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Effect of multimodal
chemotherapy on survival
of gastric cancer with
liver metastasis – a
population based analysis

Xinghui Li1†, Zhiqiang Chen2†, Yue Zhang1†, Hong Zhang1,
Haiyan Niu3, Cheng Zheng1, Xiaoying Jing1, Hui Qiao1,
Guanhua Wang1* and Wenjun Yang1,2,3*

1Cancer Institute of the General Hospital, School of Public Health and Management, Ningxia Medical
University, Yinchuan, Ningxia, China, 2Department of Radiology, The First Affiliated Hospital, Hainan
Medical University, Haikou, China, 3Department of Pathology, The First Affiliated Hospital, Hainan
Medical University, Haikou, China
Objectives: Limited efforts have been made to evaluate the effect of multimodal

chemotherapy on the survival of gastric cancer patients with liver metastases

(LMGC). This study aimed to identify prognostic factors in LMGC patients and the

superiority of multimodal chemotherapy with respect to overall survival (OS) in

these patients.

Methods: We conducted a retrospective cohort study of 1298 patients with M1

stage disease between January 2012 and December 2020. The effects of

clinicopathological variables and preoperative chemotherapy (PECT),

postoperative chemotherapy (POCT), and palliative chemotherapy on survival

in patients with liver metastases (LM group) and non-liver metastases (non-LM

group) were compared.

Results: Of the 1298 patients analysed, 546 (42.06%) were in the LM group and

752 (57.94%) were in the non-LM group. The median (interquartile range) age

was 60 (51–66) years. The 1-year, 3-year and 5-year overall survival (OS) rates in

the LM group were 29.3%, 13.9%, and 9.2%, respectively, and those in the non-LM

group were. 38.2%, 17.4%, and 10.0%, respectively (P < 0.05, > 0.05, and > 0.05,

respectively.) The Cox proportional hazards model revealed that palliative

chemotherapy was a significant independent prognostic factor in both the LM

and non-LM groups. Age ≥55 years, N stage, and Lauren classification were also

independent predictors of OS in the LM group (P < 0.05). Palliative chemotherapy

and POCT were associated with improved OS compared with PECT in the LM

group (26.3% vs. 36.4% vs. 25.0%, P < 0.001).
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Conclusion: LMGC patients had a worse prognosis than non- LMGC. Number of

metastatic sites more than 1, liver and other metastatic sites, no CT treatment and

HER2-negative had a poor prognosis. LMGC patient may benefit more from

palliative chemotherapy and POCT than from PECT. Further well-designed,

prospective studies are needed to validate these findings.
KEYWORDS

gastric cancer, livermetastases, preoperative chemotherapy, postoperative chemotherapy,
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1 Introduction

Gastric cancer (GC) is the fourth most common cause of

cancer-related death worldwide, accounting for nearly 800,000

deaths in 2020; approximately 50% of these deaths (an estimated

373,789) occurred in China (1). The poor prognosis of GC is related

to local recurrence, gross peritoneal dissemination, invasion of

other organs, and extensive distant metastasis (2). With current

treatment strategies, patients with localised disease usually have a

good prognosis, but metastatic cancers are generally incurable

because of their spread to distant locations, leaving patients with

no chance of radical resection and only conservative medical

treatment to control the progression of the disease (3). The

median survival of Chinese patients with metastatic GC varies

from 3.9 months to 18.4 months based on the metastatic location

(4–8). Therefore, identifying the optimal therapies for patients with

metastatic GC is still needed.

The liver is a frequent site of distant metastasis in GC, with an

incidence of 5–34% (9, 10). Despite significant efforts to improve

survival of patients with liver metastasis (LM), the prognosis

remains poor. Therapeutic surgery provides a potential cure for

liver metastasis from gastric cancer (LMGC); however, surgery is

currently not a standard treatment option for patients with

advanced GC other than palliative surgery for bleeding,

obstruction, or perforation caused by the tumour. Therefore,

palliative chemotherapy is still regarded as the standard treatment

modality for patients with metastatic GC (11–13). The SOPP trial

showed that S-1 plus oxaliplatin (SOX) regimen can be

recommended as a first-line treatment for metastatic or recurrent

GC, and the median OS can be extended to12.9 months (14).

According to recent studies (15–17), the median survival of patients

with LMGC who undergo systemic chemotherapy is between 7 and

14 months. However, there are currently no internationally

approved standard adjuvant or palliative chemotherapy regimens

for patients with advanced GC. The MAGIC trial explored the

preoperative administration of epirubicin, cisplatin, and infused

fluorouracil (ECF) in patients with resectable GC in the United

Kingdom (18) and showed that patients receiving preoperative ECF

had reduced tumour size and stage and improved overall survival

(OS) compared to patients treated with surgery alone (5-year OS:
02
36.3% vs. 23.0%, P = 0.009). Therefore, perioperative chemotherapy

(PECT) is the standard treatment strategy for patients with

advanced GC in Europe and the United States. The CLASSIC

trial conducted at 37 centres in South Korea, China, and Taiwan

showed that postoperative capecitabine plus oxaliplatin (XELOX)

regimen led to better disease-free survival (DFS) than gastrectomy

alone (3-year DFS, 74.0% vs. 59.0%; P < 0.001) (19), which

reinforces the efficacy of POCT in GC patients in East Asia (20,

21). SOX or XELOX regimen has been recommended as one of the

standard perioperative chemotherapy regimens for advanced gastric

cancer in China (22–24). Nevertheless, studies on PECT and PORT

in Chinese GC patients with LM was limitied.

Multimodal chemotherapy is the preferred treatment for

LMGC to improve survival. However, most studies have focused

on the prognosis of patients with LMGC who also undergo

hepatectomy, and there are no clinical trials or cohort studies on

multimodal chemotherapy in LMGC. Therefore, predicting the

prognosis of LMGC patients is difficult. We retrospectively

analysed the clinicopathological and survival data of LMGC

patients in the Ningxia region in China, which has a high

incidence of GC. We aimed to assess the clinical features and

prognostic factors of LMGC to aid in identifying the optimal

chemotherapy treatment timing for these patients.
2 Materials and methods

2.1 Patient population

This retrospective study enrolled 1298 patients with metastatic

GC from the General Hospital of Ningxia Medical University of

Northwest China. The inclusion criteria were as follows (1): age ≥18

years (2) M1 stage GC diagnosed between 2012 and 2020, (3)

diagnosed based on baseline radiological staging investigations,

including computed tomography, performed following the initial

diagnosis of GC by endoscopic biopsy and confirmed histologically,

and (4) complete follow-up information. The exclusion criteria

were as follows: (1) patients with duplicate numbers, (2) history of

malignancy or complicating other tumours, (3) the site of

metastasis was unknown. A flowchart of the patient selection
frontiersin.org
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process is illustrated in Figure 1. The study protocol was approved

by the Ethical Committee of Ningxia Medical University, and

informed consent was obtained from all the patients.
2.2 Variables

The demographic variables included age at diagnosis, sex,

occupation, ethnicity, medical insurance, smoking history, alcohol

consumption, family history, and blood type. Clinicopathologic

variables included TN stage, primary tumour site, tumour size,

differentiation, pathological type, Lauren classification, number of

metastatic sites, human epidermal growth factor receptor 2 (HER2)

status, serum carcinoembryonic antigen (CEA), treatment method,

and survival time in months. Ethnicity was classified as Han, Hui, or

others; sex was recorded as male or female; and age was grouped as

<55 years and ≥55 years. The primary tumour site was classified as

the upper, middle, or lower stomach. The tumour size was classified

as <7 cm or ≥7 cm. The differentiation was classified into three

grades: high, medium, and low. The pathological type was classified

as mucinous adenocarcinoma, glandular cancer, signet-ring cell

carcinoma, or other. The Lauren classification was classified as

intestinal, diffuse, or mixed type. HER2 status was assessed using in

situ hybridisation (ISH) and immunohistochemistry (IHC). HER2

was considered positive if the IHC score was 3+ and negative if the

score was 0 or 1+. IHC scores of 2+ were categorised as missing if

ISH was not used to confirm the result. Treatment therapies were

grouped as no chemotherapy (CT), preoperative chemotherapy

(PECT), postoperative chemotherapy (POCT), and palliative

chemotherapy (palliative CT). The cohort was divided into two

metastatic groups based on the sites of metastasis at the initial

presentation: the liver metastases (LM) group (n = 546) and the no

liver metastases (non-LM) group (n = 752).
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2.3 Follow-up

All data were obtained from the patients’medical records at the

hospital. The survival information included survival status, date of

death, and cause of death and was collected by telephone calls or

text messages to patients or their family members. All cases were

followed up in April 2021 within 2 weeks. Patients who could not be

contacted after three tries or who had with incorrect phone

numbers were considered lost to follow-up. Those who were lost

to follow-up, alive, or died of other diseases at the end of follow-up

were censored. The primary endpoint of this study was OS, which

was defined as the time from the diagnosis of metastatic GC until

death or the time of the last follow-up visit. Survival data were

available for 558 (43.0%) patients, and follow-up information was

available for 991 (76.3%) patients.
2.4 Statistical analysis

Descriptive statistics are presented as percentages and

numerical statistics as medians. One-way analysis of variance and

chi-square tests were used to compare differences in categorical

variables between the groups. The Kaplan–Meier method was used

to estimate OS, and the log-rank test was used to compare OS

between groups. Cox regression analysis was used to calculate the

hazard ratios and 95% confidence intervals (CIs) of covariates

associated with OS. Factors with P < 0.05 in the univariate

analysis were used to select covariates for the final multivariate

models. Statistical significance was set at P < 0.05. Survival curves

were plotted using GraphPad Prism (version 6.0; San Diego,

California, USA). Forest plots were generated using the RMS

package of R (version 4.1.0; R Foundation, Vienna, Austria). All

other analyses were performed using SPSS statistical package

(version 25.0; IBM Corporation, Armonk, NY, USA).
FIGURE 1

Schematic representation of the research process.
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3 Results

3.1 Patient characteristics

The demographic and clinical characteristics of the patients are

shown in Table 1.

A total of 1298 patients with M1 stage GC were selected

according to the predefined inclusion and exclusion criteria,

including 956 men (73.7%) and 342 women (23.6%). The median

age was 60 years (interquartile range [IQR] 51-66) and the median

follow-up time was 42 months (IQR 24-61). The main histological

subtype is glandular cancer (88.6%). T3 and T4 is the most common

clinical stage (92.9%), and most tumours have low differentiation

(70.0%). 624 (48.1%) patients have a single organ site of metastases

while 674 patients (51.9%) patients have multi-organ metastases. A

total of 622 patients HER2 status was assessed, including 73 (11.1%)

positive patients and 549 (88.3%) negative patients. Most patients
Frontiers in Oncology 04
received chemotherapy (63.4%), and 34.5% of patients received

surgery plus chemotherapy. Among the patients who received

chemotherapy (N = 823), 57 (4.4%), 391 (30.1%), and 375

(28.9%) received PECT, POCT, and palliative CT, respectively.

To explore the relationship between metastatic patterns and

survival, we divided the patients based on the presence of LM,

regardless of the number of metastatic sites. Of the 1298 patients,

546 had LM and 752 had non-LM. There are 404 (74.0%) patients

aged >55 years in the LM group and 456 (60.6%) patients aged >55

years in the non-LM group. There are 449 (82.2%) men in the LM

group and 507 (67.4%) men in the non-LM group. There are

statistically significant differences in the distributions of age and

sex between the LM and non-LM groups (all P < 0.001): patients in

the LM group are more likely to be older and male than those in the

non-LM group. In the LM group, 16 patients (2.9%) were treated

with PECT, 140 (25.6%) were treated with POCT, and 196 (35.9%)

were treated with palliative CT.
TABLE 1 Baseline patient characteristics.

Variables No. (%)
(n=1298)

LM (%)
(n=546)

Non-LM (%)
(n=752) c² P

Age (years) 25.232 <0.001

<55 438 (33.7) 142 (26.0) 296 (39.4)

≥55 860 (66.3) 404 (74.0) 456 (60.6)

Sex 35.773 <0.001

Male 956 (73.7) 449 (82.2) 507 (67.4)

Female 342 (26.3) 97 (17.8) 245 (32.6)

Ethnicity 15.967 <0.001

Han 1017 (78.4) 399 (73.1) 618 (82.2)

Hui 265 (20.4) 140 (25.6) 125 (16.6)

Others 16 (1.2) 7 (1.3) 9 (1.2)

Occupation 5.853 0.119

Peasant 544 (41.9) 244 (44.7) 300 (39.9)

Worker 322 (24.8) 140 (25.6) 182 (24.2)

Others 168 (12.9) 61 (11.2) 107 (14.2)

Unemployed 264 (20.3) 101 (18.5) 163 (21.7)

BMI 15.450 <0.001

<18.5 205 (17.6) 72 (14.4) 133 (20.1)

18.5~23 554 (47.6) 225 (44.9) 329 (49.6)

≥23 405 (34.8) 204 (40.7) 201 (30.3)

Cigarette smoking 4.954 0.026

No 784 (63.0) 310 (59.4) 474 (65.6)

Yes 461 (37.0) 212 (40.6) 249 (34.4)

Alcohol drinking 0.224 0.636

No 994 (79.9) 413 (79.3) 581 (80.4)

Yes 250 (20.1) 108 (20.7) 142 (19.6)

Family history 1.164 0.281

(Continued)
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TABLE 1 Continued

Variables No. (%)
(n=1298)

LM (%)
(n=546)

Non-LM (%)
(n=752) c² P

No 1168 (94.1) 485 (93.3) 683 (94.7)

Yes 73 (5.9) 35 (6.7) 38 (5.3)

Blood type 0.368 0.947

A 260 (29.7) 106 (29.9) 154 (29.6)

B 269 (30.7) 106 (29.9) 163 (31.3)

AB 87 (9.9) 34 (9.6) 53 (10.2)

O 259 (29.6) 108 (30.5) 151 (29.0)

T Stage 3.498 0.174

T1~T2 43 (4.0) 21 (4.6) 22 (3.5)

T3~T4 1011 (92.9) 421 (91.3) 590 (94.1)

Tx 34 (3.1) 19 (4.1) 15 (2.4)

N Stage 0.882 0.643

N0 55 (5.3) 23 (5.3) 32 (5.3)

N1~ N3 618 (59.5) 252 (57.9) 366 (60.7)

Nx 365 (35.2) 160 (36.8) 205 (34.0)

Differentiation 23.170 <0.001

Low 691 (70.0) 268 (62.6) 423 (75.7)

Medium 246 (24.9) 127 (29.7) 119 (21.3)

High 50 (5.1) 33 (7.7) 17 (3.0)

Pathological
diagnosis 29.795 <0.001

Glandular
cancer

900 (88.6) 392 (91.0) 508 (86.8)

Mucinous
adenocarcinoma

27 (2.7) 5 (1.2) 22 (3.8)

Signet-ring cell
carcinoma

52 (5.1) 9 (2.1) 43 (7.4)

Others 37 (3.6) 25 (5.8) 12 (2.1)

Primary tumor size 1.839 0.175

<7cm 206 (45.3) 77 (49.7) 129 (43.0)

≥7cm 249 (54.7) 78 (50.3) 171 (57.0)

Primary tumor site 3.340 0.188

Upper 277 (26.4) 121 (27.4) 156 (25.7)

Middle 366 (34.9) 140 (31.7) 226 (37.2)

Lower 406 (38.7) 180 (40.8) 226 (37.2)

Lauren’s type 12.131 0.002

Intestinal 122 (33.7) 67 (43.8) 55 (26.3)

Diffuse 123 (34.0) 45 (29.4) 78 (37.3)

Mixed 117 (32.3) 41 (26.8) 76 (36.4)

Borrmann’s type 7.762 0.051

(Continued)
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3.2 Survival analysis

The median OS of all patients was 12.0 months (95% CI 10.5–

13.5) and the 1-year, 3-year and 5-year OS rates were 34.4%, 15.9%
Frontiers in Oncology 06
and 9.6%; the survival curves are shown in Figure 2A. The OS rates

were 25.2% and 31.4% in the LM and non-LM groups, respectively

(P < 0.05), and the corresponding median OS were 11.0 months

(95% CI 9.2–12.8) and 14.0 months (95% CI 12.0–16.0),
TABLE 1 Continued

Variables No. (%)
(n=1298)

LM (%)
(n=546)

Non-LM (%)
(n=752) c² P

I 47 (8.2) 17 (7.9) 30 (8.5)

II 48 (8.4) 19 (8.8) 29 (8.2)

III 202 (35.4) 91 (42.1) 111 31.4)

IV 273 (47.9) 89 (41.2) 184 (52.0)

HER2 3.649 0.056

Negative 549 (88.3) 207 (85.2) 342 (90.2)

Positive 73 (11.7) 36 (14.8) 37 (9.8)

CEA 0.750 0.386

Negative 155 (26.7) 63 (28.8) 92 (25.5)

Positive 425 (73.3) 156 (71.2) 269 (74.5)

P53 2.046 0.153

Negative 108 (32.3) 44 (37.3) 64 (29.6)

Positive 226 (67.7) 74 (62.7) 152 (70.4)

Ki67 4.772 0.029

Low-expression 239 (40.4) 77 (34.7) 162 (43.8)

High-expression 353 (59.6) 145 (65.3) 208 (56.2)

EGFR 0.030 0.863

Low-expression 72 (29.1) 28 (29.8) 44 (28.8)

High-expression 175 (70.9) 66 (70.2) 109 (71.2)

VEGF 0.468 0.494

Low-expression 73 (31.1) 30 (33.7) 43 (29.5)

High-expression 162 (68.9) 59 (66.3) 103 (70.5)

Hp 0.933 0.334

Negative 213 (70.8) 105 (73.4) 108 (68.4)

Positive 88 (29.2) 38 (26.6) 50 (31.6)

Treatment 27.173 <0.001

No 475 (36.6) 194 (35.5) 281 (37.4)

PECT 57 (4.4) 16 (2.9) 41 (5.5)

POCT 391 (30.1) 140 (25.6) 251 (33.4)

Palliative CT 375 (28.9) 196 (35.9) 179 (23.8)

Number of
metastasis sites

6.420 0.011

1 624 (48.1) 285 (52.2) 339 (45.1)

>1 674 (51.9) 261 (47.8) 413 (54.9)
GC, gastric cancer; LM, liver metastasis; PECT, preoperative chemotherapy; POCT, postoperative chemotherapy; CT, chemotherapy.
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respectively (Figure 2B). The 1-year, 3-year and 5-year OS rates in

the LM group were 29.3%, 13.9%, and 9.2%, respectively, and the

corresponding rates in the non-LM group were 38.2%, 17.4%, and

10.0%, respectively (P < 0.05, > 0.05, and > 0.05, respectively)

(Table 2). Patients with single-site metastases had better survival

than those with multiple-site metastases (P < 0.05; Figure 2C). In

the entire cohort, 282, 264, 339, and 413 patients have liver only,

liver and other, single non-liver, and multiple non-liver metastases,

respectively. The OS rates were 29.4% and 23.5% for the liver only

and liver and other metastases groups, respectively, both of which

were significantly lower than those of the single non-liver and

multiple non-liver metastases groups (39.1% and 33.2%,

respectively). Figure 2D shows the survival curves based on the

metastatic pattern.
3.3 Effect of multimodal chemotherapy on
survival in patients with LMGC

We analysed the survival of patients with metastatic GC based

on their characteristics and treatment modality. The survival of

patients with metastatic GC was significantly different based on the

chemotherapy modality. The median OS of patients who received

no CT, PECT, POCT, and palliative CT were 6.0 months (95% CI

4.7–7.3), 22.0 months (95% CI 13.4–30.6), 18.0 months (95% CI

15.0–21.0), and 15.0 months (95% CI 12.4–17.6), respectively (P <

0.001; Figure 2E). In the LM group, patients who underwent POCT

had the highest survival rate (36.4%). However, in the non-LM

group, patients who underwent PECT had the highest survival rate

(51.9%), the survival curves are shown in Figure 3. Notably, HER2

positivity was associated with better OS than HER2 negativity; the

corresponding median OS were 43.0 months (95% CI 13.1–72.9)

and 14.0 months (95% CI 12.1–16.0), respectively (Figure 2F). The
Frontiers in Oncology 07
HER2 positivity rates were 6.6% (36/546) in the LM group and 4.9%

(37/752) in the non-LM group. The OS of patients with HER2

positivity were 51.7% and 68.6% in the LM and non-LM groups,

respectively (P < 0.05), the survival curves are shown in Figure S1.
3.4 Prognostic factors for OS in patients
with LMGC

The results of the univariate analyses are shown in Table S1.

Age, N stage, Lauren classification, and treatment mode are

significant prognostic factors for OS in the LM group (all P <

0.05; Table S1). Age, HER2 expression, treatment mode, and

number of metastatic sites are significant prognostic factors for

OS in the non-LM group (all P < 0.05; Table S1). Significant

variables (P < 0.05) associated with survival in the univariate

analysis included in the multivariate Cox proportional hazards

model. The results of the multivariate analyses are shown in

Figure 4. The multivariate Cox proportional hazards model

revealed that palliative CT is a significant independent prognostic

factor in both the LM and non-LM groups; age ≥ 55 years, POCT,

Nx stage, and mixde Lauren classification were independent

predictors in the LM group, whereas PECT and HER2 positivity

are independent predictors in the non-LM group. Receiver

operating characteristic (ROC) was used to evaluate the accuracy

of survival model, AUC=0.723, shown in Figure S2.
4 Discussion

In the present study, we retrospectively collected data of 1298

patients with M1 stage GC: 546 (42.06%) in the LM group and 752

(57.94%) in the non-LM group. All patients were from the Ningxia
A B

D E F

C

FIGURE 2

Kaplan–Meier analysis of survival curves based on clinical features with metastasis GC patients. (A–F) The overall survival curves of 1298 patients
with M1 stage GC (A), overall survival curves between the LM and non-LM groups (B), number of metastasis sites of total patients (C), metastasis
pattern of total GC patients (D), four modes of treatment (E), overall survival curves between the HER2 negative and HER2 positive groups of
metastasis GC patients (F). LM, liver metastasis; PECT, preoperative chemotherapy; POCT, postoperative chemotherapy; CT, chemotherapy.
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region in northwest China, which has a high incidence of GC. The

median OS of all patients was 12 months, which was consistent with

data from previous reports (median OS of 3.9–18.4 months) (4–8).

Our analysis further showed that the 5-year survival rate (5ySR) of

the LM group was slightly lower than that of the non-LM group

(9.2% vs. 10.0%), whereas the median survival time was much lower

in the LM group than in the non-LM group (11 months vs. 14

months). The 5ySR of patients with LMGC in our study is much

lower than that observed in previous studies examining LMGC

patients from Beijing or Japan (9.2%, 12.2%, and 31.1%,

respectively) (25, 26).

Several reports, including ours, have demonstrated that old age,

Lauren classification, submucosal invasion, vascular involvement,

lymph node metastasis, tumour differentiation, the number of LMs,

and tumour size are significant factors influencing the prognosis of

patients with LMGC (27–30). In the present study, we also

identified POCT and palliative chemotherapy as independent

prognostic factors for patients with LMGC. Compared with those

receiving PECT, GC patients with LM who received POCT and

palliative chemotherapy had improved survival outcomes (25.0% vs.

36.4% vs. 26.3%, P < 0.001). Palliative chemotherapy is currently the

most common treatment option for LMGC, and the global standard

for first-line chemotherapy is 5-fluorouracil- and cisplatin-based

combinations. These chemotherapies have response rates of

approximately 30-40% and a median OS of 9-11 months (31),

which is lower than the median OS of 15 months in LMGC patients

who received palliative chemotherapy in our study. The MAGIC

trial included 503 GC patients and showed that POCT after R0

resection reduced tumour size and stage, significantly improved
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progression-free survival and OS, and increased the 5ySR by 13%.

Therefore, POCT has been clinically considered for patients with

advanced GC (32). In our study, the proportions of patients

receiving PECT, POCT, and palliative chemotherapy were 3.9%,

20.4%, and 34.6%, respectively. All three modes of chemotherapy

improved survival in patients with LMGC compared with those

who did not receive chemotherapy, and those who received POCT

had the best OS (36.4%). Moreover, with the exception of palliative

chemotherapy and PECT, there was no effect on the outcomes of

patients without LM, which may be due to the large proportion of

patients (15.2%) with more severe peritoneal metastases, which

offset the effects of chemotherapy in the non-LM group. Therefore,

further prospective controlled trials are needed to investigate

whether palliative chemotherapy and POCT have a survival

advantage in patients with metastatic GC, especially LMGC.

Some studies have demonstrated that PECT can reduce the

staging of the primary tumour, increase the possibility and efficacy

of radical resection, eliminate micrometastases, and prevent or reduce

tumour recurrence and metastasis in GC patients (33–35). However,

the survival time of patients with LMGC did not increase with PECT

in our study. The reasons for the ineffectiveness of PECT in patients

with LMGC are manifold. First, gastrointestinal cancers are drained

by the enterohepatic circulation, reaching the liver first, which

provides a rich vascular system and sufficient nutrients for the

expansive growth of tumour cells (36–38). However, the majority

of chemotherapeutic drugs enter the liver through the portal vein,

and liver metastases affect local drug metabolism (39). Second,

LMGC patients may be less responsive to chemotherapy due to the

prolonged doubling time of tumour cells, and they may be unable to

tolerate adequate amounts of chemotherapy drugs (40). Last, the liver

microenvironment triggers inflammation, promotes angiogenesis,

and enhances permeability; therefore, PECT may not be a safe and

effective intervention (41). However, these speculations are based on

results derived from retrospective dataset analyses involving patients

with LMGC and need to be confirmed prospectively.

The results of this study support the addition of adjuvant

chemotherapy to improve OS in patients with LMGC. However,

this is limited to POCT, as PECT had no survival benefit. We hope

that adjuvant chemotherapy can be considered as an additional
TABLE 2 The OS of the LM and Non-LM of GC patients.

OS LM (%) Non-LM (%) P

1-year 29.3 38.2 0.022

3-year 13.9 17.4 0.145

5-year 9.2 10.0 0.289

Total 25.2 31.4 0.015
GC, gastric cancer; LM, liver metastasis; OS, overall survival.
A B

FIGURE 3

Survival curves of LM and non-LM patients with four treatment modalities. (A, B) Survival curves of 546 LM patients with four modes of treatment (A),
survival curves of 752 non-LM patients with four modes of treatment (B). PECT, preoperative chemotherapy; POCT, postoperative chemotherapy;
CT, chemotherapy.
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therapy for patients with LMGC in the hands of rigorous surgeons

and wise oncologists. Our findings, while not prospective, provide

compelling motivation to explore the potential benefits of

multimodal chemotherapy in patients with LMGC in randomised

clinical trials.

The limitations of this study should be considered when

interpreting the results. First, all participants came from one

region, and the cohort may not be representative of all GC

patients in China. Second, the study reviewed eight years of

clinical data on patients with LMGC who received any

combination of chemotherapy (administered orally, intravenously,

or intraperitoneally). Patients were given SOX or XELOX

perioperative chemotherapy regiments, which was divided into 2–

4 cycles, the evaluation results may be biased. Therefore, further

investigation in multiple populations is required. Third, the results

are dependent on the quality of data collection. In addition, there

were only 57 LMGC patients in the PECT group, and the

conclusion that PECT has no prognostic significance in patients

with LMGC needs to be verified in larger studies.

In conclusion, this study collected 1298 patients with metastatic

GC from a high GC incidence area in China, examined a variety of

clinical characteristics to construct a Cox proportional hazards

model, and systematically evaluated the prognostic factors that may

affect patients with LMGC. Our study revealed that LMGC patients

had a worse prognosis than non- LMGC. Number of metastatic sites

more than 1, liver and other metastatic sites, no CT treatment and

HER2-negative were all unfavorable factors to the survival of LMGC.

LMGC patients who received palliative chemotherapy and POCT had

significantly better survival than those who received PECT. These
Frontiers in Oncology 09
prognostic factors can help clinicians and patients quantify the

benefits of adjuvant therapy for LMGC and make individualised

treatment recommendations and decisions.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

The studies involving human participants were reviewed and

approved by Ningxia Medical University. The patients/participants

provided their written informed consent to participate in this study.
Author contributions

All the authors were involved in the design of the study or in the

explanation of the data. XL, ZC and YZ together collected the data of

the patients, and sorted out, analyzed and evaluated the quality of the

data, which was checked by GW and WY. ZC and YZ contributed to

the analysis and write-up of findings. XL wrote the first draft of the

manuscript. CZ and HZ contributed to the methodology. HN, HQ

and XJ contributed to proofread the article. All authors contributed to

the article and approved the submitted version.
FIGURE 4

Multivariable Cox proportional hazards model for analyzing the prognostic factors for metastasis GC patients.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1064790
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2023.1064790
Funding

This work was supported by grants from National Natural

Science Foundation of China (No. 82160535 and 81760525),

National Natural Science Foundation of Ningxia (No.

2022AAC03544 and 2022AAC03130), and partly from Hainan

Province Clinical Medical Center.
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.
Frontiers in Oncology 10
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1064790/

full#supplementary-material
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/
caac.21660

2. Global Burden of Disease Cancer C, Fitzmaurice C, Allen C, Barber RM,
Barregard L, Bhutta ZA, et al. Global, regional, and national cancer incidence,
mortality, years of life lost, years lived with disability, and disability-adjusted life-
years for 32 cancer groups, 1990 to 2015: A systematic analysis for the global burden of
disease study. JAMA Oncol (2017) 3(4):524–48. doi: 10.1001/jamaoncol.2016.5688

3. Stoletov K, Beatty PH, Lewis JD. Novel therapeutic targets for cancer metastasis.
Expert Rev Anticancer Ther (2020) 20(2):97–109. doi: 10.1080/14737140.2020.1718496

4. Yang LP, Wang ZX, He MM, Wu HX, Yuan SQ, Wang W, et al. A real-world
evidence of efficacy of palliative gastrectomy plus chemotherapy in metastatic gastric
cancer patients. Cancer Manag Res (2019) 11:3993–4003. doi: 10.2147/CMAR.S197052

5. Zheng H, Zhao Y, He Q, Hao H, Tian Y, Zou B, et al. Multi-institutional
development and validation of a nomogram to predict recurrence after curative
resection of gastric neuroendocrine/mixed adenoneuroendocrine carcinoma. Gastric
Cancer. (2021) 24(2):503–14. doi: 10.1007/s10120-020-01119-8

6. Zhao L, Li J, Bai C, Nie Y, Lin G. Multi-modality treatment for patients with
metastatic gastric cancer: A real-world study in China. Front Oncol (2019) 9:1155.
doi: 10.3389/fonc.2019.01155

7. Song JC, Ding XL, Zhang Y, Zhang X, Sun XH. Prospective and prognostic factors
for hepatic metastasis of gastric carcinoma: A retrospective analysis. J Cancer Res Ther
(2019) 15(2):298–304. doi: 10.4103/jcrt.JCRT_576_17

8. Hu HM, Tsai HJ, Ku HY, Lo SS, Shan YS, Chang HC, et al. Survival outcomes of
management in metastatic gastric adenocarcinoma patients. Sci Rep (2021) 11
(1):23142. doi: 10.1038/s41598-021-02391-z

9. Ohno S, Fujii T, Ueda S, Nakamoto T, Kinugasa S, Yoshimura H, et al. Predictive
factors and timing for liver recurrence after curative resection of gastric carcinoma. Am
J Surg (2003) 185(3):258–63. doi: 10.1016/s0002-9610(02)01377-6

10. Kawahara K, Makino H, Kametaka H, Hoshino I, Fukada T, Seike K, et al.
Outcomes of surgical resection for gastric cancer liver metastases: A retrospective
analysis. World J Surg Oncol (2020) 18(1):41. doi: 10.1186/s12957-020-01816-9

11. Joshi SS, Badgwell BD. Current treatment and recent progress in gastric cancer.
CA Cancer J Clin (2021) 71(3):264–79. doi: 10.3322/caac.21657

12. Fokter-Dovnik N, Smyth EC. More is not always better: Triplet chemotherapy
and advanced gastric cancer. Lancet Gastroenterol Hepatol (2019) 4(7):490–1.
doi: 10.1016/S2468-1253(19)30145-1

13. Tokunaga M, Sato Y, NakagawaM, Aburatani T, Matsuyama T, Nakajima Y, et al.
Perioperative chemotherapy for locally advanced gastric cancer in Japan: current and
future perspectives. Surg Today (2020) 50(1):30–7. doi: 10.1007/s00595-019-01896-5

14. Lee KW, Chung IJ, Ryu MH, Park YI, Nam BH, Oh HS, et al. Multicenter phase
III trial of s-1 and cisplatin versus s-1 and oxaliplatin combination chemotherapy for
first-line treatment of advanced gastric cancer (SOPP trial). Gastric Cancer. (2021) 24
(1):156–67. doi: 10.1007/s10120-020-01101-4

15. Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in
patients with advanced gastric or gastro-oesophageal junction cancer refractory to, or
intolerant of, at least two previous chemotherapy regimens (ONO-4538-12,
ATTRACTION-2): a randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet (2017) 390(10111):2461–71. doi: 10.1016/S0140-6736(17)31827-5
16. Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M, et al. S-1 plus
cisplatin versus s-1 alone for first-line treatment of advanced gastric cancer (SPIRITS
trial): a phase III trial. Lancet Oncol (2008) 9(3):215–21. doi: 10.1016/S1470-2045(08)
70035-4

17. Granieri S, Altomare M, Bruno F, Paleino S, Bonomi A, Germini A, et al.
Surgical treatment of gastric cancer liver metastases: Systematic review and meta-
analysis of long-term outcomes and prognostic factors. Crit Rev Oncol Hematol (2021)
163:103313. doi: 10.1016/j.critrevonc.2021.103313

18. Smyth EC, Wotherspoon A, Peckitt C, Gonzalez D, Hulkki-Wilson S, Eltahir Z,
et al. Mismatch repair deficiency, microsatellite instability, and survival: An exploratory
analysis of the medical research council adjuvant gastric infusional chemotherapy
(MAGIC) trial. JAMA Oncol (2017) 3(9):1197–203. doi: 10.1001/jamaoncol.2016.6762

19. Bang YJ, Kim YW, Yang HK, Chung HC, Park YK, Lee KH, et al. Adjuvant
capecitabine and oxaliplatin for gastric cancer after D2 gastrectomy (CLASSIC): a
phase 3 open-label, randomised controlled trial. Lancet (2012) 379(9813):315–21.
doi: 10.1016/S0140-6736(11)61873-4

20. Pavel M, Oberg K, Falconi M, Krenning EP, Sundin A, Perren A, et al.
Gastroenteropancreatic neuroendocrine neoplasms: ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann Oncol (2020) 31(7):844–60.
doi: 10.1016/j.annonc.2020.03.304

21. 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(10):1286–312. doi: 10.6004/jnccn.2016.0137

22. Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon F, et al.
Capecitabine and oxaliplatin for advanced esophagogastric cancer. N Engl J Med (2008)
358(1):36–46. doi: 10.1056/NEJMoa073149

23. Li T, Chen L. [Efficacy and safety of SOX regimen as neoadjuvant chemotherapy
for advanced gastric cancer]. ZhonghuaWei Chang Wai Ke Za Zhi. (2011) 14(2):104–6.

24. 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 (Lond). (2019) 39(1):10. doi: 10.1186/s40880-019-
0349-9

25. Li J, Zhang K, Gao Y, Xi H, Cui J, Liang W, et al. Evaluation of hepatectomy and
palliative local treatments for gastric cancer patients with liver metastases: A propensity
score matching analysis. Oncotarget (2017) 8(37):61861–75. doi: 10.18632/
oncotarget.18709

26. Kinoshita T, Kinoshita T, Saiura A, Esaki M, Sakamoto H, Yamanaka T.
Multicentre analysis of long-term outcome after surgical resection for gastric cancer
liver metastases. Br J Surg (2015) 102(1):102–7. doi: 10.1002/bjs.9684

27. Lin Z, Wang R, Zhou Y, Wang Q, Yang CY, Hao BC, et al. Prediction of distant
metastasis and survival prediction of gastric cancer patients with metastasis to the liver,
lung, bone, and brain: Research based on the SEER database. Ann Transl Med (2022) 10
(1):16. doi: 10.21037/atm-21-6295

28. Uggeri F, Ripamonti L, Pinotti E, Scotti MA, Famularo S, Garancini M, et al. Is
there a role for treatment-oriented surgery in liver metastases from gastric cancer?
World J Clin Oncol (2020) 11(7):477–94. doi: 10.5306/wjco.v11.i7.477

29. Kiyasu Y. Long-term recurrence-free survival after metachronous surgery of the
stomach and liver for gastric adenocarcinoma and multiple, synchronous liver
metastases: a case report and review of literature. Int Surg (2013) 98(3):241–6.
doi: 10.9738/INTSURG-D-12-00015.1
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1064790/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1064790/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1001/jamaoncol.2016.5688
https://doi.org/10.1080/14737140.2020.1718496
https://doi.org/10.2147/CMAR.S197052
https://doi.org/10.1007/s10120-020-01119-8
https://doi.org/10.3389/fonc.2019.01155
https://doi.org/10.4103/jcrt.JCRT_576_17
https://doi.org/10.1038/s41598-021-02391-z
https://doi.org/10.1016/s0002-9610(02)01377-6
https://doi.org/10.1186/s12957-020-01816-9
https://doi.org/10.3322/caac.21657
https://doi.org/10.1016/S2468-1253(19)30145-1
https://doi.org/10.1007/s00595-019-01896-5
https://doi.org/10.1007/s10120-020-01101-4
https://doi.org/10.1016/S0140-6736(17)31827-5
https://doi.org/10.1016/S1470-2045(08)70035-4
https://doi.org/10.1016/S1470-2045(08)70035-4
https://doi.org/10.1016/j.critrevonc.2021.103313
https://doi.org/10.1001/jamaoncol.2016.6762
https://doi.org/10.1016/S0140-6736(11)61873-4
https://doi.org/10.1016/j.annonc.2020.03.304
https://doi.org/10.6004/jnccn.2016.0137
https://doi.org/10.1056/NEJMoa073149
https://doi.org/10.1186/s40880-019-0349-9
https://doi.org/10.1186/s40880-019-0349-9
https://doi.org/10.18632/oncotarget.18709
https://doi.org/10.18632/oncotarget.18709
https://doi.org/10.1002/bjs.9684
https://doi.org/10.21037/atm-21-6295
https://doi.org/10.5306/wjco.v11.i7.477
https://doi.org/10.9738/INTSURG-D-12-00015.1
https://doi.org/10.3389/fonc.2023.1064790
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2023.1064790
30. Koemans WJ, Luijten J, van der Kaaij RT, Grootscholten C, Snaebjornsson P,
Verhoeven RHA, et al. The metastatic pattern of intestinal and diffuse type gastric
carcinoma - a Dutch national cohort study. Cancer Epidemiol. (2020) 69:101846.
doi: 10.1016/j.canep.2020.101846

31. Kataoka K, Kinoshita T, Moehler M, Mauer M, Shitara K, Wagner AD, et al.
Current management of liver metastases from gastric cancer: what is common practice?
new challenge of EORTC and JCOG. Gastric Cancer (2017) 20(5):904–12. doi: 10.1007/
s10120-017-0696-7

32. Smyth EC, Fassan M, Cunningham D, Allum WH, Okines AF, Lampis A, et al.
Effect of pathologic tumor response and nodal status on survival in the medical
research council adjuvant gastric infusional chemotherapy trial. J Clin Oncol (2016) 34
(23):2721–7. doi: 10.1200/JCO.2015.65.7692

33. Markar SR, Mackenzie H, Mikhail S, Mughal M, Preston SR, Maynard ND, et al.
Surgical resection of hepatic metastases from gastric cancer: Outcomes from national
series in England. Gastric Cancer. (2017) 20(2):379–86. doi: 10.1007/s10120-016-
0604-6

34. Brodt P. Role of the microenvironment in liver metastasis: From pre- to
prometastatic niches. Clin Cancer Res (2016) 22(24):5971–82. doi: 10.1158/1078-
0432.CCR-16-0460

35. Zhang F, Huang X, Song Y, Gao P, Zhou C, Guo Z, et al. Conversion surgery for
stage IV gastric cancer. Front Oncol (2019) 9:1158. doi: 10.3389/fonc.2019.01158
Frontiers in Oncology 11
36. Fujitani K, Kurokawa Y, Takeno A, Kawabata R, Omori T, Imamura H, et al.
Prospective multicenter interventional study of surgical resection for liver metastasis
from gastric cancer: R0 resection rate, and operative morbidity and mortality. Ann Surg
Oncol (2022) 29(2):924–32. doi: 10.1245/s10434-021-10750-3

37. Sugawara K, Kawaguchi Y, Seto Y, Vauthey JN. Multidisciplinary treatment
strategy for locally advanced gastric cancer: A systematic review. Surg Oncol (2021)
38:101599. doi: 10.1016/j.suronc.2021.101599

38. Obenauf AC, Massague J. Surviving at a distance: Organ-specific metastasis.
Trends Cancer. (2015) 1(1):76–91. doi: 10.1016/j.trecan.2015.07.009

39. Schuhmacher C, Gretschel S, Lordick F, Reichardt P, Hohenberger W,
Eisenberger CF, et al. Neoadjuvant chemotherapy compared with surgery alone for
locally advanced cancer of the stomach and cardia: European organisation for research
and treatment of cancer randomized trial 40954. J Clin Oncol (2010) 28(35):5210–8.
doi: 10.1200/JCO.2009.26.6114

40. Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJ,
Nicolson M, et al. Perioperative chemotherapy versus surgery alone for resectable
gastroesophageal cancer. N Engl J Med (2006) 355(1):11–20. doi: 10.1056/
NEJMoa055531

41. Chambers AF, Groom AC, MacDonald IC. Dissemination and growth of cancer
cells in metastatic sites. Nat Rev Cancer. (2002) 2(8):563–72. doi: 10.1038/nrc865
frontiersin.org

https://doi.org/10.1016/j.canep.2020.101846
https://doi.org/10.1007/s10120-017-0696-7
https://doi.org/10.1007/s10120-017-0696-7
https://doi.org/10.1200/JCO.2015.65.7692
https://doi.org/10.1007/s10120-016-0604-6
https://doi.org/10.1007/s10120-016-0604-6
https://doi.org/10.1158/1078-0432.CCR-16-0460
https://doi.org/10.1158/1078-0432.CCR-16-0460
https://doi.org/10.3389/fonc.2019.01158
https://doi.org/10.1245/s10434-021-10750-3
https://doi.org/10.1016/j.suronc.2021.101599
https://doi.org/10.1016/j.trecan.2015.07.009
https://doi.org/10.1200/JCO.2009.26.6114
https://doi.org/10.1056/NEJMoa055531
https://doi.org/10.1056/NEJMoa055531
https://doi.org/10.1038/nrc865
https://doi.org/10.3389/fonc.2023.1064790
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Effect of multimodal chemotherapy on survival of gastric cancer with liver metastasis – a population based analysis
	1 Introduction
	2 Materials and methods
	2.1 Patient population
	2.2 Variables
	2.3 Follow-up
	2.4 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Survival analysis
	3.3 Effect of multimodal chemotherapy on survival in patients with LMGC
	3.4 Prognostic factors for OS in patients with LMGC

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References


