should be recommended trastuzumab con-
taining regimen. The individualized treatment for cytotoxic
agents also needs to be developed to have more effect and
less toxicity.

This is the first study to compare two standard regi-
mens for AGC. Additionally, the translational research is
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performed to explore the biomarker for chemo-sensitivity
and make the individualized treatment possible. When the
difference of treatment is found in efficacy or safety from
this analysis, we will conduct a phase III trial to examine
the possibility of individualized treatment. We believe the
result of this study will play the important role to prepare
the individualized therapy for advanced gastric cancer in
the near future.
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Abstract

Purpose Metronomic combination chemotherapy with
‘the oral fluoropyrimidine doxifluridine/5’-deoxy-5-fluoro-
uridine (5 -DFUR) and oral cyclophosphamide (C) showed
promising efficacy in a single-arm study. The oral fluoro-
pyrimidine capecitabine was designed to deliver 5-fluoro-
uracil preferentially to tumors, potentially improving
efficacy over doxifluridine. We conducted a phase II
multicenter study to evaluate an all-oral XC combination in
patients with HER2-negative metastatic breast cancer
(MBC).

Materials and methods Patients received capecitabine
828 mg/m” twice daily with cyclophosphamide 33 mg/m”
twice daily, days 1-14 every 3 weeks. The primary end-
point was overall response rate (ORR). Secondary end-
points included progression-free survival (PFS), overall
survival (OS8), and safety.
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Results Between May 2007 and April 2009, 51 patients
were enrolled and 45 were included in the efficacy analy-
sis. The median follow-up was 18.1 months. ORR was
44.4% and stable disease (>24 weeks) was achieved in
13.4%, resulting in a 57.8% clinical benefit response rate.
Median PFS was 12.3 months (95% confidence interval:
8.9-18.9 months). Median PFS was 10.7 months in triple-
negative disease and 13.2 months in estrogen-receptor
positive, HER2-negative disease. The 1- and 2-year OS
rates were 86 and 71%, respectively. Median OS has not
been reached. Grade 3 adverse events comprised leuko-
penia (26%), neutropenia (16%), and decreased hemoglo-
bin (2%). There was no grade 3 hand-foot syndrome.
Conclusions Oral XC is an effective first- or second-line
therapy for MBC, demonstrating high activity in both luminal
A and triple-negative disease with few severe side effects.
This metronomic oral combination chemotherapy could be
beneficial for the treatment of HER2-negative MBC.
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Introduction

Recent advances in chemotherapy for breast cancer have
produced remarkable results in the adjuvant setting [1], but
less improvement in the metastatic setting [2]. Regimens
including anthracyclines and taxanes are widely used, but
metastatic breast cancer (MBC) remains an incurable disease,
although a small proportion of patients may achieve long-term
disease-free survival [3, 4]. Therefore, the main goal of
treatment for MBC is to prolong survival and maintain quality
of life (QOL). Standard chemotherapy regimens, based on the
concept of maximum tolerated dose (MTD)}, for front line can
achieve relatively high response rates, but do not satisfy the
needs of patients in terms of survival and QOL because of the
short duration of clinical benefit and the detrimental impact of
treatment-related toxicity. )

In contrast to standard chemotherapy, low-dose metro-
nomic (I.LDM) chemotherapy describes the prolonged
administration of relatively low doses of cytotoxic agents at
short, regular intervals without extended breaks. This thera-
peutic strategy has become widely recognized following the
discovery that some cytostatic agents administered using an
LDM schedule have significant antiangiogenic activity.
Studies have shown that chronic administration of low-dose
chemotherapy, including cyclophosphamide, methotrexate,
and other agents, produces apoptosis of endothelial cells in the
tumor microvasculature, resulting in impairment of repair
processes and a reduction in the level of viable circulating
endothelial progenitor cells [5]. LDM chemotherapy may
provide a strategy to achieve long-term disease control by
maintaining tumor dormancy and potentially extending sur-
vival, with only mild side effects [6]. The antiangiogenic
activity of LDM chemotherapy may also contribute to a
decreased susceptibility to drug resistance [7-9]. However,
the clinical efficacy of LDM chemotherapy and the optimal
regimen has yet to be established.

Capecitabine is a precursor of 5-fluorouracil (5-FU),
- which is converted to 5-deoxy-5-fluorouridine (5'-DFUR)
in the presence of carboxylesterase and cytidine deaminase
mainly in the liver, and then to 5-FU in the presence of
thymidine phosphorylase (TP), a strong antiangiogenic
factor identical to platelet-derived endothelial cell growth
factor [10]. TP, the key enzyme mediating the final acti-
vation step, is present at significantly higher concentrations
in the tumor than in other tissues, leading to preferential
delivery of capecitabine to 5-FU on the tumor site with
limited impact on non-tumor tissue. In xenograft models,
TP is upregulated by several chemotherapeutic agents,

@ Springer

including taxanes, cyclophosphamide, and mitomycin
[11, 12]. These findings provide a compelling rationale for
combining capecitabine with potentially synergistic anti-
cancer drugs. For example, the combination of capecita-
bine with either docetaxel or paclitaxel has been evaluated
extensively in MBC and demonstrated considerable activ-
ity with a modest impact on toxicity [13, 14].

Based on previously reported preclinical and clinical
results [15, 16], we evaluated a metronomic oral combi-
nation chemotherapy regimen of doxifluridine and cyclo-
phosphamide. The regimen demonstrated encouraging
efficacy, which we considered may be further improved by
replacing doxifluridine with capecitabine [17]. Capecita-
bine combined with oral cvclophosphamide was shown to
be feasible and tolerable in a pilot phase I study [18]. We
therefore conducted a single-arm phase I study of the
capecitabine/cyclophosphamide (XC) regimen as treatment
for HER2-negative MBC.

Patients and methods
Patients

Patients eligible for inclusion in the study were aged
>20 years at time of enrollment and had histologically or
cytologically confirmed advanced or recurrent breast cancer
that was measurable according to Response Evaluation
Criteria in Solid Tumors (RECIST) and determined to be
HER2-negative by immunohistochemistry (IHC 0 or 1+) or
fluorescence in situ hybridization (FISH negative). Patients
with unknown HER?2 status were eligible. All patients were
required to have a life expectancy of at least 6 months, an
Eastern cooperative oncology group performance status
(ECOG PS) of 0-2 (except for patients with pain of PS 3
caused by bone metastasis), sufficient organ function to allow
safety evaluation, and to be capable of receiving oral therapy.
Eligible patients had received no more than 1 prior chemo-
therapy regimen, no previous treatment with the combination
with doxifluridine and cyclophosphamide or capecitabine-
containing therapy, and were required to have no carry-over
effects from previous treatments. Prior radiotherapy to the
target measurable lesion was not permitted. The study was
approved by the ethics committees at participating institu-
tions, and all patients provided written informed consent.

Study design

Capecitabine (828 mg/m?® twice daily) and cyclophospha-
mide (33 mg/m* twice daily) were both administered
orally, days 1-14, followed by a 7-day drug free interval
(days 15-21). Treatment was continued for at least 6 cycles
or disease progression. Delay in treatment cycle due to
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toxicity was allowed if the interval was <14 days, otherwise
the patient was required to discontinue study treatment.

During the study, drug dosage was adjusted in patients
experiencing treatment-related adverse events of grade 2 or
higher intensity, graded according to Common Terminol-
ogy Criteria for Adverse Events (CTCAE) v 3.0 [19]. At
the first occurrence of a grade 2 event, treatment was
interrupted until resolution to grade 1 or 0 and resumed at
the original dose. Recurrences of grade 2 events were
managed by treatment interruption followed by a 25% dose
reduction. If grade 3 or 4 toxicity occurred, treatment was
interrupted and continued with a 25 or 50% dose reduction,
respectively. If the same grade 2 toxicity occurred for a
third time. treatment was interrupted until the adverse
event resolved to grade 0-1 and then continued at 50% of
the original dose. At the third occurrence of a given tox-
icity (grade 3 severity), treatment was discontinued and the
patient withdrawn from the study.

Study endpoints

The primary endpoint was overall response rate (ORR),
and secondary endpoints were progression-free survival
(PFS), overall survival (OS), clinical benefit response
(CBR) defined as complete response (CR) plus partial
tesponse (PR) plus long-term (>24 weeks) stable disease
(LSD), and safety.

Assessment of response rate and adverse events

Tumor response was assessed according to RECIST ver-
sion 1.0 [20]. Evaluation of response was performed after
every 2 cycles during the treatment. Adverse events were
graded according to CTCAE v 3.0 [19].

Statistical analysis

Assuming an ORR of 50% and a threshold ORR of 30%,
based on the literature [13, 14, 21], a sample size of 43
patients was required to give 80% power with o = 0.05.
Therefore, the target sample size was 50 patients over a
1-year period, allowing for dropouts and inclusion of non-
evaluable patients.

Analyses of efficacy and safety were performed in the
per-protocol set (PPS) population. The PPS population
comprised subjects fulfilling the study inclusion criteria.
PFS was estimated by the Kaplan—Meier method.

Results

Between May 2007 and April 2009, 51 patients were
enrolled. The median duration of follow-up was

Table 1 Patient characteristics (n = 51)

Median age, years (range) 61 (32-82)
PS (ECOG): 0/1/2/unknown 38/9/3/1
Tumor histological types®: scirrhous/solid- 21/12/14/4
tubular/papillotubular carcinoma/other
HER2 status® positive/negative/unknown 1/42/8
ER status: positive/negative/unknown 32/18/1
PgR status: positive/negative/unknown 292111
Triple negative (ER-, PgR-, and HER2-negative) 10
Surgical operation for primary breast cancer: yes/no 44717
Post-operative radiation therapy: yes/no 25/26
Prior adjuvant treatment®
Anthracyclines 23
Taxanes 17
Anthracyclines and taxanes 17
Hormone therapy 31
Others (CMF, 5'DFUR, UFT, 5-FU) 13
Number of prior chemotherapy 41/10
regimens for MBC: 0/1
Prior MBC treatment
Anthracyclines? 6
Taxanes ’ 3
Hormone therapy 17
Others (doxifluridine) 2

PS, performance status; ECOG, Eastern co-operative oncology group;
HER?2 human epidermal growth factor receptor type 2; ER, estrogen
receptor; PgR, progesterone receptor; CMF, cyclophosphamide,
methotrexate, 5-flourouracil; 5-DFUR, doxifluridine; UFT, tegafur
uracil; 5-FU, 5-flourouracil; MBC, metastatic breast cancer

* According to the pathological classification of the Japanese breast
cancer societyl

® One HER2-positive patient was excluded from our analysis
¥ Some patients received more than 1 chemotherapy regimen
4 One patient received epirubicin and paclitaxel

18.1 months, The baseline characteristics of patients are
shown in Table 1. The median age of patients was 61 years
(range, 32-82) and the majority (38 of 51) of patients had
PS 0. Efficacy was evaluated in 45 patients excluding
ineligible patients including 1 patient with HER2-positive
breast cancer and 5 patients with no target region. Safety
was evaluated in 51 patients.

Efficacy

Among the 45 patients evaluable for efficacy, 4 achieved a
CR and 16 achieved a PR, giving an ORR of 44.4%. SD
and PD were reported 11 and 7 patients, respectively. LSD
was reported in an additional 6 patients, and therefore, the
CBR (CR + PR + LSD) was 57.8% (Table 2). A sub-
analysis of clinical response according to hormone-recep-
tor status showed that the CR and PR rates among patients
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Table 2 Response to the RR
treatment (n = 45)* CR PR ORR (%) CBR (%)
All patients 4 16 444 57.8
Hormone receptor (n = 44)°
ER-positive (n = 28) 2 11 46.4 64.3
ER-negative (n.= 17) 2 5 41.2 47.1
CR, complete response; PR, PgR-positive (n = 26) 3 8 42.3 53.8
g}?mal Te;lxﬂs"«? SD, stable PgR-negative (1 = 19) 1 8 474 63.2
sease; PD, progressive . . <
disease; NE, not evaluable; Tﬁg; Znegam.e (ER-,_PgR-, and 0 4 44.4 35.6
ORR, overall response; CBR, -negative) (n = 9)
clinical benefit rate Prior anthracyclines; Adjuvant+MBC 3 6 39.1 52.2
(CR-+PR+LSD); LSD, long- (n-=123)
term (=24 weeks) stable Prior taxanes; Adjuvant + MBC (n = 13) 2 4 46.2 53.8
disease; ER, estrogen receptor; Major metastatic organ®
PgR. progesterone receptor: i
HER2, human epidcrmal gl'OWth Organ (hver and hmg) (IZ = 33) 3 12 45.5 57.6
factor receptor type 2; MBC, Bone (n=7) 71.4 85.7
metastatic breast cancer Soft tissue only (lymph node 1 7 40.0 50.0
 Evaluable patient excluding and skin) (n = 10)
no target region Hand-foot syndrome
b .
One patient, unknown Yes (1 = 24) 2 9 45.8 62.5
© Patients may have metastases No (n = 21) 2 6 38.1 476

at more than 1 major organ site

with estrogen receptor (ER)-positive disease were 2 of 28
and 11 of 28, respectively, producing an ORR of 46.4%,
while a further 5 patients achieved LSD, resulting in a CBR
of 64.3%. In comparison, 4 of 9 patients with triple-nega-
tive disease achieved a PR (ORR 44.4%) and 1 patient
achieved LSD resulting in a CBR of 55.6%.

PES curves for the overall population and according to
hormone-receptor status are shown in Fig. 1. The median
PFS for the overall population was 12.3 months (95%
confidence interval [CI}: 8.9-18.9 months). The median
PFS in 34 patients with ER- and/or progesterone receptor
(PgR)-positive disease was 13.2 months (95% CL
8.9-23.7 months), while in 10 patients with ER- and PgR-
negative and HER2-negative (triple-negative) disease, it
was 10.7 months (95% CIL 3.9-20.0 months). A subanal-
ysis of efficacy according to use of prior chemotherapy in
the adjuvant or metastatic disease settings showed that
median PES was 9.3 months (95% CI: 5.1-18.9 months) in
24 patients previously treated with anthracycline-contain-
ing therapy and 13.9 months (95% CL: 8.5-23.7 months) in
22 anthracycline-naive patients (figure not shown). Median
OS has not been reached (Fig.2). The 1- and 2-year
cumulative OS rate were 86% (95% CIL: 76-96%) and 71%
(95% CI: 54-88%), respectively.

Safety
Safety was evaluated in 51 patients (Table 3). The most
commonly reported adverse events of grade 3 or higher

intensity were leukopenia in 13 patients (25%), neutropenia
in 8 (16%), decreased hemoglobin in 1 (2%), and alkaline
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phosphatase elevation in 1 (2%). Hand-foot syndrome
(HES) of any grade was reported in 27 patients (53%);
however, the severity was only grade 1 or 2 in all cases. No
patient experienced grade 3 HFS. Grade 1 alopecia was
reported in 1 patient (2%). No patient was withdrawn from
the study because of adverse events.

Discussion

Although standard chemotherapy may eradicate breast
cancer micrometastases and improve the cure rate of
patients with breast cancer in the adjuvant setting, such an
approach is inevitably unsuccessful for overt metastatic
cancers even when dose-intensive regimens are adminis-
tered, as evidenced by the failure of high-dose chemo-
therapy strategies in clinical trials [22]. The limitations of
standard chemotherapy may be related to the mechanism of
action of anticancer agents and the dynamics of tumor
growth. The cytotoxicity of the majority of anticancer
drugs is attributable to direct DNA damage and disruption
of DNA replication, especially in proliferating cells.
However, based on the assumption that proliferating cells
comprise only a minor proportion of the tumor and the
proliferation period is very short [23], it is unlikely that
bulky metastatic tumors could be eradicated by standard
chemotherapy regimens administered using short-period,
intermittent schedules. Furthermore, it is not practical to
administer standard chemotherapy successfully for pro-
longed periods because of severe cumulative toxicities,
which requires relatively long treatment-free recovery
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Fig. 1 Progression-free survival (PFS). a PFS for 45 patients treated
with oral capecitabine/cyclophosphamide therapy and evaluable for
efficacy. Median PES was 12.3 months (95% CI; 8.6-18.9 months).
b PFS analyzed according to hormone-receptor (HR) status. HR-
positive (n = 34) was defined as estrogen receptor (ER)-positive and/
or progesterone receptor (PgR)-positive. Median PFS for patients with
HR-positive disease was 13.2 months (95% CI; 8.9-23.7 months;
solid line). HR-negative (n = 9) was defined as triple-negative breast
cancer (ER-, PgR-, and HER2-negative) and its median PFS was
10.7 months (95% CI; 3.9-20.0 months; dotted line)
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Fig. 2 Overall survival (OS). Median OS was not reached. The
1- and 2-year cumulative OS rate was 86% (95% CI: 76-96%) and
71% (95% CI: 54-88%), respectively

periods that allow regrowth of the tumor [6]. The potential
limitations of standard chemotherapy are particularly rel-
evant in the treatment of patients with slowly growing

Table 3 Toxicity (n = 51)

All grades (%) >Grade 3 (%)
Hematological toxicity
Leukopenia 36 (70.6) 13 (25.5)
Neutropenia 20 (39.2) 8 (15.7)
Decreased hemoglobin 37 (72.5) 120
Thrombocytopenia 7 (13.7) 0O
Non-hematological toxicity
Nausea 10 (19.6) 0O
Vomiting 3 (5.9 0 ()
Diarrhea 3 (5.9) 0
Stomatitis 6 (11.8) 0
Dysgeusia 239 0
Anorexia 12 (23.5) 0©
Fatigue 10 (19.6) 0
Hyperpigmentation 16 (31.4) 0
Dizziness 5(9.8) S0
Palpitations 3(5.9) 00)
HFS 27 (52.9) 0 (0)
Alopecia 1.0 0 ()
Liver dysfunction :
AST 20 (39.2) 0O
ALT 13 (25.5) 0O

All enrolled patients were included in the safety analysis

HFS, hand-foot syndrome; AST, aspartate aminotransferase; ALT,
alanine aminotransferase

breast cancers, such as the ER-positive, HER2-negative
(luminal A) subtype. In this clinical scenario, conventional
standard chemotherapy regimens may be less effective in
slowly growing than in more rapidly growing breast cancer
subtypes. It is apparent, therefore, that standard chemo-
therapy has inherent limitations for the treatment of MBC.
Alternatively, it has been suggested that continuous,
chronic administration of anticancer drugs (metronomic
chemotherapy) may be required for the additional effective
treatment of bulky metastatic breast tumors. If this
hypothesis is correct, then the introduction of metronomic
chemotherapy provides a new paradigm to overcome the
shortcomings of conventional standard chemotherapy for
patients with MBC.

Metronomic chemotherapy is based on more frequent
administration of low-dose cytotoxic agents compared with
conventional standard chemotherapy and is designed to
prevent tumor angiogenesis. The potential of metronomic
chemotherapy was first demonstrated in animal models a
decade ago [8], and the efficacy of this approach has been
confirmed in the clinic [6, 7]. Although variable outcomes
have been achieved with metronomic chemotherapy, clin-
ical studies have shown that this new treatment strategy
represents an interesting alternative for the management of
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patients with MBC [16]. Accumulating evidence suggests
that the efficacy of metronomic chemotherapy is not only
attributable to its antiangiogenic activity. Potential new
mechanisms of action also include restoration of the anti-
cancer immune response and the induction of “tumor
dormancy,” which may contribute to prolongation of sur-
vival [24].

The results from the present study showed that metro-
nomic chemotherapy comprising an all-oral combination of
capecitabine and cyclophosphamide achieved an accept-
ably high response rate of 44.4%, CBR of 57.8%, and
sufficiently long PFS of 12.3 months for patients with
HER2-negative MBC. The median OS was not reached at
the time of reporting, and the l-year comulative OS rate
was as high as 86%.

These results are comparable in terms of the magnitude
of clinical benefit to those achieved with other standard
chemotherapeutic regimens, although the characteristics of
patients included in studies were different. In phase III
clinical trials in MBC, single-agent treatment with doce-
taxel or paclitaxel produced ORRs in the range 14-43%
and time to progression of 3.5-7.0 months [25]. In com-
parison, the results of our study, ORR 44.4% and PFS
12.3 months, appear to be relatively favorable.

The side effects of XC chemotherapy were mild, and the
administration schedule was feasible. There were no non-

hematological side effects occurring at an intensity of

grade 3 or higher. HFS was reported in 53% of patients, but
all cases were categorized as grade 1 or 2. Long-term
treatment was tolerable, and the major reason for discon-
tinuation was tumor progression.

It is thought that synergistic-activity between capecita-
bine and cyclophosphamide, probably associated with TP
activation by cyclophosphamide, contributes at least in part
to these results. The promising efficacy seen in the present
study may also be attributable to the lower risk of toxicity
and immunosuppression associated with both capecitabine
and cyclophosphamide than standard polychemotherapy
regimens [26]. In addition, combining these two agents is
rational based on their non-overlapping dose-limiting tox-
icities (HFS and liver toxicity with capecitabine and
hematological toxicity with cyclophosphamide) and com-
plementary mechanisms of anticancer action, with capecita-
bine having activity against cyclophosphamide-resistant
cancer cells [15] and cyclophosphamide-inhibiting tumor
neovascularization.

These results suggest that metronomic chemotherapy
with XC offers many advantages over standard parenterally
administered chemotherapy. The convenience of oral
administration increases treatment options for many
patients with MBC while the lack of severe side effects
helps patients to maintain their QOL. An additional

&) Springer

advantage is that oral XC should reduce the costs associ-
ated with the treatment of MBC because it does not require
hospital admission, rescue treatments such as granulocyte-
colony stimulating factor, or other supportive care for
gastrointestinal symptoms. In addition, mild and gradual
decreases in bone marrow function permit extended inter-
vals between hematologic monitoring.

It has been suggested that chemotherapy is less effective
for patients with ER-positive, HER2-negative tumors than
for ER-negative tumors [27-30]. It is notable that in our
study, the oral combination of capecitabine and cyclo-
phosphamide produced similar response rates in ER-posi-
tive and ER-negative MBC, although this observation is
hased on a retrospective subgroup analysis. The ORR.

CBR, and median PFS reported in our study were 46.4

versus 41.2%, 64.3 versus 47.1%, and 13.2 versus
10.7 months for patients with ER-positive and ER-negative
MBC, respectively. In a previous report, oral combination
chemotherapy with doxifluridine and cyclophosphamide
achieved superior results in patients with ER-positive than
ER-negative MBC [16]. Additionally, the results of that
study showed a trend toward superior ORR in patients with
a longer disease-free interval than in those with a shorter
disease-free interval for MBC. They showed that the
response rates according to disease-free intervals of
<2 years, 2-5 years, and >3 years were 50, 64, and 68%,
respectively (the differences were not significant) [16]. On
the basis that ER-positivity and a longer disease-free
interval characterize less aggressive, slowly proliferating
breast cancers, which may be less responsive to chemo-
therapy than ER-negative tumors and/or those with a
shorter disease-free interval [31], it is hypothesized that
metronomic chemotherapy as used in the present study
may be better suited than conventional regimens for
patients with slowly growing tumors or luminal A breast
cancer.

In conclusion, the oral combination of capecitabine and
cyclophosphamide was shown to be a very feasible and
convenient regimen with mild side effects and substantial
efficacy in patients with HER2-negative MBC regardless of
ER status. The XC regimen may fulfill several require-
ments for the ideal metronomic treatment. This metro-
nomic chemotherapy regimen may offer an additional new
option for patients with MBC, especially for those with
ER-positive, HER2-negative (luminal A) breast cancer.
Additional research to confirm these promising results is
warranted.
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