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Figure 3. (A) The incidence of SOS (Rubbia-Brandt grade 2 or 3) and stea-
tohepatitis (Kleiner score > 4) after preoperative chemotherapy in the OX
and OX + Bmab groups. (B) The increase in the splenic volume relative to
baseline according to the presence or absence of SOS.

received irinotecan-based regimens, and a previous report
identified irinotecan-induced steatohepatitis as an indepen-
dent risk factor for the 90-day mortality after surgery for
CRLM."* The SOS induced by OX-based chemotherapy
in the non-tumorous specimens of patients undergoing he-
patic resection was first reported by Rubbia-Brandt
et al.,”’ and an association between OX and SOS has
been confirmed in the other studies.'*'® There is evidence
to suggest that OX-based chemotherapy could be associated
with postoperative morbidities.'>* In the phase Il EORTC
40983 study, postoperative complications occurred more
often in the patients who received perioperative OX-based
chemotherapy (25%) than in the patients who had surgery
alone (16%), specifically showing a doubling in the biliary
fistula and hepatic failure rates.”’

Several studies have identified OX-induced SOS as a
risk factor for some adverse events after surgery for
CRLM. For example, Nakano et al. reported that SOS
was significantly associated with a higher morbidity rate

and longer hospital stay in patients undergoing major he-
patic resection, and that SOS resulted in an impaired liver
functional reserve.'® Soubrane et al. reported that there
was a significant correlation between the occurrence of se-
vere SOS lesions and postoperative morbidity, including a
large amount of postoperative liver insufficiency.”® They
also described that both intraoperative bleeding and the
transfusion rate were increased in cases of SOS after major
hepatic resection, although the increase was not significant.
Furthermore, another study demonstrated that SOS could
lead to early recurrence and decreased survival in the
long term."” As a result, OX-induced SOS may not only
compromise the perioperative outcome, but also impair
the Jong-term outcome. Being able to predict the severity
of SOS in a non-invasive manner would lead to a reduction
in perioperative adverse events. '

Many previous studies have identified predictive factors
for OX-induced SOS, such as the administration of six or
more cycles of chemotherapy,'® the preoperative AST
value,'® the preoperative indocyanine green retention rate
at 15 min (ICG—RIS),'6 a Jow platelet count,> a high
AST to platelet ration index,” an enlarged splenic vol-
ume'? and the findings of superparamagnetic iron oxide-
enhanced T2-weighted gradient echo imaging.*® In the cur-
rent study, an increase in the splenic volume relative to
baseline > 25% was the only independent predictor of
the development of SOS, and other factors, such as the
number of chemotherapy cycles, decreases in the platelet
count and the interval between completion of chemo-
therapy and surgery were not significant in the multivariate
analysis (Table 3).

Recently, several studies demonstrated that, when it was
added to OX-based chemotherapy for CRLM, Bmab might
have a protective effect against the development of SOS in
the non-tumorous liver parenchyma.'”*%*>-*’ Rivero et al.
reported that Bmab reduced the incidence of SOS of any
grade from 53.5% (5-FU/OX) to 27.4% (5-FU/
OX + Bmab), and of moderate or severe SOS from
27.9% to 8.1%."° Klinger et al. also reported that the inci-
dence of high grade (severe) SOS was markedly reduced
from 23.9% in the non-Bmab group to 1.9% in the
Bmab-treated group.”’ The current study also demon-
strated that moderate or severe SOS (Grade 2 or 3) was
reduced in patients who received OX + Bmab (16.0%)
compared to those who received OX alone (50.0%)
(p = 0.0068, Fig. 3(A)). There is also evidence that the
addition of Bmab to standard chemotherapy, including
OX, before hepatic resection for CRLM does not increase
the postoperative morbidity.”>?7** The current study also
showed that the addition of Bmab to OX-based chemo-
therapy before hepatectomy had no impact on the postop-
erative morbidity, requirement of a blood transfusion or
postoperative hospital stay (Supplement Table 1). These
findings suggest that Bmab should be added to OX-based
chemotherapy prior to surgery for CRLM from the
perspective of not only the anti-tumor effect, but also the

- 208-



K. Imai et al./EJSO 40 (2014) 559—566 565
Table 3
The results of the univariate and multivariate analyses of the preoperative factors contributing to the development of SOS.

k ' ' o Univariate analysis Multivariate analysis
HR 95%C1 p value HR 95%Cl p value

Gender (male) 0.83 ' 0.25—2.80 0.77
Age >65" 1.72 0.56—5.29 0.34
Site of primary tumor (rectum) 1.65 0.52—5.24 0.39
Synchronous vs. metachronous 1.40 0.41—4.81 0.59
Largest tumor size >36" mm 1.11 0.37-3.38 0.85
Number of metastases >1 1.46 0.42—5.03 0.55
Number of chemotherapy cycles >6" 2.52 0.80~7.95 0.11
Decrease in the platelet count >7.3" ( x 10*/mL) 2.69 0.86—8.49 0.091 1.62 0.36—7.26 0.53
Bmab use 0.19 0.05—0.69 0.012 0.65 0.12—3.52 0.62
Interval between completion of chemotherapy and surgery>34" days 1.72 0.56—5.29 0.34
Splenic volume before chemotherapy >112" mL 0.90 0.29—2.84 0.86
Splenic volume after chemotherapy >129" mL 1.58 0.50—5.00 0.43
Increase in splenic volume relative to baseline >25% 4.44-96.2 0.0001 14.4 2.48—83.3 0.0029

Bmab, bevacizumab; 95% CI, 95% confidence interval.
# Median.

prevention of the development of SOS and decrease in the
postoperative morbidity.

In the current study, the splenic volume increased signif-
icantly in the OX group, however, the addition of Bmab
prevented the splenic enlargement (Fig. 2). In addition,
the increase in the splenic volume was significantly higher
in patients with SOS than in those without SOS (Fig. 3(B)).
These results suggest that the improvement of splenic
enlargement might be a useful indicator of the protective
effect of Bmab against OX-induced SOS. Although it re-
mains unclear whether some of the patients treated with
Bmab still developed OX-induced SOS in the liver paren-
chyma, preoperative and non-invasive prediction of the pro-
tective effects of Bmab against OX-induced SOS will
facilitate the appropriate management of patients with
CRLM in terms of the selection of hepatic resection after
chemotherapy.

There are some limitations to this study which con-
sisted of two groups, the patients treated in the Kuma-
moto University, and the patients enrolled in KSCC
0802 study. First, the sample size was relatively small.
Second, the patients enrolled in the KSCC 0802 study
received only the mFOLFOX6 with Bmab regimen, and
in principle, 5 cycles of mFOLFOX6 + Bmab will be
administered. Therefore, some bias could be present be-
tween the groups. In fact, there was a significant differ-
ence in the total amount of chemotherapy cycles
between the groups. In this study, postoperative
morbidity did not differ between the groups, in spite of
the high incidence of SOS in the OX group. This result
disagreed with the previous reports,'”'® and may be
influenced by its small sample size and some bias.

In conclusion, the present study showed that the devel-
opment of SOS induced by OX-based chemotherapy was
reduced when Bmab was added, and the inhibition of
splenic enlargement might be a useful indicator of the pro-
tective effect of Bmab against OX-induced SOS.
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Abstract. Background/Aim: The Kyushu Study group of
Clinical Cancer (KSCC) conducted phase II trials (KSCC0802
~ UMINQDOO01308) concerning liver resectability after first-
line ireatment of advanced liver-limited colorecial metastases

(CRIM) by a prospective, multi-center study. Patients and  response rate was 30.0% (95% Cl=152%-44.8%). Median
Methods: Patients received 6 cycles of mFOLFOX6 with  progression-free and overall survival of all patients was 9.7
’Lxm'aci:mnab followed by evaluating liver resectability. The  months and 33.0 months), respectively. Conclusion:
“primary end-point was liver resection rate. Resulis: The 40  mFOLFOX6 with bevacizumab regimen is safe and effective

Jor advanced liver-limited CRLM and might lead ro high liver
resectability.

patients enrolled from September 2008 to August 2010. The
median number of administration cycles was 6 (range=1-7).
The liver resectability cases were 16/40 (40.0 %) and the
number of RO cases was 10 patients (25.0%). An overall
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Abbreviations: CRLM, Colorectal liver metastases; JSCCR,
Japanese Society for Cancer of the Colon and Rectum; 5-FU, 5-
fluorouracil; FOLFOX, Folinic acid, 5-fluorouracil and oxaliplatin;
EGFR, epidermal growth factor receptor; KSCC, Kyushu Study
group of Clinical Cancer; university hospital medical information
(UMIN); ECOG, Eastern Cooperative Oncology Group; PS,
performance status; PFS, progression-free survival; OS, overall
survival; RR, response rate; RECIST, Response Evaluation Criteria
In Solid Tumors; CT, computed tomography: MRI, magnetic
resonance imaging, CEA, carcinoembryonic antigen; CA19-9,
carbohydrate antigen 19-9; CTCAE, Common Terminology Criteria
for Adverse Events; CR, complete response; PR, partial response;
SD, stable disease; PD, progressive disease; NE, not evaluable;
MST, median survival time; CI, confidence interval,

CRLM were 10.7% of synchronous metastases and 7.1% of the
first metachronous metastases (1). The goal of treatment for
CRLM patients depends on the initial resectability of the
metastases and, according to most known treatment guidelines
and algorithms, patients may be categorized in accordance with
whether they bave ‘upfront’ resectable metastases, borderline
resectable metastases or unresectable disease (2). When
complete resection was performed successfully for patients with
liver-limited CRI.M, a 5-year survival of 40% to 50% could be
achieved (3-6). However even for curatively resected patients,
the recurrence was {requently observed without perioperative
modern chemotherapy.

Folinic acid, S-fluorouracil (5-FU) and oxaliplatin
(FOLFOX) is one of the standard chemotherapy for the
patients with advanced CRLM. The mFOLFOX6 regimen
can lead to tumors being downstaged in some patients with
initially unresectable CRLM and, in a previous study, has
allowed hepatic resection in 16-38% of the patients (6). A
phase III study of the European Organization for the
Research and Treatment of Cancer (EORTC), intergroup
Trial 40983, identified that perioperative chemotherapy with
FOLFOX4 improved progression-free survival (PES) after
hepatic resection of initially resectable CRLM (7). In recent
years, great anti-tumor effects have been demonstrated with
targeted agents, such as bevacizumab (anti-vascular
endothelial growth factor (VEGF) antibody) or anti-EGFR
(anti-epidermal growth factor receptor) antibody. Additional
use of bevacizumab on chemotherapy for CRLM can result
to increased response rate, prolonged progression-free and
overall survival and decreased blue liver (8,9). In Japan,
there have been few data concerning liver resectability
following mFOLFOX6 with bevacizumab as the first-line
treatment of non-resectable liver-limited CRLM.

It is quite difficult to divide CRLM patients to be initially
resectable or unresectable, especially in a multi-center study.
Limitations of hepatic resection or resection skills are
different by each center. Therefore, in the present study, we

6656

-within 2 weeks after enrollment. Patients who appeared to b

“212‘ [

decided to select H-factor categories according to the issues
by JSCCR; HI, four or less metastases with the largest
diameter being 5 cm or less; H2, other than H1 or H3; H3,
five or more metastases with the largest diameter being more
than 5 cm (10). Patients with H2 and H3 have been reported
to have significantly poor prognosis compared to H1 (3, 11).
The aim of this prospective multicenter study was to evaluate
the resectability and safety of mFOLFOXG6 plus bevacizumab
on H2 and H3 liver-limited CRLM.

Patients and Methods

H2 or H3 liver-limited CRLM patients were enrolled to a
multicenter phase II trial of Kyushu Study group of Clinical Cancer
(KSCC) 0802 study. The study was registered with a national review
board; university hospital medical information (UMIN) 000001308,
[nstitutional Review Board (IRB) approval was obtained from all
institutions participating in this study. Written informed consent was
obtained from all patients prior to enrollment.

Eligibility criteria. Patients with histologically proven colorectal
cancer and at least one measurable lesion in the liver (with no non-
hepatic distal metastasis/relapse) were eligible for this study if they
met all of the following criteria: H2 or H3 CRLM (either
synchronous or metachronous); age =20 and < 75 years; no prior
chemotherapy except adjuvant chemotherapy if ended =6 months
before study entry; no prior radiotherapy for advanced/recurrent
colorectal cancer; Eastern Cooperative  Oncology Group
performance status (PS) 0 to I; life expectancy estimated = 3
months; adequate bone marrow and renal function.

Study design. This is a single-arm study based on the Southwest
Oncology Group (SWOG's) standard two-stage design. Assuming :
null and alternative liver resection rates as 20% and 0%
respectively, 35 patients would be required to achieve 80% power
at binomial test with one-sided alpha <0.05. To allow for a 0%
drop-out, the number of patients was set to 39. After examining the
primary endpoint of the first 20 patients in the first stage, the study
was planned to stop if less than 3 patients of liver had been
resectable because of low expectation lo achieve the alternative liver
resection rate. After the second stage, the null liver resection rate
was tested for all patients eligible for the analysis.

In principle, 5 cycles of preoperative chemotherapy
(mFOLFOX6: oxaliplatin 85 mg/m?, leucovorin 200 mg/m?* d
followed by 400 mg/m? bolus 5-FU and a 46-h 2,400 mg/m? 3-F
infusion every 2 weeks+bevacizumab (5 mg/kg)) was administere

o,

amenable to curative resection after completion

mFOLFOX6+bevacizumab received 1 cycle of mFOLFOXG.
principle, and then underwent liver resection after addition
reassessment of liver resectability. Liver resection should b
performed between 6 and 9 weeks after the final use of bevacizum
and at least 2 weeks after the final use of mFOLFOXG6.

End-points. The primary endpoint was the proportion of paticn
who underwent liver resection. Secondary endpoints were
percentage of H2 patients and percentage of H3 patients W
underwent liver resection, 3-year PFS rate, 3-year overall sury
(OS) rate, the objective response rate (RR) according to i
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Response Evaluation Criteria In Solid Tumors (RECIST ver. 1.0)
criteria (12), safety (adverse events, percentage of patients who
completed preoperam'e chemotherapy, incidence of liver disorder,
incidence of postoperative complication, postoperatwe duration of
hospital stay), percentage of R0 resection and histological response.
The operative indication was decided according to the policy of
=ach institution.

Assessment of efficacy and adverse events of chemotherapy. During
protocol treatment, computed tomography (CT) or magnetic
resonance imaging (MRI) and tumor markers (CEA and CA19-9)
were basically performed every month. A physical examination,
blood counts and blood chemistry were performed at every cycle.
Patients were assessed before starting and at each 2-week cycle
according to the National Cancer Institute-Common Toxicity
Criteria (CTCAE ver. 3) (13).

Liver resection. After 5 cycles of preoperative mFOLFOX6+
bevacizumab, surgical resection in curative intent must be performed
as soon as possible after 1 cycle of additional mFOLFOXG6. After
recognition of enough function of the future liver remnant, hepatic
resection was conducted. The operative procedure, as to whether
anatomical or non-anatomical hepatic resection is performed, is not
instructed and is decided by each surgeon. Treatment of the
disappeared lesjons is not provided and observation of such lesions
is ncceptable. Preoperative portal vein embolization was authorized
(o this study but concomitant use of intraoperative radiofrequency
ablation or two-stage hepatectomy was prohibited.

rathological effects. The pathological response was depended on the
criteria of JSCCR (10) as follows: grade 0: with no necrosis or
cellular or structural change; grade la: with necrosis or
disuppearance of tumor in <1/3 of the entire tumor; grade 1b: with
necrosis or disappearance of the tumor in <2/3 of the entire tumor;
srade 2: with necrosis or disappearance of the tumor in >2/3 of the
entire tumor but with viable tumor cells remaining; and grade 3:
with the entire tumor presenting necrosis and/or fibrosis and no
viuble tumor cells identified.

Follow-up. Subsequent therapy, unless decided by each clinician,
after this experimental treatment is not stipulated regardless of
hepatic resection. As a rule, we followed-up patients by screening of
metustases or recurrence with CT or MRI and tumor markers at a
S-month 1-year and 3-year period. The survival and recurrence was
csiimated every 6 or 12 months.

Statistical considerations. One-sided test on the liver resection rate was
conducted with the binomial test. The confidence interval (CI) for the
proportion was estimated by the exact method. The duration of survival
wiis measured from the day of entry into the study. PFS and OS were
cialeulated by using the Kaplan-Meier method and were compared by
using the log-rank test. All statistical analyses were performed with the
Stata version 12 (Stata Corp., College Station, TX, USA). A two sided
<0105 was considered as stalistically significant, except at the test of
the primary endpoint which adopted one-sided test.

Results

Patients’ characteristics. From May 2008 to April 2010, a
lota] of 40 patients with H2 or H3 liver-limited CRLM were

Table 1. Patients’ characteristics at study entry.

Parameter No. of patients %
Age (years)
median (range) 63 (37-74)
M/F
Male 29 72.3
Female 11 27.5
Performance status (ECOG)
0 38 95.0
1 2 5.0
Primary tumor sites
Colon 25 62.5
Rectum 15 373
Unknown 0
Primary lesion
Yes 35 87.5
No 5 125
lymph node
NX 3 7.5
NO 8 20.0
N1 16 400
N2 12 300
N3 1 2.5
Histology of primary tumor
Adenocarcinoma
Well 13 325
Moderately 24 60.0
Poorly 1 25
Mucinous carcinoma 0 0
Others 1 2.5
Liver metastatic lesion
tumor size (range) 52.5 (10-135)
number of liver metastases (range) 5(1-20)
Extent of liver metastatic lesion
H2 30 75.0
H3 10 25.0
Bilateral lobe/unilateral lobe
Bilateral lobe 2 700
Unilateral lobe 12 300
Synchronous/metachronous
Synchronous 33 85.5
Metachronous 7 17.5
Postoperative complication
Yes 5 250
No 15 750
Adjuvant therapy
Yes 4 20.0
No 16 80.0

ECOQOG, Eastern Cooperative Oncology Group: N and H staging were
according to the Japanese Society for Cancer of the Colon and Rectum
(JSCCR).

enrolled in the study from 19 Institutions. No patients were
declared ineligible. The patients’ characteristics at study
entry are shown in Table I. There were 30 patients for H2
and 10 for H3. Median size and number of CRLM were 52.5
and 5 mm, respectively. The median number of cycles of
chemotherapy was 6 (range=1-7).
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Table 1. Relarive dose intensities.

n Median 5%tile 95%tile mean Sb min max
Oxaliplatin 40 90.1 51.8 100.0 82.8 19.7 0.0 100.0
Levofolinate 40 90.1 599 100.0 87.1 12.7 520 100.6
5-FU (bolus) 40 90.9 54.8 100.0 84.5 156 44.3 1004
5-FU (continuous) 40 90.3 56.7 100.0 855 150 41.1 100.0
Bevacizumab 40 88.6 474 100.0 82.8 174 44.8 1019
‘3-FU, 5-fluorouracil; SD, standard deviation.
Table III. Hematologic toxicities (n=40). Table IV. Non-hematologic roxicities (n=40).
All grade Ge Grade 3/4 % All grades %  Grade3/d -,
White blood cell 25 62.5 4 10.0 Pyrexia 5 125 0 0
Neutrophil 32 80.0 13 325 Febrile neutropenia 3 7.5 2 S0
Hemoglobin 31 713 0 0 Fatigue/malaise 20 500 1 1A
Platelet 13 325 0 0 Diarrhea 200 1 A
Total bilirubin 7 17.5 0 0 Constipation 6 150 0 t
AST 22 55.0 1 25 Nausea 12 300 0 0
ALT 17 42.5 0 0 Vomiting 5 125 0 ]
ALP 27 67.5 1 25 Appetite loss 21 52.5 1 RN
Creatinine 3 7.5 0 0 Alopecia 9 22.5 0 0
] Hand and foot syndrome 7 17.5 0 [
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, Taste alteration (taste disorder) 4 100 0 0
alkaline phosphatase. Hypersensitivity 3 7.5 0 ¢
Nerve disorder (CTCAE v3.0) 16 40.0 0 0
Neurological symptom (DEB-NTC) 16 40.0 0 0
Hypertension 9 225 0 4]
Liver resection rate (primary end-point). One patient Who  Thrombosis/thrombus/embolism 0 0 0 0
did not undergo liver resection after laparotomy because  Proteinuria 2 5 0 1
no hepatic lesion was detected was excluded from the  Gastrointestinal hemorrhage 0 0 0 0
resected patients. The overall resection rate was 40.09%  Bleeding 1 25 0 u
(16/40) and the percentage of H2 and H3 patients who  Gastrointestinal perforation 0 0 o o

underwent liver resection was 46.7% (14/30) and 20%
(2/10), respectively.

Treatments adminisiered and toxicities. The median relative
dose intensities of oxaliplatin, levofolinate, 5-FU (bolus), 5-
FU (continuous infusion) and bevacizumab were 90.1%,
90.1%, 90.9%, 90.8% and 95.3%, respectively (Table II).
Two patients withdrew before the end of the study due to
personal reasons (5%) and five received fewer than six cycles
of therapy due to toxicity (12%). The combination of
bevacizumab plus mFOLFOX6 was relatively well tolerated
(Tables 1II and 1IV). The most commonly reported
hematological toxicity was neutropenia. Grade 3 and 4
neutropenia were observed in 32.5% of patients, however,
febrile neutropenia was rare (5.0%). Serious adverse events
(Grade 3 and 4) that may be associated with bevacizumab
were nil, including thromboembolic events, hypertension and
gastrointestinal hemorrhage and perforation. There was no
treatment-related death.

CTCAE, Common Terminology Criteria for Adverse Events: DER-
NTC, Neurotoxicity Criteria of Debiopharm. :

Tumor response. All 40 patients were evaluated for their
tumor response. No complete response (CR) was obscrved.
The overall objective RR was 30.0% with a 95% CI [rom
16.6% to 46.5%. Stable disease (SD) was achieved in 55.0%
of patients. The tumor contro] rate (partial response (PR) +
SD) was 85.0%. Only three patients (7.7%) expericnced
progressive disease (PD) during neoadjuvant therapy.

Progression-free and overall survival. The median potentiul
follow-up time from commencement of treatment was 8.9
months (range=9.9-52.3 months). The starting point 10
calculate survival was the day of registration to this study.
The median PES of all patients (n=40) was 9.7 months (93
CI=6.2-11.8 months). The estimated 1-, 2- and 3-year PI'S
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Figure 1. Cumulative overall swrvival (OS) and progression-free survival
(PFS) rates in all patients with colorectal liver metastases (CRLM).
Solid line, OS; dotted line; PFS.

were 35.0% (95%CI=20.8%-49.6%), 22.5% (95%CI=11.2%-
36.3%) and 12.5% (95%Cl=4.6%-24.6%), respectively
(Figure 1). The median survival time (MST) was 33.0
months (95%CI=22.8 months —not reached). The estimated
|-, 2- and 3-year OS were 87.5% (95%CI=72.5%-94.6%),
62.3% (95%CI1=45.4%-75.3%) and 49.3% (95%CI1=33.1%-
63.7%), respectively (Figure 1).

The cumulative PES (Figure 2A) and OS (Figure 2B)
curve in patients with finally resectable (n=16) and
unresectable (n=24) CRLM were investigated. The median
PRS was 10.7 months (95%CI1=6.9-25.8) and 7.2 months
(95%CI=4.6-12.9) in finally resectable and unresectable
CRLM, respectively, while the cumulative PFS was
cquivalent (p=0.21) in the two groups. In contrast MST was
longer than 51 months (95%CI=27.8-not reached) and 22.8
months (95%CI=13.7-38.3) in finally resectable and
unresectable patients, respectively, whereas the cumulative
S with resectable CRLM was significantly greater than that
of CRLM without hepatic resection (p=0.002).

The cumulative PFS (Figure 3A) and OS (Figure 3B)
curve in patients with H2 (n=30) and H3 (n=10) CRLM were
studied. The median PFS was 10.6 months (95%CI=6.9-
16.1) and 60 months (95%CI=2.4-9.9) in H2 and H3
patients, respectively, while the cumulative PFS was
marginally better (p=0.055) in H2 patients compared to H3
patients. MST was 51.4 months (95%CI=24.4-not reached)
and 204 months (95%CI=10.0-33.0) in H2 and H3 patients,
respectively, whereas the cumulative OS with H2 patients
was significantly greater than that of H3 (p=0.015).

Median PFS and OS in patients with responder (n=12) and
non-responder (n=28) CRLM, by the RECIST criteria, were
equivalent (both, p=0.11); 10.6  months (95%CI=6.2-not
reached) and 7.2 (95%CI=4.8-11.0) in PFS compared to not
reached (95%CI=19.8-not reached) and 27.5 months
(95%ClI=17 2-46.4), respectively.

PFS (RFS)
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Figure 2. Cumulative progression-free survival (PFS) (A) and overall
survival (OS) (B) curve in patients with initially unresectable liver
metastases according to the existence or nonexistence of hepatic
resection. Solid line: patients with hepatic resection, doited line:
patients without hepatic resection.

Intra- and po;vroperative findings. Hepatic resection was
performed solely for all 16 patients without synchronous
resection of primary tumor. Hepatectomy included hemi-
hepatectomy in 4, sectionectomy in 5 and segmentectomy or
partial resection in 7. There were no intraoperative
complications. Postoperative complications were observed in
5 patients (31.3%), namely biliary leakage in 2 patients
(12.5%), intra-abdominal abscess in 1, wound infection in 1
and wound dehiscence in 1. No patient required further
surgery. The median postoperative hospital stay was 18 days
(range=9-66). Adjuvant chemotherapy after hepatic resection
was performed in 7/16 (44%) of the patients (FOLFOX in 2
patients, FOLFOX+bevacizumab in 2, folinic acid, 5-FU and
irinotecan (FOLFIRI)+bevacizumab, uracil and
tegafur/leucovorin in 1, and S-1 in 1).

Pathological findings. Histological curability was consisted
of RO: 10 (62.5%), R1: 2 (12.5%) and R2: 4 (25.0%). The
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degree of pathological response of CRLM was classified as
Grade Q in 1, Grade la in 2, Grade 1b in 4, Grade 2 in 7 and
no Grade3. Pathological examination of background liver
showed sinusoidal obstruction (Rubbia-Brandt Grade=2) (14)
in 2 patients (12.5%) and steatosis in 3 (18.8%).

Discussion

The primary end-point of this clinical study was the
percentage of CRLM patients who underwent liver resection.
To confirm conversion, the rate of initially unresectable
CRLM after induction chemotherapy is a completely
fascinating issue. However, in a multi-center study it is
difficult to analyze the resectability rate because the resection
criteria of each Institute differ. Therefore, we decided to
enroll H2 or H3 CRLM patients who had poor surgical
outcome compared to HI (3, 11, 15). It is known that
patients in the synchronous group demonstrate significantly
lower resection rates compared to the metachronous group
(5, 16). In the current study, 33 of the 40 patients (82.5%)
had synchronous CRLM. Nevertheless, the resection rates
were 46.7% for H2 patients and 20% for H3. A similar
multi-center study of preoperative chemotherapy using
capecitabine, oxaliplatin (CAPOX) plus bevacizumab for
patients with poor-risk liver-only CRLM has been initially
introduced (17). Of the 30 initially technically unresectable
patients in that study, 12 (40%) were considered potentially
suitable for resection. Recently, we have reported that
conversion rates in a cohort of initially or marginally
unresectable 137 CRLM patients were 54.7% for H2 patients
and 18.2% for H3 (18).

According to a consensus statement (19) for downsizing
of CRLM, while FOLFOX and FOLFIRI represent two
chemotherapy backbones of equivalent efficacy, there is a
possibility that the three-drug regimen 5-FU, leucovorin,
oxaliplatin and irinotecan (FOLFOXIRI) may provide a
higher likelihood of a response. Recently FOLFOXIRI plus
bevacizamab was introduced in the European Cancer
Congress 2013 and updated efficacy/safety findings from a
randomized, phase II study in patients with initially
unresectable CRLM (OLIVIA study) was demonstrated
(20). A total of 80 patients were divided to FOLFOXIRI+
bevacizumab (n=41) and mFOLFOX6+bevacizumab (n=39)
group. In the FOLFOXIRI+bevacizumab group, increased
resection rate (61% vs. 49%) and significantly greater RO
rate  (48.8% vs. 23.1%, p=0017) was observed.
FOLFOXIRI+bevacizumab may be an extremely promising
regimen for unresectable CRLM. To calculate the true
conversion rate of unresectable CRLM in the current study,
we have performed a central review to assess the
resectability by checking paired baseline and post-
chemotherapy scans being blinded to patient clinical
information like CELIM study (21).
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Figure 3. Cumularive progression-free survival (PES) (A) and overall
survival (08) (B) curve in patients with H2 and H3 colorectal liver
metastases (CRLM). Solid line, H2 CRLM (n=30); dotted line; 113
CRLM (n=10).

In our study, 40 CRLM patients were safely treated with
the preopérative setting of mFOLFOX6 and bevacizumab.
The relative doses of the drug administered were satisfactory.
Serious adverse events (Grade 3 and 4) were not observed:
limited side effects associated with bevacizumab. Maximal 6
courses of FOLFOX and 5 courses of bevacizumab might
make this study safer. A total of 6 cycles of preoperative
chemotherapy significantly increased the postoperative
complication rates (16% to 25%) (7). The incidence rates ol
biliary fistula or intra-abdominal infection were higher in the
patients treated with FOLFOX followed by hepatic resection.
In our study, the complication rates were 31.3%, including 2
biliary leakage and 2 infectious complications, however, they
were immediately recovered. Median postoperative hospital
stay was 18 days enough to the early restart of adjuvant
chemotherapy.

In this study, a high disease control rate of 85.0% wus
obtained, however, the overall objective RR was 30.0% .
Bevacizumab can protect against sinusoidal obstruction
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syndrome but does not increase the response rate in
neoadjuvant XELOX/FOLFOX therapy of CRLM (22, 23).
—Median PFS and OS in patients with responder and non-
responder CRLM were equivalent in our study. In the
EORTC 40983 study (7) and in our study PD with
RECIST’s criteria was observed in 12/182 (7%) and 3/40
(7.5%), respectively. An important finding was the
appearance of new intra- and extra-hepatic lesions; it is
likely that these new lesions would have occurred
immediately after hepatic resection, a presence that might
be considered a diagnostic advantage before an unnecessary
operation.

Pathological responses to neoadjuvant chemotherapy in
CRLM have been shown to correlate with improved survival
(24). Bevacizumab in combination with oxaliplatin/
fluoropyrimidines was associated with the highest major
pathological response rate (25). Extensive pre-operative
chemotherapy does not improve the pathological response
but can increase the risk for post-operative liver insufficiency
(26). In this study, the rate of patients with Gradelb and
Grade 2 was 68.8%. Non-invasive CT morphological criteria
had also recently been developed that correlated the CT
appearances of CRLM after bevacizumab treatment with
pathological response and OS (27).

In the present study, pathological sinusoidal obstruction
(Rubbia-Brandt Grade=2) in the background liver was
demonstrated only in 2 patients (12.5%) and steatosis in 3
(18.8%). Concomitant use of bevacizumab and oxaliplatin
can decrease sinusoidal obstruction (23, 28). We have
reported that splenic volume enlargement might be a useful
indicator for the protective effect of bevacizumab against
oxaliplatin-induced sinusoidal obstruction (28). The
presence of sinusoidal obstruction has been shown to
impair hepatic regeneration in a rat model (29).
Furthermore, sinusoidal obstruction was reported to result
in poor recurrent-free and overall survival (30). According
to these viewpoints, combination use of bevacizumab and
FOLFOX appears reasonable to use before hepatic
resection.

In conclusion, mFOLFOX6 with bevacizumab is safe and
effective and therefore, is recommended as a preoperative
chemotherapy regimen for patients with advanced liver-limited
CRLM undergoing potentially curative liver resection.
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Summary Backgronnd Tivartinib is a selective, nen-ATP
competitive, small-molecule tnhibitor of ¢-Mct and s under
development in several cancers including non-small cell lung
and hepatocellular carcinonia. Activation of c-Mect has been
frequenty found in metastatic gastric cancer (MGCy amd is
associated with poor prognosis. In this single-arny study, we
evaluated the efficacy of tivantimb monotherapy in Asian
panents with previously weated MGC. This is the first elinical
report from the tials evaluating the efficacy of o sclective ¢-
Met inhibitor for MGC. Patiems and methods Eligibility
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critenia included: MGC with at least one measurable fesion:
For 2 prior chemotherapy regimens: and ECOG PS 0 or 1.
Tivantinib was daily administered orally, The primary end-
point was the disease control rate (DCR). Pre-treatment tumor
tissue was collected to evaluate the biomarkers related 1o
cHiicaey. Resulis Thinty patients. including 12 paticats with
prior gastrectomy. received tvantinib: median age 62.5 vears:
ECOG PS O/1 (8722 142 prior regimen (16/14). No objective
response was observed. and DCR was 36.7 %, Median
progression-free survival was 43 days (93 % CL: 29,0-92.0).
Grade 3 or 4 adverse events oceurred in 13 patients (43.3 %),
i whom newtropenia (N =4) and anemia (V=) were recog-
nized as drug-relaed. e-Met gene wnplification was observed

2 patients (6.9 %), No obvious relationship was identified
between elficacy and biomarkers including gene amplification
ol ¢-Met, expression of e-Metl, p-Met and HGE. Conclusion
Tivantimb as a monotherapy showed a modest eflficacy in
previously treated MGC, and further studies taking account
of predictive biomarkers and/or combination with other ¢he-
motherapy may be needed in MGC.

Keywords e-Metinhibitor - Tivantinib - ARQ 197 - Gastric
cancer - Phase Hstudy

Introduction

Gastric cancer is the Tourth most common malignancy and the
second leading eause of cancer death in the world where
OUSE000 of new cases and 736.000 deaths are estimated o
have ocewrred annually, with one hall of the patients found in
astern Asia in 2008 [, In the first-line setting of metastatic
gastric cancer (MGC), combination chemotherapy based on
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Huoropyrimidine (uorouractl or its derivativest and platingm
15 currently reearded as the stundard treatment. Recently, s
the first molecular-targeted therapy for MGC, an ant-HER2
antibody trastuzumab demonstrated o survival benefit in
HERZ positive patients, but HER2 positive patients are
Timited o around 200 % of MGC [2]. I the second-line
setting, although inmotecan and taxanes (paclitaxel, docetaxel)
are currently used for the palliative chemotherapy. clinieal
benelit of these agents had not been provided by o large
clinical trial an the time of desigming this triad [ 3], Therelore,
a standard second-hine or third-line chemotheripy is needed
for MGC,

e-Metand its higand, bepatoeyie growth factor (HGE)L play
important roles in oncogenesis. Aberrant activation vt the
HGFe-Met signaling pathway may lead o increased tumor
cell profiferation. resistance to apoptosis, mvasive growth, and
enesis [, Gene amplification of e-Met, overex-
pression of e-Met. or elevation of seruny HGE are known o
correlate with poor prognosis in MGC [2-9] In view of the
the HGEe-Met signaling pathway in gastrie
cancer progression. several biologics and low-molecular-
-Net axis,

WHIOT 30210g:

crtical role of

wetght compounds, which iterlere with HGEF/e
are currently wnder clinical investigation. However, the clini-
cal mpact of HGF/e-Metaxis inhibition is still unknown [10].
I addition. relevant biomarkers have not been defined o
seleet a MG patient population potentially responding 1o
HGF/e-Met inhibitors.

Tivantinb (also known as ARQ 197) is & low-molecular-
weight compound. and s the first in ¢class, orally available
sclective inhibitor of c-Met [11] Tivantinib disrupts c-Met
phosphorylation in a tu»n~:\l"l’ competitive manner,
distinguishing it from other e-Met inhubitors in clinical trials
[{12], Growth inhibition in c-Met expressing gastric cancer cel)
lines was induced by exposure to tvantinib in vitro and
in vive [H] Tivantimb has been studied in several clinical
trials across various umor types and demonstrated eMicacy in
vwo placebo-controlled randomized phase 2 studies tn non-
small cell ung cancer (NSCLCY and hepatocellular carcinoma
(HCCy (13 141 T
patients with solid tmors showed that cytochrome P40
2C19 (CYP2CT9) genotype affect the phannacokinetics and
the tolerability of uvantinib. CYP2CT9 is known to have
genetic polymorphisms leading 1o enzymatic dysfunction.
Thus the recommended phase 2 dose of tivantinib in Asian
pepulation was determined by o pretrestment test for
CYP2C19 polymorphism: a 360 mg twice daily dose for
consecutive days was recommended (or patients with at least
one wild-type allele of CYP2CT9, who are the majority
(approximately 80 %) of the Asian population [13]

This is the first clinical wrial evaluating the efficacy of a
-Met inhibitor in. MGC patients. The pmmw end-

CRyof tivimtinib

he previous phase 1 study in the Japancse

selective ¢©
pointwas 10 assess the disease control tate (D
in the patients with MGC.
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Paticnts and methods
Study design

This was a phase 2. open-label, single-arm, multicenter irial
among Korean and Japanese patients with MGC. The primary
abjective was to assess the DOR. defined as the proportion of
paticits demonstrating complete response (CR), partial response
(PR). or stable disease (SD). Sceondary objectives included
overall response rate (ORR), progresston-free survival (PFS)
overall survival (OS), safety profiles, and predictive biomarkers,
In additgon.. the phanmacokinetic (PR) differences between
Korean and Japanese or between patients with and without
prior gastrectomy were also evaluated. AL results
analyzed i the full analysis set (FAS), wiieh included all
chgible patients who received at least one dose of tivantinib,

For the PK analysis, 18 patients (9 Korean and 9 Japanesce)
without any history of gastrectomy were divided into three
groups, and the patients received asingle dose of 1200 240 or
360 g tvantinib on the fist day of administration (day 1),
The remaining 12 patients (6 Korean and 6 Japancse) with
gastrectomy were treated with 360 mg onday 1. On day 2 and
thereafier. all patients started daily continuous tivantinib at the
dose of 360 mg bid between meals until discase progression,
symplomatic deterioration, unacceptable toxicity, treatment
interruption for any reason more than 14 days, or withdnnwal
of informed consent. Dose adjustiments were gradually
allowed from 360 my bid to 240 mg bid and then 120 mg
bidl. i grade =3 toxicity was observed and patients were able
to recover within 14 days of drag interruption,

This study was sponsored by Kyowa Hakko iKirin Co.. Ltd.

WIS

and conducted i accardance with institutional euidelines,
Good Clinical Practice guidehines and the Declaration of
Helsinki. Documented approvals from the Institutional
Review Boards were obtained, All patients provided written
mivnmed consent. This wial was registered in Clinical Trials.gov
as NCTOTIS2645.

Patient population

The participating centers included Asan Medical Center
{Korew)., Shizuoka Cancer Center (Japan), Aichi Cancer Center
Hospital (Japan) and Shikoku Cancer Center (Japan),

Patients were eligible if they had a histologically or eyto-
logically confimmed MGC: = 20 years of age with informed
consent: previously treated with 1 or 2 prior chemotherapies:
CYP2C 19 genotvpe with at least one wild-tvpe allele: at least
one mieasumble lesion per Response BEvaluation Criteria in
Solid Tumors (RECIST) version 1.1 [16]: ECOG performance
status 0 or 1 adequate organ functions: and consent (o tumor
sample submission for biomarker analysis. Key exclusion
criteria were any prior reatment with e-Met inhibitors; sur-
gory for cancer within 4 weeks prior 1o the first dose of
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thantinibl ay concooniant anticancer weatment nchudimg
chemuatherpy Tiomsons idrmapy. rdisthienp s immuanothicrapy.
or another s estigational drug wsed within 2 weeks: muliple

prinury neoplasny withm 3 vearstinability to ke oral tuantind

trointesting

twce datlys contral nonvous systent mctastasis: gas

disurders that naighin mterfere wath the absorpnon of taananib
and underlyving encontrofied comphication.

Fitieaey eviduation

The primiry efficiey objective was fo assess the DORL which
R.PRor SD as
the best overall response ;xcmreting to the following criteria
bused on the RECIST vesion LI PR or CR was confimned
Sweeks after fiest detection of response. Patients were assigned o
best overall response of SD i they achieved SD atier the 8 weeks
treatment with tvantinib, The
ot haschine, 4 and 8§ weeks after the beginning of reaunent. mnd
Th

seas defined us the proportion of patients with C

investigators mensured umor size
every 6 woeeks thercafier, The response and progression was
deterraned by the cenird radiology review commiuee for the
pomuary objective evaluation. The DCR was sumimanzed i
terms of percentage, with & 95 %6 confidence interad (Ch, and
wis cafenfated prinandy bused o the assessmient of the cential

radiclogy review. A sample size of 30 patients will provide

ST ;mx o to mdicate tun the lower limit of the 93 %5 Clof

rater il the
Ble R with tivantingh is expocted o be 60 %% argeted nue).

the PR wiall excead the threshold of 207 (luuhty

Pharmucokineties analvsis

Blood samples were obtamed oncday prec 120406010012,
aned 240 b adter the first dose of 120 mg, 240 my or 360 mg).
sodd before dosing onday 1S and d
stored at =207 C unnl analysis,
i the plasma was measured by hquid chromatography/

day 29, Plasnus samples were

and concentration of tivantinib
tandeny miass spectrometry. PR parameters were caleulated
by noncompartmental analysts using WinNonlin (Pharsight,
Mountain View, CA )

Biomarker analysis

HBiomarkers tested Borein were e-Met expression. phosphory-
Led e-Met (p-Met)y expression. HGF expression and e-Met
wene copy pumiber i tumer samples and HGEF concentmtion
1w serun samples.

csh or archived
s patients. Optional

Paraffin-cmbedded mmer samples from i
tumor specimens were collected fronvallthe
vanhinib was done in
an additonal consent. The nnnwmohisto-
chentstry (HOCY for o-New p-Aet and HGF, and Huorescence
st hvbndizaton (FISHD for o-Net and centromere 7
(CEPT, as an assay confrad) were conductad by o commercial
fuboratory (SRL oo,

re-hiopsy atter 3 weeks trentment wth i
the patients with

Tekvo, Jupant The tollowing antbodies

were used for HHC “‘t‘ifivck\id (clone C12, ~ant Cruz Blowech-
molouy: tnc, l'\f Uy antisphosphio-CNTer TT0r1 3497 rabbit
AL (clone 130 H’ Cell Signaling Technology, Inc. MAL
UsAy and anti-huwman HGEFo mbbit 126G dmmuno-Biological
Pabortonies Coo Ld, Fukuoka Japan), The resulis of the THC
from
of ;msiix\c fuor area

staining were quandificd using the Hescore which mnge

to Mton th

i basis of both the pereentage
(0= 1007 and the stinmmyg mlensity (U, no stdning: 1

weak
stamning; 2 mioderate staining: or 3. intense staining)y. High ¢
Mot expression was defined i H-score on tumor cell membrane
or i tumer cell exvtoplasm exeeeded 100, whieh approximates
the median score among the wested swnples, e-Met copy nun-
ber per cell was determined by FISH with the use of Vysis
D7SI22:08P 7 FISH Probe Kit{Abbot Molecular Inc., 1L,
USAY e-Met gene amplification was defined as previously
reported: i rtio of e-MetCEPT of Tugher than 2.2 8]

Bload samples tor serum HOE were also collected on day

(pre-treatment and 12 heafter the st dosey and on day 29, The
coneanitration of senim
faboratory, SR Ine.

HHGE was micasared by o commercial

Resulis
Patient charneteristics and treatment

Atotal of 31 padents were enofled from July 2010 10 June
201E The FAS population, which s defined as the patients
who received at least one dose ol uvantinib. included 30
patients: the rematimg patent did notrecen e study medication
due to the determmation of inchigibility afier the registration,
Table | shows the patient charactenistics of the FAS population.
OF 30 patients, 80 % of paticnts were male and the median age
wias 62,3 vears, erices I patient
characteristies between Korean and Japanese except the distri-
bution of ECOG PS. On the dat cot-oiT date for this report, all
patients had discontinued the study treatment,
The median duration of treatiment was 36.3
moedion relative dose tensity was 944 %,

There were no notable diffe

5 days and the
Ninety-seven
percent of the patients discontinued this study due @ discase
(rOLress1on,

Etlicacy and biomarkers

OF 30 patrents 1y the FAS, P achieved diseass control (10 CR:
OPROTE SDL resulting inthe DOR o 36,7 %5 ¢u3 2 CL 199

36,0 ey The Tower htt of 1ts 95 5 O did not exceed the
target threshohd of 20 %0 {(Table 230 The medinn PFS was
3.0 duvs (93 %6 CL 290292 0 daysy, and the median survival
LS days (93 s OB 227038000 davsy

t
4

Ime was

élfig The medinn duration of stable disense wis 98.0 days
93 76 Ol 9203470 daysy mmong the 1 subjects who
sehicved abest oy udli response of 8.
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Table 1 Patents chamctenstics

Onyerall

30

Fhmoity

Tapanese
TR K

Konan
s

Agc

Tumor histology

LCOGPS
Prinr chemothcrapivs
Castrectomy

Current cieer dingnosis

1 il wild tese genotype,
shiereas * 2 and *3 are the major
polymorphisn feading 1o fuse-
thonal deficieney

CYP2CT gopotype ”

UV PO genolvpe

Ferale

NMule

Median trange)

Welt dilferentiated
Sodenuely differontianed
Pourly differentintad
Ol

Unknown

Yen

Nﬂ
Advineed
feciment
R

i T

#],%3

6 (2000
RO Ty
625 (41T
Jjog g
T333 7
14 (46.7 %0
267 %)
1339
8267 %%

J24733 0

i3

21 1w

G533 %)
F4 (16,7 %)
12600 )
I8 (600 %
23767 %
723349
12400 %)
[ERCRB Y
3167 %

208 ]
[2050.0 )
HA0041-T0)
20133 00
32000 )

=

s

330
16,7 o)
6.7 ")
8333 %%)

k9]

g

T4,
GO0 )
6400 %)
G400 )
OO0 %)
HH73.3 %)
267 %)
GO )
G{-40.0 U5
3200

G300
6.7 )
BEUEIR S
RGN
1S (L0000 )

ek

e

CH0.7 750
845
6 (0.0 %4
9600 %)

P2 (800 "
20000
6 (10,0 %)
T0T )

2¢13.3 "aj

“a

s

i

Archival or fresh biopsy tumor samples and blood saples
were collected from all patients for the exploration of the
predictive biomarker of tivantinib. One tumor specimen did
not contain tumor cells, thus a total of 29 twumor samples wis
analyzed for IHC and FISH assessment. Regarding the {HC
analysis, 11 patients (37.9 %) had high ¢-Mect expression (11-
score > 100} intumor cell evtoplasm and only 1 patient (3.4 %)
had high ¢ Met expression on tumor cell membrane. For the
FISH analysis. only 2 patients (6.9 %) harbored e-Met gene
amplification. As a result. none of these pretreatnient bio-
markers were found o demonstrive any correlation with best
overall response (disease control) or treatment duration in this
study (Fig. 2, Supplemoental tbles),

We conducted post-treatment biopsy in 4 puatients, and
no apparent change of biomarkers including c-Met, p-Met
and HGF expression was observed in the post-treatment
samples. Serum HGE concentration was also not changed
dramatically from bascline to 12 b or 29 days aller treatinent
{data not shown).

Table 2 Twmor respornses

Bost overall responses DICR (P03 95 5 O ORR (g (93 20 Tl

[

Safety wnd phammacokinetics

Of the 30 patients, ALs oecurred i 29 (90.7 %), end ALEs with
grade 23 according to CTCAL vL0 occurred in 13 patients
(4433 %45 The most comman drug-related AEs included nau-

seiin 7 patients (233 %) and anemia and decreased uppetite

[ e B AR
L — os
Er 3 o e oo
H . — PES
Famnan
[ :
f2s]

i_‘;‘ .
K o
133
&
He ek et
kS & 5
@ 2

Daye

Fig, 1 Kaplan-Meier curves for progression-free survival (PFST and
overail suvival (081 in the MG patients treated with tvantinid. The
solid anddot eneves indicate PFS and OS5, respeativaly, VW95 was oy
mined scconding 1o RECIST eriteria, bused on the assessiment by the
contral mdivlogy review committee

CROPROSD P ONE

G0 H 190 36T(190561] 00011 .6]
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drugereluicd adverse
seatinly Bemadoaical mdcities
weluding neasopanan, fKbnle nestropennn fcukopeni and
drernia [Table 3 Inothe for pationts sho exparienced
aewdropenar of grade 23, plisni rough corceniniions on
dov 13 woere 3680, 3680, HIRD and 600 aeinl. wespec

O patients (20000 %
events ol

sl rspectively, The
=3 werg

gradde

ey, Althovgh beo potients essed severat doses by day
U3, their plasin concentrtions of deanthnh were reluively
ligh compared to saber padionts s Bhoul severe peotopenia
(N TU RIS =sir:x§Hz:'ze a2 503 being consistent with
the preceding report [T7] Fhiore was voe A (g
who needed reatment-discontinuntion,
relmed deatl was abserved
ear difterencs
tive profile hotween Korem and g
fose ol tivaninib at any s 2400w o
3ot eg) Ther was also no el lithoaencs in plarmecokine s
Setween patics with wrd sitdout prion perectomy (i 3
Mo clear wlationsiug betwern effivacy ond plamscokineics
prrunwters of gventind was chaorasl et

gEstric atenonds

and 1o oes

il

catrition-
first

Mo gl Wity fect e e plasti cone

st paticies afler the

¥

el alose (124 mg,

v

s

HGE (B

for sach idaividusl wah

Diseussion

This s the lirst ehpteal ial evelustng e offisicy of a
seleetise e-adet ehibitor in seconds or thind lae MG, The
elicaey of nvanmeb cesulted aa DUR o 347 % wath 93 %
0 Anct v i which e Towor Bt of B 93 2 O
did not excesd the et theeshold of 2007, Recentlw
Koreur twvestisstors reporied e resalis of o phoase 18
study ddeponsunting e the DO alter 6 m::;is;x of resment

with docetpvel and it frnotecan were 3903 % d 326 %
respeviely, i paticats with XGO witl coe or o gtrh;»i‘

the Korean
tsimitlar panems, wy concludad et teantind
sy i pemsselected MG panicnts, »
fosoledt paoents wheomay respord t the Heantinih, we
assessead ool overexpression ((HC yend ¢-Metanplinieaton
fres eenlat copy numbery, as candidates for pradictive bio-
RCUE PN ;izL anulysis shosved ah fevel ol e-Met sxprosa-
sttt o the teated pationts, aed 1 { ai{'?i? attionts 137 9 %)
with Hescome =100 i cither avteplaan or wombrane were

chemotivmpy eoimens {18 Conipired with
plhise H triad
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lable 3 Drugorelated adsene events ocvmnng in 22 paticnts

D eebuted adsorse events (- M) A prades e 3

i (ul a “a)
Ay shugoekiod slverse cao 25 [RRY iy [ERY}
Neatiwi 7 113 {1
Y 6 (21 4 (BRI
Anturs f {2 4
Fatigne = (17 0
Ly muphocyte count decreased s 7 i
Newtropind connt decncased 8 (17 i [RRY
Wihite Bood coll decrensed s o7y i (R3]
Mabitse 4 (17 ]
Asparbite ammetmnsferase increased 3 (1 1 (4
Drarihea i iy 0
Alanme aminvirusionee incivased 2 (X} i 03y
shadine phosphistase men N [ 0
Bleod and fyviaphatic sy stem disonderns 2 7 &
Fuver i 7 i
Ehparunvemig 2 [ [ (1]
Shueasitis ol 2 ¢ 8
Paan 3 i71 i
Pruniins 2 (7 0
Yorniting 2 (7) {

revopnized as oMot high expressers. The e-Met fugh expres-
st ratio was consistent with prey tous reports where 40-63 %%
of gastric cancer was recognized as o-Met high expression
feo 19 However, our study did not find o particularly
fvomble efficacy oMot high expression population,
gosting that o-Met high cxprossion o our selting may

=il

aot be suitable for o predicnve bionarker of Gvantiib.
This might be anespected because two precedent plicebo-
controlled phase 1 studies for NSCLC J13, 20 and HOC
PR 21 demonstrated o favorable efficacy o selected
popuafation with c-Met high expression using THC method.
We think that one of the reasons for the unexpected
results would be due w the wmature HHC method using
mnalidated anti-e-Met antibedy  clones, Our THC
showed that o-Met was predominantly expressed on evto-
plastiy in the majority of winer tssue samples, whereas
auly one patiemt showed @ membranous high expression,
although o-Met protein is known s transmenibrancous

receptor tyrosine kinase. On the other hand, our result
shiowed that two patients (6.9 %4) harboring c-Met ampli-
fieation, and the frequency was consistent with Tierature
showing that o-Met gene amplification was observed in
very small population in gastric cancer {50 27] Catenaccl
and colleagues reported a durable complete response with an

anti-e-Met antibody onartuzumab inoa patient with MGC
harboring the e-Met gene pelysomy associned with high

GO0y .

@ |
-~ ﬁ
[
s A
s — o
‘
L2 YYD ~ &

8 4 Japonose

[SF
e Koy &
oD o A
g
’: ‘&
& = AL
a 8 & i
1 10 240
Vi Wi
aashe ¥y guastrectomy

Fig. 3 The phosse oxposures to tvantimb on day 1O (A vor ALC,
o U ) are dotted for cach individual treated with the indivated dases, The
clonesd and open dots represent exposures of Japisese and Korean poe
tients, yespectively, The history of gastrectony for vich pationt was
idicated at the bottom of the figure

expression [ 231 In this stady, the e-Met-wmplified panent
did not show a notable efficacy, and this smailbsize phase U
vould not clearly show die potential of e-Metamplification s
wuselud prodictive blomarker for s antiniby responder,

Our results demonstrated that tvantingl was also well
tolerated at the daily dose of 360 myg bid in MGC patients
with at least one allele of wild type CYP2CT9. 1 is consistent
with the previous phase | ostudies which demonstrated the
tolerability of o daily continuous dose of 360 mg hid in
Woestern countries {24, 23] and Japan {171 Of note,
tvantinib was tolerated even in the patients with a history
of pastrectomy, and this fact was supported by P analysis
showing that tivantinib exposwre was mostly consiant re-
gardless of prior gasirectomy. This would be o favorable
feanire of tivantind as o possible teatment {or the gasire
cancer, where gastrectomy is the sundard care for the early
siage. As was the case for previous phase | study [17], this
study showed that hematological 1oxicities including neu-
tropenia, leukopenia and anemia were the most frequent
drogerclated alverse events to tvantinib, and povel toxic-
ities specific for MGC were not sugeested in this study, In
addition, this study demonstrated that the incidence of
severe neutropenia is reluted o the high exposure
tivantinib, as shown in the previeus Japanese phase | stady
7] I could be concluded that there was no major safety

- 224-




bavest Now DPiugs

antinth ef 360 myg bid for Asan
paients W ilh prcvim:.\iv freated MGC
ald aype CYP2CTY

Asa m:}sh;smn\ althongh o-Met s
CMG,
for unsefected

fssie i the use of (i

whio had feist
one allele of
anattretive molecular
target for the reatment of freantinhy monotherapy
MGC a5 0 smgle

for the walidation of prediciine buo-

shiowed o marging] efficacy

agent. Further studies

markers andior combination with chemotherapy or other mo-

fecudar mrgeted ayents migli be warmnted
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Phase I study of sunitinib plus S-1 and cisplatin in Japanese
patients with advanced or metastatic gastric cancer
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Summary Background This phase I, dose-finding study
evaluated the maximum tolerated dose (MTD), safety, phar-
macokinetics, and antitumor activity of sunitinib plus S-1/cis-
platin in Japanese patients with advanced/metastatic gastric
cancer. Patients and methods Patients received oral sunitinib
on a continuous daily dosing (CDD) or 2-weeks-on/2-weeks-
off schedule (Schedule 2/2; 25 mg/day or 37.5 mg/day), plus
S-1 (80120 mg/day)/cisplatin 60 mg/m®. Results Twenty-
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seven patients received treatment, including 26 patients
treated per protocol (sunitinib 25 mg/day CDD schedule,
n=4; sunitinib 25 mg/day Schedule 2/2, n=16 [dose-lim-
iting toxicity (DLT) cohort, 7=6 plus expansion cohort, n=
10]; sunitinib 37.5 mg/day Schedule 2/2, n=6). One patient
erroneously self-administered sunitinib 12.5 mg/day and
was excluded from the analyses. The MTD was sunitinib
25 mg/day on Schedule 2/2. DLTs were reported for: 2/4
patients given sunitinib 25 mg/day on the CDD schedule;
1/6 patients administered sunitinib 25 mg/day on Schedule
2/2 (grade [G] 3 neutropenic infection, G4 thrombocytope-
nia, and S-1 dose interruption >5 days), and 3/6 patients
given sunitinib 37.5 mg/day on Schedule 2/2. Results
below are for the overall MTD cohort (7=16). The most
frequently reported G3/4 adverse events were neutrope-
nia (93.8 %) and leukopenia (75.0 %). The objective
response rate was 37.5 %; six additional patients expe-
rienced no disease progression for >24 weeks. Median
progression-free survival was 12.5 months. No pharma-
cokinetic drug—drug interactions were observed between
sunitinib/S-1/cisplatin and S-1/cisplatin. Conclusions The
MTD of sunitinib was 25 mg/day on Schedule 2/2 combined
with cisplatin/S-1 in patients with advanced/metastatic gastric
cancer. This regimen had a manageable safety profile and
preliminary antitumor activity.

Keywords Sunitinib - Gastric cancer - PhaseI - Dose-finding

Introduction
Gastric cancer is the second most common cause of cancer-

related death worldwide, with more than 730,000 deaths
estimated to have occurred in 2008 [1]. Globally, the
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5-year survival rate for gastric cancer is approximately 20 %
[2], and most patients present with advanced, non-resectable
disease [3-5].

Despite recent advances in the treatment for gastric cancer
[6], a standard chemotherapy regimen has not been
established for recurrent or unresectable advanced gastric
cancer; combination chemotherapy is associated with signifi-
cant survival and quality of life advantages, compared with
best supportive care [7, 8]. The use of a 5-fluorouracil (5-FU)-
based regimen in combination with a platinum analog is the
most widely accepted first-line treatment regimen, although
combination therapy does have a higher associated toxicity
burden compared with single-agent chemotherapy [8].

Blockade of receptors such as vascular endothelial
growth factor receptor (VEGFR) and platelet-derived
growth factor receptor (PDGFR) has been shown to inhibit
tumor-related angiogenesis and tumor growth [9, 10]. Not
only are these receptors expressed in gastric cancers but they
are known to have direct effects on the growth and metas-
tasis of this disease [9-14]. ,

Sunitinib malate (SUTENT®; Pfizer Inc., New York, NY,
USA) is an oral, multitargeted, tyrosine kinase inhibitor of
VEGFRs 1-3, PDGFR-« and -3, and other receptors [15-17].
Sunitinib is approved multinationally for the treatment of
unresectable and/or metastatic imatinib-resistant/-intolerant
gastrointestinal stromal tumor, advanced/metastatic renal cell
carcinoma, and unresectable or metastatic, well-differentiated
pancreatic neuroendocrine tumors. Phase II study results in
advanced gastric cancer have shown that sunitinib had activity
as a single-agent; progression-free survival (PFS) was
2.3 months and overall survival was 6.8 months in the
second-line setting [18].

In preclinical tumor models, sunitinib has been shown to
enhance the antitumor activity of 5-FU and cisplatin,
suggesting that sunitinib might enhance the effect of che-
motherapy in cancer patients [19, 20]. In the First-Line
Advanced Gastric Cancer Study (FLAGS), the combination
of S-1, an oral derivative of 5-FU, and cisplatin was found
to be effective when administered as a 3-week on/l-week
off regimen (Schedule 3/1) [21]. Therefore, this phase I,
dose-finding study was conducted to determine the maxi-
mum tolerated dose (MTD) and overall safety profile of
sunitinib plus S-1 and cisplatin in Japanese patients with
advanced/metastatic gastric cancer. Tolerability, pharmaco-
kinetics (PK), and antitumor activity were also evaluated.

Materials and methods
Study population

Patients (male or female) eligible for inclusion in this study
were aged >20 years, had an Eastern Cooperative Oncology

@ Springer

Group performance status of 0 or 1, adequate organ func-
tion, and histologically or cytologically confirmed Stage IV
gastric adenocarcinoma or gastroesophageal junction ade-
nocarcinoma not amenable to surgery or radiation. Prior
adjuvant therapy was permitted with a recurrence-free inter-
val of >3 months after the completion of adjuvant therapy.
Prior chemotherapy in the advanced/metastatic setting was
not permitted; one regimen of chemotherapy, such as S-1
monotherapy, without progressive disease was allowed if
the duration of treatment was less than 4 weeks.

Exclusion criteria included central nervous system (CNS)
metastases, carcinomatous meningitis, or uncontrolled hy-
pertension (blood pressure >150/100 mmHg). Patients with
severe/unstable angina, myocardial infarction, coronary ar-
tery bypass graft, symptomatic congestive heart failure,
cerebrovascular accident, including transient ischemic at-
tack, or pulmonary embolism within 12 months prior to
starting study treatment were also excluded.

The study was conducted in accordance with the Interna-
tional Conference on Harmonization Good Clinical Practice
guidelines, the declaration of Helsinki, and applicable local
regulatory requirements and laws. Approval from the insti-
tutional review board or independent ethics committee with
the appropriate jurisdiction was required for each participat-
ing investigator/center. Written informed consent was
obtained from all patients.

Study design

This was a phase I, open-label, dose-finding study of sunitinib
in combination with S-1 and cisplatin in patients with
advanced/metastatic gastric cancer (NCT00553696). Patients
received open-label, oral S-1 at a starting dose of 80—
120 mg/day (based on body surface area) on Schedule 3/1
and a cisplatin 60 mg/m® infusion on day 1 that was repeated
every 28 days. Patients were allocated to different doses of
oral sunitinib based on a 3+3 design. Initially, sunitinib was
planned to be administered on a continuous daily dosing
(CDD) schedule or on Schedule 3/1. After four patients re-
ceived treatment in the CDD arm, the protocol was revised to
use a 2-week-on/2-week-off schedule (Schedule 2/2), in-
stead of Schedule 3/1, due to the pattern of adverse events
(AEs). Patients received sunitinib 25 mg/day on a CDD
schedule, or 25 mg/day or 37.5 mg/day on Schedule 2/2 in -
4-weekcycles (Fig. 1).

Initially, three patients were enrolled to receive sunitinib
25 mg/day on the CDD schedule in combination with S-1
and cisplatin 60 mg/m®. If no patients experienced a dose-
limiting toxicity (DLT) in cycle 1 then patients would be
enrolled to the next highest dose level. If no more than one
of the initial three patients experienced a DLT within cycle
1, then the cohort was expanded to a total of six patients. If
no more than one of these six patients experienced a DLT,
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