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Purpose
The purpose of this study was to evaluate the efficacy and safety of induction chemotherapy
with docetaxel, capecitabine, and cisplatin (DXP) plus bevacizumab (BEV) on initially unre-
sectable locally advanced gastric cancer (LAGC) or paraaortic lymph node (PAN) metastatic
gastric cancer (GC). 

Materials and Methods
Patients with LAGC or unresectable PAN metastatic GC received six induction chemotherapy
cycles (60 mg/m2 docetaxel intravenously on day 1, 937.5 mg/m2 capecitabine orally twice
daily on days 1-14, 60 mg/m2 cisplatin intravenously on day 1, and 7.5 mg/kg BEV intra-
venously on day 1 every 3 weeks), followed by conversion surgery. The primary endpoint was
R0 resection rate. 

Results
Thirty-one patients with invasion to adjacent organs but without PAN metastasis (n=14,
LAGC group) or with PAN metastasis regardless of invasion (n=17, PAN group) were enrolled
between July 2010 and December 2014. Twenty-seven patients (87.1%) completed six
chemotherapy cycles. The most common grade  3 toxicities were neutropenia (71%), neu-
tropenia with fever/infection (22.6%/3.2%), and stomatitis (16.1%). The clinical response
and R0 resection rates were 64.3% (95% confidence interval [CI], 46.6 to 82.0) and 64.5%
(LAGC group, 71.4%; PAN group, 58.8%), respectively. The pathological complete regression
rate was 12.9%. After a median follow-up of 44.5 months (range, 39.4 to 49.7 months),
the median progression-free survival and overall survival were 13.1 months (95% CI, 8.9 to
17.3) and 38.6 months (95% CI, 22.0 to 55.1), respectively. 

Conclusion
Induction chemotherapy with DXP+BEV displayed antitumor activities with encouraging R0
resection rate and manageable toxicity profiles on patients with LAGC or PAN metastatic
GC.
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Introduction

Stomach cancer is one of the leading causes of cancer-
related deaths in the world and Korea [1]. However, its 
5-year survival rate has increased as a result of early diagno-
sis and improved treatments for gastric cancer (GC) [1]. Fur-
thermore, recent advances in chemotherapy for metastatic or
recurrent GC treatment have contributed to the improve-
ment in survival trends over time [2]. Additionally, multidis-
ciplinary treatment approaches, including preoperative
(induction), postoperative (adjuvant), and perioperative 
(induction plus adjuvant) therapies, have demonstrated sig-
nificant survival benefits compared with surgery alone [3-7].

Although surgical resection remains the predominant cur-
ative treatment for GC, surgery is not usually utilized in the
treatment of unresectable locally advanced gastric cancer
(LAGC) or metastatic GC. However, the subgroups of 
patients with LAGC or metastatic GC are substantially het-
erogeneous in terms of disease burden or causes for noncur-
able status. Although palliative chemotherapy is the stan-
dard of care for such patients, systemic chemotherapy con-
verts unresectable diseases to potentially resectable ones in
a number of patients [8]. Considering that the achievement
of curative surgery is the most critical prognostic factor in
GC, the identification of candidates for potentially curative
surgery and determination of the best treatment strategy for
patients whose diseases were initially judged to be unre-
sectable because of invasion to adjacent organs or distant
metastasis are very important. Previous studies have sug-
gested that induction chemotherapy followed by surgery
could result in encouraging long-term outcomes in patients
with unresectable LAGC or distant metastasis to one site 
[9-12], especially in the paraaortic lymph node (PAN).

Tumor shrinkage and downstaging, as a result of the 
induction chemotherapy’s antitumor activity, are important
factors to consider in increasing the likelihood of curative 
resection in patients with advanced gastric cancer (AGC). We
previously reported that administration of induction che-
motherapy with docetaxel, capecitabine, and cisplatin (DXP)
led to curative surgery in a considerable proportion of 
patients with unresectable LAGC or PAN metastatic GC [12].
Prior studies have also demonstrated encouraging survival
outcomes with the addition of bevacizumab (BEV, a mono-
clonal antibody against vascular endothelial growth factor)
to various chemotherapeutic regimens used in metastatic GC
treatment [13,14]. Although a randomized phase III Avastin
in Gastric Cancer (AVAGAST) study failed to show a statis-
tically significant overall survival (OS) benefit with the 
addition of BEV to chemotherapy as a first-line therapy for
AGC treatment, this combination resulted in significantly 
increased progression-free survival (PFS) and overall res-

ponse rate (ORR) [15]. The addition of BEV to induction
chemotherapy should be considered to facilitate performance
of conversion surgery with a curative intent.

We conducted a phase II trial of induction chemotherapy
with DXP plus BEV to further improve the curative resection
rate and long-term survival of patients with initially unre-
sectable LAGC or PAN metastatic GC. 

Materials and Methods

1. Eligibility

Patients with previously untreated, human epidermal
growth factor receptor 2–negative, histologically proven gas-
tric adenocarcinoma were considered eligible for inclusion
in the study if they met the following criteria: aged between
18 and 70 years, 0-2 Eastern Cooperative Oncology Group
performance status, adequate organ function, and initially
unresectable GC caused by local invasion to adjacent organs
(cT4b) or abdominal PAN metastasis, which is defined as
more than 10 mm enlargement in the short-axis diameter on
an abdominal/pelvic computed tomography (CT) scan with
uptake in an 18F-fluoro-2-deoxy-d-glucose (FDG) positron
emission tomography (PET) scan. We excluded patients with
histological types other than adenocarcinoma, distant metas-
tases in sites other than PAN, presence or history of other
cancers, and definite ascites on a CT scan. The study protocol
was approved by the Institutional Review Board of the Asan
Medical Center. All procedures were followed in accordance
with the ethical standards of the responsible committee on
human experimentation (institutional and national) and the
1964 Helsinki Declaration and its later versions. Informed
consent or its substitute was obtained from all patients before
enrollment to the study (ClinicalTrials.gov identifier: NCT-
01471470). 

2. Treatment 

Based on the recommended doses determined in the pre-
vious studies, patients received 7.5 mg/kg BEV (Roche Co.,
Seoul, Korea) intravenously, 60 mg/m2 docetaxel intra-
venously, and 60 mg/m2 cisplatin intravenously on day 1
and 937.5 mg/m2 capecitabine orally twice daily on days 
1-14 in a 3-week cycle. Prophylactic granulocyte colony-stim-
ulating factor was not administered in this study. The 
patients received a total of six induction chemotherapy cycles
with DXP plus BEV in cases where evidences of disease pro-
gression or intolerability were not observed. Subsequently,
patients underwent surgery with the intention of performing
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a D2 lymphadenectomy or extended paraaortic lymphade-
nectomy within 4-6 weeks after the completion of induction
chemotherapy. Surgeons performed extended paraaortic
lymphadenectomy or PAN sampling if palpable PAN were
present in the surgical field, whether or not there was 
enlargement of PAN on CT scan. For patients who initially
experienced PAN metastasis, surgery was conducted only if
the PAN decreased to less than 10 mm in the short-axis 
diameter on a CT scan or uptake in an FDG PET scan. Post-
operative chemotherapy was administered depending on the
surgical findings and decisions of the attending physicians.
Patients who experienced disease progression during induc-
tion chemotherapy or had unresectable disease even after the
completion of induction chemotherapy were subsequently
administered with salvage chemotherapy. 

3. Evaluation

The medical histories of all patients were obtained before
treatment, including the physical examination, complete
blood count (CBC) with differential, serum chemistry, elec-
trolytes, coagulation, urinalysis, electrocardiogram, chest 
X-ray, abdominal/pelvic CT scan, and esophagogastroduo-
denoscopy. 18F-FDG PET was performed in patients with
more than 10 mm PAN enlargement in the short-axis diam-
eter on a CT scan. During induction chemotherapy, CBC
with differential was measured every week, whereas chem-
ical and electrolyte assessments were conducted at each
cycle. The presence of adverse events was evaluated prior to
each chemotherapy cycle using the National Cancer Institute
Common Toxicity Criteria ver. 3.0 [16]. Dose adjustment was
performed based on the protocol. A CT scan was repeated
every two cycles to evaluate the tumor response in accor-
dance with the Response Evaluation Criteria in Solid Tumors
ver. 1.0 [17]. Upon treatment completion, physical examina-
tion and blood tests, chest X-ray and CT scans, and esopha-
gogastroduodenoscopy were performed every 3 months,
every 6 months, and annually, respectively. The clinical and
pathological stages were determined based on the seventh
edition of the American Joint Committee on Cancer staging
system. Furthermore, the histological data derived from 
patients who underwent gastrectomy were reviewed by two
pathologists (J.H.K. and S.-J.B.). The tumor regression grades
(TRG), which were determined using primary tumor speci-
mens, were classified into the following five groups: TRG1
(absence of residual cancer cells with fibrosis extending
through the wall), TRG2 (presence of few residual cancer
cells scattered through the fibrosis), TRG3 (at least three
residual tumor glands with predominant fibrosis), TRG4
(residual cancer outgrowing fibrosis), and TRG5 (absence of
regressive changes) [18,19]. Pathological complete regression
(pCR) was defined as TRG1 without tumor cells in the lymph

nodes (LNs) [18,19]. Additionally, the pathological findings
of the surgical or endoscopic biopsy tissues were examined.

4. Statistical analysis 

The primary endpoint was the curative R0 resection rate,
whereas the secondary endpoints were the ORR, pathologi-
cal response, PFS, OS, and safety. The sample size was cal-
culated using Fleming one-stage optimal design with the
target curative resection rate. We enrolled 31 patients assum-
ing that P0=0.5 and P1=0.7 with =0.1 (one-sided), =0.2, and
dropout rate equal to 10%. The one sample t test was used to
assess the significance of the null hypothesis.

The OS was calculated from the first date of treatment to
the date of death from any cause. Meanwhile, the PFS was
calculated from the first date of treatment to the date of dis-
ease progression or death. PFS events were defined as dis-
ease progression during treatment with induction chemo-
therapy, recurrence after curative surgery, disease progres-
sion after noncurative surgery when at least stable disease
was observed at the time of induction chemotherapy com-
pletion, and death. We estimated the OS and PFS using the
Kaplan-Meier method and compared the survival outcomes
between groups through the log-rank test. Discrete data were
compared using Pearson’s chi-square and Fisher exact tests,
whereas quantitative data were compared using the Mann-
Whitney U test. All tests were two sided, and p < 0.05 was
considered statically significant. 

Results

1. Patient characteristics

Thirty-one patients with initially unresectable GC were 
enrolled in the study between July 2010 and December 2014.
The patients were categorized based on the cause of GC unre-
sectability: LAGC group, which include patients with invasion
to adjacent organs but without PAN metastasis (n=14), and
PAN group, which include patients with PAN metastasis 
regardless of invasion to adjacent organs (n=17). Sixteen 
patients (51.6%) had pancreatic invasion with or without 
invasion to other organs, such as the colon or liver. Table 1
presents the baseline characteristics of the patients.

2. Chemotherapy delivery and toxicity

Patients were treated with a median of 6 cycles of induction
chemotherapy with DXP+BEV (range, 1 to 6). Twenty-seven
patients (87.1%) completed a total of six induction chemother-
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apy cycles. Meanwhile, chemotherapy was discontinued in
four patients (12.9%) due to gastric perforation (n=2), death
from sepsis (n=1), and tooth infection (n=1). 

Of the total 175 cycles, the capecitabine, docetaxel, or cis-
platin dose was reduced in 42 cycles (24%) in 21 patients
(67.7%) primarily due to grade 3 febrile neutropenia (n=7,
22.6%), grade 2/3 oral mucositis (n=7, 22.6%), and grade 3 
diarrhea (n=2, 6.5%). Moreover, chemotherapy administration
was delayed in 12 cycles (6.9%) in eight patients (25.8%).

The median relative dose intensity for docetaxel, capeci-
tabine, cisplatin, and BEV were 0.89, 0.74, 0.92, and 0.93, 
respectively. Table 2 summarizes the adverse events. The most
common hematological adverse events with grade  3 were
neutropenia (71.0%), infection with febrile neutropenia (can-
didemia-related sepsis, 22.6%/3.2%), and leukopenia (32.3%).
Moreover, the most common nonhematological adverse
events with grade  3 were stomatitis (16.1%) and anorexia
(9.7%). Grade 3 gastric perforation (9.7%), grade 3 pulmonary
embolism (3.2%), and grade 1 hypertension (3.2%) were the

adverse events considered to be associated with BEV. One
treatment-related death caused by candidemia-associated sep-
sis was recorded.

Six out of the 20 patients who underwent R0 resection 
received a total of 24 adjuvant chemotherapy cycles (median,
4; range, 1 to 8 cycles), with the regimen consisting of fluo-
ropyrimidine derivates (n=5) as well as docetaxel and cisplatin
(n=1).

3. Clinical responses

Among the 31 patients, 28 had measurable lesions, of whom
18 (64.3%) achieved partial response (PR) and 10 (35.7%) had
stable disease, which resulted in an ORR of 64.3% (95% confi-
dence interval [CI], 46.6 to 82.0). The disease control rate
among all patients was 100% given that the three patients with
evaluable lesions had incomplete response or stable disease.
Based on the CT scan results, clinical T, N, and TNM down-
staging were observed in 22 (71.0%), 28 (90.3%), and 26 (83.9%)
patients, respectively. Table 3 displays the clinical stages in the
LAGC and PAN groups following induction chemotherapy.
Except for five patients, all experienced downstaging after 
induction chemotherapy.

4. Surgical and pathological results 

Out of the 31 patients, 28 (90.3%) underwent surgery,
whereas three (9.7%) did not because of surgery refusal (n=1),
death from sepsis (n=1), and GC unresectability owing to per-
sistent hepatoduodenal ligament invasion (n=1). Twenty-four
patients (77.4%) underwent D2 gastrectomy, of whom two 
patients with palpable PAN underwent additional extended
paraaortic lymphadenectomy. Tumor cells were not detected
in the resected PAN. Four patients (14.3%) underwent only
opening and closure due to unresectability caused by pancre-
atic invasion (n=2, 6.4%), severe adhesion (n=1, 3.2%), and
peritoneal seeding (n=1, 3.2%). Curative resection was con-
ducted in 20 patients, and the R0 resection rate was 64.5% (95%
CI, 47.7 to 81.3): 71.4% (95% CI, 47.7 to 95.1) and 58.8% (95%
CI, 35.4 to 82.2) in the LAGC and PAN groups, respectively
(p=0.707). The null hypothesis that the R0 resection rate was
50% was rejected (p=0.023). Four patients (12.9%) achieved
pCR, and the number of patients with TRG1, TRG2, TRG3,
TRG4, and TRG5 were five (16.1%), three (9.7%), five (16.1%),
nine (29.0%), and two (6.4%), respectively. Among them, only
one patient had residual tumor cells in the resected LNs. Table 4
shows the surgical and pathological results. 

The surgical complications that occurred within 1 month
after surgery included seroma (n=2), hematoma (n=1), tissue
friability (n=1), wound infection (n=1), and adhesive ileus,
which was the only complication that required intervention
(adhesiolysis) (n=1).

Table 1. Baseline patient characteristics

ECOG PS, Eastern Cooperative Oncology Group perform-
ance status; LAGC, locally advanced gastric cancer; PAN,
paraaortic lymph node; TA, tubular adenocarcinoma.

Characteristic No. (%) (n=31)  
Age, median (range, yr) 55 (33-70)
Male sex 26 (83.9)
ECOG PS

0 2 (6.5)
1 29 (93.5)

Primary tumor location
Upper third 2 (6.5)
Middle third 13 (41.9)
Lower third 13 (41.9)
Diffuse 3 (9.7)

Disease status 
Locally advanced T4b without M1 14 (45.2)
(LAGC group)
Pancreas invasion 11 (35.5)
Pancreas+colon invasion 2 (6.4)
Pancreas+liver invasion 1 (3.2)

PAN metastasis (PAN group) 17 (54.8)
PAN metastasis only 13 (41.9)
PAN metastasis+pancreas invasion 2 (6.5)
PAN metastasis+liver invasion 2 (6.5)

Histology
TA 24 (77.4)
Signet ring cell carcinoma 2 (6.5)
TA with signet ring cell component 5 (16.1)

Measurable disease 28 (90.3)
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Table 2. Adverse events (> 5%) and major adverse events (< 5%) 
Adverse event Grades 1-2 Grades 3-4
Hematological

Leukopenia 16 (51.6) 14 (45.2)
Neutropenia 3 (9.7) 23 (74.2)
Anemia 26 (83.9) 5 (16.1)
Thrombocytopenia 20 (64.6) 1 (3.2)

Nonhematological
Febrile neutropenia - 7 (22.6)
Infection with neutropenia 0 ( 1 (3.2)a)

Fatigue 18 (58.1) 2 (6.5)
Anorexia 24 (77.4) 3 (9.7)
Nausea 16 (51.6) 1 (3.2)
Vomiting 4 (12.9) 1 (3.2)
Stomatitis 20 (64.5) 5 (16.1)
Diarrhea 12 (38.7) 2 (6.5)
Alopecia 29 (93.5) 0 (
Sensory neuropathy 12 (38.7) 0 (
Nail changes 14 (45.2) 0 (
Skin pigmentation 18 (58.1) 0 (
HFS 6 (19.4) 0 (
Abdominal pain 6 (19.4) 2 (6.5)
Headache 7 (22.6) 0 (
Epistaxis 11 (35.5) 0 (
Constipation 6 (19.4) 0 (
Sore throat 3 (9.7) 1 (3.2)
Gastric perforation 0 ( 3 (9.7)
Thromboembolic event 0 ( 1 (3.2)
Hypertension 1 (3.2) 0 (
Increased AST or ALT 3 (9.7) 1 (3.2)a)

Values are presented as number (%). HFS, hand-foot syndrome; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase. a)Grade 5: candidemia-related sepsis with multiorgan failure.

LAGC group (n=14, 100%) PAN group (n=17, 100%)

Baseline clinical stage
Clinical stage after 

Baseline clinical stage
Clinical stage after

induction chemotherapy induction chemotherapy
Stage IIIB (n=7, 50%) Stage IB (n=2, 14.3%) Stage IV (n=17, 100%) Stage IIA (n=2, 11.8%)

Stage IIA (n=1, 7.1%) Stage IIB (n=3, 17.6%)
Stage IIB (n=3, 21.4%) Stage IIIA (n=5, 29.4%)
Stage IIIB (n=1, 7.1%) Stage IIIB (n=1, 5.9%)

Stage IIIC (n=7, 50%) Stage IIA (n=2, 14.3%) Stage IIIC (n=2, 11.8%)
Stage IIIA (n=3, 21.4%) Stage IV (n=4, 23.5%)
Stage IIIB (n=2, 14.3%)

Table 3. Clinical downstaging after induction chemotherapy 

LAGC, locally advanced gastric cancer; PAN, paraaortic lymph node.
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5. OS and PFS

After a median follow-up of 44.5 months (range, 39.4 to 49.7
months), the median PFS and OS were 13.1 months (95% CI,
8.9 to 17.3) and 38.6 months (95% CI, 22.0 to 55.1), respectively
(Fig. 1A and B). The LAGC group displayed trends toward 
increasing survival outcomes compared with the PAN group.
The median PFS in the LAGC and PAN groups were 23.4
months (95% CI, 3.0 to 43.8) and 12.2 months (95% CI, 5.2 to
19.2), respectively (p=0.327) (Fig. 1A). Furthermore, the 
median OS in the LAGC and PAN groups were 51.5 months
(95% CI, 37.1 to 65.9) and 19.3 months (95% CI, 12.2 to 26.3),
respectively (p=0.138) (Fig. 1B).

Patients who achieved R0 resection had significantly longer
median PFS and OS than those who did not. The median PFS
of patients who achieved R0 resection and those who did not
were 23.4 months (95% CI, 0.0 to 52.4) and 5.2 months (95%
CI, 3.7 to 6.6), respectively (p < 0.001) (Fig. 2A). Moreover, the

median OS of patients who achieved R0 resection and those
who did not were 51.5 months (95% CI, 28.6 to 74.4) and 19.3
months (95% CI, 8.3 to 30.2), respectively (p=0.015) (Fig. 2B).
Trends toward increasing survival outcomes was also 
observed among patients with R0 resection in the LAGC
group compared with those in the PAN group (median PFS,
38.6 vs. 14.1 months [p=0.531]; median OS, 51.5 vs. 25.3
months [p=0.399], respectively) (Fig. 2A and B). Patients who
achieved R0 resection had 2-year PFS and OS rates of 48% and
54%, whereas those who did not had 2-year PFS and OS rates
of 0% and 12% (p < 0.001 and p=0.022; data not shown), 
respectively.

The median PFS and OS were compared based on the
pathological responses. The TRG groups were further catego-
rized into two subgroups: TRG1 and TRG2-TRG5. Subse-
quently, we analyzed differences in the PFS and OS rates 
between the two subgroups. The TRG1 subgroup showed
trends toward a higher PFS than the TRG2-TRG5 subgroup.

Table 4. Surgical and pathological results
LAGC groupa) PAN groupb) Total

(n=14) (n=17) (n=31)
Without surgery 3 (21.4) 0 ( 3 (9.7)c)

With surgery 11 (78.6) 17 (100) 28 (90.3)
R0 resection 10 (71.4) 10 (58.8) 20 (64.5)
R1/2 resection 0 ( 4 (23.5) 4 (12.9)
O&C 1 (7.1) 3 (17.6) 4 (12.9)d)

Pathological findingse)

Stage 0 (pCR) 1 (7.1) 3 (17.6) 4 (12.9) 
Stage IA 1 (7.1) 0 ( 1 (3.2) 
Stage IB 3 (21.4) 1 (5.9) 4 (12.9) 
Stage IIA 2 (14.3) 0 ( 2 (6.5) 
Stage IIB 1 (7.1) 2 (11.8) 3 (9.7) 
Stage IIIA 0 ( 1 (5.9) 1 (3.2) 
Stage IIIB 0 ( 1 (5.9) 1 (3.2) 
Stage IIIC 2 (14.3) 2 (11.8) 4 (12.9) 
Stage IV 0 ( 3 (17.6) 3 (9.7) 
T0N1M0 - 1 (5.9) 1 (3.2) 
Lymphovascular invasion 5 (35.7) 6 (35.3) 11 (35.5)
Perineural invasion 4 (28.6) 2 (11.8) 6 (19.4)
Lauren classificationf)

Intestinal type 7 (50) 8 (47.1) 15 (48.4)
Diffuse type 7 (50) 7 (41.2) 14 (45.2)
Indeterminate - 2 (11.8) 2 (6.5)

Values are presented as number (%). LAGC, locally advanced gastric cancer; PAN, paraaortic lymph node; O&C, opening
and closure; pCR, pathological complete regression. a)Locally advanced T4b without M1, b)Paraaortic lymph node metastasis,
c)Patient refused surgery (n=1), death due to sepsis during cycle 2 (n=1), and unresectable disease (n=1), d)Pancreatic invasion
(n=2), severe adhesion (n=1), and peritoneal seeding (n=1), e)Specimens analyzed from patients (n=24) who underwent gas-
trectomy, f)Specimens (n=31) analyzed from surgical or endoscopic biopsy tissues.
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Fig. 1.  Kaplan-Meier curves for progression-free survival (PFS) (A) and overall survival (OS) (B) in all patients and groups
categorized based on the causes of initial unresectability. The locally advanced gastric cancer (LAGC) group displayed a
trend toward better survival outcomes compared with the paraaortic lymph node (PAN) group (median PFS, 23.4 months
vs. 12.2 months, [p=0.327]; median OS, 51.5 months vs. 19.3 months [p=0.138], respectively). a)Compared with LAGC group.
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Fig. 2.  Kaplan-Meier curves for progression-free survival (PFS) (A) and overall survival (OS)  (B) based on R0 resectability.
Patients who achieved R0 resection had significantly longer median PFS and OS than those who did not (median PFS, 23.4
months vs. 5.2 months [p < 0.001]; median OS, 51.5 months vs. 19.3 months [p=0.015], respectively). PFS (A) and OS (B) of
patients with R0 resection were classified based on the causes of initial unresectability. The locally advanced gastric cancer
(LAGC) group showed a trend toward better survival outcomes than the paraaortic lymph node (PAN) group (median PFS,
38.6 vs. 14.1 months [p=0.531]; median OS, 51.5 vs. 25.3 months [p=0.399], respectively). a)Compared with R0 resection, b)Com-
pared with LAGC group achieving R0 resection.

PF
S 

(%
)

100

0

40

20

60

80

0
Time (mo)

2412 48 6036

p=0.531b)p < 0.001a)

p=0.399b)

p=0.015a)

A

OS
 (%

)

100

0

40

20

60

80

0
Time (mo)

2412 48 6036

B

R0 resection 
R1/2 resection or no surgery
LAGC group achieving R0 resection
PAN group achieving R0 resection

R0 resection 
R1/2 resection or no surgery
LAGC group achieving R0 resection
PAN group achieving R0 resection

Cancer Res Treat. 2018;50(2):518-529

524 CANCER  RESEARCH  AND  TREATMENT



However, this finding was not observed in terms of OS
(p=0.079 and p=0.589, respectively) (Fig. 3A and B). Patients
with pCR showed trends toward longer PFS than those with-
out pCR (38.6 months vs. 10.8 months, p=0.144). Additionally,
no significant difference was observed in the OS between 
patients with pCR and those without (38.6 months vs. 32.2
months, p=0.599) (Fig. 3C and D). 

6. Failure pattern 

Recurrence was observed in 12 out of 20 patients (60%) who
achieved R0 resection. Locoregional recurrence (n=2) and peri-
toneal seeding (n=2) were the modes of recurrence in the
LAGC group (four out of 10 patients with R0 resection, 40%).
On the contrary, locoregional recurrence (n=3), extra-abdom-
inal LN metastases (n=2), peritoneal seeding (n=1), colon 
invasion (n=1), and brain invasion (n=1) were the modes of

Fig. 3.  Kaplan-Meier curves for progression-free survival (PFS) (A) and overall survival (OS) (B) based on the tumor regres-
sion grades using log-rank test between two subgroups: tumor regression grade (TRG) 1 and TRG2-TRG5. Kaplan-Meier
curves for PFS (C) and OS (D) with respect to pathological complete regression (pCR).
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recurrence observed in the PAN group (8 out of 10 patients
with R0 resection, 80%).

Discussion

Our results showed that induction chemotherapy with
DXP plus BEV exerted antitumor activity in patients with 
unresectable LAGC or PAN metastatic GC, which led to the
possibility of curative surgery in approximately two-thirds
of patients. Patients who achieved R0 resection showed sig-
nificantly improved survival outcomes in terms of median
PFS and OS as well as 2-year PFS and OS compared with
those who did not. Patients with pCR, which was considered
as a highly valuable prognostic factor [20], also had higher
PFS rate and showed signs of better antitumor activity than
those who did not. Additionally, two patients remained alive
without evidence of disease (OS, 55.8 and 32.3 months, 
respectively).

Considering that curative surgery is the most important
prognostic factor in GC, upfront surgery followed by
chemotherapy for GC with a single metastasis or conversion
surgery following systemic chemotherapy for initially unre-
sectable GC is considered. A recent randomized trial (Reduc-
tive Gastrectomy for Advanced Tumor in Three Asian coun-
tries, REGATTA) evaluating the role of upfront surgery in
patients who had GC with a single noncurable factor con-
fined to either the liver (H1), peritoneum (P1), or PAN
(16a1/b2) failed to show the survival benefit of gastrectomy
followed by chemotherapy compared with chemotherapy
alone [21]. However, our previous study on the effect of 
induction chemotherapy with DXP on unresectable GC as a
result of local invasion or limited intraabdominal metastasis
in the PAN and/or peritoneum suggested that this chemo-
therapeutic regimen led to excellent possibility for curative
surgery in patients with local invasion (R0 resection rate,
71%) or PAN metastasis (70%); however, patients with peri-
toneal metastasis were less likely to receive curative surgery
(36%) than those without [12]. These findings suggest that
patients with PAN metastasis could be suitable candidates
for induction chemotherapy followed by conversion surgery
[12]. 

BEV was combined with a triplet regimen in our study to
intensify the induction chemotherapy strategy. Although the
preferences for doublet versus triplet regimens vary among
geographical regions, the latter has been suggested to have
better antitumor activity than the former, as shown by the
results of the V325 trial, which compared cisplatin+5-fluo-
rouracil (CF) with docetaxel+CF as a first-line therapy for
AGC [22]. We previously showed the promising efficacy of

the DXP as induction and palliative chemotherapy regimen
[23]. A phase III AVAGAST study revealed significantly 
improved PFS (median, 6.7 months vs. 5.3 months; p=0.0037)
and ORR (46.0% vs. 37.4%, p=0.0315) with the administration
of BEV plus chemotherapy [15], indicating that the addition
of BEV to chemotherapeutic regimen led to enhanced anti-
tumor effects. BEV has been also widely combined with first-
line chemotherapeutic regimens for the treatment of metas-
tatic colorectal cancer, resulting in improved PFS and OS
[24]. Although the effect of BEV on unresectable colorectal
cancer remains unclear, an irinotecan-based regimen with
BEV appears to be effective in converting unresectable to 
resectable disease with high ORR [24]. Furthermore, two 
recent phase III studies demonstrated that ramucirumab
(monoclonal antibody against vascular endothelial growth
factor receptor 2 [VEGFR2]) alone or combined with another
chemotherapy regimen significantly improved survival
among patients with AGC in the second-line setting [25,26].
Apatinib, a tyrosine kinase inhibitor against VEGFR2, was
also found to have survival benefits among patients in the
third-line setting [27]. These results suggest that a strategy
involving antiangiogenic drugs is effective in treating GC. 

However, in the present study, DXP combined with BEV
did not appear to improve the treatment outcomes in terms
of R0 resection rate, unlike the finding of a previous phase II
study that used DXP alone. The results showed R0 resection
rates of 71% and 71.4% for DXP alone and DXP plus BEV, 
respectively, in locally advanced disease and 70% and 58.8%
for DXP alone and DXP plus BEV, respectively, in PAN
metastatic disease [12]. In a recent phase III study (Medical
Research Council Adjuvant Gastric Infusional Chemother-
apy [MAGIC]-B/ST03), perioperative BEV plus chemother-
apy did not result in OS (hazard ratio [HR], 1.067; p=0.478),
PFS (HR, 1.026; p=0.768), or disease-free survival (HR, 1.006;
p=0.942) benefits compared with chemotherapy alone in 
resectable GC [28]. Differences in R0 resection, clinical 
response, and pCR were also not observed between chemo-
therapy alone and chemotherapy plus BEV (75% vs. 76%,
42% vs. 40%, and 8% vs. 10%, respectively) [28]. The addition
of BEV to the chemotherapeutic regimen in the preoperative
setting did not lead to improved antitumor effects. However,
interpretations of these data require caution with respect to
the different baseline characteristics compared with the out-
comes of our previous DXP study [12] and the combination
of chemotherapeutic agents (e.g., epirubicin, cisplatin, and
capecitabine regimen) used with BEV, which may explain
the differences in the antitumor effects and survival out-
comes. In a recent randomized controlled study that invol-
ved patients who had LAGC with T3 or T4 clinical stages and
PAN metastasis, induction chemotherapy with docetaxel, 
oxaliplatin, and fluorouracil (DOF) plus BEV improved the
ORR, R0 resection, and median PFS compared with the DOF
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regimen alone (ORR, 65% vs. 42.5% [p=0.043]; R0 resection
rate, 75% vs. 50% [p=0.020]; and median PFS, 15.2 vs. 12.3
months [p=0.01]) [29]. Docetaxel (a taxane) may be preferably
combined with BEV rather than epirubicin (an anthracycline
drug) because the antiangiogenic property of the former is
synergistic with that of VEGF inhibitors [30]. The role of 
antiangiogenesis in the preoperative setting requires further
investigation. 

Although the triplet regimen appears to produce better 
antitumor effects than doublet regimen, the use of the former
is a constant cause of concern [22]. In a previous study, 
induction chemotherapy with DXP regimen resulted in
hematologic toxicity as a major adverse effect. Furthermore,
grade 3/4 neutropenia was reported in 69% of the patients,
although febrile neutropenia only occurred in 4% of the par-
ticipants [12]. In the present study, the DXP plus BEV regi-
men led to a marginally higher grade 3/4 neutropenia
incidence (74.2%) than DXP alone. The higher grade 3/4 neu-
tropenia incidence may be attributed to the frequent CBC
measurement, which was performed every week to monitor
the trend toward decreasing neutrophil counts. Although the
present study showed considerably higher incidence of
grade 3/4 febrile neutropenia (22.6%) than the previous stud-
ies, the majority of adverse events did not necessitate hospi-
talization, and the neutrophil counts of the patents returned
to normal levels as well. This higher febrile neutropenia 
incidence may be related to the higher stomatitis incidence
(grade 3/4; 16.1% vs. 2% for DXP plus BEV and DXP, respec-
tively) because disruption of the mucosal barrier may cause
the patients to become susceptible to infection. Although 
another toxicity profile in our study showed similarities 
between the use of DXP alone and that of DXP plus BEV, the
latter resulted in BEV-related toxicities, including grade 
3 gastric perforation (9.7%), grade 3 pulmonary thromboem-
bolism (3.2%), and grade 1 hypertension (3.2%). The BEV-

related toxicities detected in our study were comparable to
those observed in a previous trial. In the MAGIC-B/ST03
study, chemotherapy combined with BEV led to increased
postoperative anastomotic leak incidence compared with
chemotherapy alone (18% vs. 9%, respectively), specifically
in patients who underwent esophagogastrostomy (9% vs.
23%, respectively) [28]. However, our study did not show
any increase in major surgical complications with the use of
BEV, which may be caused by the differences in the tumor
location and surgical technique used from those of the
MAGIC-B/ST03 study. 

Induction chemotherapy with DXP plus BEV demon-
strated promising antitumor efficacy with encouraging cur-
ative resection rates and long-term survival outcomes.
Further studies are warranted to investigate the optimal
strategy for induction chemotherapy followed by conversion
surgery and identify the population that is most likely to ben-
efit from this strategy.
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