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Table 3 Patient incidence of
motesanib-related adverse
events occurring in more than
10% of patients

Adverse event

Motesanib dose cohort

50 mg QD
(n=3)

100 mg QD
(n=3)

125 mg QD
(n=9)

All patients
(n=15)

Incidence of motesanib-related
adverse events, n

Proteinuria

Hypertension

Fatigue

Headache

Hematuria

Diarrhea

Alanine aminotransferase increased
Dry skin

Nausea

Stomach discomfort

Vomiting

White blood cell count decreased
Aspartate aminotransferase increased
Blood alkaline phosphatase increased
Blood creatinine phosphokinase
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MB increased
Blood triglycerides increased
Cough
Eosinophil count increased
Eyelid edema
Edema
Pleural effusion
Rash
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and antitumor activity in preclinical models of human can-
cer [17] and acceptable toxicity and promising clinical
efficacy in a phase 1 study conducted in the US [18].

The aim of this study was to investigate the safety,
pharmacokinetics, and antitumor efficacy of motesanib in
Japanese patients with advanced solid tumors.

No DLTs occurred in this study and, therefore, the MTD
was not reached. We confirmed the tolerance of the 125 mg
QD dose recommended in the US [18].

The safety profile of motesanib in this population of
Japanese patients was similar to that observed in the US study
[18].

Adverse events were typically mild to moderate in sever-
ity, and all of toxicities were acceptable at all motesanib
doses tested in this study.

The most frequently occurring non-hematologic toxicity
in cycle 1 was hypertension. There were two patients with
grade 3 hypertension in level 2. The median time to onset
of hypertension was 9 days (cycle 1) after treatment
initiation. Hypertension increased in frequency as well as

@ Springer

in severity at high dose or with multiple doses of motesanib.
However, hypertension was typically manageable with
antihypertensive therapy medications including calcium
blocker.

The incidence of hypertension in this study was similar
to that observed in the motesanib phase 1 study conducted
in the US [18] as well as the incidence rate noted in studies
of other VEGF inhibitors [20, 21]. Hypertension has been
observed during treatment with other VEGF inhibitors and
is considered a class effect of these agents [22]. Hyperten-
sion appears to be induced possibly by increasing vascular
resistance (due to decreased NO and prostacyclin produc-
tion), vascular rarefaction, and increased arterial stiffness

23, 24].

No patients experienced thromboembolic events or
cholecystitis in this study.

Motesanib was rapidly absorbed following oral adminis-
tration.

Values for f,,,, and #,, , were similar to those observed
at the same doses in the US study [18]. However, exposure
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Table 4 Pharmacokinetic parameters for motesanib following single-dose (day 1) and multiple-dose (day 21) oral administration

Motesanib dose cohort

50 mg QD 100 mg QD 125 mg QD
Day 1
n 3 3 9
- 0.25 (0.25-0.25) 0.5 (0.5-1.0) 1.0 (0.25-2.0)
Cnaxe Ng/ml 462 (322-695) 521 (468-696) 792 (285-2410)
tipa h 5.96 (5.07-6.12) 7.26 (6.35-9.24) 6.54(4.04-8.11)

'AUC_jp» Hg h/ml
AUC 54, g h/ml
CL/F, 1/h
Cyy, ng/ml
Cyg, ng/ml

Day 21
n

h

Cnax> Ng/ml

I,

‘max?

lpg b

AUCq_jpy, pg h/ml
AUC_y, pg h/ml
CL/F, /h

Cyy, ng/ml

Cyg, ng/ml

1.84 (1.17-1.88)
1.77 (1.12-1.78)
27.2 (26.6-42.7)

8.49 (6.83-12.5)

0.347 (0.310-0.715)

3

0.5 (0.5-2.0)

561 (267-669)
3.81(3.38-5.24)
NR

1.31 (0.932-1.43)
38.1 (35.0-53.6)
222 (1.24-4.64)
NR

3.50 (1.56-5.85)
3.16 (1.52-5.08)
28.6 (17.1-64.1)
29.4 (3.53-50.2)
3.66 (0.547-11.3)

3

1.0 (1.0-2.0)
390 (351-636)
4.83 (4.20-5.92)
NR

2.36 (1.06-4.94)
42.3 (20.2-94.6)
12.2 (2.81-45.3)
NR

3.08 (2.35-6.61)
2.84(2.23-6.51)
40.6 (18.9-53.1)
14.6 (4.68-37.0)
1.63 (BQL—4.94)

9

1.0 (0.25-2.0)
639 (272-1350)
4.12(2.81-5.29)
NR

1.99 (0.862-5.68)
62.8 (22.0-145)
6.32(0.979-33.8)
NR

AUC, ;= area under the plasma concentration versus time curve from time 0 to infinite time; AUC_,, = area under the plasma concentration
versus time curve from time 0-24 h postdose; CL/F = apparent clearance; Cp,,,, = maximum observed concentration after dosing; C,, = observed
concentration at 24 h postdose; C,g = observed concentration at 48 h postdose; NR = not reported; QD = daily dose; £, = time of maximum
observed plasma concentration; ,, , = estimated terminal elimination half-life; BQL = below quantitation limit (0.5 ng/ml); All values are reported as

the median (range)

Fig. 1 Mean (+SD) plasma
concentration-time profiles for
motesanib after single-dose
(day 1) and multiple-dose

(day 21) administration

in patients with advanced

solid tumors

to motesanib was somewhat greater in this study than in
previous motesanib studies. The reasons for this increased

exposure are unclear.

Motesanib mean trough concentrations (C,,) were above
the IC50 for human umbilical vein endothelial cell prolifer-
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There was no evidence that motesanib accumulates in
plasma following multiple-dose administration.

Motesanib exhibited encouraging antitumor activity in

this study with all patients enrolled achieving a best
response of stable disease. The duration of response in

these patients seemed clinically meaningful. However,
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Table 5 Tumor response per
RECIST

Motesanib dose cohort All patients

(n=15)

50 mg QD
(n=3)

100 mg QD
(n=3)

125 mg QD
(n=9)

Patients with measurable/non-measurable 3 3 9 15

disease at baseline, n
Response assessment, n
Stable disease

Durable (>24 weeks) stable disease
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Fig. 2 Changes in serum sKDR compared to motesanib AUC

because of the small size of the study population, few firm
conclusions can be drawn from this study regarding the
clinical efficacy of motesanib. Bevacizumab, sunitinib
malate, and sorafenib tosylate have demonstrated clinical
efficacy, providing proof of concept that antiangiogenic
agents can provide significant clinical benefit. In addition,
multiple other small-molecule multikinase inhibitors
including VEGFR as a target are currently under clinical
development.

Adverse events generally reported to occur with
increased incidence in patients receiving these investiga-
tional products include diarrhea, nausea, vomiting, hyper-
tension, and fatigue [21, 25-27]. Some angiogenesis
inhibitors have been associated with arterial and venous
thrombosis [28, 29]. In this study, thrombosis was not
observed.

The trends in the changes in the angiogenic cytokines
follows patterns similar to those reported in the motesanib
phase 1 study as reported in Rosen etal. [18]. These
discrepancies could be associated with small sample size,
and it should be taken the small sample size and paucity of
decreased SLD measures into consideration at evaluation.
The statistical analysis of the changes in the angiogenic
factors in this study was limited by the small study size

@ Springer

(15 patients). The results reported by Rosen et al. [18] were
analyzed in larger study size of 69 patients.

Factors that may impact the comparison between the two
studies are ethnicity, particular selection of tumor types,
and the difference in when the tumor was assessed.

These results demonstrated that motesanib was tolerable
in Japanese patients at doses up to 125 mg QD.

The safety profile of motesanib was similar to that
observed in a US study.

These results, and the encouraging antitumor activity
observed in this study, support the further development of
motesanib for the treatment of patients with solid tumors.
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Phase Il study of oxaliplatin plus S-1 as first-line
treatment for advanced gastric cancer (G-SOX study)
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Background: The efficacy and safety of oxaliplatin combined with S-1 (SOX regimen) for unresectable advanced or
recurrent gastric cancer were investigated.

Patients and methods: Oxaliplatin was administered i.v. (100 mg/mz) on day 1, while S-1 was administered orally
(80 mg/m?/day, b.i.d.) for 14 days followed by a 7-day rest. This schedule was repeated every 3 weeks.

Results: Among 55 patients enrolled, one patient received oxaliplatin for the other study, and three patients were
considered unsuitable against the inclusion criteria. Accordingly, 51 patients were assessable for efficacy. The
response rate was 59%, and the disease control rate was 84%. The median progression-free survival time was 6.5
months, the 1-year survival rate was 71%, and the median survival time was 16.5 months. In 54 patients assessed for
safety, the major grade 3/4 toxic effects were neutropenia (22%), thrombocytopenia (13%), anemia (9%), anorexia
(6%), fatigue (6%), and sensory neuropathy (4%).

Conclusion: These findings indicate that SOX regimen with oxaliplatin at a dose of 100 mg/m? is feasible and shows
promising efficacy against advanced gastric cancer.

Key words: advanced gastric cancer, oxaliplatin, phase I, S-1, SOX

introduction with 53-FU/leucovorin/oxaliplatin showed that oxaliplatin was

at least as effective as cisplatin [9].

S-1is an orally active prodrug of 5-FU that contains tegafur
(which is continuously metabolized to 5-FU) blended with two
modulators, gimeracil and potassium oxonate [10]. In Japan,
advanced gastric cancer is mainly treated with S-1 alone or §-1
combined with other drugs. The SPIRITS phase III study
demonstrated the superiority of S-1 plus cisplatin to S-1 alone
[11]. The S-1 plus cisplatin regimen was also investigated by the
FLAGS phase 11 study carried out in Western countries, which
demonstrated that S-1 plus cisplatin was at least as effective as
5-FU plus cisplatin and less toxic [12].

We conducted a multicenter phase Il study to evaluate the
efficacy and safety of the combination regimen of S-1 and
oxaliplatin (SOX regimen) in advanced gastric cancer as first-
line therapy.

Chemotherapy for advanced gastric cancer was proven to be
superior to best supportive care in terms of survival and quality
of life [ 1-3]. Phase 111 studies have been carried out to compare
epirubicin/cisplatin/5-fluorouracil (5-FU) with 5-FU/
doxorubicin/methotrexate, cisplatin/5-FU with docetaxel/
cisplatin/5-FU, and 5-FU/cisplatin with capecitabine/cisplatin
[4—6]. On the basis of the results of these studies, advanced
gastric cancer is mainly treated with combination
chemotherapy that includes fluoropyrimidine derivatives and
platinum compounds. :

Oxaliplatin is a third-generation platinum compound that
was developed to improve tolerability and ease of
administration compared with cisplatin [7]. The non-
inferiority of oxaliplatin-based regimens to cisplatin-based
regimens was demonstrated in the Revised European-American
Lymphoma (REAL)-2 phase I1I study [8]. In addition, the
result of phase III study comparing 5-FU/leucovorin/cisplatin

patients and methods

patients’ eligibility
*Correspondence to: Dr W. Koizumi, Department of Gastroenterology/Gastrointestinal

Oncology, Kitasato University School of Medicine, 2-1-1 Asamizodai, Sagamihara.
Kanagawa 228-8520, Japan. Tel: +81-42-748-9111: Fax: +81-42-748-5120;
E-mail: koizumi@med.kitasato-u.ac.jp

The following criteria were used Lo enroll patients for the present study. All
patients had unresectable advanced or recurrent gastric cancer excluding

the esophagus and gastroesophageal junction, confirmed by histological or

© The Author 2009. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org
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cytological examination. They had survived at least 4 weeks if extended or
standard surgery had been carried out (or at least 2 weeks after minor
surgery) and were able to take oral drugs. They were aged =20 years, had an
Eastern Cooperative Oncology Group performance status (PS) of zero to
two, and were expected to survive for at least 2 months. In general, they had
not received prior chemotherapy, but those who had completed
postoperative adjuvant therapy at least 180 days before enrollment were
cligible. They had at least one measurable lesion according to RECIST
guidelines [13]. They also had adequate bone marrow function
(hemoglobin level = 80 g/I, white blood cell count of 3-12 x 10%/1,
neutrophil count = 1.5 x 10%/1, and platelet count = 100 x 10%/1), liver
function (total bilirubin < 1.5 x the institutional upper limit of normal,
aspartate aminotransferase/alanine aminotransferase € 2.5 X the
institutional upper limit of normal, and alkaline phosphatase < 2.5 X the
institutional upper limit of normal), and renal function (serum creatinine
level < 1.5 mg/dl and creatinine clearance = 50 ml/min). All patients
provided written informed consent.

This study was carried out in accordance with the Helsinki declaration
and Good Clinical Practice guidelines and was approved by the institutional
review boards of all participating medical institutions.

treatment plan

Oxaliplatin was administered i.v. at a dose of 100 mg/m® on day 1. -1 was
administered orally at a dose of 80 mg/m*/day b.i.d. for 14 days (from the
evening on day 1 until the morning on day 15), followed by a 7-day rest

period in the 3-weekly schedule. Treatment was repeated until there was

disease progression, unacceptable toxicity, or withdrawal of consent.

In the event of grade 4 neutropenia or febrile neutropenia or grade 3
diarrhea or stomatitis, the doses of oxaliplatin and S-1 were reduced by one
dose level from the next cycle. If grade 2 sensory neuropathy not recovering
by the end of the cycle or grade 3 sensory neuropathy occurred, the dose of
oxaliplatin was reduced by one dose level from the next cycle after
recovering to grade 2 or less. If grade 2 thrombocytopenia continued 28
days after the scheduled day for starting the next cycle or if platelet
transfusion was required, oxaliplatin was reduced by one dose level from
the next cycle. Oxaliplatin and $-1 could be reduced by two dose levels, but
treatment was discontinued if subsequent reduction was indicated. The
doses of oxaliplatin and $-1 could be reduced by 25 mg/m? and 10-30 mg/
day, respectively, for each level. Treatment was discontinued if grade 4
diarrhea, stomatitis, or sensory neuropathy occurred, if grade 3 sensory
neuropathy failed to recover by the time when the next cycle was scheduled,
if grade 2 thrombocytopenia continued =15 days after the scheduled day for

starting the next cycle, or if the rest period of S-1 was over 21 days.

evaluation

The data on the patients’ characteristics, a 12-lead electrocardiogram,
computed tomography (CT) scans, and tumor marker levels (CA19-9 and
carcinoembryonic antigen) were obtained within 14 days of enrollment,
while hematology tests, biochemistry tests, and assessment of symptoms
and signs were carried out within 7 days before enrollment. During the
study, hematology tests, biochemistry tests, and assessment of symptoms
and signs were carried out every week until the end of the fourth cycle
and subsequently every 3 weeks. CT scans were carried out and tumor
markers were measured every 6 weeks (every 2 months after the best overall
response was achieved).

Responses were evaluated according to the RECIST guidelines. To
confirm partial response (PR) (30% or greater decrease in the sum of the
longest diameter of target lesions, referenced against the baseline sum of the
longest diameter of target lesions together with stabilization or decrease in
size of nontarget lesions) or complete response (CR) (disappearance of all
target and nontarget lesions together with normalization of tumor marker
levels), tumor measurements were repeated no <4 weeks after objective
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response was firstly obtained. Responses were assessed by the independent
review committee. Overall survival (OS) was defined as the time from
treatment initiation to death from any cause. Progression-free survival
(PFS) was the time from treatment initiation to first documentation of
disease progression detected by the review committee or death from any
cause (censored at second-line chemotherapy). Time-to-treatment failure
(TTF) was the time from treatment initiation to discontinuation of
treatment, first documentation of disease progression by the review
committee, or death from any cause. Toxic effects were evaluated according
to the Common Terminology Criteria for Adverse Events V3.0.

statistical analysis
The primary end point was the response rate (RR), while the secondary end
points were OS, PFS, TTF, and safety. The required sample size was
calculated to be at least 49 patients on the null hypothesis of the RR of
<40% versus the alternative hypothesis of the RR of >60%, power 80%, and
o 2.5% (one sided). The 95% confidence interval (CI) was calculated for
the RR, PFS, and TTF. OS, PFS, and TTF were calculated by the Kaplan—
Meier method. Safety was analyzed in all patients who received at least
one dose of study medication.

The cut-off date for RR, PFS, TTF, and safety was 27 May 2008, while
that for OS was 13 July 2009.

results

patients’ characteristics

Fifty-five patients were enrolled from April to December in
2007. Among them, one patient who received oxaliplatin for
the other study by mistake was excluded from all analyses.
Three other patients were excluded from efficacy analysis
because of prior chemotherapy (methotrexate), severe
interstitial pneumonia, or absence of measurable lesions (one
patient each). Accordingly, 51 patients formed the efficacy
analysis set (Table 1), while 54 patients were analyzed for safety.
The median age of the 51 patients was 63 years (range 30-77
years) and the PS was zero or one in 50 patients. Prior adjuvant
chemotherapy with S-1 had been carried out in one patient,
while 50 patients had received no prior chemotherapy.

treatment

At the data cut-off date, treatment was ongoing in eight
patients. The major reasons for discontinuation of treatment in
46 patients were disease progression (63%), adverse events
(28%), and withdrawal of consent (2%).

The median number of treatment cycles was 6.0 (range
1-16+). The median dose intensity was 88 mg/m*/3 weeks for
oxaliplatin and 867 mg/m?/3 weeks for S-1, and the median
relative dose intensity was 87.5% and 85.7%, respectively.

The median total dose was 600 mg/m” for oxaliplatin and
5966 mg/m” for S-1.

efficacy

The response was assessed as PR, stable discase (SD) (less than
a 30% reduction and less than a 20% increase in the sum of the
longest diameter of target lesions, referenced against the

baseline sum of the longest diameter of target lesions together
with stabilization or decrease in size of nontarget lesions), and
progressive disease (PD) in 30, 13, and 5, respectively, of the 51
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Table 1. Patients’ profile (n = 51)

bt

Median age, years (range)
Sex
Male 34 67
Female 17 33
ECOG PS
0 32 63
1 18 35
2 1 2
Disease status
Advanced 47 92
Recurrent 4
Primary tumor
No 12 24
Yes 39 77
Prior adjuvant chemotherapy
No 50 98
Yes 1 2
Histology
Diffuse 35 69
Intestinal 16 3]
Sites of metastasis
Lymph nodes 41 80
Liver 23 45
Lung 9 18
Peritoneum 7 14
Other 9 18
No. of metastases
1 22 43
ity . 29 57

ECOG PS, Eastern Cooperative Oncology Group performance status.

Table 2. Objective response to treatment (1 = 51)

SD 13 26
PD 5 10
Not evaluable 3 6
Overall response rate 30 59 (44.2-72.4)

Disease control rate 43
(CR + PR + SD)

84 (71.4-93.0)

CI, confidence interval; CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease.

patients in the efficacy analysis set (three were not assessable).
The RR was 59% (95% CI 44.2% to 72.4%) and the discase
control rate (CR + PR + SD) was 84% (95% CI 71.4% to
93.0%) (Table 2).

The median follow-up period was 16.5 months as of 13 July
2009. The median survival time (MST) was 16.5 months (95%
CI 13.2-22.3 months) (Figure 1), median PFS was 6.5 months
(95% CI 4.8-11.2 months) (Figure 2), and median TTF was 4.8
months (95% CI 4.0-5.6 months). The patients who received
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MST : 16.5 months

95% Cl : 13.2-22.3 months
Events : 31
Censored : 20
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=
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Number at risk 51 31 44 41 36 27 25

Figure 1. Kaplan—Meier estimates of overall survival (n = 51).
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Figure 2. Kaplan-Meier estimates of progression-free survival (n = 50).

the second-line chemotherapy without PD were censored at the
date of image examination immediately before the second-line
chemotherapy in PFS analysis. The 1-year survival rate was
70.6% (95% CI 58.1% to 83.1%).

Forty-one of the 46 patients (89%) who discontinued
treatment received second-line chemotherapy. One patient
(2%) with PR underwent surgery and pathological CR was
observed.

safety assessment

Grade 3/4 toxicity occurred in 33 of the 54 patients (61%) in
the safety analysis set. Grade 3/4 leukopenia, neutropenia,
thrombocytopenia, anemia, anorexia, and fatigue were noted in
2 (4%), 12 (22%), 7 (13%), 5 (9%), 3 (6%), and 3 patients
(6%), respectively (Table 3). The median onset of
thrombocytopenia in all grades was after 42 days and the nadir
platelet count was seen at 113 days. The median time from the
nadir to grade 0 or platelet count of treatment initiation was 15
days and the duration of thrombocytopenia in all grades was 21
days. Sensory neuropathy was observed in 48 patients (89%),
but grade 3/4 neuropathy occurred only in two patients (4%).
The median cumulative dose of oxaliplatin associated with
sensory neuropathy of any grade was 150 mg/m? (grade 1: 150
mg/m?, grade 2: 900 mg/m?). There were no treatment-related
deaths.
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Table 3. Toxicity of therapy (n = 54)

Hematological
Leukopenia 15 (28) 16 (30)
Neutropenia 3(6) 15 (28)
Thrombocytopenia 25 (46) 9(17)
Anemia 14 (26) 14 (26)

Non-hematological
Nausea 27 (50) 10 (19)
Vomiting 15 (28) 4(7)
Diarrhea 17 (32) 4(7)
Anorexia 21 (39) 16 (30)
Fatigue 24 (44) 14 (26)
Rash 13 (24) 2 (4)
Pigmentation 20 (37) 2(4)
Hand-foot syndrome 12 (22) 2 (4)
Stomatitis 20 (37) 1(2)
Increased creatinine 3 (6) 0
Febrile neutropenia 0 0
Sensory neuropathy 35 (65) 11 (20)

Annals of Oncology

2 (4) 0 33 (61) 2 (4)
12 (22) 0 30 (56) 12 (22)
7 (13) 0 41 (76) 7 (13)
4 (7) 1(2) 33 (61) 5(9)
1(2) 0 38 (70) 1(2)
0 0 19 (35) 0
1(2) 0 22 (41) 1(2)
2.(4) 1(2) 40 (74) 3 (6)
2 (4) 1(2) 41 (76) 3 (6)
0 0 15 (28) 0
0 0 22 (41) 0
0 0 14 (26) 0
0 21 (39) 0
0 0 3(6) 0
1(2) 0 1(2) 1(2)
2 (4) 0 48 (89) 2 (4)

CTCAE, Common Terminology Criteria for Adverse Events V3.0.

discussion

Advanced gastric cancer is usually treated by combination
chemotherapy with fluoropyrimidine derivatives and platinum
compounds. Several recent large-scale phase 1II studies have
shown that the RR ranges from 25% to 54%, median PFS from
2.9 to 7 months, and MST from 8.6 to 13 months |5, 6, 8,9, 11,
14]. Unfortunately, these results are not satisfactory. In Japan,
S-1 plus cisplatin is considered to be the standard treatment for
advanced gastric cancer on the basis of the results of two phase
I studies: the JCOG9912 study demonstrated non-inferiority
of §-1 to i.v. infusion of 5-FU [14] and the SPIRITS study
showed that S-1 plus cisplatin was superior to S-1 alone [11]. In
the SPIRITS study, the RR, median PFS, and MST achieved
with S-1 plus cisplatin were 54%, 6.0 months, and 13 months,
respectively. However, more frequent incidences of grade 3/4
adverse events were reported as compared with S-1-alone
group, and the combination regimens with improved safety are
expected.

With the present SOX regimen, the RR was 59%, median PFS
was 6.5 months, 1-year survival was 70.6%, and MST was 16.5
months, indicating similar efficacy to that of S-1 plus cisplatin.
The excellent result of our SOX regimen in MST may be
explicable by good PFS and feasible safety profile, which
enabled patients to receive the second-line chemotherapy in the
high proportion (89%). The efficacy of SOX regimen was also
comparable with epirubicin and oxaliplatin plus capecitabine in
the REAL-2 study (1-year survival rate of 47% and MST of 11.2
months) [8], which demonstrated that oxaliplatin was as
effective as cisplatin combined with epirubicin and 5-FU or
capecitabine.

Comparison of safety between the present SOX regimen and
S-1 plus cisplatin that were reported previously [11] indicates
alower incidence of grade 3/4 toxicity with SOX regimen than S-1

1004 | Koizumi et al.

plus cisplatin for leucopenia (4% versus 11%), neutropenia (22%
versus 40% ), anemia (9% versus 26%), anorexia (6% versus
30%), and nausea (2% versus 11%). The incidence of grade 3/4
thrombocytopenia was higher with SOX regimen (13% versus
5%). Sensory neuropathy is a characteristic toxicity of
oxaliplatin, and 89% of the patients receiving SOX regimen had
neuropathy, but only 4% had severe (grade 3/4) neuropathy.
These results indicate that SOX regimen is more tolerable and
tends to be superior to S-1 plus cisplatin in terms of safety.
Yamada et al. [15] reported that the treatment was
discontinued at high frequency (28%) due to prolonged
thrombocytopenia when metastatic colorectal cancer patients
were treated with S-1 plus 130 mg/m? of oxaliplatin. This
discontinuation was supposed to be caused by the geniality of
dose reduction criteria which allowed the reduction of
oxaliplatin only in case of occurrence of grade 3 or more
toxicity in terms of thrombocytopenia. The incidence of
thrombocytopenia was 93% in all grades and 28% in grade 3/4,
resulting in low median relative dose intensity of S-1 74.6% and
that of oxaliplatin 82.8%. Zang et al. [16] also reported the
study of SOX regimen with 130 mg/m? of oxaliplatin in
patients with metastatic colorectal cancer. In their study, the
treatment was interrupted in cases of grade 2 or higher toxicity
until the recovery to grade 0 or 1, and the doses of oxaliplatin
and S-1 were reduced after a second occurrence of grade 2
toxicity. As a result, the incidence of thrombocytopenia was
13% in grade 3/4, and the median relative dose intensity of
oxaliplatin and S-1 was 82% and 82%, respectively. In this
study, we used 100 mg/m* dose of oxaliplatin as SOX regimen
for advanced gastric cancer to decrease the incidence of
thrombocytopenia considering the possible bleeding from the
primary tumor and to maintain the dose intensity of S-1, which
have been demonstrated to a key drug against advanced gastric
cancer as a single agent. In this new regimen, the incidence of
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thrombocytopenia was 13% in grade 3/4 without reducing the
antitumor activity. The median relative dose intensity of
oxaliplatin and S-1 was 87.5% and 85.7%, respectively,
indicating that the treatment was carried out as scheduled in
most of patients in this study.

In conclusion, SOX regimen with oxaliplatin at a dose of 100
mg/m” was effective and well tolerated in patients with
advanced gastric cancer. SOX regimen has the potential to
replace current regimens such as S-1 plus cisplatin or 5-FU plus
cisplatin because of similar efficacy with less toxicity and more
convenient treatment. Further investigation of this SOX
regimen is expected.
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Adipocytokines are adipocyte-secreted hormones associated with
some malignancies such as colorectal, breast, and prostate cancer.
We hypothesized that changes in the levels of adipocytokines may
indicate the carcinogenesis and progression of colorectal cancer
and adenoma, and investigated the association of the blood levels
of several adipocytokines through a case-control study. Blood lev-
els of adiponectin, leptin, resistin, visfatin, and C-peptide at diag-
nosis were measured in 115 colorectal cancer patients and 115
age-, sex-, and body mass index-matched controls. The same analy-
sis was performed in 72 colorectal adenoma patients and 72 con-
trols. Logistic regression models were used for estimating odds
ratios and 95% confidence intervals, and one-way anova was per-
formed to determine the prevalence of each variable between two
or more groups. Resistin and visfatin levels in cancer patients were
significantly higher than those of controls on multivariate analysis
(P =0.03 and P < 0.01, respectively). Stage progression signifi-
cantly correlated with resistin and visfatin levels (P < 0.01 for
both). The adiponectin level in adenoma patients was significantly
lower than that of controls on multivariate analysis (P = 0.04). Its
level was inversely correlated with the number of adenoma
(P = 0.02), but not correlated with the size of adenoma. Resistin
and visfatin may be good biomarkers of colorectal malignant
potential and stage progression. Adiponectin level may be a good
biomarker of colorectal adenoma. (Cancer Sci 2010; 101: 1286-
1291)

A dipocytokines, such as adiponectin, leptin, resistin, visfa-
tin. tumour necrosis factor (TNF)-a, and interleukin (IL)-
6 are cytokines secreted by visceral adipose tissue, and they
have recently been suggested to be associated with obesity-
related diseases."*’ Many epidemiologic studies have shown a
positive correlation between obesity and increased risk of colo-
rectal cancer and adenoma as well as other cancers at various
sites (e.g. breast, prostate gland. and endometrium).*~¥

In obesity mouse models, severe macrophage invasion was
observed in the vascular/stromal compartment of adipose tissue,
suggesting that_excess adiposity is associated with chronic
inflammation.®”” Other reports have shown that prostaglandin
E2 stimulates leptin secretion from cultured human adipose tis-
sue cells and that cyclooxz‘gcnasc 2 inhibitors prevent an
increase in leptin production.” In inflammation-associated colo-
rectal cancers, such as those associated with inflammatory bowel
diseases, non-genetic stimuli such as overexpression of IL-6 also
enhance the survival and proliferation of preneoplastic cells.”
Leptin was also reported to induce IL-6 production by ApcMin/*
colon epithelial cells which leads to autocrine/paracrine trans
IL-6 receptor signaling."”” This results in the promotion and

Cancer Sci | May 2010 | vol. 101 | no.5 | 1286-1291

survival proliferation of prencoplastic cells. On the other hand.
adiponectin reportedly inhibits inflammation and angiogenesis
while leptin induces tumor angiogenesis.” "~

These findings in epidemiological and basic research suggest
that adipocytokines may well contribute to the induction of car-
cinogenesis and tumor progression. Therefore, we hypothesized
that changes in the levels of adipocytokines may indicate the
carcinogenesis and progression of colorectal cancer and ade-
noma. To evaluate whether adipocytokines are stronger biomar-
kers of colorectal cancer and adenoma than body mass index
(BMI), we performed a BMI-matched case-control study and
investigated the association between the blood levels of several
adipocytokines and colorectal cancer and adenoma.

Materials and Methods

Study population. After approval of the study protocol by the
Institutional Review Board of the National Cancer Center,
patients who underwent upper total colonoscopy at the hospital
from February 1999 to February 2007, who were considered to
have no active malignancies except colorectal cancer and no
inflammatory bowel diseases, and whose blood samples at diag-
nosis before any treatments for colorectal cancer or adenoma
could be obtained, were identified and invited to participate in
the study. Patients who had been newly and pathologically diag-
nosed with colorectal cancer by biopsy using colonoscopy and
reated at our hospital were identified as colorectal cancer
patients among the enrolled patients. Age-, sex-, and BMI-
matched controls (1:1) were identified among patients who had
been diagnosed as free [rom colorectal cancer or adenoma by
colonoscopy. Among the enrolled patients, we identified those
patients who had been newly undergone hot-biopsy, polypecto-
my. or endoscopic mucosal resection and were pathologically
diagnosed with colorectal adenoma at our hospital as colorectal
adenoma patients. Age-, sex- and BMI-matched controls (1:1)
were identified among patients who had been diagnosed as free
from colorectal cancer or adenoma by colonoscopy. BMI at
diagnosis was calculated based on the data in medical records
as follows: weight (kg)/height (m)%. All subjects (patients and
controls) provided informed consent prior to the collection and
analysis of blood samples. Clinical and pathological information
for both groups was obtained from medical records.

Adipocytokines and C-peptide measurements. All blood sam-
ples were stored at —20°C until use. None of the samples
were previously thawed. Blood levels of adiponectin, resistin,
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Table 1. Clinical characteristics of patients with colorectal cancer
and controls

Patients Controls p-values
(n =115) (n = 115)
Age (years) 63.7 £ 10.3 63.5 = 10.5 0.99
Sex

Female (%) 46 (40.0) 46 (40.0)

Male (%) 69 (60.0) 69 (60.0) 1.00
Body mass index 22929 23127 0.897
Stage*

0 23 - -

| 23 - -

1l 19 - —

il 23 - -

I\ 27 - -
Location ®

Right colon 55 - -

Left colon 7 - -

Rectum 53 - -
Macroscopic type*

0-1lp 5 - -

0-lsp 6 = -

0-1Is 10 - -
0-lla 17 - -
0-llb 0 - -

0 - lic 0 o =

0-1 0 - -

1 1 - -

2 73 - -

3 1 - -

4 1 - -

5 1 - -
Histological type*

Well-differentiated 86 - -

adenocarcinoma
Moderately differentiated 21 - -
adenocarcinoma

Poorly differentiated 7 - -
adenocarcinoma
Mucinous adenocarcinoma 1 - -

Data are presented as mean = SD. *Japanese Classification of
Colorectal Carcinoma 6th edition.

visfatin, and C-peptide at diagnosis were measured by SRL
(Tokyo, Japan). Adiponectin was determined by enzyme-linked
immunosorbent assay (ELISA) (Otsuka Pharmaceutical, Tokyo.
Japan) with a sensitivity of 1.9 pg/mL, an intra-assay coeffi-
cient of variation of 3.5-5.1%, and an inter-assay coefficient of
variation of 6.0-8.7%. Resistin was determined by ELISA
(BioVender Laboratory Medicine, Brno, Czech Republic) with a
sensitivity of 1.1 ng/mL, an intra-assay coefficient of variation
of 2.8-3.4%, and an inter-assay coefficient of variation of 5.1—
6.9%. Leptin was measured using radioimmunoassay kits (Linco

Resarch. St. Charles, MO, USA) with a sensitivity of
0.5 ng/mL, an intra-assay coefficient of variation of 3.4-8.3%,
and an inter-assay coefficient of variation of 3.0-6.2%. Visfatin
was determined by ELISA (Adipo Gen. Seoul, Korea) with a
sensitivity of 0.13 ng/mL, an intra-assay coefficient of variation
of 4.4-10.4%, and an inter-assay coefticient of variation of 6.4—
9.9%. C-peptide was determined by ELISA (Fujirebio, Tokyo,
Japan) with a sensitivity of 0.04 ng/mL, an intra-assay coeffi-
cient of variation of 1.96-2.97%, and an inter-assay coefficient
of variation of 1.06-2.60%. Duplicate measurements were per-
formed in a single experiment.

Statistical analysis. The results of the comparison of clinical
characteristics between patients and controls was evaluated by
the ¥ -test for categorical variables and two-sample r-test for
continuous variables. Conditional logistic regression models
were used for estimating odds ratios and 95% confidence inter-
vals to evaluate the association of each variable with colorectal
cancer or adenoma. One-way aNova was performed to examine
the prevalence of each variable between tumor stage groups.
Log transformations were conducted on variables prior (o analy-
sis to achieve normal distribution. Differences with a P-value
<0.05 were considered significant. All statistical analyses were
carried out using the SAS system (version 9.1.3; SAS Institute,
Cary, NC, USA).

Results

Adipocytokines and C-peptide, and colorectal cancer. The
clinical characteristics and adipocytokine and C-peptide levels
of the 115 colorectal cancer patients and 115 controls are shown
in Tables 1 and 2. There was no significant difference in age,
sex. and BMI between the two groups. Results of the univariate
and multivariate logistic regression analyses are shown in
Table 3. Resistin and visfatin levels were significantly higher in
the colorectal cancer patients than in the controls on multivariate
analysis (P = 0.03 and P < 0.01, respectively). Lincar contrast
analysis was conducted to evaluate the correlation between each
variable and tumor stage defined by the Japanese Classification
of Colorectal Carcinoma 6th edition (Table 4). Resistin and
visfatin levels gradually increased with tumor stage progression
(P < 0.01 and P < 0.01, respectively).

Adipocytokines and C-peptide, and colorectal adenoma. The
clinical characteristics and adipocytokine and C-peptide levels
of the 72 colorectal adenoma patients and 72 controls are shown
in Tables 5 and 6. There was no significant difference in age,
sex, and BMI between the two groups. Results of the univariate
and multivariate logistic regression analyses are shown in
Table 7. Multivariate analysis showed that adiponectin levels
were significantly lower in the colorectal adenoma patients than
in the control patients (P = 0.04). Linear contrast analysis was
conducted to evaluate the correlation between each variable and
the number of adenomas (Table 8a). Adiponectin level inversely
correlated with the number of adenomas (P = 0.02). The size of
the largest adenoma among all the adenomas of a patient
showed no significant correlation with any variables (Table 8b).

Table 2. Blood adipocytokine levels in patients with colorectal cancer and controls

Patients

Controls

n  Median value 25th quartile value 75" quartile value n  Median value 25th quartile value 75th quartile value

Adiponectin (ug/mL) 115 8.9 6.6 13 115 8.9 5.7 12.9
Resistin (ng/mL) 115 45 3.1 6.4 115 3.1 2.2 4.7

Leptin (ng/mL) 115 3.7 24 5.7 114 4.2 2.3 6

Visfatin (ng/mL) 115 3.9 2.1 7.9 115 1.4 0.8 26
C-peptide (ng/mL) 114 0.2 0.1 0.4 m 0.3 0.1 0.6
Nakajima et al. Cancer Sci | May 2010 | vol. 101 | no.5 | 1287
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Table 3.

Univariate and multivariate analysis of patients with colorectal cancer and controls

Univariate analysis

Multivariate analysis

P-values

0Odds ratios (95% confidence intervals) 0dds ratios (95% confidence intervals) P-values
Adiponectin* 1.227 (0.653-2.307) 0.52 0.802 (0.321-2.003) 0.64
Resistin* 2.850 (1.700-4.777) <0.01 2.067 (1.053-4.055) 0.03
Leptin* 0.799 (0.458-1.393) 0.43 1.057 (0.477-2.342) 0.89
Visfatin* 3.142 (2.064-4.783) <0.01 2.985 (1.862-4.787) <0.01
C-peptide* 0.711 (0.550-0.920) 0.01 0.983 (0.663-1.458) 0.93
*Log-transformed.
Table 4. Association between adipocytokine levels and stage progression of colorectal cancer

Control Stage 0 Stage 1 Stage 2 Stage 3 Stage 4
. P-values
n mean = SD n mean + SD n mean = SD n mean + SD n mean = SD n mean = SD

Adiponectin* 115 23+05 23 2304 23 22+06 19 23+05 23 2105 27 23+04 094
Resistin* 115 12+05 23 1.3+05 23 16+£05 19 1.5+£05 23 1.5+06 27 1.7 +05 <0.01
Leptin* 114 1.4 £ 0.7 23 1.4 +£0.7 23 1.4 £0.7 19 1.5+£0.8 23 1.3+ 0.5 27 1.1+06 0.1
Visfatin* 115 0.2+1.1 23 08 =+1.2 23 1.3 1.1 19 1.0+ 0.9 23 1.5+ 1.0 27 1.8 0.9 <0.01
C-peptide* 111 -1.4 1.2 23 -16+1.2 23 -16+1.1 19 -19=+1.2 22 -1.8+ 1.1 27 -1.6 £ 1.0 0.17
*Log-transformed. Data are presented as mean = SD.
Linear contrast analysis was also conducted to evaluate the cor-  Discussion

relation between adiponectin and the adenoma-carcinoma
sequence, and the result was not significant (data not shown).

Table 5. Clinical characteristics of patients with colorectal adenoma
and controls

Patients Controls

(=72 (0 =72) P-values
Age (years) 66.8 = 7.3 66.7 £ 7.1 0.99
Sex

Female (%) 22 (30.6) 22 (30.6)

Male (%) 50 (69.4) 50 (69.4) 1.00
Body mass index 23.0+ 238 228+ 28 0.74
Number of adenomas

2> 44 _

>3 28 - -
Location

Right colon 33 - -

Left colon 27 - =

Rectum 12 - -
Macroscopic type*

0-1lp 4 - -

0-Isp 13 - -

0-1Is 24 - -
0-lla 31 - -
0-1Ilb 0 - -

0 -lic 0 - -

0-1l 0 - -
Histological atypia

Moderate atypia 64 - -

Severe atypia 78 - -
Maximum size

-5 mm 14 - -

6-10 mm 24 - -

11-20 mm 17 - -

>20 mm 17 - -

Data are presented as mean = SD. *Japanese Classification of
Colorectal Carcinoma 6th edition.
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The results of this case-control study suggest that resistin and
visfatin may be good biomarkers of colorectal malignant poten-
tial independently from BMI, and also of stage progression of
colorectal cancer. Adiponectin may be a good biomarker of
colorectal adenoma independently from BMI. For gastric cancer,
we have reported similar results, namely. resistin and visfatin
levels in gastric cancer patients were significantly higher than
those in controls, and gradually increased with tumor stage pro-
gression. Furthermore, adiponectin levels tended to_be lower in
carly stage gastric cancer patients than in controls.

Obesity is recognized as a strong risk factor for the develop-
ment of several cancers.*™’ However, many experimental and
case-control studies have suggested that BMI is not the best and
only marker for elucidating the physiology of obesity. Recently.
adipocytokines produced by adipose tissue have been the subject
of intense investigation as novel risk markers not only of meta-
bolic syndrome but also of cancers, particularly those indicating
a correlation between their risk of development and obesity such
as colorectal cancer and adenoma."*>” To the best of our
knowledge, however, the present study is the first report to eval-
uate a difference in visfatin level between colorectal cancer
patients and controls. and the only one report has been reported
for a difference in resistin level so far.?"

Adiponectin suppresses the secretion of inflammatory cyto-
kines such as TNF-o, and induces the secretion of anti-inflam-
matory cytokines such as IL-10 in the atherogenic procesx.m’z“’
Furthermore, it has been reported to inhibit tumor growth by
suppressing angiogenesis in vitro and in vivo. In case-control
studies, the correlation between adigoneclin level and colorectal
cancer remains controversial '%2®. An inverse correlation
between adiponectin level and colorectal adenoma has been also
reported.®”” Our results showed an inverse correlation between
adiponectin and colorectal adenoma. However, we had no infor-
mation regarding body weight changes in the patients and con-
trols before the sampling, and thus it was not possible 1o
determine whether the decrease in adiponectin levels in the
patients was caused by obesity before the sampling. It was also
difficult to determine when the adiponectin level decreased,
either before or after colorectal adenoma development. Instead
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Table 6. Blood adipocytokine levels in patients with colorectal adenoma and controls

Patients Controls

n  Median value 25th quartile value 75th quartile value n Median value 25th quartile value 75th quartile value
Adiponectin (ug/mL) 72 7.5 5.4 10.3 72 8.8 6.3 13.6
Resistin (ng/mL) 72 3.1 2.4 4.8 72 2.8 1.9 3.9
Leptin (ng/mL) 71 3.3 2.4 5.4 72 3.3 1.8 5.4
Visfatin (ng/mL) 72 1 0.6 2.8 72 1.6 0.7 2.8
C-peptide (ng/mL) Al 0.3 0.1 0.7 69 0.2 0.1 0.5
Table 7. Univariate and multivariate analysis of patients with colorectal adenoma and controls

Univariate analysis Multivariate analysis

Odds ratios (95% confidence intervals) P-values Odds ratios (95% confidence intervals) P-values
Adiponectin* 0.363 (0.169-0.780) 0.01 0.422 (0.189-0.946) 0.04
Resistin* 1.293 (0.706-2.368) 0.41 1.200 (0.595-2.420) 0.61
Leptin* 1.497 (0.772-2.901) 0.23 1.331 (0.662-2.677) 0.42
Visfatin* 0.883 (0.661-1.180) 0.40 0.872 (0.604-1.260) 0.47
C-peptide* 1.208 (0.893-1.634) 0.22 1.023 (0.704-1.484) 0.91

*Log-transformed.

Table 8. Association between adipocytokine levels and clinical features of colorectal adenoma. (a) Association between adipocytokine levels
and number of colorectal adenomas. (b) Association between adipocytokine levels and maximum size of colorectal adenomas

Control <2 >3
S P-values
n mean + SD n mean + SD n mean = SD
(a)
Adiponectin* 72 2.2 +£0.5 44 2.0+ 0.6 28 20+04 0.02
Resistin* 72 1.1+ 0.6 44 1.2 +05 28 1.1+£0.5 0.90
Leptin* 72 1.2+ 0.6 43 1.2+ 06 28 1.4+ 05 0.15
Visfatin* 72 03+1.2 44 0.2+1.5 28 0111 0.40
C-peptide* 69 -1.5+ 1.2 43 -1.2+£1.2 28 -1.2+£1.1 0.34
Control -5 mm 6-10 mm 11-20 mm >20 mm
P-values
n mean + SD n mean = SD n mean + SD n mean + SD n mean = SD
(b)
Adiponectin* 72 22+ 0.5 14 1.9+04 24 1.9+04 17 1.9+05 17 2.3+0.6 0.48
Resistin* 72 1.1+£0.6 14 1.2+04 24 1.2+ 06 17 1.4 +05 17 1.0+ 0.4 0.81
Leptin* 72 1.2+0.6 13 1.6 £0.7 24 1.2+ 0.5 17 1.1+£0.6 17 1.3+£06 0.53
Visfatin* 72 03+1.2 14 0.0+ 1.4 24 03+£1.2 17 0.6+ 1.5 17 -04+1.2 0.31
C-peptide* 69 -15+1.2 13 -09 £ 0.8 24 -1.1+£1.2 17 -1.6 1.2 17 -13=x1.2 0.64

*Log-transformed. Data are presented as mean + SD.

of these limitations. we evaluated the correlation between the
number of adenomas. the size of adenomas and adenoma-carci-
noma sequence, and adiponectin to speculate the possibilities as
“‘risk factors’™” for colorectal adenoma. The results showed that

adiponectin level was inversely correlated with the number of

adenoma. However, we could not elucidate why the adiponectin
level was not correlated with the size of adenoma. If many more
patients were enrolled in this study, a significant correlation
between adiponectin levels and adenoma sizes may have been
detected.

We have performed the above additional investigations into
the relationship between adiponectin levels and colorectal carci-
noma; however, our study has a few limitations. The BMI levels
of the selected target group are very important and can affect the
results of the study. The mean of BMI level of the patients in
this study was 22.9, which was lower than that reported previ-

Nakajima et al.

ously: this low BMI level may be attributed to the fact that all
the patients were Japanese. Further, it is possible that variables
other than those evaluated in this study may be correlated with
adiposity and may influence the levels of adipocytokines. There-
fore, the implications of our findings should be carefully evalu-
ated considering these limitations.

Leptin primarily controls body fat stores and has also roles in
promoting cellular proliferation. inhibiting cellular apoptosis,
and inducing angiogenesis.”™® Over the years. the association
between leptin levels and the risk of colorectal cancer or ade-
noma has remained controversial. %> The expression of the
leptin receptor in normal human colon mucosa, adenomas. and
cancers suggests that a direct effect of leptin may be involved in
carcinogenesis.®” In the present study. however, the level of
leptin was not significantly different between controls and
patients with colorectal cancer or adenoma. In our previous
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studies on the correlation between adipocytokines levels and
gastric or esophageal cancer, we have shown that a strong corre-
lation exists between leptin level and BMI. In this study, how-
ever, the BMI levels of patients and controls were similar;
therefore, the value of leptin as a biomarker for colorectal could
not be evaluated.**"

Resistin has been demonstrated to be involved in inflamma-
tory states corresponding to its predominant expression in mono-
nuclear cells, particularly in atherosclerosis.®**¥ Ag for its
correlation with cancer, three case-control studies on the risk of
myelodysplastic syndrome. mulliPle myeloma, or colorectal

-, (21,34.35) ’

cancer have been reported. Dalamaga et al. demon-
strated a decreased resistin level in myelodysplastic syndrome
(MDS) patients, and speculated that it was due to a compensa-
tory response to the up-regulation of other inflammatory factors
etiologically linked to myelodysplasia. They also reported a
decreased level of resistin in patients with multiple myeloma.
Kumor ez al. reported that the resistin levels in colorectal cancer
patients are higher than those in controls and that the resistin
levels in colorectal adenoma patients and controls were also sig-
nificantly different. Our results showed that resistin levels, par-
ticularly in colorectal cancer patients, were significantly higher
than those in controls independent of the BMI, and these levels
gradually increased with progression in tumor stage. This may
imply that resistin is a biomarker of colorectal malignant poten-
tial and stage progression.

Visfatin is a new insulinmimetic adipocytokine, which
directly interacts with the insulin receptor but as the insulin-like
growth factor receptor, and can subsequently promote cancer
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cell proliferation®®. It is more highly expressed in primary

colorectal cancer than in non-neoplastic mucosa.*”’ Although
the clinical correlations of visfatin with cancer have been rarely
reported, we demonstrated here that it may be a novel and prom-
ising biomarker of colorectal cancer as well as resistin.

Taken together, the results suggest that resistin and visfatin
may be good biomarkers of colorectal malignant potential inde-
pendently of BMI, and also of stage progression of colorectal
cancer. Adiponectin level may be a good biomarker of colorec-
tal adenoma independently of BMI. Further investigations as to
whether the changes in adipocytokine levels are the result
and/or effects of colorectal cancer or adenoma development are
needed, and the elucidation of this causative association will
undoubtedly clarify the correlation between obesity and cancer.
Histological studies on the expression of adipocytokines in can-
cer tissues also should be conducted to determine whether
adipocytokines derived from cancer tissues or those derived
from adipose tissues are important for carcinogenesis and tumor
progression.
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Purpose

Everolimus, an oral inhibitor of the mammalian target of rapamycin, has shown antitumor activity
in gastric cancer in preclinical and phase | studies. This phase |l study evaluated the efficacy and
safety of everolimus in pretreated patients with advanced gastric cancer.

Patients and Methods
Patients with advanced gastric cancer who experienced progression despite prior chemotherapy

received everolimus 10 mg orally daily until disease progression or study discontinuation. The
primary end point was disease control rate (DCR; ie, complete response, partial response, or
stable disease). Secondary end points included progression-free survival (PFS), overall survival
(OS), and safety.

Results

Fifty-three patients were assessable (median age, 63 years; 51% and 49% received one or two
prior chemotherapy regimens, respectively). Although no complete or partial response was
obtained, a decrease in tumor size from baseline was observed in 45% of patients by central
review. The DCR was 56.0% (95% Cl, 41.3% to 70.0%); median PFS was 2.7 months (95% Cl,
1.6 to 3.0 months). At a median follow-up time of 9.6 months, median OS was 10.17 months (95%
Cl, 6.5 to 12.1 months). Common grade 3 or 4 adverse events included anemia, hyponatremia,
increased y-glutamyltransferase, and lymphopenia. Grade 1 or 2 pneumonitis was reported in
eight patients (15.1%).

Conclusion

Everolimus monotherapy resulted in a promising DCR in patients with previously treated advanced
gastric cancer. Adverse events are consistent with the reported safety profile of everolimus.
These results warrant further evaluation in patients with advanced gastric cancer.

J Clin Oncol 28:1904-1910. © 2010 by American Society of Clinical Oncology

there is no globally accepted standard first-line che-
motherapy for advanced gastric cancer. In random-

Gastric cancer is the fourth most common cancer
worldwide, with 603,003 and 330,290 new cases
among men and women, respectively, reported an-
nually between 1993 and 2001."* Globally, it is the
second most common cause of cancer death, with an
estimated 700,000 deaths annually."** In Japan, gas-
tric cancer is the second leading cause of cancer
death (50,415 deaths in 2006), accounting for 15.3%
of all cancer deaths.”

Only surgical resection is curative; however,
patients with gastric cancer commonly present with
unresectable disease." Even after curative surgical
resection, 60% of these patients eventually experi-
encerelapse.” Systemic chemotherapy has been eval-
uated extensively in patients with unresectable and
recurrent gastric cancer.”® At present, although
fluoropyrimidine-based therapy is used worldwide,

1904 © 2010 by Amencan Society of Clinicel Oncelogy
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ized studies, combination chemotherapy regimens
including fluorouracil (FU) or its derivatives, tax-
anes, irinotecan, and platinum derivatives generally
achieved median overall survival (OS) times of less
than 1 year in the first-line setting.®'? In Japan, S-1
(tegafur + gimeracil + oteracil potassium) is an
established first-line agent for advanced gastric can-
cer. A recent phase III trial demonstrated a median
OS time of 13 months with the combination of
S-1 plus cisplatin as first-line therapy for patients
(n = 148) with advanced gastric cancer."?

The poor long-term outcomes associated with
chemotherapies to date strongly suggest consider-
able unmet needs in gastric cancer and a need for
new agents, particularly targeted agents that will
confer a survival benefit with acceptable tolerability.
This is especially true in the second- and third-line



Everolimus in Advanced Gastric Cancer

settings, in which to date there are no phase I1I studies demonstrating
survival benefit for chemotherapy compared with best support-
ive care.

Inhibition of the mammalian target of rapamycin (mTOR) path-
way represents a new therapeutic target in the treatment of various
human cancers. mTOR, a key protein kinase that regulates cell growth
and proliferation, cellular metabolism, and angiogenesis,'* is mainly
activated via the PI3 kinase pathway through Akt/PKB and tuberous
sclerosis complex. Mutations in these components or in PTEN, a
negative regulator of P13 kinase, result in inappropriate mTOR acti-
vation." The mTOR pathway has been shown to be frequently dys-
regulated in a variety of human cancers, including gastric cancer.'”
Oncogenic transformation maintained by a dysregulated mTOR
pathway may sensitize tumor cells to mTOR inhibitors."* Overexpres-
sion of the mTOR downstream effectors'® eIF4E and 4E binding
protein 1 (4E-BP1) was shown in Gl cancer cells. Everolimus reduced
4E-BP1 phosphorylationand attenuated production of the proangio-
genic factors hypoxia-inducible factor la and vascular endothelial
growth factor in these gastric cancer cell lines.'

Everolimus is an orally bioavailable mTOR inhibitor that binds
with high affinity to its intracellular receptor FKBP12.'® Bverolimus
has demonstrated antitumor activity in gastric cancer in preclinical
studies''™'” and a phase I study involving patients with advanced
gastric cancer.'® The current phase II study evaluated the efficacy and
safety of everolimus monotherapy in patients with advanced gastric
cancer who had experienced treatment failure with one or two prior
chemotherapy regimens.

Patient Eligibility

This open-label, single-arm, multicenter, proof-of-concept, phase II
study was conducted in Japan and included patients = 20 years of age with
pathologically confirmed advanced gastric adenocarcinoma who had received
one or two prior chemotherapy regimens (one regimen was required to con-
tain any of the following: FU or its derivatives, platinum derivatives, taxanes, or
irinotecan) and who had = one measurable lesion according to Response
Evaluation Criteria in Solid Tumors (RECIST). Patients were required to have
documented progressive disease (PD) based on imaging during or after last
prior treatment. Before study entry, prior therapies had to be completed for
= 2 weeks for anticancer agents and for = 4 weeks for surgery or radiotherapy,
and patients had to recover from adverse reactions of prior therapy. Patients
were required to have Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS) of 0 or 1 and adequate organ function (bone marrow
function: neutrophils = 1.5 X 10°1, platelets = 100 % 10°/L, hemoglobin
8.5 g/dL; liver function: serum bilirubin = 1.5 mg/dL and ALT and AST
2.5 X upper limit of normal [ULN] if no evidence of liver metastasis or
serum bilirubin = 1.5 mg/dL and ALT and AST = 5.0 X ULN with liver
metastases; renal function: serum creatinine = 2 X ULN). Exclusion criteria
were CNS metastases already detected, malignant ascites requiring invasive
treatment (eg, ascites drainage), or severe or uncontrolled medical condi-
tions (eg, impaired heart and lung function, diabetes, active infections, or
liver disease).

This study was conducted according to the ethical principles of the
Declaration of Helsinki and approved by the institutional review board of each
center. All patients provided written informed consent.

AV

Study Treatment and Assessment

All patients were treated with everolimus 10 mg/d orally in continuous
28-day cycles until tumor progression, unacceptable toxicity, or study discon-
tinuation for any other reason. Two levels of dose reduction were permitted (5

WAWL[CO.0FQ

mg/d and then 5 mg every other day) for tolerability. For the baseline tumor
assessment, radiographic assessments (computed tomography or magnetic
resonance imaging scans of the chest, abdomen, and pelvis) were performed
within 2 weeks before the first dose of everolimus. Tumor response was
assessed every 4 weeks from cycle 2 to cycle 4 and then every two cycles until
determination of disease progression and/or at the end of the study. Disease
status was assessed by a local radiologist with the investigator and reviewed by
central review of radiology using RECIST criteria.

Safety assessments consisted of continuous monitoring and recording of
all adverse events (AEs) and regular monitoring of hematology, serum chem-
istry, vital signs, weight, ECOG PS, chest computed tomography scans, and
physical condition. AEs were evaluated according to the National Cancer
Institute Common Terminology Criteria for Adverse Events (version 3).

Statistical Considerations

The primary efficacy objective was to assess disease control rate (DCR),
which was defined as the proportion of patients with complete response,
partial response, or stable disease (SD) as the best overall response according to
RECIST. DCR was summarized in terms of percentage, with a 95% CI. The
DCR was calculated primarily based on the assessment of the central radiologic
review. All results were analyzed in the full analysis set (FAS), which included
all patients who received at least one dose of everolimus. DCR as primary end
point was also analyzed in the per-protocol set (PPS), which consisted of
patients from the FAS who completed a minimum exposure requirement
(dose-intensity = 0.5) or experienced progression before the minimum expo-
sure requirement without any major protocol deviation and was defined as the
primary analysis population. This study adopted a Simon two-stage design tor
sample size determination,'? which required disease control in = eight of the
first 21 patients enrolled onto the first stage to proceed to the second stage, in
which an additional 27 patients were planned to be enrolled. The null hypoth-
esis was a DCR of = 30%. DCRs of 30% (futility rate) and 50% (targeted
antitumor activity rate) were used for power setting.**' If = 20 0f 48 patients
achieved disease control, the null hypothesis would be rejected, and everoli-
mus would be considered to have antitumor activity in this population.

The secondary end points of the study were to assess objective re-
sponse rate, progression-free survival (PFS), OS, and the safety profile of
everolimus. PFS and OS curves were generated using the Kaplan-Meier
product-limit method. Median PFS and OS were obtained with a 95% CI.
Safety analysis was performed in the safety population, which consisted of all
patients who received = one dose of everolimus and had = one postbaseline
safety assessment.

As an exploratory end point, the influence of gastrectomy on the phar-
macokinetics (PKs) of everolimus was investigated. Blood samples for PK
analyses were collected from patients enrolled onto the first stage before dose
and at 1, 2, 3, and 4 hours after dose on day 1 of cycles 1 and 2 and from all
patients before dose on day 1 of cycles 1,2, 3,and 4. Everolimus concentrations
in whole blood were determined by liquid chromatography-mass spectrom-
etry. The PK population consisted of all patients from the safety population
who had PK samples available. Noncompartmental methods with WINNon-
lin Pro (Version 5.2; Pharsight, St Louis, MO) were used to determine the PK
parameters of area under the concentration-time curve from 0to 4 hours after
drug administration [AUC,q_,,], observed predose concentration (C,pi,)s
maximum blood drug concentration (C,,,), and time to reach maximum
concentration after drug administration (T,,,,,).

Patient Disposition

A total of 26 patients were enrolled onto the first stage to ensure
21 patients in the PPS population at week 8. Central radiologic review
confirmed that = eight patients achieved disease control, and an
additional 28 patients were enrolled onto stage 2 (Fig 1). The FAS
population included 53 patients; the remaining patient did not receive
study medication because of ineligibility. Three patients were not

© 2010 by Amerncan Society of Clinical Oncology 1905
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Enrolled
(N = 54)
|
| |
Ineligible Eligible (FAS) - PPS
(n=1) (n=53) (n = 50%)
Discontinued
(n=53)
PD AE
(n=47) (n = 6)

Fig 1. Patient disposition. (*) Three patients were excluded from the per-
protocol set (PPS), two with unknown best response and one with dose intensity
less than 50% during the first 8 weeks of treatment. FAS, full analysis set; PD,
progressive disease; AE, adverse event.

included in the PPS population (n = 50); two patients were not
assessable for best overall response, and one patient had a dose-
intensity of less than 50% during the first 8 weeks of treatment. At
study completion, 47 patients had discontinued treatment as a result
of disease progression (Fig 1).

Patient Characteristics

Most patients were men (77%), and the median age was 63 years
(Table 1). All treated patients had an ECOG PSof 0 or 1 (PS 0 = 60%;
PS 1 = 40%). Most patients had moderately (47%) or poorly (42%)
differentiated adenocarcinomas. Most patients had been previously
treated; 25 of 53 patients had a gastrectomy, and all patients had
received chemotherapy (51% with one prior line; 49% with two prior
lines). The most commonly used prior chemotherapy agents in the
study population were FU derivatives (S-1) as monotherapy (49%)
and in combination with cisplatin (55%), and the most common
second-line agents were paclitaxel (17%) or irinotecan (11%) as
monotherapy (Table 1).

Efficacy

Best overall responses per central radiology review are listed in
Table 2; 28 (56.0%) and 22 patients (44.0%) in the PPS population
and 29 (54.7%) and 22 patients (41.5%) in the FAS population had SD
and PD, respectively. Disease control was observed in more than 20
patients in the first 48 patients (out of 50 patients) in the PPS popula-
tion, and the null hypothesis (DCR = 30%) was rejected at the one-
sided o = .05. At the final analysis, disease control was observed in 28
patients (56.0%; 95% CI, 41.3% to 70.0%) in the PPS population. The
lower limit 95% CI value (41.3%) exceeded the threshold (30%) for
futility. Results in the FAS population (DCR = 54.7%; 95% CI, 40.4%
to 68.4%) were consistent with the results observed in the PPS popu-
lation. Although no complete or partial response was obtained, a
decrease in tumor size from baseline was observed in 45% of patients
by central review. The maximum best change observed was a 34%

1906 © 2010 by American Society of Clinical Oncology

Table 1. Patient Demographic and Clinical Characteristics
No. of Patients
Demographic or Clinical Characteristic (N = 53) %
Age, years
Median 63
Range 30-77
Asian 116 100
Male 41 77
ECOG performance status (0/1)
0 32 60
1 21 40
Degree of tumor differentiation
Well 6 11
Moderate 25 47
Poor 22 42
Gastrectomy 25 47
No. of prior chemotherapy regimens
1 27 51
2 26 49
Contents of prior chemotherapy regimens
FU monotherapy"® 26 48
FU plus cisplatin 29 ) 55
Paclitaxel monotherapy 9 17
Irinotecan monotherapy 6 11
Othert 9 17
Site of measurable lesion
Abdominal lymph node 26 49
Liver 25 47
Distant lymph node 11 21
Peritoneum 4 8
Lung 3 6
Ovary B 6
Othert 5 9
Abbreviations: ECOG, Eastern Cooperative Oncology Group; FU, fiuorouracil.
“Including FU derivatives S-1, capecitabine, and so on.
TOther includes irinotecan plus cisplatin (n = 4), FU plus paclitaxe! (n = 3), FU
plus irinotecan (n = 1), and FU plus methotrexate (n = 1).
+0ther measurable lesion sites include abdominal mass, adrenals, thyroid
gland, pleura, pulmonary lymphangitic spread (n = 1 each)

decrease in sum of longest diameters when compared with baseline
(Fig 2). Subgroup analysis by number of previous chemotherapies
indicated that the effect of everolimus was consistent in the second-
and third-line PPS populations, with the same proportions of patients
with SD (56.0%) and PD (44.0%) observed in each group.

Table 2. Best Overall Response and DCR per Central Review
PPS (n = 50) FAS (N = 53)
Best Overall No. of No. of

Response and DCR Patients % Patients %
Best overall response

CR 0 0 0

PR 0 0 0

SD 28 56.0 29 54.7

PD 22 44.0 22 41.5

Unknown 0 0 2 3.8
DCR (CR + PR + SD) 28 56.0 29 54.7

95% Cl, % 41.31t070.0 404 t0 68.4
Abbreviations: DCR, disease control rate; PPS, per-protocol set; FAS, full
analysis set; CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease.
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Fig 2. Maximum best change in tumor size from baseline. Decrease in best
percent change from baseline = 45.28%; increase in best percent change or no
percent change from baseline = 32.08%. (*) Percent change in target lesion was
available but contradicted by overall lesion response = unknown 3.77%. (1) Per-
cent change in target lesion was available but contradicted by overall lesion
response = progressive disease (PD) 18.87%. SD, stable disease.

Median PFS was 2.7 months (95% CI, 1.6 to 3.0 months; Fig 3A).
At 4 months, 28.3% (Kaplan-Meier estimate) of patients were pro-
gression frec. Subgroup analysis did not reveal a difference in PFS
stratified by number of prior chemotherapy regimens; in the second-
line setting, median PES was 2.6 months (95% ClI, 1.0 to 3.0 months),
and in the third-line setting, median PFS was 2.8 months (95% CI, 1.6
to 4.0 months). Ata median follow-up time of 9.6 months, median OS
was 10.1 months (95% CI, 6.5 to 12.1 months; Fig 3B); in the second-
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Fig 3. Kaplan-Meier plots of (A} median progression-free survival (PFS) and (B)
median overall survival (OS) in all patients.
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line setting, median OS was 9.8 months (95% CI, 6.2 to 12.3 months),
and in the third-line setting, median OS was 10.7 months (95% ClI, 6.3
months to not reached).

PK Analysis

On day 1 of cycle 1 and at steady-state (day 1 of cycle 2), slightly
higher peak plasma concentrations (C,,,,) of everolimus were ob-
served in patients who had undergone gastrectomy compared with
patients who had not. In addition, T ,.,,, C ..o and AUC,,, data on
day 1 of cycle 1 and at steady-state also suggest that the rate of absorp-
tion of everolimus was faster in patients who had undergone gastrec-
tomy [higher C .. and AUC 4, and shorter T, ] than in patients
who had not (Table 3). However, mean C,,;,, values on day 1 of cycles
1, 2, 3, and 4 were similar between patients with and without gastrec-
tomy, as were AUC during dosing interval values at steady-state,

Table 3. PK Parameters of Everolimus
PK Value
No. of _—
PK Parameter Patients  Mean SD
Day 1 of cycle 1
Crnaxe NG/ML
No gastrectomy 14 783 397
Gastrectomy 12 122 33.2
Tmax NOUTS
No gastrectomy 14 1.5 092
Gastrectomy 12 1.1 0.29
AUC g4 h - ng/mL
No gastrectomy 14 172 84
Gastrectomy 12 27 84
Day 29 (day 1 of cycle 2) .
Crnaye NQ/ML
No gastrectomy 6 98.7 334
Gastrectomy 10 134 33.0
Trmax, hours
No gastrectomy 6 2.0 1.29
Gastrectomy 10 1.0 0.1
AUCp.4;, h - ng/mL
No gastrectomy 6 254 101
Gastrectomy 10 324 94
Crnin: NQ/mML
Day 1 (day 1 cycle 1)
No gastrectomy 9 11.2 243
Gastrectomy 6 15.4 2.96
Day 29 (day 1 cycle 2)
No gastrectomy 16 276 223
Gastrectomy 21 255 14.4
Day 57 (day 1 cycle 3)
No gastrectomy 1 25.0 10.2
Gastrectomy 11 17.7 6.87
Day 85 (day 1 cycle 4)
No gastrectomy 6 233 748
Gastrectomy 12 18.0 6.31
AUCO-7 on day 29 (day 1 of cycle 2), ng + h/mL
No gastrectomy 6 1,080 744
Gastrectomy 10 1,100 417
Abbreviations: PK, pharmacokinetic; SD, standard deviation; C,,,,, maximum
blood concentration; T,,.. time to reach maximum plasma concentration;
AUC 4, area under the concentration time curve during the first 4 hours after
drug administration; C,,,, minimum blood concentration; AUCO-7, area under
the concentration time curve during the dosing interval.
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suggesting that the extent of oral absorption was similar between the
two groups (Table 3).

Safety

The median duration of everolimus therapy was 57.0 days (range,
11 to 249 days), with a median cumulative dose of 540 mg (range, 110
to 1,960 mg). Although 23 patients (43.4%) had a dose reduction or
interruption, the mean relative dose-intensity was 0.9.

The major AEs observed with everolimus were grade 1 or 2 in
severity. The most common AEs were stomatitis (73.6%), anorexia
(52.8%), fatigue (50.9%), rash (45.3%), nausea (32.1%), peripheral
edema (22.6%), diarrhea (20.8%), and pruritus (18.9%). Grade 3 or 4
AEs observed during the study are listed in Table 4. Grade 3 AEs
occurred in 20 patients (37.7%), including anemia (11.3%), hypona-
tremia (9.4%), increased y-glutamyltransferase (7.5%), lymphopenia
(7.5%), fatigue (5.7%), stomatitis (5.7%), anorexia (5.7%), abnormal
hepatic function (5.7%), hyperglycemia (3.8%), hypophosphatemia
(3.8%), and ileus (3.8%). Grade 4 AEs suspected to be related to
treatment were reported in four patients; one patient each had tumor
hemorrhage, increased y-glutamyltransferase, lymphopenia, and ce-
rebral infarction. Six patients discontinued the protocol treatment as a
result of AEs; five of these patients had AEs suspected to be related to
everolimus (grade 2 pneumonitis, n = 2; grade 3 stomatitis, n = 1;
liver dysfunction, n = 1;and tumor hemorrhage, n = 1). Pneumonitis
related to everolimus was observed in eight patients (15.1%); the
maximum severity was grade 2.

At the time of this analysis, 36 (67.9%) of 53 patients had died; 33
of these patients died of gastric cancer, two patients died of aspiration
pneumonia (not suspected to be related to everolimus), and one
patient died 313 days after last dose of study drug with the cause of
death unknown. ’

Everolimus monotherapy demonstrated a promising DCR of 56% in
pretreated patients with advanced gastric cancer. In addition, 45% of
patients demonstrated tumor shrinkage from baseline, the median

Table 4. Grade 3 or 4 Adverse Events > 3% Regardless of Relationship to
Study Drug (N = 53)
Total Grade 3
No. of Patients or 4
Grade Grade No. of

Adverse Event 3 4 Patients %
Anemia 4 1 5 9.4
Hyponatremia ~ 5 0 5 9.4
Increased GGT 2 2 4 7.5
Lymphopenia 2 2 4 7.5
Fatigue 3 0 3 5.7
Stomatitis 3 0 3 5.7
Anorexia 3 0 3 5.7
Abnormal hepatic function 2 1 3 5.7
Hyperglycemia 2 0 2 3.8
Hypophosphatemia 2 0 2 3.8
lleus 2 0 2 3.8
Abbreviation: GGT, y-glutamyltransferase
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PFS was 2.7 months, and the median OS was 10.1 months. All efficacy
data except survival were judged by an independent central radiologic
review committee.

The choice of DCR as the primary end point in this study was
considered appropriate because it reflects clinical practice where pro-
gression usually necessitates a change of treatment; its use is also
appropriate in a proof-of-concept study in the second- and third-line
settings. Patients in this study were previously treated; nearly half
(49%) received everolimus as a third-line therapy. The reasons for the
choice of this population were the recent establishment of S-1 plus
cisplatin as a standard first-line regimen in Japan and the lack of any
evidence, at the time of the study, to support a survival benefit of
chemotherapy over best supportive care in the second- or third-line
setting in advanced gastric cancer.

The clinical evaluation of everolimus in patients with gastric
cancer is supported by research regarding the mTOR pathway in
preclinical models'*'>!”**%% blockade of PI3 kinase signaling via
mTOR inhibition has shown antitumor activity in experimental mod-
els of gastric cancer.”>? It is noteworthy that the efficacy results were
similar in patients who had received one or two prior chemotherapy
regimens. A number of other agents and combinations have been
evaluated as second-line therapy in patients with advanced gastric
cancer, including docetaxel, paclitaxel, irinotecan/cisplatin, paclitaxel/
doxifluridine, paclitaxel/cisplatin, and $-1/mitomycin.****** Median
08 ranged from 3.5 months™ to 7.2 months™ in the single-agent trials
and from 6 months?® to 10.5 months® in the combination therapy
trials. In this trial, median OS was 10.1 months (9.8 months in the
second-line setting and 10.7 months in the third-line setting). These
results seem to compare favorably with those observed in the other
trials evaluating single-agent and combination therapy in the second-
line setting. Although the number of patients in the third-line
setting in this study is small, their median OS of more than 10
months is encouraging when compared with other studies in this
patient population.

In earlier studies comparing FU monotherapy with FU plus
cisplatin, uracil/tegafur plus mitomycin,> or irinotecan plus cispla-
tin,* the combinations had no survival advantage over FU mono-
therapy. One potential explanation for this observation is that therapy
with a single agent preserved the patients’ PS, allowing them to receive
additional lines of chemotherapy. The same effect may have been seen
in this study, where the majority of patients (n = 45) received addi-
tional chemotherapy after discontinuation of everolimus, again po-
tentially implying that the single-agent therapy with everolimus
preserved the patients’ PS, making them suitable candidates for fur-
ther line(s) of therapy. At the time of study discontinuation, 85% of
patients (45 of 53 patients) had PS of 0 to 1, and 92% of patients (49 of
53 patients) had PS of 0 to 2.

Everolimus was generally well tolerated, and no new safety con-
cerns were identified in the study. Grade 3 stomatitis was reported in
three patients. Other major grade 3 or 4 AEs included anemia (11.3%),
hyponatremia (9.4%), increased y-glutamyltransferase (7.5%), and
lymphopenia (7.5%). Pneumonitis related to everolimus was ob-
served in eight patients (15.1%), with no grade 3 or 4 pneumonitis
observed. There were no treatment-related deaths and no deaths
within 28 days after discontinuation of study drug. The frequency and
severity of AEs in this study, including pneumonitis, seem to be con-
sistent with those in a large phase I placebo-controlled trial in pa-
tients with advanced renal cell carcinoma.*> Compared with other
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