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Abstract

Background: Adjuvant chemotherapy for stage fll colon cancer is internationally accepted as standard treatment
with established efficacy, but the usefulness of adjuvant chemotherapy for stage I colon cancer remains
controversial. The major Western guidelines recommend adjuvant chemotherapy for “high-risk stage II" cancer, but
this is not clearly defined and the efficacy has not been confirmed.

Methods/design: SACURA trial is a multicenter randomized phase Il study which aims to evaluate the superiority
of 1-year adjuvant treatment with UFT to observation without any adjuvant treatment after surgery for stage |l
colon cancer in a large population, and to identify "high-risk factors of recurrence/death” in stage Il colon cancer
and predictors of efficacy and adverse events of the chemnotherapy. Patients aged between 20 and 80 years with
curatively resected stage Il colon cancer are randomly assigned to a observation group or UFT adjuvant therapy
group (UFT at 500-600 mg/day as tegafur in 2 divided doses after meals for 5 days, followed by 2-day rest. This
1-week treatment cycle is repeated for 1 year). The patients are followed up for 5 years until recurrence or death.
Treatment delivery and adverse events are entered intc a web-based case report form system every 3 months. The
target sample size is 2,000 patients, The primary endpoint is disease-free survival, and the secondary endpoints are
overall survival, recurrence-free survival, and incidence and severity of adverse events. In an additional translational
study, the mRNA expression of 5-FU-related enzymes, microsatellite instability and chromosomal instability, and
histopathological factors including tumor budding are assessed to evaluate correlation with recurrences, survivals
and adverse events,

Discussion: A total of 2,024 patients were enrolled from October 2006 to July 2010. The results of this study will
provide important infarmation that help to improve the therapeutic strategy for stage Il colon cancer.
Trial registration: ClinicalTrials.gov NCT00392899.
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Background

In Japan, colorectal cancer is the second most common
cancer following stomach cancer, and the third most
fatal cancer following lung cancer and stomach cancer
(1]. Postoperative adjuvant chemotherapy has been
demonstrated to improve the outcome in stage III colon
cancer and is internationally accepted as standard treat-
ment. On the other hand, no consensus has been
reached on the usefulness of adjuvant chemotherapy for
stage II colon cancer.

A meta-analysis using the studies C-01 to C-04 of the
National Surgical Adjuvant Breast & Bowel Project
{NSABP) [2] showed that adjuvant chemotherapy signifi-
cantly decreased the risk of recurrence/death in both
Dukes' B and C. However, other pooled analysis or large
population database review revealed no statistically sig-
nificant additive survival benefit of adjuvant therapy in-
cluding 5-FU +leucovorin exclusively in stage II colon
cancer [3,4].

In Japan, Sakamoto et al. [5] reported the results of
the meta-analysis that adjuvant therapy with oral 5-FU
drugs (without concomitant use of leucovorin) contribu-
ted to significant improvement in recurrence-free sur-
vival (RFS) and overall survival (OS) in stage II colon
cancer. UFT (Taiho Pharmaceutical Co., Ltd., Tokyo,
Japan) is one of the most widely used oral 5-FU agent as

adjuvant chemotherapy for colorectal cancer in Japan. .

UFT is a combination drug of tegafur and uracil at a
molar ratio of 1:4 and is characterized by long mainten-
ance of a high 5-FU concentration level converted from
tegafur in blood/tumors due to inhibition of degener-
ation of 5-FU by uracil. In the randomized controlled
trial (RCT) comparing 2-year adjuvant therapy using
UFT (400 mg/body) with observation without adjuvant
therapy in 289 patients after surgery for stage II/II
colon and rectal cancer [6], the 5-year RFS was signifi-
cantly better in the UFT group. However, the analysis
exclusively for colon cancer (160 patients) revealed no
significant difference (77.4% in the UFT group, 74.0% in
the observation group, p=0.71). In the RCT comparing
l1-year adjuvant therapy using UFT (400 mg/m?/day)
with observation without adjuvant therapy in 610
patients after surgery for stage Il colon and rectal can-
cer [7], 1-year treatment with UFT was well tolerated
and significantly improved the RES and OS in rectal can-
cer, while the analysis for 332 patients with colon cancer
showed no significant difference in both the 5-year RFS
(713% in the UFT group, 69.6% in the observation
group, p=0.56) and OS.

Although both of the abovementioned two RCTs
[6,7] failed to demonstrate an additive effect, 1- or 2-
year postoperative adjuvant therapy with UFT alone
has often been used for stage II colon cancer in clin-
ical practice in Japan, because of its good feasibility [8]
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and low-cost. The Japanese Study Group for Post-
operative Follow-up of Colorectal Cancer reported that
the 5-year survival rate of 1,262 patients with stage 1I
colon cancer who underwent surgery between 1977
and 2000 was 82.1% [9]. Given such a good outcome,
it is necessary to clarify in a larger population whether
postoperative adjuvant treatment with UFT alone has
an additive effect on stage I colon cancer compared
with observation only.

On the other hand, the reports using a large-scale
database disclosed that stage II colon cancer included
subpopulations with different prognosis [9,10]. The
major Western guidelines recommended to select the
“high-risk group of recurrence” in stage II colon can-
cer and to give postoperative adjuvant chemotherapy.
The NCCN guidelines of 2012 [11] lists T4 lesions,
number of lymph-nodes examined <12, perforation,
lymphovascular  involvement, poorly differentiated
histopathology, and perineural invasion as high-risk
factors, while the ASCO guidelines of 2004 [12] lists
inadequately sampled nodes, T4 lesions, perforation,
and poorly differentiated histology as factors for con-
sidering for adjuvant chemotherapy in stage II colon
cancer. In addition to these, high CEA is listed as
high-risk factor in the ESMO guidelines [13]. Recently,
the biomarker studies have proposed new risk factors
for recurrence/prognosis. "

It seems appropriate to use adjuvant chemotherapy
for a subgroup with poor prognosis in stage II colon
cancer. However, the definition of “high-risk stage II”
is not clear yet, and the efficacy of adjuvant chemo-
therapy for those patients has not been demonstrated.
We therefore conducted the SACURA trial (Surgical
Adjuvant Chemotherapy with UFT for Curatively
Resected Stage II Colon Cancer), a multicenter phase
I RCT to verify the efficacy of adjuvant chemother-
apy for curatively resected stage II colon cancer in a
large population through evaluating the superiority of
l-year adjuvant treatment with UFT to observation
without any adjuvant treatment, and to identify “high-
risk factors of recurrence” in stage I colon cancer and
predictors of efficacy and adverse events (AEs) of the
chemotherapy.

Methods/design

The design of study

This study is a multicenter randomized phase 11 trial, in
which patients with curatively resected stage II colon
cancer are randomly assigned to either the observation
group or UFT adjuvant therapy group (Figure 1). The
primary endpoint is disease-free survival (DFS), and the
secondary endpoints are OS, RFS, and incidence and se-
verity of AEs. Superiority of adjuvant therapy with UFT
compared to observation without any adjuvant therapy
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Eligibilitv criteria
Pathologycally comfirmed colon
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Curatively resected
Aged 20-80 years at registration
ECOG performance status (PS) of 010 1
No prior chi herapy or radioth
for calon cancer
Able to take medications orally
Adequate organ functions
Able 10 start the protoco] treatment within
8 weeks after surgery
10) Has provided written informed consent

1)

2)
3)
4
3
8

¥

SZmIrromzm

Py

“MATQ R CW

K
8
9)

Control arm
Observation

8

Adjuvant therapy with UFT
500-600mg as tegafur in 2 devided doses
Days 1-5 followed by a 2-day rest
Repeating for 1 year

rm

Siratilicatign factors
+*Depth of twnor invasion (T3 vs. T4)
*No. of LN examined (<12 vs, 212)
“Institution

Figure 1 Study schema.

is evaluated. As an additional translational study, the
surgical specimens are collected for histopathological
and biomolecular assessments.

Enroliment and allocation

Eligible patients are enrolled at the Translational Re-
search Informatics Center using a web-based system.
Patients are randomly assigned, in a 1:1 ratio, to either
an observation group or UFT adjuvant therapy group,
using minimization by introducing a random element
with a 0.8 assignment probability [14], balanced on the
following stratification factors: depth of tumor invasion
(T3 vs. T4), number of lymph-nodes examined (<12 vs.
212) and institution (Figure 1). Treatment assignment is
not masked from the investigators and patients.

The main eligibility criteria are as follows:

Inclusion criteria
1) Histologically confirmed stage II colon cancer
2) Histologically confirmed adenocarcinoma
3) Has undergone curative surgery
4) Age: 20-80 years
5} ECOG performance status: 01
6) No prior chemotherapy or radiotherapy for colon
cancer
7) Able to take medications orally
8) Adequate organ functions as listed below
{(at <14 days prior to enrollment)
i) Leukocytes: 3,500/mm? to 12,000/mm>
i) Neutrophil: > 1,500/mm®
iil) Hemoglobin = 9.0 g/dL
iv) Platelet count = 100,000/mm?*
v) Total bilirubin < 2.0 mg/dL
vi) Aspartate aminotransferase (AST), alanine
aminotransferase (ALT): £ 100 IU/L
vii) Creatinine: 1.5 mg/dL

9) Able to start the protocol treatment within 8 weeks
after surgery
10) Has provided written informed consent

Exclusion criteria

1) Other active malignancies (i.e. diagnosed within
5 years) (Tis colorectal cancers are allowed to
enroll)

2) Hereditary colorectal cancer

3) Severe comorbidities:
i) Severe postoperative complication
ii) Uncontrollable diabetes mellitus
iii) Uncontrollable hypertension
iv) Myocardial infarction within 6 months
v) Unstable angina pectoris
vi) Cirrhosis or liver failure
vii} Interstitial pneumonia, pulmonary fibrosis, or severe
emphysema V
viif) Psychiatric disorder

4) Concern about pregnancy

5) The investigator considers the patient not suitable
for the study

Protocol treatment
Assigned treatment is started within 8 weeks after

surgery.

Observation group

Patients are followed-up without adjuvant treatment,
according to the schedule defined in the study protocol
for 5 years until recurrence, other malignancy or death
is confirmed (Figure 2).

UFT adjuvant therapy group
UFT is given at a dose of 500-600 mg/day as tegafur in
2 divided doses after meals for 5 days, followed by a

— 343 —



Ishiguro et af. BMC Cancer 2012, 12:281
http://www . biomedcentral.com/1471-2407/12/281

2-day rest [8]. This one-week cycle is repeated for one
year. During protocol treatment, clinical findings and
laboratory values are evaluated every month.

Protocol treatment is started and continued when
the patients fulfill the following criteria: leukocytes
>3,000/mm?, platelets >100,000/mm?® AST and ALT
<100 IU/L, total bilirubin <2.0 mg/dL, no greater than
grade 2 anorexia, nausea, vomiting, or diarrhea. If the
criteria for starting/continuing treatment are not mef,
treatment is postponed or temporarily suspended
until AEs improve to meet the criteria. And then,
treatment is resumed at one dose level lower
{—200 mg). The dose can be reduced if the physician
judges that dose reduction is necessary. Once the dose
has been reduced, it is not to be subsequently re-
increased.

Protocol treatment is discontinued in the cases as
follows: treatment fails to be resumed within 29 days
after being postponed or temporarily suspended (the
planned drug rest is not included), the physician
judges that the protocol treatment is difficult to con-
tinue due to AEs, recurrence or other malignancies
develop, the patient requests discontinuation of proto-
col treatment, and the patients withdraw informed
consent.

After the completion of protocol treatment, patients
are followed-up following the same schedule as for the
observation group (Figure 2) until recurrence, other ma-
lignancy or death is confirmed.
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Evaluation of treatment delivery and adverse events
Treatment delivery (UFT adjuvant therapy group only)
Physicians report the treatment delivery via a web-based
case report system, including the followings: daily dose,
drug compliance*, temporary suspension (+/-), number
of days of suspension, reason for suspension, dose re-
duction {+/-}, etc.

* The drug compliance for each 3 months period is
defined as the ratio of the dose actually taken to the pre-
scribed dose, and is classified to the following 4 categories:
1) 290% taken, 2) 275% to <90% taken, 3} 250% to <75%
taken, and 4) <50% taken.

Safety profile (both groups)

The types and severities of AEs from the start of protocol
treatment to 30 days after the last administration are eval-
uated according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events version 3.0.
The most severe grade of each AE is reported every
3 months. The following AEs are required to be reported
as “priority survey items” leukocytes, hemoglobin, plate-
lets, total bilirubin, AST, ALT, stomatitis, anorexia, nausea,
vomiting, diarrhea, rash/desquamation, hyperpigmenta-
tion, and fatigue.

Statistical background
Definition of endpoint
The primary endpoint of this study is DFS, and the sec-
ondary endpoints are OS, RFS, and incidence and
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Figure 2 Observation, examination, and report schedule.
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severity of AEs. DFS is defined as the time to recurrence,
other malignancies or death, whichever comes first.
Patients alive and free of recurrence or other malignan-
cles are censored at time of last follow-up. RFS is defined
as the time to recurrence or death. Patients alive and free
of recurrence are censored at time of last follow-up. The
intervals are calculated from the date of enrollment.

Definition of target sample size

In two clinical studies conducted in Japanese patients
with colon cancer in the 1990%, the 5-year DFS rate in
patients without adjuvant chemotherapy was 74.3%
(Dukes’ B) [15] and 74.0% (Dukes’ B and C) [6]. Given a
recent improved surgical outcome, it was assumed that
the 5-year DFS rate would be 80% in the control group
{observation group). With an expected 5-year DFS rate
of 85% (hazard ratio: 0.729) in the study treatment group
(UFT adjuvant therapy group), a two-sided significance
level of 5%, and a power of 90%, the necessary sample
size was calculated to be 970 patients per group accord-
ing to the method described by Shoenfeld et al. [16]. A
target sample size of 1,000 patients per group (a total of
2,000 patients in two groups) was determined in consid-
eration of a 3% excluded rate.

Analysis plan

The primary analyses are done on an intent-to-treat
basis. The survival curves (DFS, OS, and RFS) are esti-
mated by the Kaplan-Meier method, and the stratified
log-rank test, stratified by the depth of tumor invasion
and the number of lymph-nodes examined, are used to
test the null hypothesis that the respective curves are
equal between the two groups. The hazard ratio is
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estimated using a stratified proportional hazard model.
A two-sided significance level of 5% is used. Subgroup
analyses are performed according to sex, age, depth of
tumor invasion, and number of lymph-nodes examined
for comparison between the two groups.

The treatment delivery in the UFT adjuvant therapy
group is summarized. The incidence of AEs between
two groups is compared with the Fisher’s exact test.

An interim analysis of the efficacy is planned at 3 years
after enrollment of the last patient. For the primary end-
point (DFS), the significant levels in interim and final
analyses are determined according to « spending func-
tion (the O’Brien-Fleming type) to keep the overall type
I error at 5%.

Additional translational study

The assessments shown in Figure 3 are made in paraffin-
embedded thin sections of surgical specimens from pri-
mary tumors to evaluate the correlation with recurrences,
survivals and AEs. The details of methods and analytical
procedures will be reported separately.

Ethical matters

This study is conducted in accordance with the “Declar-
ation of Helsinki” and “Ethical Guidelines for Clinical Re-
search,” and has been approved by the Institutional Review
Boards of each participating institute. Written informed
consent is obtained from all patients before enrollment.

Discussion

This study is conducted to prospectively evaluate adju-
vant chemotherapy for stage II colon cancer in terms of
the efficacy, safety and feasibility in a large population.

metabolism, and tumor progression
- TS (thymidylate synthase)

- TP (thymidine phosphorylase)

- COX-2 (cyclooxygenase-2)

1}  Analysis of mRNA expression of enzymes related to nucleic acid metabolism, folic acid

- DPD (dihydropyrimidine dehydrogenase)

- OPRT (otate phosphoribosyl transferase)
- FPGS (folylpolyglutamate synthetase)
- VEGF (vascular endothelial growth factor)

2)  Analysis of microsatellite instability (MST) and chromosomal instability (i.e., 18qLOH)

- tumer budding

- Crohn’s-like lymphoid reaction
- fibrotic cancer stroma  etc.

3)  Evaluation of histopathological factors in HE-stained specimens

- extent of the poorly differentiated component

Figure 3 Items included in additional translational study.
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According to the Japanese “Guidelines for the Treat-
ment of Colorectal Cancer” [17] published by the Japa-
nese Society for Cancer of the Colon and Rectum
(JSCCR), adjuvant chemotherapy is recommended for
stage III colorectal cancer. However, in line with the
major Western guidelines [11-13), the JSCCR guide-
lines states that adjuvant chemotherapy for stage II
colon cancer is considered for patients with a “high-
risk factor of recurrence” after adequate informed con-
sent, although the efficacy of adjuvant chemotherapy
for stage II colon cancer is not clearly demonstrated
and “high-risk stage II” is not clearly defined. No def-
inite conclusion has been reached on this clinically im-
portant issue, probably for the following reasons: 1)
large number of patients would be required to evaluate
the efficacy of adjuvant chemotherapy for stage II
colon cancer because of good surgical outcome; and 2)
no high-quality RCT for stage II colon cancer alone
has been conducted.

The SACURA trial is a RCT in patients with curatively
resected stage II colon cancer, evaluating whether 1-year
adjuvant treatment with UFT improves the DFS and OS
compared with observation without adjuvant treatment
(superiority study). Between October 2006 and July
2010, a total of 2,024 patients were enrolled from the
270 institutes. In Japan, complete mesocolic excision
with central vascular ligation (D3 dissection) [17-19] is
the standard surgery for colon cancer. The institutions
which met the conditions that the member of the
JSCCR, more than 80 colorectal cancer surgery each
year and D3 dissection as routine surgery were selected
for the study to insure the quality of the study.

In the present study, the observation group is used to
investigate the clinicopathological high-risk factors for
recurrence, and the UFT adjuvant therapy group is used
to evaluate the effect of adjuvant therapy on the
patients with those “high-risk factors”. These assess-
ments will provide useful information to determine the
indication of adjuvant therapy for patients with stage II
colon cancer.

New reliable risk factors of recurrence other than rou-
tine items in histopathological examination are expected.
The present study evaluates the following histopatho-
logical markers as promising prognostic factors for stage
11 colorectal cancer: tumor budding [20], extent of the
poorly differentiated component [21], Crohn's-like
lymphoid reaction [22], and fibrotic cancer stroma [23].
This is the first study to evaluate those new possible
prognostic histopathological markers prospectively using
a large sample size.

In recent years, risk classification for recurrence/prog-
nosis and prediction of efficacy to chemotherapy based
on the biomolecular profiles are intensively studied. The
meta-analysis reported that MSI-high stage II colorectal
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cancer was characterized by a lower recurrence rate and
better prognosis, compared with MSI-low and
microsatellite-stable stage Il colorectal cancer [24]. On
the other hand, the pooled analysis disclosed that adju-
vant chemotherapy with 5-FU drugs for MSI-high colo-
rectal cancer resulted in poorer OS than those of patients
without the chemotherapy [25], indicating that MSI may
be interesting as a predictor of efficacy to 5-FU based
chemotherapy. Deletion or loss of heterozygosity {LOH)
of the long arm of chromosome 18 (18q) is considered as
an indicator of chromosomal instability [26,27], which
can be related to carcinogenesis and tumor progression.
In the PETACC-3 molecular study [28], both the univari-
ate and multivariate analyses in 420 patients without ad-
juvant chemotherapy after surgery for stage II colon
cancer revealed that 18qLOH was a significant factor for
poor prognosis and that MSI-high was a significant fac-
tor for good prognosis. In the present study, MSI and
18qLLOH are evaluated in more patients collected pro-
spectively than those in the PETACC-3 study.

The efficacy and AEs of 5-FU drugs may be related to
5-FU-related enzymes in blood or tumor [29,30]. In
Japan, several oral 5-FU drugs with differing mechan-
isms of action have been frequently used, but few pro-
spective studies with a large sample size about this issue
have been conducted. In the present study, the tumor
mRNA expression levels of enzymes related to nucleic
acid metabolism, folic acid metabolism, and tumor pro-
gression are measured to evaluate the correlation with
the prognosis and AEs to identify predictors of efficacy
and safety. In the future, it is expected that oral 5-FU
drugs can be used in personalized ways based on differ-
ences in the appearance of these enzymes.

In conclusion, the SACURA trial is a large, multicenter
phase III RCT intended to demonstrate the efficacy and
safety of postoperative adjuvant therapy in patients with
stage Il colon cancer by showing the superiority of 1-year
adjuvant treatment with UFT to observation without any
adjuvant treatment. The results will identify 1) “high-risk
stage II” colon cancer, 2) predictors of efficacy and AEs
of adjuvant chemotherapy with 5-FU drugs and 3) sub-
group benefited from adjuvant chemotherapy, and will
contribute to establish an improved therapeutic strategy
for stage II colon cancer.
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CASE REPORT

A 42-year-old female with a chief complaint of anorexia and ab-
dominal fullness was diagnosed with gastric cancer and referred to
our hospital in September 2008. Her oral intake was decreased to
one-third of her normal intake. She was the mother of three children
and had no significant past medical history. On physical examina-
tion, her abdomen was distended with fluid. Her ECOG perfor-
mance status was 2. Gastroduodenoscopy revealed diffuse infiltra-
tion of gastric cancer with the appearance of linitis plastica.
Pathological examination showed poorly differentiated adenocarci-
noma (Figure 1A) with a signet-ring-cell carcinoma component.
Computed tomography (CT) scan revealed massive ascites, thick-
ened gastric wall, and bilateral ovarian metastases.

Beginning in October 2008, chemotherapy with weekly 5-fluoro-
uracil, and methotrexate was administered as first-line chemotherapy.
After three chemotherapy cycles, her abdominal distension and oral
intake improved. Although the same regimen was continued for one
additional month on an outpatient basis, the patient was again admit-
ted in December 2008 with anorexia and abdominal distension due to
increased ascites, which necessitated routine twice weekly paracente-
sis. She refused peritoneovenous shunt placement.

Second-line chemotherapy using paclitaxel was administered
four times, with no tumor or ascites response. However, following
chemotherapy with docetaxel and intraperitoneal cisplatin injection,

there was a decrease in her ascites, and the patient could be
discharged.

In April 2009, she was readmitted with fatigue, anorexia, and
increased ascites. Paracentesis showed hemorrhagic ascites, which
required twice weekly drainage, and she also required weekly
transfusions. After two cycles of chemotherapy with triweekly pem-
etrexed, there was transient response, with a decrease in ascites
that changed from hemorrhagic to serous.

In June, the patient’'s general status worsened, with frequent
vomiting caused by gastrointestinal stenosis, massive ascites, and
enlarged ovarian metastases (Figures 2A-B). Additionally, she also
developed dyspnea with dry cough, and lymphangitic pulmonary
metastases of the right lower lung were suspected (Figure 3A).
Since she and her family strongly desired additional chemotherapy,
the HER2 status of her gastric cancer biopsy specimen was evalu-
ated by immunohistochemistry (IHC; HercepTest™, DAKO, Copen-
hagen, Denmark) and was found to be strongly positive (3+)
(Figure 1B) in accordance with high gene ampilification of HERZ2
(red signal, Figure 1C).

Because of her deteriorated performance status, trastuzumab
monotherapy was initiated (4 mg/kg first dose, then 2 mg/kg
weekly). A percutaneous transesophageal gastrostomy was also
performed. After three cycles, her dyspnea improved (Figure 3A).
After six administrations of trastuzumab, the volume of ascites was

Figure 1. Pathological specimen of the primary gastric cancer. (A) Endoscopic biopsy specimen showed poorly-differentiated adenocarcinoma cells (arrows). (B) HER2
status was evaluated by IHC (HercepTest), and was found to be strongly positive (3+). (C) High gene amplification of HER2 was also seen by FISH (red signal).
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Figure 2. CT scan before and on trastuzumab monotherapy. (A-B) CT scans before treatment showed large ovarian metastasis with ascites. (C-D) CT scans after 6

administrations of trastuzumab showed that her ovarian tumors were slightly reduced.

decreased, and the frequency of paracentesis was reduced from twice
to once weekly. A CT scan showed that her ovarian tumors were slightly
reduced (Figures 2C-D). No apparent trastuzumab toxicity was
observed, and her performance status was maintained for two and
a half months. Trastuzumab monotherapy was continued for 3
months until the patient became icteric in September 2009, 11
months after the first admission and 9 months since routine para-
centesis was begun. Best supportive care was offered thereafter.

DISCUSSION

Trastuzumab, a recombinant, human-mouse chimeric monoclonal IgG1k
antibody that specifically targets HER2 protein, has improved survival in
HER2-positive breast cancer patients. In the first pivotal trial of breast
cancer, trastuzumab plus paclitaxel or an anthracycline improved overall
survival by a hazard ratio of 0.80 (95% confidence interval [Cl], 0.64-1.0,
P = 046) compared with chemotherapy alone.! In another trial, tras-
tuzumab plus docetaxel also improved breast cancer survival com-
pared with chemotherapy alone.? After these results, trastuzumab-
containing chemotherapy became the standard of care for breast
cancer patients with HER2 overexpression.®

Gastrointestinal Cancer Research

Because HER2-positive gastric cancers have been reported, the
efficacy of trastuzumab for HER2-positive gastric cancer has also
been anticipated. The ToGA study* comparing 5-fluorouracil plus
cisplatin with or without trastuzumab showed improved survival in
the trastuzumab arm with a hazard ratio for death of 0.74 (95% ClI,
0.60-0.91, P = .0,046). In contrast to breast cancer, HER2
amplification revealed by fluorescence in situ hybridization (FISH)
was seen in gastric cancers with IHC results of O or 1+ by modified
HercepTest. Therefore, when survival analysis in the TOGA study
was limited to HER2 cancers that were 2-3+ by IHC and FISH-
positive, the reduction in risk of death became more apparent (HR
0.65; 95% Cl, 0.51-0.83). No apparent increase in toxicity was
seen in the trastuzumab arm?; therefore combination chemother-
apy using trastuzumab may become the standard of care for
HER2-positive gastric cancer and has been approved in the United
States for this indication.

In the TOGA study screening data,® the HER2-positive rate was
higher in gastroesophageal junction cancer (33.2%) than in gastric
cancer (20.9%). In addition, the diffuse type had a lower positive
rate (6%) than the intestinal type (34%) of gastric cancer. However,

Volume 5 e Issue 3
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Figure 3. Chest x-ray before and on trastuzumab monotherapy. (A) Lymphangitic pulmonary metastases of right lower lung were suspected. (B) Abnormal finding improved
with trastuzumab.

as confirmed by experience with our patient, although patients with
diffuse-type gastric cancer are frequently HER2 negative, HER2
status of all gastric cancer types should be evaluated.

Because the ToGA study included chemonaive patients with gastric
cancer, the benefit or efficacy of chemotherapy using trastuzumab for
patients pretreated with chemotherapy is not currently known. In addition,
the antitumor effect of trastuzumab monotherapy is not known. However,
trastuzumab monotherapy has been shown to be active with a response
rate of 15% in pretreated breast cancer (18% for 3+ IHC),? although this
is a slightly lower response rate than for monotherapy in chemona-
ive breast cancer (35% in 3+ IHC),” and trastuzumab monotherapy
has been adopted for patients who are not considered suitable for
cytotoxic chemotherapy.®

In summary, this case was instructive for the following reasons:
(1) trastuzumab monotherapy was feasible in this heavily pretreated
patient with gastric cancer plus massive ascites, (2) trastuzumab
and sufficient supportive care were effective in improving the can-
cer-related symptoms in this patient, (3) although chemotherapy
using trastuzumab may become standard first-line chemotherapy
for patients with HER2-positive gastric cancer, trastuzumab may
even be effective in the salvage setting.
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Abstract

Background In gastric cancer patients who have positive
results for peritoneal lavage cytology the disease is defined
as CY1, and classified as stage I'V, and this population has
generally suffered a dismal outcome. For this population,
we had conducted a phase 1II trial, with the 2-year survival
rate as the primary endpoint, to test the strategy of D2
dissection followed by chemotherapy with single-agent S-1
(1M tegafur-0.4 M gimestat—-1 M otastat potassium).
Forty-eight patients were enrolled, of whom 47 were found
to have been eligible for analysis. The 2-year survival rate
of 46 % exceeded our expectations.
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Methods Further follow up was conducted to confirm
whether radical surgery could be recommended for the
CY1 population.

Results The 5-year overall and relapse-free survival rates
were 26 and 21 %, respectively.

Conclusions Gastrectomy with curative intent could be
considered for patients with CY1 disease provided they are
scheduled to receive effective postoperative chemotherapy.

Keywords Gastric cancer - S-1 - Cytologic examination -
Peritoneal carcinomatosis

Introduction

Stage IV gastric cancer is generally considered incurable
and this population is usually ineligible for radical sur-
gery. Treatment options for this population, recommended
by the Japanese Guidelines, are chemotherapy, radio-
therapy, palliative surgery and palliative care medicine
[1]. However, several case series suggest that the possi-
bility of cure cannot be ignored in some carefully selected
populations of stage IV patients, given the improvements
in multimodal treatment [2—4]. Patients with free cancer
cells in the peritoneal cavity could constitute such a
population. Detection of free cancer cells by peritoneal
lavage cytology predicts the risk of peritoneal carcino-
matosis with high specificity [5]. When cancer cells are
detected, the positive cytology status is designated as CY1
by the Japanese classification of gastric carcinoma, 2nd
English edition [6]. Patients with CY1 status are classified
as stage IV even in the absence of macroscopic evidence
of peritoneal seeding. Whether this population should be
treated radically or palliatively has been an issue for
debate [7].
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The outcome in CY1 patients has been reported to be
poor in the East as well as in the West [8, 9], but the recent
introduction of novel anticancer agents has changed the
picture to some extent. We conducted a phase II trial,
named CCOGO0301, exploring D2 dissection followed by
treatment with 1 M tegafur-0.4 M gimestat—1 M otastat
potassium (S-1), in which 48 patients were registered, of
whom 47 were eligible for analysis, and we achieved a
two-year survival rate of 46 %, which exceeded the initial
expectations [4]. The choice of a sample size of 50 patients
in this study had been based on the hypothesis that the two-
year survival rate would be 36 % and the lower limit of the
90 % confidence interval would exceed 23.5 %, which was
the upper limit of the 90 % confidence interval for the
historical controls whose two-year survival rate had been
13.3 %. While this phase II trial was ongoing, a pivotal
phase III trial comparing postoperative adjuvant S-1
monotherapy with treatment by surgery alone in patients
with stage II/III gastric cancer turned out to show positive
results for the S-1 monotherapy arm. Moreover, the inci-
dence of relapse, as peritoneal carcinomatosis, was found
to be significantly lower in the S-1 monotherapy group
[10]. This finding suggests that S-1 is effective against
microscopic residual disease in the peritoneal cavity that is
undetectable by peritoneal lavage cytology, and also sug-
gests the potential of S-1 to control micrometastases in the
peritoneal cavity. Encouraged by these findings, we were
motivated to follow the patients for longer, to see what
proportion of the patients who were entered in the
CCOGO0301 trial were actually cured, in order to reconsider
the indication for curative surgery in patients with CY1
disease.

Patients and methods

Forty-seven patients who were registered between Febru-
ary 2002 and July 2006 for the CCOGO0301 study under-
went further follow up (for a median of 2,337 days or until
death) to evaluate the long-term outcome.

Characteristics of the patients who were enrolled
in the CCOGO301 study

Eligible patients had to meet all of the following criteria:
(1) a confirmed diagnosis of gastric adenocarcinoma and
age less than 80 years; (2) gastrectomy with systemic D2
lymphadenectomy performed (splenectomy could be
omitted at the discretion of the surgeons); (3) no distant
metastasis, with the exception of minimal peritoneal
deposits that were completely resected; (4) no prior treat-
ment besides surgery; (5) positive cytologic results for
cancer cells on examination of peritoneal washings (CY1);

@ Springer

and (6) adequate organ function [4]. Of the 47 eligible
patients, 7 patients had peritoneal deposits, which were co-
resected at surgery. Seven patients were intraoperatively
confirmed to have invasion to adjacent organs (T4), and 38
others had serosal invasion. All but five patients were
confirmed to have nodal involvement on pathological
examination; six patients had metastasis to the paraaortic
lymph nodes [4].

Treatment protocol of the CCOGO0301 study

The interval from surgery to the start of therapy was not to
exceed 6 weeks. Patients received S-1 at an oral dose of
40 mg per square meter of body-surface area twice daily
for 4 weeks, followed by 2 weeks without chemotherapy.
Patients with a body-surface area of less than 1.25 m®
received 80 mg daily; those with a body-surface area of
1.25 m* to less than 1.5 m? received 100 mg daily; and
those with a body surface area of 1.5 m? or greater received
120 mg daily. This 6-week cycle was repeated in an out-
patient setting under medical supervision until disease
progression, unacceptable adverse events, or the patient’s
withdrawal of consent. Adequate dose modification and
changes in the treatment schedule were conducted, as
described previously [4, 10].

Disease status was assessed once every 3 months on the
basis of serum tumor markers and at least once every
6 months by computed tomography (CT) scanning for the
first 2 years. Follow-up visits including a CT scan were
performed once every 6 months until the patients were
considered disease-free at 5 years after the surgery.

1000 1500 2000 2500 3000

Days after surgery

0 500

Fig. 1 Overall survival (solid line) and relapse-free survival (dotted
line) of patients with gastric cancer who had free cancer cells in the
peritoneal cavity and underwent surgery followed by S-1
monotherapy
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Results

Overall survival and relapse-free survival from the day of
surgery are shown in Fig. 1. Median overall survival time
was 705 days, and relapse-free survival time was 376 days.
The 2- and 5-year survival rates were 46 and 26 %,
respectively, and the 5-year relapse-free survival rate was
21 %. The most frequent pattern of disease recurrence was
peritoneal carcinomatosis, occurring in 29 patients (62 %
of all patients enrolled). Other patterns of recurrence were
hepatic in 4 patients, lymphatic in 4, locoregional in 2,
pulmonary in 1, and osseous in 1. Three patients died of
disease other than gastric cancer, at 5, 1371, and 2023 days
after surgery. Details on treatment compliance, dose
intensity, and toxicity have been reported previously [4].

Conclusions

Patients with CY1 disease with no other non-curative
factors could be indicated for surgery with curative intent,
provided adequate chemotherapy is given. Although post-
operative treatment with S-1, now a standard of care for
stage II/III gastric cancer, remains as an option, further
trials are warranted to decide on the optimal chemothera-
peutic regimen and whether to deliver it before or after
surgery.
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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 Il 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

Keywords: Biomarker, Capecitabine, Cisplatin, Clinical trial, Gastric cancer, S-1
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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 0.44-0.73,
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
OS, 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
(il) Lesions confirmed by imaging no more than 28 days
before registration (not required for measurable

lesions as defined in RECIST version 1.1)

(ili) 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: >1500/mm®

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

{c) Hemoglobin: 9.0 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

(ili) 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 situ or skin
cancer which is determined to have been cured as a
result of treatment.

(viii) Obvious infection or inflammation (pyrexia >38.0°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 PFS 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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