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frequent pattern of recurrence was intrahepatic recurrence,
observed in 79 % (166 of 209) of all the recurrences
reported.

Mortality was 1.1 % (5/426) among the 15 studies in
which the data were available, and morbidity ranged from
19 % to 47 % among 6 studies.

The 5-year survival reported from each series ranged
from 0 % to 37 % and exceeded 30 % in five series [6, 10,
12, 15, 16]. Median survival time ranged from 9 to
38.8 months. The diversity in outcome may have reflected
the diversity in patient selection and strategy taken,
including the use of adjuvant therapies. The S-year survival
of all patients analyzed in the current study, calculated by
dividing the number of 5-year survivors reported in each
article by the total number of patients, was 18.8 % (97 of /
515). Although these series should be considered to rep-
resent a well-selected and more favorable population
compared with patients with liver metastases who were
treated with systemic chemotherapy and had poorer out-
come, the 5-year survival rate at 18.8 % obtained cannot be
ignored as futile. Gastric cancer with liver metastases has
long been considered as a systemic disease with no indi-
cation for surgery with curative intent. This point has been
made clear, both in the National Comprehensive Cancer
Network (NCCN) Guidelines Version 1.2013 [23] and in
the Japanese Guidelines [5]. However, there are occasions
when such metastases are found as clinically resectable
disease, and whether these exceptions should still be trea-
ted either by palliative chemotherapy or supportive care
could be an issue for debate.

Indication for surgery has not been established but could
be considered based on analysis of prognostic factors.
Independent prognostic factors identified through multi-
variate analyses were varied, and included the number of
metastatic nodules, unilobular distribution, solitary tumor,
tumor diameter, and capsular formation regarding hepatic
tumors (Table 2). Among these, the “number of metastatic
nodules” was considered to be an important factor across
several series if “solitary metastasis” was to be included.
Among 319 patients with relevant information in the cur-
rent series, 195 (61.1 %) actually had solitary metastases.
One should note, however, that the number of nodules can
differ, depending on the type of imaging studies used [24,
25]. Because most institutions needed more than a decade
to accumulate 15 patients or more, there should have been
much difference in the potential of imaging modalities at
the beginning and the end of the study period. In the largest
single-institution series, Takemura et al.[6] reported a
5-year survival of 37 %. It may be of note that they cur-
rently consider surgery when the number of metastatic
nodules was diagnosed as three or fewer, using state-of-
the-art imaging tools. As for other prognostic factors, some
have found metachronous hepatic metastases to be a sign of

favorable prognosis [11, 12, 20] whereas others consider
this as irrelevant. In addition, status of the primary tumor
such as serosal invasion, lymphatic invasion, and clinical
stage were listed as relevant prognostic factors.

It may be worthwhile to mention that the incidence of
clinically resectable hepatic metastasis may be lower than
what a surgeon expects. Sakamoto et al. [14] reported that
they found synchronous liver metastases in 2.2 % of the
5,209 patients who underwent gastrectomy at National
Cancer Center, Japan, whereas 1.3 % developed metach-
ronous metastases. About 20 % of these patients underwent
hepatectomy for cure. In contrast, 1,013 of 10,259 patients
(9.9 %) diagnosed as gastric cancer in the Yonsei Uni-
versity Health System, Korea, had synchronous or
metachronous liver metastases [9]. Of these, 58 had
metastases confined to the liver and 41 (only 4 % of all
patients with liver metastases) underwent surgery with
curative intent, which denotes management of both the
primary tumor and the liver. The five-year survival rate of
these 41 patients was 20.8 %, and the median survival time
fell just short of 20 months. In short, 20 % of the patients
with liver metastases can be treated surgically in a situation
where only patients with potentially resectable disease are
referred, a situation possibly encountered at the surgical
department in a high-volume cancer center. In contrast,
resectable liver metastasis undoubtedly is a rare disease
when one attempts to carefully select patients from all
gastric cancer patients who visit a hospital.

Indication for the adjuvant therapy given perioperatively
was even more varied among the researchers, as no trial-
based evidence exists for the population who underwent
hepatectomy for gastric cancer metastasis. Takemura et al.
[6] took an aggressive approach in which 18 of 73 patients
received neoadjuvant chemotherapy and 31 received post-
operative chemotherapy, including 5 cases that received
arterial infusion (HAIC) postoperatively. In contrast,
Sakamoto et al. [14] reported that they delivered chemo-
therapy only for those who subsequently had recurrences.
There is no prospective trial showing the effect of peri-
operative adjuvant therapies for gastric cancer metastases
to the liver. The high incidence of recurrence implies that
micrometastases remain in situ after surgery, however.
That micrometastases could be managed by modern che-
motherapeutic agents has been proven by several adjuvant
chemotherapy trials [26-28]. Thus, there is a rationale for
perioperative chemotherapy, or even HAIC, given the high
incidence of recurrence within the liver. Chemotherapy
delivered preoperatively could be useful to identify cancers
that do not respond to chemotherapy and progress rapidly
and to avoid futile surgery. All five series with 5-year
survival >30 % reported details on adjuvant strategies,
including neoadjuvant chemotherapy and HAIC. In con-
trast, none of the patients received chemotherapy until
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Table 2 Independent prognostic determinants of the patients with gastric cancer liver metastasis

Indication for inclusion in the case series

Factors independently showing favorable prognosis

Takemura et al. {6]
Wang et al. 8]

All hepatectomy cases

Schildberg et al. [20]
Garancini et al. [19]

All hepatectomy cases
All hepatectomy cases

Miki et al. [8]
" Makino et al. [10]

All cases with hepatic metastasis

gastrectomy
Tsujimoto et al, [17]
Cheon et al. [9]

All hepatectomy cases

laparotomy with curative intent
Thelen et al. [16]
Morise et al. [15]
Sakamoto et al. [14]
Adam et al. [2]

All hepatectomy cases
All hepatectomy cases
All hepatectomy cases

All hepatectomy cases of noncolorectal
nonneuroendocrine hepatic metastasis

Shirabe et al. {7]

Zacherl et al. [13]
Okano et al. [12]

All hepatectomy cases
All hepatectomy cases

Ambiru et al. [11]

Imamura et al. [21]

All hepatectomy cases

Hepatectomy cases of synchronous metastasis

All cases with hepatic metastasis who underwent

All cases with hepatic metastasis who underwent

All hepatectomy cases who underwent RO resection

All hepatectomy cases of gastric and colorectal liver metastasis

No serosal invasion, diameter <5 cm

Solitary liver tumor, absence of peritoneal
metastasis

Solitary liver tumor, synchronous metastasis

Solitary liver tumor, RO resection,
capsule formation

Stage of the primary cancer
Unilobular distribution

Diameter <6 cm, D2 dissection

Smaller number of metastases

Negative resection margin

Unilobular distribution, diameter <4 cm

Number of metastases <3, no lymphatic or
venous invasion of the primary tumor

Solitary liver tumor, synchronous metastasis,
well-differentiated phenotype, capsule formation

Synchronous metastasis

No extrahepatic metastasis

recurrence in another series by Sakamoto et al., who
reported their 5-year survival at 11 % as unsatisfactory.
These facts imply the relevance of perioperative chemo-
therapy, although outcomes obtained from retrospective
case series should be interpreted with caution. Evidence at
a higher level will not be available for the time being
because the chances of conducting a decently designed trial
to generate evidence for adjuvant therapies in a disease as
rare as resectable gastric liver metastases would be sparse.

Systemic chemotherapy, HAIC, and radiofrequency
ablation (RFA) are among other treatment modalities for
gastric cancer metastasis to the liver. No prospective trial
investigating systemic chemotherapy specified in hepatic
metastases has been reported, with the exception of one
small pilot study involving 8 patients [29]. In recent phase
III trials of first-line chemotherapy against advanced/met-
astatic gastric cancer, median survival time ranged from 11
to 15 months [30-34]; 5-year survivors were rarely
observed. In a report that integrated 643 patients enrolled
in five separate prospective trials performed by the Japan
Clinical Oncology Group, the 5-year survival rate of
patients with metastasis confined to the liver and treated
with systemic chemotherapy alone was 1.7 % {[35].

@_ Springer

Presumably, this series does not include patients with a
relatively small cancer burden for whom indication for
surgery was seriously considered, and comparison of sur-
vival data with those of highly selected patients who
underwent surgical resection of the metastases needs to be
interpreted with caution. Nevertheless, it remains imprac-
tical to hope to cure patients with gastric cancer metastases
to the liver by systemic chemotherapy.

The rationale for HAIC is in high intrahepatic drug
concentration in relationship to the systemic concentration
[36]. A response rate >50 % has been reported that led to
good local control [36, 37]. However, good local control
did not necessarily lead to prolonged survival in cases of
gastric cancer, in which extrahepatic metastases often
emerge even during the course of successful liver-oriented
treatment. In addition, an inadequately placed or mal-
functioning catheter prevents efficient drug delivery [38].
Thus, catheter-related events such as occlusion, disloca-
tion, and infection could result in interruption or termina-
tion of the treatment, even when the tumors are responding.

RFA has been attempted to treat selected patients with
hepatic metastasis. The indication for RFA would include
(1) liver-only disease; (2) size of the largest tumor less than

-251-



Liver metastasis from gastric cancer

211

5 cm in diameter; and (3) location of tumor not adjacent to
major vessels. RFA can be conducted either percutaneously
under ultrasonic imaging guidance, laparoscopically, or by
the open surgery approach. Reports on RFA applied to treat
gastric cancer metastases to the liver remain scarce. Kim
et al. [39] treated 20 patients by RFA or RFA and gas-
trectomy in case of synchronous metastases, achieving a
median survival time of 30.7 months, whereas the experi-
ence by Kim et al. with 7 patients was more disappointing,
with a median survival time of 11 months [40]. There is
another report of 7 patients treated by HAIC followed by
RFA who achieved a median survival time of 16.5 months
[41]. This strategy was meant to select the patients so that
RFA would only be delivered after confirming that new
intrahepatic or systemic lesions do not develop during the
HAIC. The chances of conducting a hepatectomy-versus-
RFA trial for gastric cancer metastasis to the liver would
seem unlikely. So far, the only clue of whether to perform
hepatectomy or RFA comes from a meta-analysis of ret-
rospective comparisons for colorectal liver metastases in
which hepatectomy was significantly superior, even when
conditions were limited to tumors >3 cm and solitary
tumors [42]. Further prospective studies are needed to
establish the position of RFA as an option for treatment of
gastric liver metastases.

Conclusions

This working group reached the conclusion that hepatec-
tomy could be considered in carefully selected cases of
gastric cancer liver metastasis. The abstract of this article
will appear in the forthcoming version of the Japanese
gastric cancer treatment guidelines.
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This multicenter phase il study first investigated the efficacy and safety of nano-
particle albumin-bound paclitaxel (nab-paclitaxel) when given every 3 weeks to
patients with unresectable or recurrent gastric cancer who had received a prior
round of fluoropyrimidine-containing chemotherapy. Patients with unresectable
or recurrent gastric cancer who experienced progression despite fluoropyrimidine-
containing treatment were studied. Nab-paclitaxel was given i.v. at 260 mg/m? on
day 1 of each 21-day cycle without anti-allergic premedication until disease pro-
gression or study discontinuation. The primary endpoint was the overall response
rate. The secondary endpoints were the disease control rate, progression-free sur-
vival, overall survival, and safety. From April 2008 to July 2010, 56 patients were
enrolled, 55 patients received the study treatment, and 54 patients were evaluable
for responses. According to an independent review commifttee, the overall
response rate was 27.8% (15/54; 95% confidence interval [Cl], 16.5-41.6) and the
disease control rate was 59.3% (32/54; 95% Cl, 45.0-72.4). One patient had a com-
plete response. The median progression-free survival and overall survival were
2.9 months (95% Cl, 2.4-3.6) and 9.2 months (95% Cl, 6.9-11.4), respectively. The
most common grade 3/4 toxicities were neutropenia (49.1%), leucopenia (20.0%),
lymphopenia (10.9%), and peripheral sensory neuropathy (23.6%). There were no
treatment-related deaths. Nab-paclitaxel, given every 3 weeks, showed promising
activity against previously treated unresectable or recurrent gastric cancers, with
well-tolerated toxicities. (Trial registration, ClinicalTrials.gov: NCT00661167).

G astric cancer remains the second leading cause of can-
cer-related deaths worldwideVand is especially frequent
in East Asia, including Japan.”” Although surgical resection is
the only curative treatment for gastric cancer, approximately
60% of patients eventually experience relapses after curative
surgeries. Globally, fluoropyrimidine-based combination che-
motherapy regimens, including fluorouracil or its oral deriva-
tives, taxanes, irinotecan, and platinum compounds, have
yielded median progression-free survival (PFS) times of
2-7 months and median overall survival (OS) times of less
than 1 year in first-line settings.“’” In Japan, the combination
of S-1 (tegafur plus gimeracil plus oteracil potassium) and cis-

platin is the most frequently prescribed first-line therapeutic

regimen for patients with advanced/metastatic and recurrent
gastric cancer. Recently, several phase III trials reported
improved median OS times of more than 1 year.'>"'? Addi-
tionally, in a randomized European trial, irinotecan showed
survival benefits, compared to best supportive care (BSC), as
second-line treatment in gastric cancer patients after the failure

Cancer Sci | July 2014 | vol. 105 | no.7 | 812-817

of first-line chemotherapy.'® A Korean study showed that do-
cetaxel or irinotecan could also significantly prolong OS, com-
pared with BSC, after one or two chemotherapeutic regimens
that consisted of fluoropyrimidine and platinum.'¥

In Japan, paclitaxel (PTX) is commonly used as second-line
chemotherapy for gastric cancer patients in practice, based on
experiences with breast cancer and non-small-cell lung cancer
(NSCLC). Paclitaxel yielded overall response rates (ORR) that
ranged from 16 to 27%, overall OS times of 5-11 months, and
modest toxicity in several phase II trials.*>~'®

The 130-nm nanoparticle albumin-bound paclitaxel (nab-
paclitaxel) is a novel, solvent polyoxyethylated castor oil
(Cremophor)-free, biologically interactive form of PTX.
Nab-paclitaxel is among the first of a new class of anticancer
agents to incorporate albumin particle technology and exploit
the unique properties of albumin, a natural carrier of lipophilic
molecules in humans. Nab-paclitaxel allows the safe infusion
of significantly higher doses of PTX than those used in standard
PTX therapy, with shorter infusion schedules (30 min vs 3 h,

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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respectively) and no requirement of premedication for solvent-
based hypersensitivity reactions. Additionally, in a preclinical
study, nab-paclitaxel showed increased PTX transport across
endothelial cells and greater antitumor activity, compared o
standard PTX.""? In phase III trials, nab-paclitaxel significantly
increased the ORR and time to progression, compared to con-
ventional PTX, in patients with metastatic breast cancer,”® and
significantly improved the ORR in advanced NSCLC patients,
thus achieving the primary endpoint.?"

We carried out the first phase II clinical trial to evaluate the
efficacy and safety of nab-paclitaxel when given every
3 weeks to patients with unresectable or recurrent gastric can-
cer in whom treatment with one prior fluoropyrimidine-con-
taining chemotherapeutic regimen failed.

Materials and Methods

Study objectives and design. This was a non-randomized,
open-label, multicenter phase II registration trial of patients
with unresectable or recurrent gastric cancer who had failed
treatment with first-line chemotherapy (ClinicalTrials.gov, no.
NCT00661167). The primary objective was the ORR, which
was assessed according to the Response Evaluation Criteria
in Solid Tumors (RECIST) guidelines, version 1.0.%% The
definition to confirmation of complete response (CR) and par-

tial response (PR) required 4 weeks irrespective of study end-

points. The secondary objectives were PFS, OS, the disease
control rate, and safety. This trial was carmried out in accor-
dance with Japanese guidelines on Good Clinical Practice
and the Declaration of Helsinki. The protocol was approved
by the institutional review boards of all participating institu-
tions.

Patients. Eligibility criteria for the study were: histologically
confirmed adenocarcinoma of the stomach (regardless of
human epidermal growth factor receptor 2 overexpression sta-
tus); an age of 20-74 years; an Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0-2; a history of
progression or recurence after one prior fluoropyrimidine-
containing regimen (except for taxanes such as PTX and
docetaxel); a life expectancy of =12 weeks; and adequate bone
marrow (hemoglobin level >8.0 g/dL, white blood cell count
<12 000/mm® or neutrophil count >1500/mm> and platelet
count >100 000/mm®), liver, and renal function (serum biliru-
bin level <1.5 times the upper limit of normal; aspartate amino-
transferase, alanine aminotransferase, and alkaline phosphatase
levels <2.5 times the upper limit of normal; and serum creati-
nine level <1.5 mg/dL). Presence of one or more measurable
lesions, according to the RECIST criteria, was also a criterion.
Patients were excluded if they had brain or wide-ranging bone
metastases, malignant ascites, pleural or pericardial effusion
that required drainage, peripheral neuropathy of grade 2 sever-
ity or worse according to the National Cancer Institute
Common Terminology Criteria for Adverse Events version 3.0
(National Cancer Institute at the National Institutes of Health,
Bethesda, MD, USA), a history of drug hypersensitivity, or
severe complications such as uncontrolled infection, intestinal
obstruction, or pulmonary fibrosis. Patients who required con-
tinuous steroid treatment and pregnant or nursing women were
also excluded. Patients were not allowed to receive concomi-
tant radiotherapy, other chemotherapy, immunotherapy, or
targeted therapy during the trial. Written informed consent was
obtained from all patients before enrolment.

Treatment. The baseline evaluations included imaging stud-
ies (computed tomography or MRI), a complete physical
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examination, pregnancy testing for female patients, an assess-
ment of the ECOG PS, a complete blood count, serum chemi-
cal and electrolyte analyses, and urinalysis.

Nanoparticle albumin-bound paclitaxel was administered on
an outpatient basis by a 30-min i.v. infusion at a PTX dose of
260 mg/m* on day 1 of each 21-day cycle; no steroid or anti-
histamine premedication or colony-stimulating factor support
was given. Treatment was continued until disease progression,
unacceptable toxicity, or consent withdrawal. Three dose
reduction levels (220, 180, and 150 mg/m*) were implemented
under the dose reduction criteria. Complete blood counts,
serum chemical analyses, and urinalyses were carried out
weekly during the study.

Study assessment. The objective disease status was assessed
according to the RECIST guidelines, version 1.0.°? Imaging
studies were repeated at least every 6 weeks after treatment
initiation. Safety assessments, including serial history taking
and physical examinations, and laboratory assessments were
carried out throughout the study. The severity of adverse drug
reactions (ADR) was graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 3.0. An independent review committee that comprised
radiologists and medical oncologists objectively confirmed
treatment responses and drug-related adverse events.

Statistics. The primary measure of efficacy was the ORR.
The ORR in previous phase II studies of PTX as second-line
treatment for metastatic gastric cancer were 24%"'>  and
27%."9 The significant ORR threshold under the null hypoth-
esis was defined as 10%, and the expected ORR under the
alternative hypothesis was defined as 25%, based on a previous
PTX report. If the ORR for nab-paclitaxel was 25%, a sample
size of 53 patients would ensure a power of at least 80% for a
one-sided significance level of 2.5% in order to reject the null
hypothesis that the ORR was <10%. If the lower limit of the
exact two-sided 95% confidence interval (CI), based on the
ORR distribution, exceeded the 10% threshold, a response rate
of 11 out of 53 patients would be met. ,

The disease control rate was defined as the sum of the per-
centages of CR, PR, and stable disease (SD) for >6 weeks.
Overall survival was defined as the time between registration
and death from any cause; PFS was defined as the time
between registration and disease progression or death from any
cause. Both OS and PFS were estimated using Kaplan—Meier
curves.

_All data obtained until the completion of the study period
were included in the safety analyses. The primary efficacy
analysis was based on the full analysis set of the patients. The
safety analysis included all treated patients who received at
least one dose of the experimental drug. The clinical cut-off
date for this study was May 25, 2011.

Results

Fifty-six patients were enrolled at 10 centers in Japan between
April 2008 and July 2010. One patient was ineligible because
of inadequate prior treatment. Another patient was excluded
from response evaluation because the initial treatment had been
skipped due to rapid disease progression after registration.
Fifty-five patients received the study treatment, and 55 and 54
patients were evaluable for safety and clinical response, respec-
tively. Most of the patients were male (76.8%), and the median
age was 63.5 years (Table 1). All treated patients had an
ECOGPSof Oor 1 (PS O =589%; PS 1 = 41.1%). Thirty-five
patients underwent gastrectomy. Twenty-one patients (37.5%)

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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Table 1. Baseline demographic and clinical characteristics of patients
with unresectable or recurrent gastric cancer receiving nanoparticle
albumin-bound paclitaxel as second-line therapy

www.wileyonlinelibrary.com/journal/cas

Table 2. Clinical responses of patients with unresectable or recurrent
gastric cancer receiving nanoparticle albumin-bound paclitaxel as
second-line therapy

No. of patients (n = 56) % No. of patients (n = 54) %
Gender Complete response 1 1.9
Male 43 76.8 Partial response 14 25.9
Female 13 23.2 Stable disease 17 31.5
Age, years Progressive disease 21 389
Median 63.5 Not evaluable 1 1.9
Range 34-74 Overall response rate, % 27.8
ECOG PS 95% Cl 16.5-41.6
0 33 58.9 Disease control rate, % 59.3
1 23 41.1 95% Cl ' 45.0-72.4
Primary lesion Progression-free survival, months
Absent ) 35 62.5 Median 2.9
Present 21 37.5 95% Ci 2.4-36
Type of treatment failure Overall survival, months
First line 40 71.4 Median 9.2
Adjuvant 16 28.6 95% Ci 6.9-11.4
Number of metastatic organs CI, confidence interval,
1 19 33.9
2 22 39.3
>3 15 26.8 80
Peritoneal metastasis B [ONEEPDBSDEPRBCR|
Absent 35 62.5 60
Present 21 37.5 —~ 40 B
Metastatic organs (overlapping) = IR
. o HEREY
Liver 30 53.6 £ 20 B
Lung 8 14.3 § 0 Hém___ﬁ % e
Lymph node 37 661 2 %g § 7
Other 23 a1 g -2 K ’
Adjuvant chemotherapy S 40 éé:f g
5-1 14 250 § 7 7
Others 3 54 O -60
First-line chemotherapy 80
S-1-based 34 60.7
Capecitabine-based 5 8.9 -100
Others 2 36 Fig. 1. Waterfall plot of the best overall response to nanoparticle

ECOG PS, Eastern Cooperative Oncology Group performance status;
S-1, tegafur plus gimeracil plus oteracil potassium.

had peritoneal metastases. The most commonly prescribed prior .

chemotherapeutic agents were S-1 monotherapy as adjuvant
treatment (25.0%) or S-1 in combination with cisplatin as first-
line chemotherapy (35.7%). The total number of treatment
cycles in the full analysis set population was 254. The median
number of treatment cycles and relative dose intensity received
per patient were 4 (range, 1-18), and 93.4% (range, 63.6—
100.0%), respectively.

Overall responses in the 54 patients were reviewed and con-
firmed by the independent review committee (Table 2). One
patient had a CR, 14 had PR, 17 had SD, and 21 had progres-
sive disease. The ORR was 27.8% (95% CI, 16.5-41.6%),
which exceeded the threshold response of 10% (Fig. 1). The
median time to response was 36 days (range, 29-57 days).

The median PFS was 2.9 months (95% CI, 2.4-3.6 months),
with a median. follow-up time of 280 days (range, 46—
1030 days; Fig. 2). The median survival time was 9.2 months
(95% CI, 6.9-11.4 months) (Fig. 3). The median duration of
treatment was 79.5 days (range, 22477 days), with a median
cumulative dose of 15745 mg (range, 387-6319 mg).
Although 19 (34.5%) and 20 (36.4%) patients required dose

@© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

albumin-bound paclitaxel as second-line therapy in the full analysis
set of patients with unresectable or recurrent gastric cancer. CR, com-
plete response; NE, not evaluable; PD, progressive disease; PR, partial
response; SD, stable disease.

100

50

Progression-free survival rate (%)

0 6 12 18 24 30 36
Survival time (months)

Fig. 2. Kaplan-Meijer plots of progression-free survival in the full
analysis set of patients with unresectable or recurrent gastric cancer
receiving nanoparticle albumin-bound paclitaxel as second-line ther-
apy.

Cancer Sci | July 2014 | vol. 105 | no.7 | 814

- 257-



www.wileyonlinelibrary.com/journal/cas

100

50

Survival rate (%)

0 6 12 18 24 30 36
Survival time (months)

Fig. 3. Kaplan-Meier plots of overall survival in the full analysis set
of patients with unresectable or recurrent gastric cancer receiving
nanoparticle albumin-bound paclitaxel as second-line therapy.

reductions and delays, respectively, the mean relative dose
intensity was 93.4% (range, 63.6-100.0%). Additional chemo-
therapy was given to the 44 (81.5%) patients in whom treat-
ment with nab-paclitaxel failed, of whom, 37 (68.5%) received
irinotecan-based chemotherapy (Table 3).

All patients were treated on an outpatient basis, and nab-
paclitaxel was generally well tolerated. Safety was evaluated
in the 55 patients who had received at least one dose of nab-
paclitaxel. All patients reported at least one drug-related
adverse event, but most adverse events were mild to moderate
and well managed (Table 4). Although nab-paclitaxel was
given without any premedication, no patients experienced
hypersensitivity or acute infusion reactions. Grade 3 or 4
ADRs with incidence rates of >10% included neutropenia
(49.1%), leucopenia (20.0%), lymphopenia (10.9%), and
peripheral neuropathy (23.6%). No patients experienced febrile
neutropenia in this study. The reasons for treatment withdrawal
were mainly disease progression (87.0%) and toxicities (9.3%).
There were no treatment-related deaths.

Discussion

Paclitaxel, a microtubule-stabilizing agent, is widely used to
treat breast, lung, gastric, and ovarian cancers. However, the
Cremophor-containing PTX formulation has been approved and
prescribed worldwide because PTX is only slightly soluble in
water. Premedication with steroids, antihistamines, and H,
receptor blockers before the administration of Cremophor-based
PTX is essential to reduce allergic, hypersensitivity, and ana-
phylactic reactions in the clinical setting. Nab-paclitaxel is a

Table 3. Subsequent treatment after the study chemotherapy (30-
min i.v. infusion of 260 mg/m? nanoparticle albumin-bound paclitaxel
every 3 weeks) in patients with unresectable or recurrent gastric
cancer :

n =54 %
Any 44 81.5
Irinotecan 29 53.7
Irinotecan + Cisplatin 8 14.8
Paclitaxel 3 5.6
Otherst 4 7.4
None 10 18.5

+Other subsequent treatments include 5-fluorouracil/methotrexate
(n = 2), everolimus or placebo (n = 1), and radiation (n = 1).
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Table 4. Adverse events related to nanoparticle albumin-bound
paclitaxel occurring in 210% of patients treated for unresectable or
recurrent gastric cancer

Grade Grade 1-4  Grade 3-4
Type
1 2 3 4 n (%) n (%)
Hematologic
Anemia 3 12 1 19 (34.5) 4(7.3)
Leukopenia 13 23 0 47 (85.5) 11 (20.0)
Neutropenia 0 16 18 9  43(78.2) 27 (49.1)
Lymphopenia 2 13 5 1 21 (38.2) 6 (10.9)
Thrombocytopenia 9 0 0 0 9 (16.4) 0(0.0)
Laboratory test abnormalities
AST elevation 16 2 1 0 19 (34.5) 1(1.8)
ALT elevation 17 3 0 0 20 (36.4) 0 (0.0)
ALP elevation 9 2 0 0 11 (20.0) 0 (0.0)
Hypoalbuminemia 10 3 0 0 13 (23.6) 0 (0.0)
Protein urine 4 4 0 0 8 (14.5) 0 (0.0)
Non-hematologic
Constipation 5 1 1 0 7(12.7) 1(1.8)
Diarrhea 13 1 0 0 14 (25.5) 0 (0.0)
Nausea 19 1 1 0 21 (38.2) 1(1.8)
Stomatitis 15 3 0 0 18 (32.7) 0 (0.0
Vomiting 4 1 1 0 6 (10.9) 1(1.8)
Asthenia 10 6 0 0 16 (29.1) 0 (0.0)
Fatigue 1 8 1 0 10 (18.2) 1(1.8)
Malaise 7 3 0 0 10 (18.2). 0 (0.0)
Pyrexia 7 3 0 0 10 (18.2) 0 (0.0)
Weight decreased 4 1 1 0 6(10.9) 1(1.8)
Anorexia 19 9 1 0 29 (52.7) 1(1.8)
Arthralgia 16 1 3 0 36 (65.5) 3 (5.5)
Myalgia 16 16 3 0 35 (63.6) 3 (5.5)
Peripheral motor 6 3 1 0 10(18.2) 1(1.8)
neuropathy
Peripheral sensory 20 18 13 0 51(92.7) 13 (23.6)
neuropathy
Alopecia 37 15 NA NA 52 (94.5) NA
Pruritus 11 1 0 NA 12 (21.8) 0 (0.0)
Rash 10 1 [¢] 0 11 (24.4) 0 (0.0)

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; NA, not applicable.

130-nm nanoparticle albumin-bound paclitaxel formulation that
is devoid of any solvents or ethanol. Nab-paclitaxel thus
reduces the risk of hypersensitivity reactions and does not
require steroid and antihistamine premedication; in fact, hyper-
sensitivity reactions did not occur in this study. Additionally,
because the nab-paclitaxel formulation does not contain alco-
hol, it can be administered to poor metabolizers of alcohol®®
and can prevent alcohol-induced hypersensitivity reactions. Fur-
thermore, nab-paclitaxel can be given over a shorter time per-
iod (30 min) and without special i.v. tubing; therefore,
polyethylene-lined i.v. bags composed of polyvinyl chloride
can be used for its administration.***> A comparative pharma-
cokinetic study of nab—]gaclitaxel and conventional PTX injec-
tions was carried out.®® Patients with advanced solid tumors
were randomly assigned to receive nab-paclitaxel (260 mg/m>
i.v. over a 30-min period) or the conventional PTX injection
(175 mg/m2 i.v. over a 3-h period) every 3 weeks. The PTX
clearance and distribution volumes were significantly higher in
patients who received nab-paclitaxel than in those who
received conventional PTX. Furthermore, Gardner er al
reported that the mean fraction of unbound PTX was consider-

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

- 258~



Original Article
Phase 2 trial of nab-P for gastric cancer

ably higher with nab-paclitaxel than with conventional PTX.?"

This pharmacokinetic property of nab-paclitaxel might be asso-
ciated with higher PTX -distribution to the tumor. Additionally,
in preclinical studies, PTX transport across the endothelium
was enhanced by albumin receptor-mediated transcytosis, and
PTX delivery to tumors might be enhanced by the binding of
albumin-bound PTX to interstitial albumin-binding proteins
such as secreted protein acidic and rich in cysteine.®® In a pre-
clinical model and at equitoxic doses, the nab-paclitaxel-treated
groups showed more complete regression, a longer time to
recurrence, a longer doubling time, and prolonged survival,
compared to the Cremophor-containing PTX-treated group.!'’
Nab-paclitaxel without premedication showed significantly
higher response rates and a longer time to tumor progression
than PTX or docetaxel in advanced or recurrent breast cancer
patients.%?% Additionally, weekly nab-paclitaxel plus carbopl-
atin-based therapy resulted in a significantly improved ORR in
advanced NSCLC patients, compared to that associated with
PTX Plus carboplatin, with a trend toward improved OS and
PES.®" And in patients with metastatic pancreatic adenocarci-
noma, nab-paclitaxel plus gemcitabine significantly improved
0OS, PES, and ORR without life-threatening toxicities, which
could make this treatment the standard treatment.®®

Gastric cancer remains one of the most important malignan-
cies, especially in Asian countries. Several phase III studies
demonstrated a significantly prolonged OS in patients with
advanced or recurrent gastric cancer in res;i?onse to first-line
fluoropyrimidine-based chemothetapies.(7‘'0'3 ) Paclitaxel at a
dose of 210 mg/m2, repeated every 3 weeks, was initially
evaluated in Japan and yielded an objective PR rate of 28% in
a registration trial of untreated or minimally treated gastric
cancer patients. Several small-scale phase II studies of weekly-
administered PTX reported response rates ranging from 16%
to 24%">'7 for gastric cancer patients in a second-line setting
(Table 5). Furthermore, as it resulted in a better survival bene-
fit than irinotecan in the West Japan Oncology Group
WJIOG4007 trial, weekly PTX could be adopted as a control
arm in future phase III trials of second-line chemotherapy for
gastric cancer.®? Based on these clinical trials, weekly PTX
has become the most frequently prescribed second-line drug in
Japan.

This phase II study of nab-paclitaxel is the first phase II trial
for the treatment of advanced or recurrent gastric cancer. No
significant hypersensitivity or anaphylactic reactions were

Table 5. Second-line treatments for gastric cancer

Regimen pr:fc)i-ezis RR (%) (2/::) (dP;:;s) Reference

Weekly paclitaxel 25 24 151 64 15
(80 mg/m?)

Weekly paclitaxel 44 16 237 79 17
(80 mg/m?)

Biweekly paclitaxel 40 17.5 254 11 34
(140 mg/m?)

Triweekly paclitaxel 26 27 319 NA 16
(210 mg/m?)

Triweekly paclitaxel 15 20.0 NA NA 18
(210 mg/m?)

Triweekly docetaxel 49 16.3 252 76 33
(75 mg/m?)

This trial 54 27.8 279 88 NA

MST, median survival time; NA, not applicable; PFS, progression-free
survival; RR, response rate.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty ttd
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induced by nab-paclitaxel without premedication. The main
reason for treatment discontinuation was disease progression,
and two patients discontinued the study treatment because of
adverse events, which included thrombosis and peripheral sen-
sory neuropathy. No new safety concerns related to nab-paclit-
axel or conventional PTX were identified, and there were no
treatment-related deaths in this study. Although grade 3/4 tox-
icities such as neutropenia, leucopenia, and lymphopenia were
observed, these ADRs were clinically well managed. Grade 3
peripheral sensory neuropathy remains an important problem
that might be controlled by dose reductions and delays before
the symptoms worsen. The clinical responses and PFS with
nab-paclitaxel as second-line treatment seem comparable to
those obtained in prior PTX trials, although no direct compari-
son data with PTX are available (Table 5). Recently, survival
advantages were reported for irinotecan versus BSC and for
irinotecan or docetaxel versus BSC as second-line treatment
for gastric cancer patients."*'¥ Weekly PTX failed to show a
survival advantage over irinotecan in a phase III trial.®%

In conclusion, nab-paclitaxel, when given every 3 weeks,
shows promising activity and well-tolerated toxicities in
patients with previously treated unresectable or recurrent gas-
tric cancer. A phase III trial is ongoing to evaluate the clinical
benefit of nab-paclitaxel as second-line chemotherapy for
advanced or recwrent gastric cancer (JapicCTI-132059).
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Abstract

Background  The long-term outcomes of advanced gastric
cancer {AGC) patients treated with S-1 plus cisplatin (SP)
combination chemotherapy remain unclear. Therefore. we
sought 1o evaluate these outcomes to identify the prog-
nostic factors affecting patient survival.

Methods  We rewrospectively analyzed 153 AGC patients
treated with SP at a single institution between Januoary 2005
and July 2011,

Resufts Median overall survival (OS) was 15.0 months
193 % confidence interval (Ch. 12.5-17.9 months]. Three
independent prognostic fuctors affecting poor survival were
identified: performance statws (PS) = |
(HR) = 239, 95 % CI, 1.538-3.062) >| metastatic site
(HR = 1.37. 95 G CI. 1.10-2.26], and c¢levated alkaline
phosphatase Jevels (HR = 1.70. 93 % Cl. 1.16-2.49). A
simple prognostic index was generated using three risk

[hazard ratio

groups: good (no risk factor). moderate (one or two risk
factors). and poor (three risk factors). The median OS for
good-. moderate-. and poor-risk groups was 28.6, 148, and
7.3 months. (log-rank test: P < 0.0001).
Among the twelve 3-yvear survivors. 9 (75 %) had a PS ol'0
and 8 (67 %) had only one metastatic site.

Conclusions Yhree prognostic factors were identified in

respectively

AGC patients weated with SP. Using a simple prognostic
index. the patients were divided into three risk groups, in
which the survival differcnces were markedly significant,
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suggesting that patients with good PS and only one meta-
static site may have a higher chance of long-terny survival
than those with poor PS and multiple metastatic sites.

Keywords  Gastric cancer - S| plus cisplatin
chemotherapy - Prognostic lactors - Long-term
survival

Introduction

Among malignant tumors. gastric cancer is the second
feading cause of death worldwide [ 1] Although the mor-
tality rate associated with gastric cancer is decreasing. this
discase cluims approximately 30,000 lives in Japan every
year. Several randomized trials have revealed that overall
survival (OS) in advanced  gastric cancer (AGC) s
improved with systemic chemotherapy compared with the
best supportive care [2—H: however. several recent phase
HI wrinds rveported that the prognosis for AGC remained
poor, with a median survival time of 9.2-13.0 months [3-
71 In AGC. the outcome of systemic chemotherapy
depends on patient and tumor characteristics. Recently
studies have shown that poor performance status (PS) [8-
131, multiple metastatic sites {131, peritoneal metastasis
19, 131, bone metastasis [8. 13], liver metastasis {91 no
prioy gastrectomy |8, 10], and elevated alkaline phospha-
tase (ALP) levels [9] were independent prognostic Tactors
of poor OS.

A randomized phase HI trial conducted by the Japan
Clinical Oncology Study Group (JCOG) demonstrated that
OS after S-1 (an oral Juoropyrimidine)y monotherapy was
not inferior 1o that after infused S-fluorouracil (3-FFU)y [14]
Furthermore, a phase H1 trial of S-1 alone versus S-1 plus
cisplatin in a randomized controlled trial in the treatment of
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stomach cancer (SPIRITS) demonstrated that 5-1 plus
cisplatin (SP) was superior to 51 [7]. A phase HI First-
Line Advanced Gastric Cancer Study conducted mainly
among Western countries demonstrated that SPowas not
inferior to 5-IFU plus cisplatin, with SP having lower tox-
icities [15]. On the basis of these results, SP combination
chemotherapy  was established as a standard - first-line
treatment for AGC in Japan. In clinical settings, however,
litle is known regarding the prognostic Tactors and long-
term outcomes of AGC patients treated with SP. Henee, the
aim of the present retrospective study was o analyze the
prognostic factors affecting OS and 1o evaluate the char-
acteristics of long-termy survival in AGC patients treated
with SP as a first-line treatment in a clinical setting.

Materials and methods

Patients and treatment schedule

The present retrospective study analyzed the outcomes of

153 AGC patients treated with SP as first-line chemother-
apy between January 20035 and July 2011 at the Aichi
Cancer Center Hospital (Aichi, Japan). All patients were
dingnosed with histologically confirmed inoperable ade-
nocarcinoma, Most patients received SPoaccording to a
standard schedule (S-1 at 80 me/m” per day for 3 weeks
followed by a 2-week rest: cisplatin at 60 meg/m” intrave-
nous infusion on day 8 3-week cycles). Only 7 patients
received SP in a thrice-weekly schedule (S-1 at 80 mg/m”
per day for 2 weeks (ollowed by a I-week rest: cisplatin at
60 mg/m2 intravenous infusion on day v 3-week cycles).
Treatment was continucd until disease progression. intol-
crable toxicity. or patient refusal. Tumor response was
assessed on the basis of the Response Evaluation Criteria in
Solid Tumors version 1.0 [16]. Confirmation of treatment
response was not required for this study. Writen inforimed
consent was obtained from all patients before administra-
tion of the first-line treatment.

Statistical analysis

Progression-free survival (PFS) was calculated from the
date of SP initiation to the date of disease progression or
death from any cause. whichever occurred first. OS was
saleulated from the date of SP initiation to the date of death
from wny cause. PFS and OS were estimated using the
Kaplan-Meier method. Of the 153 patients, 6 (4 %) were
lost to Tollow-up. Survival status was updated in April
2013, Univariate analyses were performed using the log-
rank test with the following variables: (1) age (<65 vs.
=65 years): (2) gender (male vs. female); (3) Eastern

=

Cooperative Oncology Group performance status (ECOG
PS) (0 vs. 1-2): () histology (diffuse vs, intestinal type);
(5) peritoneal metastasis (no vs, yes): (0) liver metastasis
(no vs, yesy (7) lymph node metastasis (no vs. yesy: (8)
number of metastatic sites (1 vs, =2): (9) history of gas-
trectomy (no vs. ves): and (103 ALP levels (normal vs.
high). A multivariate analysis of prognostic factors using
the stepwise Cox proportional hazard model was performed
with these categorical variables (o caleulate the hazard
ratio (HR) and associated 95 % confidence intervals (Cls).
A two-sided /P value Tess than 0.05 was considered statis-
teally significant, All statistical caleulations were  per-
formed using Dr. SPSS 11 software (SPSS Japan, Tokyo.
Japun).

Results
Patient characteristics

Pretreatment patient characteristics are summirized in
Table 1. As shown. the median patient age was 62.0 years
(range 28-83 years), and 91 (60 %) were men. Among the
153 patients, 12 did not undergo gastrectomy before ini-
tal chemotherapy because of unresectable disease. 20
underwent resection of the primary site but had residual
disease, and 31 had recurrent discase after previous cura-
tive gastrectomy. Of the 102 patients who had initially
unresectible disease. 2 underwent curative surgery after
achieving a good response with the first-line treatment and
U underwent palliative gastrectomy for pyloric stenosis. A
total of 120 (78 %) patients received second-line chemo-
thevapy: 75 (63 %), 32 (27 %), and 13 (11 %) received
taxane-based regimens, irinotecan-based regimens, and
other, respectively. Only 2 (1 %) patients were actively
receiving SPoas the first-line treatment at the time of this
analysis.

Tumor response and survival

The overall response rates are summarized in Table 2.
Of the 94 patients with measurable discase, 5 (5 %) were
not eviluated for unacceptable toxicities or clinical dis-
case progression. The overall response rate was 41 %
(95 % CI, 31-52 %) 2 (2 %) patients achieved complete
response and 37 (39 %) achieved partial response. The
median follow-up  period  was  26.8 months  (range
4.9-069.5 months). the median PES  was 5.9 months
(U5 % Cl. 5.0-6.8 months), and the median OS was
15.0 months (95 % ClL. 12.5-17.9 months) (Fig. la. b).
The 1-. 2~ and 3-year survival rates were 61, 29, and
12 %. respectively.
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Table T Patient characterisies

Characteristic o= 133 Percent (969

Age. vears

Median frunge) G2.00 (28-83)

Gender
Male 91 A
Female 62 41
ECOG PS
0 48 3
! us 04
2 : 7 5

Histologicul type
Diffuse tvpe ti3 e
latestinad tvpe 0 26
Discase status
Unresectable 122 S0
Recurrent RS 20

Prior gastrectomy

Yes 31 33
No to2 67
Metistatic sttes
Perttonemn 02 60
Lymiph node i} 35
Liver AR 22
Bone 14 9
Lung 12 8

Number of metastatic sites

I 76 30
2 RN 36
=3 22 14

ECOG Eastern Cooperative Oncology Group., PS perfornumce status

Table 2 Tumor response in patients with measurable lesions

Response o= t
CR 2 2
PR 37 30
S 30 32
o 20 21
NE 5 5

CR complete response, PR partial response. S0 stable disease. 2D
progressive disease. NE not evaluable

Analysis of prognostic factors

The results of univariate survival analysis are listed in
Tuable 3. PS. peritoneal metastasis, number ol metastatic
sites, prior gastrectomy. and elevated ALP levels signifi-
cantly affected OS. Patients with ECOG PS grade 0 had
better OS than those with ECOG PS grades |
(17 < 0.0001). Patients with only one metastatic site had

or 2
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Fig. I oo, b Raplan=Meier survival curves of  progression-free
survival (PFS) and overadl survival (OS) Tor all patients (n = 133).
a Median PES was 5.9 months (95 % CL 5.0-0.8 months). b Median
OS was 15.0 months (93 % CL12.5-17.9 months)

better OS5 compared with those with multiple metastatic
sites (P = 0.003). Multivariate analyses showed that PS =
I(HR, 2,390 95 % CL1.58-3.620 P < 0.00D). multiple
metastatic  sites (HR. 1570 953 % Cl 1.10-2.26:
P = 0.014). and elevated ALP fevels (HR. 1700 95 % CL
116249 P = 0.007) were independent prognostic fac-
tors (Tuble 4y that were observed in almost all patients.
although ALP data were unavailable tn one patient. All
three fuctors had similar orders of magnitude in all putients,
and those with one (7 = 33) or two (1 = 51) prognostic
{actors had simitar OS (log-rank test, P = 0460 1539 vs,
12.8 months and 66 vs. 62 % for median survival time and
-yvear survival rate, respectively). Therefore. we catego-
rized patients into prognostic risk groups as follows:
patients with no prognostic (actor as the good-risk group
(11 = 23). those with one or two prognostic factors as the
those with

moderate-risk  group  (n = 104), and three
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Table 3 Usivariate progoostic facter anadsses for overal] survival

Stedian OS P ovathie

EHIGTHIN]

Varable 7

Tuble 4 Multvanate analvsts of oversll survival using the stepuise

oy s muaded

Hasard ratio EARNG P ovidue

Age iveurs)

EENS ul Pa7 (13
BN 6] 18.3
Gender
NMide 4l [RI) 321
Femule G2 15
Perfermance st
4] A5 274 < (. 000}
= s [
Histology
Diffuse R 158 (.60
Tntestinal 40 (R IR]
Metastitic sifes
Peritoneum
61 171 (.01
i 92 BRI
Liver
|2 13.8 00,65
i i3 138
Lymiph nesde
- 34 1839 27
5.4 143
Bone
P39 I35 .07
+ B 128
Lung
o P 5.0 1530
i 12 17.3
Number of metastalic sies
| 76 YR 0.003
77 12.6
Prior gastrectonmy
No 162 [ 0.001
Yes 51 212
ALP?
Nor 19 17.3 (1.0004
High 43 105

08 overall supvivad, ALE alkaline phosphatiee

DN measurement 0 one patient

prognostic  tactors as  the poor-risk group (0 = 231
urves for these three
risk groups. There were significant differences in OS
among the three risk groups dog-rank test, 7 < 0.0001).
The median survival time for the good-. moderate-. and
poor-risk groups was I8.6, 448, and 7.3 months, respec-
i

tively, and the 3-vewr survival rate was 38, 8. and 0 %,

Figure 2 shows the overadl survival ¢

Perforance status 2 PAR-362 <]
Number of mictastutic s 157 P2 G 0.1
ALP ’ VI L6249 .007
7 contidence ol
103
1
. Feskogroup M
“15‘ "
g 4 R - - == Gosd 25
151 “i} -------- Moderate 104
N \ Y 1‘,@, — Poor 23
B s Lo\ ™
= + L
s \ L
£ 1 1
< \ —
Yooy . |
P Y -9
1‘\ e !
— 3 [~
L Sl
2 L iy -
Ly
%e‘r
BRI
.
0
0 10 30 40 50 £0 70

Time (months)

Fig. 2 Osveradl sunvnal corves by prognostie indes. Median survivad
tie for the geedonish idashied Tiney, moderate-risk (donred e, and
poor-risk Geolid finey geoups were 18060 TERD und 7.3 months,
respectivelve snd the Sovcar survinal rate was 380 8 and 09,
rospuctively

respectively. We Tound that the moderate-risk group had a
3o b-fold-creased risk ol death (HR, 3120 95 <% CL
1785470 £ < 0.001) and that the poor-risk group had a
7.9-fold-increased risk of death (MR, 7.930 93 % CL
39941576 P = 0001 compared  with the  good-risk
group. The median PES for the goad-, moderate-, and poor-
risk groups was 9.7, 3.7, and 3.2 months. with significant
dilferences (log-rank test, /7 = 0,001, OF patients who
received tixanes and iriotecan as subsequent therapy. 19
(76 %y and 15 (60 %) were in the good-risk group, 71
(68 %) and J4 (12 %y in the moderate-risk group, and 13
(37 ey and 7 (30 %) in the poor-risk group. respectively.

Charaeteristics of long-term survivors

Characteristics of the 12 patients who survived more than
3 vears are summarized in Table 50 Nine (75 %6y of the
12 patients had o PS of 0. and 8§ (67 %) had prior gas-
trectomy. Eight (67 %) patients had only one metastatic
site and 3 (25 %) achieved a complete response (CRj;
patient achieved CR following first-line chemotherapy
and 2 achieved CR following second-line chemotherapy,
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Table 3 Charscteristies of 3-vear survivors

Age G Ps PGA AS Response PES Risk group Survival Status
yearss

- Ist nd

i F | No P.LN SD NE 132 Moderate 3641 A

37 F 0 Yes P IR/SD NE 4.4 CGiood 394 D

66 8 | No LN PR PR 37 Moderate .5 A

73 I 0 Yes Li SD PR 10.0 Goad 40.6 D

72 hS| 0 No LN, Lu PR PR 949 Moderate 414 \

71 i I Yes POLN PR SD F1.3 Muodernite 429 D

08 M 3] No LN, LA Lu PR PR 19.0 Moderute 16.7 D

K I 8] Yes Lu PR CR 39 Good 47.6 A

70 A b} Yes LN SP SD 8.3 Goad 0.4 D

63 M 0 Yes I.N PR SD 367 Goaod 53.0 A

61 o V] Yes Li CR - 538 Good 53.8 A.NED
RN I 0 Yes P IR/SD CR 0.3 Gooil 9.5 ALNED

G gender. M made. £ famale, PS performance status, PGA prior gastrectomy. MS metastatic site, 2 peritoneum, LN vmph node. L4 liver, L tung,
NE not evaluable, PES progression-free survival, A alive, D dead, NED no evidence of disease

The median PFS (10.7 months: range 3.9-33.8 months)
in the 3-year survivors was longer than that in the entire
population, Seven patients were alive during the follow-
up period. of which 4 were classified in the good-risk
aroup.

Discussion

In the present study, we retrospectively investigated the
AGC
patients treated with SP at a single institution. We found
that PS =1. muliple metastatic sites, and clevated ALP
levels were prognostic factors of decreased OS. Using
these lactors. we developed a simple prognostic index 1o
classily patients into three risk groups.

Consistent with previous studies [S=13], we found that
PS was an independent predictor of OS5 and only one
metastatic site was an independent prognostic factor of
improved OS. This finding is also consistent with several
other reports 1131 In two Korcan studies, initial met-
astatic state (no prior gastreclomy) was a significant
prognostic factor of poor survival [8. 10]. One reasonable
explanation for these results is that multiple metastatic sites
and initial metastatic state may reflect larger tumor vol-
umes: however, metastatic sites such as the liver. perito-

prognostic  factors and  long-term outcomes  of

neum. and bone were not significantly associated with OS.
sugeesting that tumor volume may be a more important
prognostic variable than metastatic lesions in the outcome
of AGC patients treated with chemotherapy. Consistent
with the findings of Chau et al. [9]. we determined that
elevated ALP level was i prognostic factor of poor OS:
however, this association was unclear in our series.
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Our simple prognostic model identified three different
risk groups, and because all three prognostic Tactors can
cusily be evaluated before treatment, it can help clinicians
and patients make clinical treatment decisions and help in
further research regarding risk stratification in AGC. To
date, several prognostic models have been developed o
predict the outcome of AGC patients treated with palliative
chemotherapy [8. 9. 13, 17]. However, in the prognostic
index validated by Chau et al. [9). 27 % of the included
patients had  esophageal cancer and 22 % had locally
advanced discase. In the report by the Korean group, u
prognostic model developed using a training set of 1.870
patients was validated in sets ol 935 AGC patients [17].
This model had good applicability 1o AGC patients who
received a 3-week SP oregimen [8]. whereas the more
complex model comprised cight prognostic factors and
therefore may not be useful in clinical application. Our
proposed index has not been validated und has several
limitations inherent to retrospective analyses, but proposes
information valuable to clinical practice and will be worthy
of validation in future.

In the present study. the median PES and OS of patients
receiving SPwere 3.9 and 15.0 months, which were similar
to those observed in the SPIRITS trial (median PFS and
0S. 6.0 and 13.0 months, respectively) [7]. Regarding
patient background. a higher proportion of our patients had
poorer PS (ECOG PS = 1 69 vs, 28 %), peritoneul
metastasis (60 vs. 34 %), and only one metastatic site (30
vs. 28 Gk). The proportion of our patients receiving second-
line chemotherapy in the present study was approximately
cqual o that in the SPIRITS wial (78 vs. 74 %) The
median OS of patients with peritoneal metastasis was
14,3 months, similar o that in the entire population. The
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decrease in survival, indicated by poorer PS. may be
counteracted by the small number of mnvolved organs
involved.

To our knowledge, this is the first report on the char-
acteristics of long-term survivors of AGC treated with SP,
although there have been a few reports of long-term sur-
vivors o AGC treated with pallintive chemotherapy |11,
121, Yoshida ot al. [12] reported that 11 of 497 (2 9
patients achieved S-year survival in four phase Hrials and
one phase HI wial conducted by JCOG. All patients had
good PS (0 or 1), and 10 of 11 (91 %) had only one met-
astatic site: 8 (73 %) involving the abdominal lymph nodes
and 2 (18 %) involving the liver. A recent study by Hos-
okawa et al. [T reported that 9 of 92 (10 %) patients who
had received S-1 monotherapy survived for more than
3 years. All 9 patients had a PS of O or | and 8 (89 %) had
only one metastatic site: 6 (67 %) involving the peritoneum
and 2 (22 %) involving the abdominal lymph nodes. In our
study. 12 00 104012 %) patients with a lollow-up period of
at least 3 years survived for more than 3 years. Similar (o
previous studies, all 12 patients had good PS (0 or 1) and 8
(67 %) had only one site of metastasis. including the
peritoneum in 2. abdominal lymph nodes in 3. liver in 2,
and lung in | patient. Interestingly. b of 7 (57 %) patients
who were alive during the follow-up period were classified
into the good-risk group and had prior gastrectomy.,

In conclusion. we identified three prognostic OS factors
in AGC patients receiving SP as first-line chemotherapy in
acliniea) setting. A simple prognostic index was developed
with different OS rates among the three risk groups. In
AGC patients with good PS. the involvement of only one

metastatic site increased the  patient’s  probability  of

achieving long-term survival.
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Articles

Ramucirumab plus paclitaxel versus placebo plus paclitaxel in
patients with previously treated advanced gastric or
gastro-oesophageal junction adenocarcinoma (RAINBOW):

a double-blind, randomised phase 3 trial

v Bodoly, Yasohiro Shimada, Shachi Hieaaka
5, m;i’fr{’.uvn Michavt Pk, Rolerte Carlesi, Do
jooathan [ Schiwaetz, Atsoshi Gledse, fnrlin LAINBOW Study Group®

FHansjochen Waike, Ko Muro, Eric mz(nmm Sang-Cheul Ofs, Gro

Iaotoshi Sugimota, Olig Lipatoy,

Fag-You K, J)\md(m:rmq-mm Phili i, Yosbite Kot

id Ferryt, Kumari Chandrawansa,

Summary

Background VEGFR-2 has a role in gastric cancer pathogenesis and progression, We assessed whether ramucirumab, a
monoclonal antibody VEGFR-2 antagonist, in combination with paclitavel would increase averall survival in patients
previously treated for advanced gastric cancer compared with placebo plus paclitaxel.

KMethods This randomised, placebo-controlled, double-blind, phase 3 trdal was done at 170 centres in 27 countries in North
- and South America, Europe, Asia, and Austrlia. Patients aged 18 years or older with advanced gastric or gastro-ocsophageal
junction adenocarcinoma and disease progression on or within 4 months after first-line chemotherapy (platinum plus
fluoropyrimidine with or without an anthracycline) were randomly assipned with a centralised interactive voice or web-
response syslem in a 1:1 ratio to receive romucirumab 8 mg/kg or placebo intravenously on days 1 and 15, plus paclitaxel
80 mg/m? intravenously on days 1, 8, and 15 of a 28-day cycle. A permuted block randomisation, stratified by geographic
region, time to progression on first-line therapy, and disease measurability, was used. The primary endpoint was overall
survival. Efficacy analysis was by intention to treat, and safety analysis included all patients who received at least one
treatment with study drug. This trial is registered with ClinicalTrials.gov, number NCT01170663, and has been completed;
patients who are still receiving treatiment are in the extension phase. .
Findings Between Dec 23, 2010, and Sept 23, 2012, 665 patients were randomly assigned to trestment—330 to
ramucirumab plus paclitasel and 335 to placebo plus paditaxel. Overall survival was significanily longer in the
ramucirumab plus paclitaxel group than in the placebo plus paclitaxel group (niedian 9-6 months [95% C18-5-10-8) »
7 -t months [95% CI 6-3-8-4), hazard ratio 0-807 {9536 C1 0-678-0-962}; p=0-017). Grade 3 or higher adverse events that
occurred in more than 5% of patients in the mmucirumab plus paclitaxel group versus placebo plus paclitasel induded
neutropenia {133 [4196) of 327 vs 62 [19%5] of 329), leucopenia (57 [17%) vs 22{7%]} hypertension (46 [1426] vs cight [295]),
fatigue (39 {124] vs 18 [5%]), anaemia (30 [9%] vs 34 [10%6)), and abdominal pain (20 [6%] vs 11 [3%)). The incidence of
grade 3 or higher febrile neutropenia was low in both groups {ten [3%6] vs eight [296)).

Interpretation The combination of ramucirumab with paclitaxel significantly increases overall survival compared with
placebo plus paclitaxel, and could be regarded as a new standard second-line freatment for patients with advanced gastric
cancer.

Funding Eli Lilly and Company.

introduction

Gastric cancer is the 8fth most connnon malignancy, and
the third leading cause of cancer monality worldwide.!
Currently, platinume-based and finoropyrintidine-based
combinations are acccp!ed worldwide as established
first-line dmg rcnmlcm * There are not many treatiment
options after ﬁ\x[ttrc~ { firstline therapy. [n randomised
trials, selected sa:cond line ghum)ter,lpy significantly
improved averall survival compared with best supportive
care,”* however, median suvival was less than 6 months.

cancer. b patients with gastric cancer, circulating VEGF
levels are associated with increased numour aggressivencess
and reduced survival” Inanimal moedels of pastric
adenocarcinoma, VEGFR-2 ihibition reduced wmour
growth  and  vasculanity® Firstdine  treatment  with
bevacizumab, a VEGE-A-directed monodlonal antibody, in
combination with chemotherapy was asseciated  with
significantly improved proportions of patients achicving
an objective response and progression-free suvival, and
non-significantly improved overall survival in paticnts with

Therefore. wew, more active second-ine treatment  metastatic gastric cancer.” Ramucirumab, a buman 12G1
options are needed, monoclonal  antibody  VEGFR-2 antagonist, prevents
VEGE ¢ VEGFR-2-miediated  signalling and gnmd binding and receptormediated pathway activation

i wribute 10 the pahogenesis of gustde  in endothelial cells” Paclitavel was chosen for the
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combination based on single-agent second-line trin
the results of 4 retrospec analysis in gastric
indicated similar efficacy between frequently used second-
line drugs (taxanes or irinotecan).” Weekly paclitavel is
better tolerated  and  more efficacions  than 3-weckly
pachtasel in metastatic breast cancer” More recently,
Japanese randomised trial, weekly paclitaxel was associated
with a good toxicity profile compared with irinotecn as
second-line therapy in patients with gastric cancer”

We assessed lho safety and efficacy of ramucirimab plus
paclitixel i patients with advanced gastric or gastro-
Ges0) I.ngml junction  adenecarcinoma with - discase
progression after lirst-line combination chemotherapy.

Methods

Study design and patients

RAINBOW was a double-blind, placebo-controlled phase 3
trinl. Eligibility criteria included age 18 vears and older:
having metastatic or non- resectable. locally advanced
gastric or gastro-ocsophageal ;um:m:x adc:m{ar(mmm*
docmented  objective radiological or  dinical dises
progression during or within 4 months of the last do
firstdine platinum and fluoropyrimidine doublet with or
without mﬁ cyeline: an Eastern Cooperative Oncology
Group (ECOG) performance status score of 0 or 1; and
measureable or nonqmeasurable evaluable disease (defined
with Response Evaluation Criteria In Solid Tumors
[RECIST], version 11" Exclusion criteria included having
squamoens  or undifferentiated  gastric cancerr gastro-
intestinal perforation, fistulae, or any arterial thrombo-
embolic event within 6 months, or any significant
gastrointestinal - bleeding or any  <igr nificant venous
thromboembolism within 3 months before randamisation;
or poorly controlled hypertension. The appendix provides
the full inclusion and exclusion criteria.

Each centre's institutional review board or independent
cthics committee approved the study. The trial followed
the principles of the Decluration of Helsinki and the Good
Clinical  Practice  Guidelines ol the  International
Conference on Harmonisation. Al patients provided
written informed consgent,

Randomisation and masking

Patierts were randomly assigned inoa L1 ratie to
ramucirumab plus paclitaxel or placebo plus paclitaxel
using a randomisation sequence generated using the
permited  blocks method within each stratum by
statisticiann net involved  in the  study
Randomisation was stratified by geographic region
{region 1, Europe. Israck, Australia, and the USA: region 2,
Argentina, Brazil, Chile, and Mexico; and region 3, Japan,
South Korea, Hong Kong, Singapore, and Taiwan), time
1o progression after first dose of firstline therapy
{<6 months vs =6 months), and disease measurability
(micasurable v non-messurable). This sequence was
programied into a centralised interactive veice or web-
systern. Study  sites enrolled  patients by

activities,

[CSPOISEe

accessing the centralised  Imteractive vo or web-
spense system, The interactive volce or web-response
system then assigned o unique identification nimber 1o
cach patient, and randomly assigned patients to one of
ihe two treatment groups,

Patients, medical stafl, study investigators, individuals
whe handled and analysed the data, and the funder were
masked o treatment assignment. Ramucirumab and
plicebo for infusion were identical in appearance to
presepve  masking, Ummasking could  be  done  for
individual patients only o the request of a study physician
il case kuowledge of the identity of study drug was

important for the treatment of serious adverse events.

Procedures

Patients received either ramuciramab 8 mg/kg (ImClone
Systems, Branchburg, NJ, USAy or placebo intravenously
ondays 1 and 15, plus paclitaxel 80 mg/m? intravenously
on days 18, and 15 of 3 28day cycle. Patients received
study treatment until disease progression, unacceptable
toxicity, or withdrawal of consent. Crossover between
treatiment groups  was not allowed.  Criteriz

for
discontinuation of patiens from study treatment, and for
dose modifications 10 manage treatment-related toxicities
are presented in the appendix. All patients received
supportive care if indicated.

CT scans were done every 6 weeks. Safety data were
gathered continuonsly and local laboratory assessments
{inctuding haematelogy, clinical chemistry, coagulation,
and urinalysis [appendix)) were done at baseline, before
cach treatment, at the end of therapy, and 30 days after
the Tast dose of study drug: adverse events were graded
in accordance with the National Cancer  Institute
Conunon Terminology Criterin for Adverse Events
(NCI-CTCAE; version 4.02)." We planned 1o assess
quality of life every 6 weeks until progression using the
European Organisation for Research and Treatment of
Cancer quality-of-life questionnaire (EORTC QLQ-C30,
version 3.0)” and the EuroQol. five-dimension, three-
level  health  status questionnaire (EQ-5D-3L).%
Performance status was assessed at the start of each
cvcle, at the end of therapy, and at the 30-day follow-up.
Blood for analysis of anti-ramucirumab antibodies
{imumunogenicity) was obtained at baseline. day 15 of
eycle 2 and day 1 of eycle 4, and at the 30-day follow-up,
and patients’ sera were analvsed as detailed in the
appendix. '

Qutcomes .

The primary cutcome was overall survival. defined as the
time from randomisation 1o death from any cause
Secondary outcomes  were  progression-fres survival,
defined as time from randomisation w radiographic
progression or death: objective tumour respanse, defined
as the proportion of patients who had a best response of
complete response or partial response: disease control,
defined as the proportion of patients who had a best
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response ol complete response, partial response. or stable
disease: patientreported outcomes, as assessed using
EORTC QLQ-C30 and EQ-3D-3L: immunogenicity of
ramucirumab, where a treatmentemergent antibody-
positive response was defined as a post-bascline positive
response greater than four times increase in the antibody
litre. or a missing bascline assessment and an on-
treatment titre of at least 120 and safety. Discase
progression and tumour response were assessed by
investigators in accordance with RECIST 1.1*

Statistical analysis

We calculated that to achieve 90% power o detect an
overall difference in survival between the two treatment
aroups (hazard ratio {HR] 0-75: anticipated median overall
survival 7-0 months in the placebo plus paclitaxel group s
9.3 months in the ramucirumab plus paclitaxel group)
with a one-sided « of 0-025 {two-sided 0-05), 510 deaths
were needed, and 663 patients would need to be randomly
assigned. The results presented here are based on a two-
sided a of 0-05.

We used a logrank test. stratified by geographic
region, time to progression on firstline therapy. and
discase measurability, to assess overall survival and
progression-free survival, Estimations of time-to-event
curves were generated with the Kaplan-Meier methed.
The HR was estimated with a stratified Cox proportional
hazards model. We did a pre-planned multivariate
analysis with a stepwise Cox regression model of
predefined baseline chiaracteristics to examine the eftect
of treatment on overall survival and progression-free
survival after adjustment for significant prognostic
factors. The proportion of patients achieving an objective
response and discase control were compared between
treatment groups with the Cochran-Mantel-Haenszel
test, with adjustment for the randomisation strata, All
analyses were done with SAS (version 9.2).

Etficacy analyses were based on the intention-to-treat
populution and predefined subgroups. The intention-to-
treat  population comprised all randomly assigned
paticnts, irrespective of whether the patient received
study medication. Safety analyses included all patients
who received at least one dose of any study drug,

EORTC QLQ-C30 and EQ-5D data were scored according
to developer guidelines and summarised descriptively for
the intention-to-treat population.”” The EQ-5D index
score was clculated using the algorithm developed to
represent UK population preferences for health states.®

This trial is registered with ClinicalTrials.gov, number
NCTO01170663.

Role of the funding source

The study funder provided the study drug and
collaborated with investipators on protocol, study
design, data gathering, analysis, and interpretation. and
writing and preparation of this report. HW prepared the
first draft in collaboration with the funder and other
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Figure 1: Trial profile

"One patient was randomly assigned to the plateba group, but received one dede of ramudirumab, (Radingraphic

progression or symptomatic deterioration

coauthors. HW had {ull access to all patient-level study
data and all authors approved the submission for
publication.

Results

Between Dec 23, 2010, and Sept 23, 2012, 665 (8495) of
794 screened patients were randamly assigned to receive
ramucinumab plus paclitaxel (1=330) or placebe plus
paclitaxel (n=335) at 170 centres in 27 countries in North
and  South America, Europe, Asia, and Australia
{2ppendix). Figure 1 shows the trial profile. All patients
were included in the eflicacy analyses. As of data cutoft
(july 12, 2013}, with a median follow-up for overall
survival of 7-9 months (IQR 4:2-13-0), 316 (78%) of
665 patients had died. 13 {498) patients in  the
tamucirumab and paclitaxel group and seven (2%5) in the
placebe and paclitaxel group are still receiving treatment,
and are in the extension phase of the study.

Baseline characteristics of patients and their tumours
were generally well balanced between the groups
(table 1). 662 of 665 patients received previous treatment
with  platinum-based  and  Auoropyrimidine-based
chemotherapy regimens, including regimens with an
anthracycline (163 [25%]);:  of the remaining
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Ramucirumab  Placebo plus

Ramugcitumsb  Flacebo plus
pluspaclitaxel  paclitaxel plus paclitaxel  paclitaxel
(n=330) (n=335) {n=330) (n=335)
Age{years) (Continuad from praviows columng
Hadian frange) 61(25-831 61{24-84 Histalogical subtype (Lavren dassification)
<65 204 {63%) 212(63%) Intestingl 145 (44%) 135 (404}
265 126386 %) 1230379 Ditfuse 115(35%) 133 {40%)
Sex Mixed 21{6%) 14 (4%
' Male 226 (690 243(73%) Unknawn or not available 49 (15%) 53(16%)
: Ethnicerigin® Primary turmour present 309(63%) 209 {62%)
Waite 208 (63%) 199 (59%) | Number of metastatic sites
Asian 110{33%) 121364} i 02 209 (63%) 232{69%)
Black or sther 12 (4% 15 {4%) 23 121(37%) 103 (331%}
ECOG parformance status Peritoneal motastases 163 (59%) 182 (45%}
Q 117 (35%) 144 {43%) Presence of assites
b 213{65%) 191{87%) Yes 130(39%) 107 (22%)
Geographic regiont No 200{61%) 228 (68%)
1 198 (bo%) 200(60%) Weight loss (past 3 months)
2 23(7%) 21(6%) «10% 277 (84%) 286 (85%)
3 109 (333} 11 (34%) =10 53(16%) 47 {14%)
Site of primiary twmos Previous treatmant
Gastric 264 (30%) 264 (79%) | Tiplet: platinum and fluoropyrimidine 76 (23%) 87 (26%)
Gastro-cesophageal junction 66{20%) F1{21%) withanthracydie
adenccarcinema Daublet: platinum and 253{77%) 246(73%)
Diseases fluoropyrimidine
sacasurabla 267 (B1%) 273101} HER2, EGFR, or other 31(9%) 26 (8%
Noa-measuable 53(19%) 67(19%) frevious surgery for gastae cancer
Time to progressiva cisease on first-ling therapy es 133(40%) 126(38%)
i <6manths 260 (76%) 256 (764%) Total gastrectomy §2{16%) 65{19%)
wHreenths 80124%) 79 (24%) Partial gastrectomy 80{24%) 59(18%)
Disease proqression Other L{<l%) 2(<1%)
| During fuustline thetapy 227 (69%) 217 (65%) | Dataare number (%) unless othenwisz indicated. EC0G= Eastern Cooparative
; Tumor grade - Oncelogy Group, "By seif-report. tReglon L Europe, lsad, Austialia, and the USA;
well ditferentiated 28 (8% 22 (7%} 1 region 2 Argent na, Brazid, Chile, and Mexico; and region 3:Japan, South Korea, Hong
| sederately differentiatad 66 (20%) 106 (32%) ¥ong. Singapare, and Tatwan. $As ceponted inthe interadctive voice respanse system
Foady diferentiated 186 (56%) 186 (56%) Table 1: Baseline characteristics of patients and their tumours in the
Unknova or missitg 20 (6% 21(6%) P ‘”‘“"m""""f“ F’f"“'”‘i°“ o

(Table 1 continues in next columing

three patients, who had protocol violations, two patients
in the placcbo plus paclitaxel group had received a
platinum-based and Auoropyrimidine-based therapy in
the neoadjuvant wnd adjuvant setting and a fluoro-
pyrimidine-based therapy containing irinotecan and
fluorouracil in the first-line setting before enrolling on
this study. and one patient in the placebo plus paclitaxel
group had received fluoropyrimidine monotherapy in
the frstline setting and a Huoropyrimidine and
platinum combination in the second-line setting. About
two-thirds of the patients had disease progression while
still on first-line therapy (table 1). Additionally, a large
proportion of patients had other poor prognostic factors
including  poorly differentinted  tumours, disease
progression within 6 months after the start of the
previous therapy, at least three melastatic  sites,

presence of primary tumour. peritoneal metastases, or
presence of ascites (table 1).

There were 256 deaths in the ramucirumab plus
paclitaxel group, and 260 in the placebo plus paclitaxel
group (figure 2A). Overall survival with ramucirumab
plus paclitaxel was significantly longer than with
placebo plus paclitaxel (median 9.6 months [95% Ci
8-5-10-8] vs 7-4 months [95% Cl 6-3-8-4]. stratified
HR 0-807 [95% Cl 0-678-0-962); p=0-017; figure 2A).
6-month overall survival was 72% (959 Cl 66-76) in the
ramucirumab plus paclitaxel group, and 57%% (95% Ci
51-62) in the placebo plus paclitaxel group; 12-month
averall survival was 40% (95% Cl 35-45) and 30%
{959 CI 25-35). respectively (figure 2A).

Overall survival was significantly increased in the
ramucirumab plus paclitaxel group compared with the
placebo and paclitaxel group (see figure 3 for subgroup
analyses).
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