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Introduction: People with metastatic gastric cancer (GC) have a poor prognosis. The

study aims to investigate the efficacy of multi-modality treatment for patients with

metastatic GC.

Methods: We retrospectively identified 267 patients with stage IV gastric cancer who

were treated with systemic chemotherapy: 114 received multi-modality treatments,

153 received systematic chemotherapy alone. The survival of these two groups was

compared by log rank test, the independent prognostic factors were investigated using

univariate and multivariate analyses.

Results: The median survival of metastatic GC patients who received multi-modality

treatment was significantly longer than those who received systematic chemotherapy

alone (18.4 vs. 11.4 months, P < 0.001). Multivariate analysis identified tumor histologic

differentiation, CA19–9 level, previous curative resection, palliative gastrectomy,

and metastasectomy as independent prognostic factors for overall survival. In

the multimodality treatment group, patients who received palliative gastrectomy or

metastasectomy had a longer survival than those who only received intraperitoneal

chemotherapy or radiotherapy (21.6 vs. 15.2 months, P = 0.014).

Conclusion: Multi-modality treatments offer a survival benefit for patients with

metastatic GC. Future prospective studies are needed to confirm the result.

Keywords: gastric cancer, multi-modality treatment, chemotherapy, gastrectomy, metastasectomy

INTRODUCTION

Gastric cancer (GC) is the fifth most common cancers and the third leading cause of cancer death
worldwide (1). Almost one million new cases of GC were diagnosed each year, and about 50%
of them occurred in Eastern Asia (mainly in China) (2). Although an improvement of 5-years
survival for GC was observed in the past 10 years, the prognosis of Chinese GC patients was
still poor. Compared with a very high survival of GC in Korea (68·9%) and Japan (60·3%), the
age-standardized 5-years relative survival was only 35.1% in China because most patients have
inoperable disease at the time of initial presentation (3–5).

Gastrectomy is the only potentially curative therapy for resectable GC, but a major proportion
of patients could have local or distant recurrence even after curative resection (6, 7). People with
metastatic GC have a poor prognosis with amedian survival time of around 4months in the absence
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of systemic chemotherapy (5). For patients with metastatic
diseases, it has been demonstrated in multiple trials and
meta-analysis that systemic chemotherapy could extend overall
survival (OS) by about 7 months more than best supportive
care (8). Therefore, systemic chemotherapy is the standard
treatment modality for stage IV GC patients. However, systemic
chemotherapy still cannot provide significant survival benefits
and the disease will progress ultimately. Although some clinical
guidelines had recommendations about second- and further-line
treatment regimen currently, there is still no global consensus
across countries regarding the best therapeutic approach after
failure of the first-line therapy (9, 10). The management of
patients with metastatic GC is challenging.

Recent years, the number of options available for GC has been
increasing rapidly (11). In addition to the development of new
anticancer drugs, multi-modality treatments, such as palliative
surgery, radiation therapy, intraperitoneal chemotherapy, and
other approaches, are gaining support in the management
of metastatic gastric cancer (12–18). However, despite these
advances, their impact on long-term survival outcome for
patients with metastatic GC remains unsatisfactory and the
best form of multidisciplinary therapeutic strategy is still not
established. In this real-world study, we will focus on the role of
multi-modality treatment for patients with metastatic GC.

METHODS

Study Design and Participants
Between December 2011 and November 2018, a total of 267
patients with initial stage IV gastric cancer in Peking Union
Medical College Hospital were included consecutively. The
eligibility criteria were: (1) histologically confirmed gastric or
gastroesophageal junction (GEJ) adenocarcinoma; (2) distant
metastases verified by enhanced computed tomography (CT)
or other approaches; (3) over 18 years old; (4) ECOG 0-
2; (5) received first-line systematic treatment. Patients were
divided into two groups according to treatment modality: the
multi-modality treatment group comprised 114 patients and
the chemotherapy only group comprised 153 patients. The
multi-modality treatment group was defined as patients who
received both systematic chemotherapy and other modality
treatments including palliative gastrectomy and metastasectomy,
intraperitoneal chemotherapy, radiotherapy, radiofrequency
ablation, and transarterial chemoembolization (TACE). The
chemotherapy only group was defined as patients who received
systematic chemotherapy alone. This study was approved by the
ethics committee of Peking Union Medical College Hospital.

Treatment
The treatment regimens of gastric cancer were mainly based on
clinical guidelines of the Chinese Society of Clinical Oncology
(CSCO) and the National Comprehensive Cancer Network
(NCCN) (12, 19). Several cytotoxic agents are adopted to
treat metastatic gastric cancer, including fluoropyrimidines
(5-fluorouracil, S-1, capecitabine), platinum agents (cisplatin,
oxaliplatin), taxanes (paclitaxel, docetaxel), and irinotecan. For
some patients with human epidermal growth factor receptor 2

(HER2)-overexpressing tumors, trastuzumab is combined with
cytotoxic chemotherapy. The method used by the hospital to test
the HER2 status was immunohistochemistry and fluorescence
in situ hybridization (FISH). Each patient’s chemotherapy
plan (including intraperitoneal perfusion) is individualized
by senior medical oncologists in the department of medical
oncology depending on the tolerance and response to different
treatment regimens. All patients in this study received first-
line chemotherapy. If patients had disease progression evaluated
by medical oncologists and good performance status, they
would consider receiving second- or further-line treatment. The
palliative gastrectomy or metastasectomy were performed by
surgeons from different specialties. Appropriate radiotherapy
plan was determined by radiation oncologists based on the
patient’s general condition, irradiation field, possible normal
tissue damage and so on. Radiofrequency ablation and TACE
were performed by specialists from the department of radiology.

Assessment and Follow-Up
The following assessment were applied every two to three cycles
typically: detailed medical history, physical examination, serum
tumor marker analysis, and contrast enhanced CT of the chest,
abdomen and pelvis. Additional approaches such as positron
emission tomography (PET) and bone scan were undertaken
depending on a clinical suspicion of recurrence or metastasis.
Radiographic tumor response is quantified by using Response
Evaluation Criteria in Solid Tumors (RECIST).

All patients followed up every 3 months, either in a clinical
visit or by telephone. At each the out-patient review, physical
examination, necessary radiological examinations (enhanced CT
or occasional PET-CT), and routine laboratory examinations
were performed regularly. The follow-up data were updated until
January 31, 2019.

Statistical Analysis
All statistical analyses were performed using SPSS software
(version 25, IBM Corp., Armonk, NY, USA). The OS is defined
as the interval from the stage IV disease diagnosis to the latest
follow-up or death. Continuous variables were assessed by t-
test, and categorical variables were analyzed with Chi squared
test. Related survival curves were constructed according to
the Kaplan-Meier method, and a log-rank test was applied to
compare these curves. The Cox proportional hazards regression
model was adopted to identify the independent prognostic
factors for survival, variables (P < 0.10) in univariate analysis
were entered into multivariate analysis. A P < 0.05 was
considered significant.

RESULTS

Patient Characteristics
The baseline characteristics of patients at diagnosis of metastatic
disease are shown in Table 1. The average age of included
patients was 56.4 years old, and 67.8% of the participants were
male. At the time of stage IV disease diagnosis, the metastatic
sites included peritoneum (31.8%), liver (28.1%), Krukenberg
tumor (14.2%), lung (6.0%), bone (9.4%), non-regional lymph

Frontiers in Oncology | www.frontiersin.org 2 November 2019 | Volume 9 | Article 1155

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Zhao et al. Multi-Modality Treatment for Metastatic Gastric Cancer

TABLE 1 | Baseline characteristics of patients with metastatic gastric cancer.

Characteristic, n (%) Total

(n = 267)

Multimodality treatment

(n = 114)

Chemotherapy only

(n = 153)

P-value

Age (years), mean ± SD 56.4 ± 12.5 55.3 ± 11.9 57.1 ± 12.8 0.242

Sex 0.257

Male 181 (67.8) 73 (64.0) 108 (70.6)

Female 86 (32.2) 41 (36.0) 45 (29.4)

Differentiation 0.565

Well/median 61 (22.8) 28 (24.6) 33 (21.6)

Poor 206 (77.2) 86 (75.4) 120 (78.4)

HER2 status 0.520

Positive 54 (20.2) 26 (22.8) 28 (18.3)

Negative 98 (36.7) 43 (37.7) 55 (35.9)

Unknown 115 (43.1) 45 (39.5) 70 (45.8)

Tumor location 0.496

Upper 79 (29.6) 29 (25.4) 50 (32.7)

Middle 86 (32.2) 36 (31.6) 50 (32.7)

Lower 94 (35.2) 45 (39.5) 49 (32.0)

Diffuse 8 (3.0) 4 (3.5) 4 (2.6)

CA19–9 level 0.184

Normal 161 (60.3) 74 (64.9) 87 (56.9)

Elevated 106 (39.7) 40 (35.1) 66 (43.1)

CEA level 0.062

Normal 144 (53.9) 69 (60.5) 75 (49.0)

Elevated 123 (46.1) 45 (39.5) 78 (51.0)

Metastatic site

Peritoneum 85 (31.8) 43 (37.7) 42 (27.5) 0.075

Liver 75 (28.1) 27 (23.7) 48 (31.4) 0.167

Krukenberg 38 (14.2) 22 (19.3) 16 (10.5) 0.041

Lung 16 (6.0) 7 (6.1) 9 (5.9) 0.930

Bone 25 (9.4) 7 (6.1) 18 (11.8) 0.119

Non-regional lymph nodes 117 (43.8) 45 (39.5) 72 (47.1) 0.217

Other 61 (22.8) 25 (21.9) 36 (23.5) 0.925

Number of metastatic sites 0.529

1 138 (51.7) 63 (55.3) 75 (49.0)

2 80 (30.0) 33 (28.9) 47 (30.7)

≥3 49 (18.3) 18 (15.8) 31 (20.3)

Curative surgery 99 (37.1) 46 (40.4) 53 (34.6) 0.339

Neoadjuvant treatment 23 (23.2) 10 (21.7) 13 (24.5) 0.257

Adjuvant treatment 85 (85.9) 39 (84.8) 46 (86.8) 0.225

Follow-up period (months),

median (95%CI)

63.5 (50.4–76.5) 60.4 (48.3–72.5) 63.5 (44.7–82.3) 0.492

nodes (43.8%), and other distant metastases (22.8%). The
multimodality treatment group displayed a higher proportion
of Krukenberg tumors (19.3% vs. 10.5%, P = 0.041) than the
chemotherapy only group. Curative surgery was performed in
37.1% of patients before the diagnosis of metastatic disease.
Neoadjuvant treatment and adjuvant treatment were given to
23.2 and 85.9% of patients who underwent curative resection
separately. The median follow-up periods of multimodality
treatment group and chemotherapy only group were 60.4
(95%CI: 50.4–76.5) months and 63.5 (95%CI: 44.7–82.3) months,
respectively. There was no statistical difference between the
multimodality treatment group and the chemotherapy only
group in age, sex, histologic differentiation, HER2 status, tumor

location, tumor marker level at diagnosis, number of metastatic
sites, previous curative resection, and follow-up period.

Treatment
In the first-line systematic treatment, 4.1% of them received a
single drug treatment (fluoropyrimidine, taxane, or irinotecan
monotherapy), 78.3% of them received a two-drug combination
(fluoropyrimidine, platinum, or taxane), and 7.5% of them
received a three-drug combination (Table 2). Only 4.9%
patients received trastuzumab targeted therapy. Second-line
therapy was administered in about half of patients. Among
the patients that received second-line chemotherapy, the
most frequent regimen type was still two-drug combination
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TABLE 2 | Treatment regimens of patients with metastatic gastric cancer.

Characteristic, n (%) Total

(n = 267)

Multimodality treatment

(n = 114)

Chemotherapy only

(n = 153)

P-value

First-line treatment 267 (100) 114 (100) 153 (100) 1.000

Single-agent (fluoropyrimidine or taxane) 11 (4.1) 3 (2.6) 8 (5.2)

Double agent combination (fluoropyrimidine, platinum, or taxane) 209 (78.3) 89 (78.1) 120 (78.4)

Taxane + platinum + Fluoropyrimidine 20 (7.5) 10 (8.8) 10 (6.5) 0.654

Trastuzumab involved 13 (4.9) 7 (6.1) 6 (3.9)

Others 14 (5.2) 5 (4.4) 9 (5.9)

Second-line treatment 139 (52.1) 67 (58.8) 72 (47.1) 0.058

Single agent (fluoropyrimidine, taxane, or irinotecan) 14 (10.1) 5 (7.5) 9 (12.5)

Double agent combination (fluoropyrimidine, platinum, taxane, or irinotecan) 102 (73.4) 49 (73.1) 53 (73.6)

Apatinib 12 (8.6) 7 (10.4) 5 (6.9) 0.683

Trastuzumab involved 8 (5.8) 5 (7.5) 3 (4.2)

Others 3 (2.2) 1 (1.5) 2 (2.8)

Third-line treatment 69 (25.8) 38 (33.3) 31 (20.3) 0.016

Single agent (fluoropyrimidine, taxane, or irinotecan) 13 (18.8) 5 (13.2) 8 (25.8)

Double agent combination (fluoropyrimidine, platinum, taxane or irinotecan) 35 (50.7) 22 (57.9) 13 (41.9)

Apatinib 13 (18.8) 5 (13.2) 8 (25.8) 0.255

Trastuzumab involved 7 (10.1) 5 (13.2) 2 (6.5)

Others 1 (1.4) 1 (2.6) 0 (0)

Further-line treatment 24 (9.0) 15 (13.2) 9 (5.9) 0.040

TABLE 3 | Treatment regimens of patients received multimodality treatment.

Treatment regimens, n (%) Multimodality treatment

(n = 114)

Palliative gastrectomy 35 (30.7)

Metastasectomy 19 (16.7)

Oophorectomy 15 (78.9)

Adrenalectomy 1 (5.3)

Hepatectomy 1 (5.3)

Colectomy 1 (5.3)

Retroperitoneal lymphadenectomy 1 (5.3)

Intraperitoneal chemotherapy 37 (32.5)

Platinum 18 (48.6)

Fluoropyrimidine 15 (40.5)

Taxane 4 (10.8)

Radiotherapy 52 (45.6)

Radiofrequency ablation 6 (5.3)

TACE 6 (5.3)

Others 2 (1.8)

(Table 2). Irinotecan or apatinib were prescribed in single
agent or double agent combination regimen in second- or
further-line treatment. The multimodality treatment group
had a higher proportion of receiving third- (33.3 vs. 20.3%,
P = 0.016) and further-line (13.2 vs. 5.9%, P = 0.040)
systematic treatment than chemotherapy alone group. There
was no statistical difference between these two groups in the
chemotherapy regimen.

Among 114 patients who received multimodality treatment,
35 (30.7%) received palliative gastrectomy and 19 (16.7%)

FIGURE 1 | Kaplan–Meier curve of overall survival in multimodality treatment

group and chemotherapy only group.

received metastasectomy (Table 3). The metastasectomy
includes oophorectomy, adrenalectomy, hepatectomy,
colectomy, and retroperitoneal lymphadenectomy. Fifty-
two patients (45.6%) received palliative radiotherapy.
In 37 patients who had peritoneal carcinomatosis and
received intraperitoneal chemotherapy, fluoropyrimidine,
or platinum agents were used most frequently. In
addition, six patients with liver metastasis received
TACE and six patients with liver metastasis received
radiofrequency ablation.
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TABLE 4 | Prognostic factors for OS of patients with metastatic gastric cancer on the univariate and multivariate analysis.

Characteristic n MST (m) Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age 267 14.0 1.003 (0.993–1.014) 0.567

Gender 0.865

Male 181 13.4 Ref

Female 86 15.2 1.024 (0.779–1.346)

Location 0.305

Upper 79 14.1 Ref

Middle 86 13.1 1.260 (0.905–1.755) 0.171

Lower 94 15.4 0.974 (0.702–1.353) 0.877

Diffuse 8 14.2 1.423 (0.681–2.973) 0.348

Differentiation 0.022 0.001

Well/median 61 21.3 Ref Ref

Poor 206 13.1 1.443 (1.053–1.977) 1.723 (1.231–2.410)

CA19–9 level <0.001 0.011

Normal 161 15.6 Ref Ref

Elevated 106 12.2 1.604 (1.219–2.110) 1.459 (1.089–1.956)

CEA level 0.056 0.134

Normal 144 15.4 Ref Ref

Elevated 123 12.2 1.291 (0.993–1.678) 1.246 (0.935–1.660)

Curative surgery <0.001 <0.001

No 169 12.2 Ref Ref

Yes 98 18.3 0.605 (0.461–0.795) 0.588 (0.440–0.786)

Second- and further-line chemotherapy 0.859

No 128 11.3 Ref

Yes 139 15.2 0.976 (0.751–1.270)

Palliative gastrectomy 0.044 0.014

No 232 13.2 Ref Ref

Yes 35 18.4 0.661 (0.442–0.989) 0.590 (0.387–0.899)

Metastasectomy 0.001 0.007

No 248 13.2 Ref Ref

Yes 19 35.6 0.423 (0.249–0.720) 0.468 (0.270–0.810)

Intraperitoneal chemotherapy 0.474

No 230 13.2 Ref

Yes 37 17.6 0.872 (0.604–1.264)

Radiotherapy 0.024 0.325

No 215 13.2 Ref Ref

Yes 52 17.6 0.682 (0.489–0.952) 0.842 (0.597–1.186)

Survival
The median OS of patients who received multimodality
treatment was prolonged significantly than patients who received
systematic treatment only (18.4 vs. 11.4 months, P < 0.001,
Figure 1).

Univariate analysis of clinical prognostic factors that
might influence the survival was performed on all included
patients. The results demonstrated that factors such as
differentiation, CA19–9 level, previous curative surgery,
palliative gastrectomy, metastasectomy, and radiotherapy
were correlated with OS (Table 4). Multivariate analysis
was performed by incorporating related factors with Cox
regression, and the results indicated that differentiation, CA19–9

level, previous curative surgery, palliative gastrectomy, and
metastasectomy were the independent prognostic factors of OS.
In the multimodality treatment group, patients who received
palliative surgery (gastrectomy or metastasectomy) also had
a longer survival than those who received intraperitoneal
chemotherapy or radiotherapy (21.6 vs. 15.2 months, P = 0.014,
Figure 2).

DISCUSSION

This real-world single center study showed that median
survival of patients with stage IV gastric cancer who received
multimodality treatment was significantly longer compared with
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FIGURE 2 | Kaplan–Meier curve of overall survival of patients who received

palliative surgery (gastrectomy or metastatectomy) and other treatments

(intraperitoneal chemotherapy or radiotherapy) in multimodality treatment

group.

those who received systematic therapy alone. In multivariate
analysis, palliative gastrectomy, and metastasectomy were
identified as independent improved survival factors, while
second- and further-line chemotherapy, radiotherapy, and
intraperitoneal chemotherapy were considered to be irrelevant.

Patients with stage IV GC usually have a poor prognosis and
several randomized studies have provided evidence that first-line
chemotherapy is more effective in terms of survival than best
supportive care alone for patients with metastatic tumors (8).
Therefore, patients with metastatic GC are primarily considered
for systemic chemotherapy. However, treatment options after
failure of standard first-line therapy are scarce and related benefit
has to be weighed against treatment-related toxicities. Some
randomized trials showed a survival advantage of the second-
and further-line treatment over the best supportive care (20–23).
However, such benefit was not seen in this real-world study even
most patients still received two-drug combination regimen in the
second- and further-line chemotherapy.

Surgery is not a standard treatment option for patients with
stage IV GC, except for those who need alleviate symptoms
such as bleeding and obstruction caused by the tumor (24).
Although patients with metastases from gastric cancer are
traditionally treated with systematic chemotherapy, this research
and several retrospective studies indicated that gastrectomy or
metastasectomy offered a more favorable survival compared with
palliative chemotherapy alone by removing macroscopic lesions
remaining (25–29). Even in the multimodality treatment group,
patients who received surgery had a better survival than those
who only received intraperitoneal chemotherapy or radiotherapy
in our study. However, the clinical benefit of palliative surgery for
stage IV GC is uncertain. A significant problem of these reports is
selection bias. Candidates for surgical resection were more likely
to have smaller disease burden and better performance status
than those who received no surgical intervention. Recently, a
phase III, randomized controlled trial (REGATTA trial) failed

to show any survival benefit of gastrectomy in patients with
advanced gastric cancer (30). Furthermore, patients undergoing
gastrectomy had a significantly higher incidence of several
serious adverse events related to chemotherapy in REGATTA
trial. However, because of the presence ofmicrometastatic disease
in advanced GC, it is more reasonable for advanced GC patients
to receive the palliative surgery following a good response to
systemic therapy. Palliative surgery in metastatic GC is a highly
controversial topic, and the door to surgical resection are still
not definitely closed (31). In the future, the effect of palliative
resection in stage IV GC should be assessed as a component of
multimodal treatment.

Peritoneal metastases are detected in about 30% of patients
with advanced gastric cancer (32). Intraperitoneal chemotherapy
is a reasonable strategy to approach peritoneal metastasis directly
since it enables relatively high concentration of anticancer drugs
to directly target cancer lesions in the peritoneum (33–35).
In addition, patients with peritoneal metastasis can benefit
from intraoperative chemotherapy administration combined
with surgery (36). However, intraperitoneal chemotherapy in the
current study yielded conflicting results and did not demonstrate
a survival benefit. Similarly, the PHOENIX-GC trial failed
to show statistical superiority of intraperitoneal paclitaxel in
terms of overall survival (37). The possible clinical benefits
of intraperitoneal chemotherapy for GC still need exploratory
clinical trials.

In this research, palliative radiation therapy as a single
modality in multivariate analysis also did not improve survival
of metastatic GC patients. However, it is still attractive and
has a well-defined role in symptomatic palliation in patients
with unresectable gastric cancer, such as pain, bleeding, and
obstruction (38). A population-based study demonstrated that
radiation, surgery, or combination of both were associated with
improved survival in advanced GC patients (39). The role of
radiation therapy in stage IV GC remains controversial.

Our study has some limitations. First, this study was a
retrospective design. Because of the retrospective nature, the
selection bias exists inevitably and may influence the survival
analysis. For example, patients with better status and less
comorbidities are more likely to undergo more aggressive
treatments, which may result in a better survival outcome.
Second, this research was performed at a single institute.
The indication for multi-modality therapy is various and
dependents on the institute, the patients included in our
center cannot represent the whole population of patients
with stage IV GC who received multi-modality treatments.
Third, as a real-world study, the heterogenous treatment
schemes may be potential confounding variables that may
influence the survival result although we have used the Cox
regression analysis.

Up to now, it is impractical to cure stage IV GC, but the
evidence is clear that using only one treatment modality cannot
control this metastatic disease efficiently. Medical oncologists,
surgeons, and radiologists from different disciplines should work
together and offer the patients a comprehensive treatment plan
to offer a chance of survival improvement. Optimal management
of patients with metastatic GC is still challenging usually requires
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the integration of multidisciplinary therapeutic strategies either
concurrently or sequentially.

CONCLUSION

In conclusion, this real-world study provided the evidence that
multi-modality treatment showed a significant survival benefit
for patients with metastatic gastric cancer. Palliative gastrectomy
and metastasectomy were independent prognostic factors for
survival. In the future, large-scale prospective randomized
clinical trials are needed to determine the optimal treatment
strategy for stage IV gastric cancer.
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Global surveillance of trends in cancer survival 2000–14 (CONCORD-3):

analysis of individual records for 37 513 025 patients diagnosed with one of 18

cancers from 322 population-based registries in 71 countries. Lancet. (2018)

391:1023–75. doi: 10.1016/S0140-6736(17)33326-3

5. Van Cutsem E, Sagaert X, Topal B, Haustermans K, Prenen H. Gastric cancer.

Lancet. (2016) 388:2654–64. doi: 10.1016/S0140-6736(16)30354-3

6. D’Angelica M, Gonen M, Brennan MF, Turnbull AD, Bains M, Karpeh MS.

Patterns of initial recurrence in completely resected gastric adenocarcinoma.

Ann Surg. (2004) 240:808–16. doi: 10.1097/01.sla.0000143245.28656.15

7. Songun I, Putter H, Kranenbarg EM, Sasako M, van de Velde CJ.

Surgical treatment of gastric cancer: 15-year follow-up results of the

randomised nationwide Dutch D1D2 trial. Lancet Oncol. (2010) 11:439–49.

doi: 10.1016/S1470-2045(10)70070-X

8. Wagner AD, Syn NL, Moehler M, Grothe W, Yong WP, Tai

BC, et al. Chemotherapy for advanced gastric cancer. Cochrane

Database Syst Rev. (2017) 8:CD004064. doi: 10.1002/14651858.CD00

4064.pub4

9. Shen L, Shan Y-S, Hu H-M, Price TJ, Sirohi B, Yeh K-H, et al. Management

of gastric cancer in Asia: resource-stratified guidelines. Lancet Oncol. (2013)

14:e535–47. doi: 10.1016/S1470-2045(13)70436-4

10. Muro K, Van Cutsem E, Narita Y, Pentheroudakis G, Baba E, Li J, et al. Pan-

Asian adapted ESMO Clinical Practice Guidelines for the management of

patients with metastatic gastric cancer: a JSMO-ESMO initiative endorsed

by CSCO, KSMO, MOS, SSO, and TOS. Ann Oncol. (2019) 30:19–33.

doi: 10.1093/annonc/mdy502

11. SunW, Yan L. Gastric cancer: current and evolving treatment landscape. Chin

J Cancer. (2016) 35:83. doi: 10.1186/s40880-016-0147-6

12. Wang FH, Shen L, Li J, Zhou ZW, Liang H, Zhang XT, et al. The

Chinese Society of Clinical Oncology (CSCO): clinical guidelines for the

diagnosis and treatment of gastric cancer. Cancer Commun. (2019) 39:10.

doi: 10.1186/s40880-019-0349-9

13. Misleh JG, Santoro P, Strasser JF, Bennett JJ. Multidisciplinary

management of gastric cancer. Surg Oncol Clin N Am. (2013) 22:247–64.

doi: 10.1016/j.soc.2012.12.013

14. Lordick F, Siewert JR. Recent advances in multimodal treatment

for gastric cancer: a review. Gastric Cancer. (2005) 8:78–85.

doi: 10.1007/s10120-005-0321-z

15. Izuishi K, Mori H. Recent strategies for treating stage IV gastric cancer: roles

of palliative gastrectomy, chemotherapy, and radiotherapy. J Gastrointestin

Liver Dis. (2016) 25:87–94. doi: 10.15403/jgld.2014.1121.251.rv2

16. Beom SH, Choi YY, Baek SE, Li SX, Lim JS, Son T, et al. Multidisciplinary

treatment for patients with stage IV gastric cancer: the role of

conversion surgery following chemotherapy. BMC Cancer. (2018) 18:1116.

doi: 10.1186/s12885-018-4998-x

17. Yang LP,Wang ZX, HeMM, Jin Y, Ren C,Wang ZQ, et al. The survival benefit

of palliative gastrectomy and/or metastasectomy in gastric cancer patients

with synchronous metastasis: a population-based study using propensity

score matching and coarsened exact matching. J Cancer. (2019) 10:602–10.

doi: 10.7150/jca.28842

18. Desiderio J, Chao J, Melstrom L, Warner S, Tozzi F, Fong Y, et al. The 30-year

experience-A meta-analysis of randomised and high-quality non-randomised

studies of hyperthermic intraperitoneal chemotherapy in the treatment of

gastric cancer. Eur J Cancer. (2017) 79:1–14. doi: 10.1016/j.ejca.2017.03.030

19. Ajani JA, D’Amico TA, Almhanna K, Bentrem DJ, Chao J, Das P, et al. Gastric

cancer, version 3.2016, NCCN clinical practice guidelines in oncology. J Natl

Compr Canc Netw. (2016) 14:1286–312. doi: 10.6004/jnccn.2016.0137

20. Kang JH, Lee SI, Lim DH, Park KW, Oh SY, Kwon HC, et al. Salvage

chemotherapy for pretreated gastric cancer: a randomized phase III trial

comparing chemotherapy plus best supportive care with best supportive care

alone. J Clin Oncol. (2012) 30:1513–8. doi: 10.1200/JCO.2011.39.4585

21. Thuss-Patience PC, Kretzschmar A, Bichev D, Deist T, Hinke A, Breithaupt

K, et al. Survival advantage for irinotecan versus best supportive care as

second-line chemotherapy in gastric cancer–a randomised phase III study of

Frontiers in Oncology | www.frontiersin.org 7 November 2019 | Volume 9 | Article 1155

https://doi.org/10.1002/ijc.29210
https://doi.org/10.3322/caac.21338
https://doi.org/10.1016/S2214-109X(18)30127-X
https://doi.org/10.1016/S0140-6736(17)33326-3
https://doi.org/10.1016/S0140-6736(16)30354-3
https://doi.org/10.1097/01.sla.0000143245.28656.15
https://doi.org/10.1016/S1470-2045(10)70070-X
https://doi.org/10.1002/14651858.CD004064.pub4
https://doi.org/10.1016/S1470-2045(13)70436-4
https://doi.org/10.1093/annonc/mdy502
https://doi.org/10.1186/s40880-016-0147-6
https://doi.org/10.1186/s40880-019-0349-9
https://doi.org/10.1016/j.soc.2012.12.013
https://doi.org/10.1007/s10120-005-0321-z
https://doi.org/10.15403/jgld.2014.1121.251.rv2
https://doi.org/10.1186/s12885-018-4998-x
https://doi.org/10.7150/jca.28842
https://doi.org/10.1016/j.ejca.2017.03.030
https://doi.org/10.6004/jnccn.2016.0137
https://doi.org/10.1200/JCO.2011.39.4585
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Zhao et al. Multi-Modality Treatment for Metastatic Gastric Cancer

the Arbeitsgemeinschaft Internistische Onkologie (AIO). Eur J Cancer. (2011)

47:2306–14. doi: 10.1016/j.ejca.2011.06.002

22. Wesolowski R, Lee C, Kim R. Is there a role for second-line

chemotherapy in advanced gastric cancer? Lancet Oncol. (2009) 10:903–12.

doi: 10.1016/S1470-2045(09)70136-6

23. Li J, Qin S, Xu J, Xiong J, Wu C, Bai Y, et al. Randomized, double-

blind, placebo-controlled phase III trial of apatinib in patients with

chemotherapy-refractory advanced or metastatic adenocarcinoma of the

stomach or gastroesophageal junction. J Clin Oncol. (2016) 34:1448–54.

doi: 10.1200/JCO.2015.63.5995

24. Japanese Gastric Cancer A. Japanese gastric cancer treatment guidelines 2014

(ver. 4). Gastric Cancer. (2017) 20:1–19. doi: 10.1007/s10120-016-0622-4

25. Markar SR, Mikhail S, Malietzis G, Athanasiou T, Mariette C,

Sasako M, et al. Influence of surgical resection of hepatic metastases

from gastric adenocarcinoma on long-term survival: systematic

review and pooled analysis. Ann Surg. (2016) 263:1092–101.

doi: 10.1097/SLA.0000000000001542

26. Cho JH, Lim JY, Choi AR, Choi SM, Kim JW, Choi SH, et al. Comparison of

surgery plus chemotherapy and palliative chemotherapy alone for advanced

gastric cancer with krukenberg tumor. Cancer Res Treat. (2015) 47:697–705.

doi: 10.4143/crt.2013.175

27. Yan D, Du Y, Dai G, Huang L, Xu Q, Yu P. Management of synchronous

krukenberg tumors from gastric cancer: a single-center experience. J Cancer.

(2018) 9:4197–203. doi: 10.7150/jca.25593

28. Wang Y, Yu YY, Li W, Feng Y, Hou J, Ji Y, et al. A phase II

trial of Xeloda and oxaliplatin (XELOX) neo-adjuvant chemotherapy

followed by surgery for advanced gastric cancer patients with para-aortic

lymph node metastasis. Cancer Chemother Pharmacol. (2014) 73:1155–61.

doi: 10.1007/s00280-014-2449-1

29. Ebinger SM, Warschkow R, Tarantino I, Schmied BM, Guller U, Schiesser M.

Modest overall survival improvements from 1998 to 2009 in metastatic gastric

cancer patients: a population-based SEER analysis. Gastric Cancer. (2016)

19:723–34. doi: 10.1007/s10120-015-0541-9

30. Fujitani K, Yang H-K, Mizusawa J, Kim Y-W, Terashima M, Han S-

U, et al. Gastrectomy plus chemotherapy versus chemotherapy alone for

advanced gastric cancer with a single non-curable factor (REGATTA):

a phase 3, randomised controlled trial. Lancet Oncol. (2016) 17:309–18.

doi: 10.1016/S1470-2045(15)00553-7

31. D’Ugo D, Cananzi FC, Persiani R, Agnes A, Biondi A. REGATTA

trial: a call for the USA and Europe. Lancet Oncol. (2016) 17:261–2.

doi: 10.1016/S1470-2045(15)00619-1

32. Thomassen I, van Gestel YR, van Ramshorst B, Luyer MD, Bosscha

K, Nienhuijs SW, et al. Peritoneal carcinomatosis of gastric origin: a

population-based study on incidence, survival and risk factors. Int J Cancer.

(2014) 134:622–8. doi: 10.1002/ijc.28373

33. Yonemura Y, Canbay E, Li Y, Coccolini F, Glehen O, Sugarbaker

PH, et al. A comprehensive treatment for peritoneal metastases from

gastric cancer with curative intent. Eur J Surg Oncol. (2016) 42:1123–31.

doi: 10.1016/j.ejso.2016.03.016

34. Sugarbaker PH. Cytoreductive surgery and hyperthermic intraperitoneal

chemotherapy in the management of gastrointestinal cancers with peritoneal

metastases: progress toward a new standard of care. Cancer Treat Rev. (2016)

48:42–9. doi: 10.1016/j.ctrv.2016.06.007

35. Coccolini F, Cotte E, Glehen O, Lotti M, Poiasina E, Catena F,

et al. Intraperitoneal chemotherapy in advanced gastric cancer. Meta-

analysis of randomized trials. Eur J Surg Oncol. (2014) 40:12–26.

doi: 10.1016/j.ejso.2013.10.019

36. Coccolini F, Catena F, Glehen O, Yonemura Y, Sugarbaker PH, Piso P,

et al. Effect of intraperitoneal chemotherapy and peritoneal lavage in

positive peritoneal cytology in gastric cancer. Systematic review and meta-

analysis. Eur J Surg Oncol. (2016) 42:1261–7. doi: 10.1016/j.ejso.2016.

03.035

37. Ishigami H, Fujiwara Y, Fukushima R, Nashimoto A, Yabusaki H, Imano

M, et al. Phase III trial comparing intraperitoneal and intravenous paclitaxel

plus S-1 versus cisplatin plus S-1 in patients with gastric cancer with

peritoneal metastasis: PHOENIX-GC trial. J Clin Oncol. (2018) 36:1922–9.

doi: 10.1200/JCO.2018.77.8613

38. Hazard L, O’Connor J, Scaife C. Role of radiation therapy in

gastric adenocarcinoma. World J Gastroenterol. (2006) 12:1511–20.

doi: 10.3748/wjg.v12.i10.1511

39. Gold JS, Ye S, Wang L, Zuo Z, Bei Y, Liu K. The role of surgery and

radiation in advanced gastric cancer: a population-based study of Surveillance,

Epidemiology, and End Results database. PLoS ONE. (2019) 14:e0213596.

doi: 10.1371/journal.pone.0213596

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 Zhao, Li, Bai, Nie and Lin. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Oncology | www.frontiersin.org 8 November 2019 | Volume 9 | Article 1155

https://doi.org/10.1016/j.ejca.2011.06.002
https://doi.org/10.1016/S1470-2045(09)70136-6
https://doi.org/10.1200/JCO.2015.63.5995
https://doi.org/10.1007/s10120-016-0622-4
https://doi.org/10.1097/SLA.0000000000001542
https://doi.org/10.4143/crt.2013.175
https://doi.org/10.7150/jca.25593
https://doi.org/10.1007/s00280-014-2449-1
https://doi.org/10.1007/s10120-015-0541-9
https://doi.org/10.1016/S1470-2045(15)00553-7
https://doi.org/10.1016/S1470-2045(15)00619-1
https://doi.org/10.1002/ijc.28373
https://doi.org/10.1016/j.ejso.2016.03.016
https://doi.org/10.1016/j.ctrv.2016.06.007
https://doi.org/10.1016/j.ejso.2013.10.019
https://doi.org/10.1016/j.ejso.2016.03.035
https://doi.org/10.1200/JCO.2018.77.8613
https://doi.org/10.3748/wjg.v12.i10.1511
https://doi.org/10.1371/journal.pone.0213596
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Multi-Modality Treatment for Patients With Metastatic Gastric Cancer: A Real-World Study in China
	Introduction
	Methods
	Study Design and Participants
	Treatment
	Assessment and Follow-Up
	Statistical Analysis

	Results
	Patient Characteristics
	Treatment
	Survival

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


