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Abstract

Introduction

Hepatic metastases are diagnosed synchronously in 3–14% of patients with gastric cancer,

and metachronously in up to 37% of patients following ‘‘curative” gastrectomy. Most patients

who have gastric cancer and hepatic metastasis are traditionally treated with palliative che-

motherapy. The impact of liver resection is still controversial. We attempted to assess

whether liver resection can improve survival in cases of metachronous hepatic metastases

from gastric cancer through a nationwide database.

Materials and methods

We conducted a nationwide cohort study using a claims dataset from Taiwan’s National

Health Insurance Research Database (NHIRD). We identified all patients with gastric cancer

(diagnostic code ICD-9: 151.x) from the Registry for Catastrophic Illness Patient Database

(RCIPD) of the NHIRD who received gastrectomy and as well as those with metachronous

(�180 days after gastrectomy) liver metastases (ICD-9 code: 197.7) between 1996/01/01

and 2012/12/31. Patients with other malignancies, with metastasis in the initial admission

for gastrectomy and with other metastases were excluded. They were divided into two

groups, liver resection group and non-resection group. All patients were followed till 2013/

12/31 or withdrawn from the database because of death.

Results

653 patients who fullfilled the inclusion criteria were included in the research. They were

divided into liver resection group (34 patients) and non-resection group (619 patients).

There were no differences between the two groups in gender, Charlson Comorbidity index

and major coexisting disease. Kaplan-Meier analysis demostrated the liver resection group

had significantly better overall survival than the non-resection group. (1YOS: 73.5% vs.

19.7%, 3YOS: 36.9% vs. 6.6%, 5YOS: 24.5.3% vs. 4.4%, p <0.001). After COX analysis,
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the liver resection group showed statistical significance for improved patient survival (HR =

0.377, 95%CI: 0.255–0.556. p<0.001).

Conclusion

Liver resection in patients presenting with metachronous hepatic metastases as the sole

metastases after curative resection of gastric cancer is associated with a significant survival

improvement and should be considered a treatment option for such patients.

Introduction

Gastric carcinoma is the fourth most common type of tumor globally[1] and the second lead-

ing cause of cancer-related death worldwide[2]. It is more common in the Far East than in the

West[3]. At the time of diagnosis, 35% of patients have distant metastases and 4–14% have

metastasis to the liver[4]. Hepatic metastases are diagnosed synchronously in 3–14% of

patients with gastric cancer[5], and metachronously in up to 37% of patients following ‘‘cura-

tive” gastrectomy[6]. Approximately 80% of metachronous metastases after curative gastrec-

tomy appear within the first two postoperative years[7].

In fact the survival benefit of hepatic resection for either synchronous or metachronous gas-

tric hepatic metastases remains debatable[8]. Neoadjuvant chemotherapy, by shrinking locally

advanced cancers prior to surgical resection, enhances the opportunity for local treatment and

improves long-term survival[9]. Patients who have gastric cancer and hepatic metastasis are

traditionally treated with palliative chemotherapy, which has been shown to be superior to

supportive care by improving median survival from 4.3 to 12 months[10]. However, surgery is

not always an option if there are hepatic metastasis[6], only 0.4–1% of metastatic gastric cancer

patients are eligible for radical surgery[11]. Moreover, therapeutic plans to deal with these

metastases can vary between surgeons, especially in the absence of institutional guidelines or

protocols.

In this nationwide cohort study, we used claims data from Taiwan’s National Health Insur-

ance Research Database (NHIRD) to evaluate the impact of liver resection on the survival of

patients with metachronous hepatic metastases from gastric cancer. The secondary aim was to

assess change in overall survival since 2009, when Taiwan’s National Health Insurance began

to cover the chemotherapy regimen XELOX (Capecitabine and Oxaliplatin) for gastric cancer

with metachronous hepatic metastases. We attempted to assess whether liver resection can

improve survival in cases of metachronous hepatic metastases from gastric cancer.

Materials and methods

Database and study sample

We conducted a nationwide cohort study using a claims dataset from Taiwan’s National

Health Insurance Research Database (NHIRD) (registered number NHIRD-103-246). The

data are provided by the National Health Insurance Administration and the Ministry of

Health and Welfare. Data in the NHIRD that could be used to identify patients is scrambled

before being sent to the National Health Research Institutes for database construction and is

further scrambled before being released to each researcher. The protocol of this study was

fully reviewed and approved by the Institutional Review Board of Buddhist Dalin Tzu Chi

Hospital (B10503009).
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In this database, ICD-9 codes are assigned to the diagnosis made and procedures used dur-

ing each admission. We extracted the data on registry for catastrophic illness patient Database

(RCIPD) and inpatient expenditures by admission (DD) from the NHIRD database from Jan-

uary 1, 1996, to December 31, 2013 for our study.

The inclusion criteria

We identified all patients with gastric cancer (diagnostic code ICD-9: 151.x) from the Registry

for Catastrophic Illness Patient Database (RCIPD) of the NHIRD [12]. Surgical pathological

confirmation of gastric cancer was required for patients to be registered in the RCIPD. Admis-

sion data regarding inpatient expenditures by admissions (DD) from the NHIRD database

were extracted. All patients admitted between 1996/01/01 and 2012/12/31 and discharged with

gastric cancer (ICD codes 151.x) who received subtotal or total gastrectomy (ICD-9 procedure

codes: 40.29, 40.3, 40.52, and 40.59) were extracted. Patients who developed liver metastasis

during followed-up period were included. Patients with liver metastasis were identified by

diagnosis code (ICD-9: 197.7). The date of first admission for liver metastasis after gastrectomy

was defined as the date of liver metastasis detection. Metachronous liver metastasis was

defined as liver metastasis identified at least 180 days after the index admission date[13].

The exclusion criteria

Patients who developed liver metastasis within 180 days after admission for gastrectomy, who

developed other malignancies or other metastases before or during the admission for liver

metastasis, or who developed liver metastasis after 2012/12/31 were excluded.

Study cohort

All gastrectomized patients with newly diagnosed gastric cancer without initial metastasis, and

identified metachronous liver metastasis between 1996/01/01 and 2012/12/31 were divided

into two groups based on whether or not they received liver resection (ICD-9 procedure code:

50.29, 50.3). The patient selection algorithm is shown in Fig 1.

Primary end point

The primary end point was death from any cause. Death data were obtained from the RCIPD.

If the date of death was not available in the RCIPD, then death was defined as withdrawal from

the NIH program[12]. All patients were followed until their death or the end of the study

period (i.e., December 31, 2013).

Secondary end point

Capecitabine and Oxaliplatin (XELOX) was covered as a salvage chemotherapy regimen by the

national health insurance since 2009. As such we were able to evaluate the effect of the new

regimen by separating our patients into 4 groups, including two liver resection groups (one

after and one before 2009) and two non-resection groups (one after and one before 2009).

Covariant assessment

Comorbidities were identified by ICD code in the NHIRD database records. The Charlson

comorbidity index (CCI) [14, 15] except malignancies and metastasis of all patients were used

for the health status assessment. Comorbidities included diabetes mellitus (250), hypertension

(401–405), liver disease (571.2, 571.4–6, 572.2–8, 456.0–456.21), renal disease (582, 583, 585,

586, 588), peptic ulcer disease (531–534), chronic pulmonary disease (490–496, 500–505,
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506.4), cerebrovascular disease (430–438), and myocardial infarction (410, 412) were identified

as covariates.

Statistical analysis

We used SPSS software (IBM, Chicago, IL, USA) for descriptive statistics and contingency

tables for data analysis. The chi-square test was used to compare the categorical variables such

as age groups, gender, and comorbidities between 2 groups and generated the contingency

table. The Student t test and Mann Whitney U test were used for continuous variables. The

Kaplan–Meier method with log-rank test was used to compare differences in overall survival

after identification of liver metastasis between surgical and non-surgical groups. All variables

Fig 1. The criteria for selecting study patients.

https://doi.org/10.1371/journal.pone.0182255.g001
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with p value less than 0.2 were entered into a backward stepwise Cox proportional hazards

model to calculate the hazard ratio. A p-value of<0.05 was considered statistically significant.

Results

We identified 61,369 patients with gastric cancer from the RCIPD, and only 17,787 of these

patients received gastrectomy. Of the 13,837 patients remaining after excluding 1,118 patients

who developed other cancers and 2,832 patients who developed metastasis before or during

the admission for gastrectomy, only 1,406 patients developed liver metastasis. In all, 753 of

these patients were excluded (208 patients with synchronous liver metastasis [< 180 days after

admission for gastrectomy], 519 patients who developed other metastasis between admissions

for gastrectomy and liver metastasis, 25 patients with liver metastasis identified after 2012/12/

31, and 1 patient with incorrect data, who died prior to the last admission date). As a result a

total of 653 patients with gastrectomy and metachronous liver metastasis were included in this

study.

These patients were separated into a non-resection group and a liver resection group.

Table 1 compares the clinical characteristics, cormorbidities, and follow-up duration between

the two groups. Compared to patients in the resection group, patients in the non-resection

group were older (68.62 ± 12.7 vs 62.03 ± 14.4 years, p = 0.007) but similar in gender distribu-

tion; had significantly shorter total follow-up duration (31.68 ± 29.26 vs 58.08 ± 34.54 months:

p<0.001); similar mean time from gastrectomy to detection of liver metastasis (22.98±21.00 vs

23.94±15.59 months, p = 0.105); significantly shorter mean follow-up time from identification

of liver metastasis to the end point (9.75±21.39 vs 33.58±31.39 months, p<0.001), and similar

comorbidities and CCI score.

Overall survival

Fig 2 shows the result of Kaplan–Meier analysis with log-rank test for overall survival. Patients

in the “liver resection” group had significantly better overall survival (longer median survival

[26.16 vs 3.13 months] and higher 1-,2-,3-, and 5-year overall survival rates [73.5%, 55.7%,

36.9% and 24.5% vs 19.7%, 9.1%, 6.6%, and 4.4%; p<0.001]).

Entering age (p = 0.007) and liver resection or not (p< 0.001) into a COX regression

model for multivariate analysis, showed that liver resection significantly increases the survival

of patients with gastric cancer and metachronous liver metastasis (HR = 0.377, 95%CI: 0.255–

0.556. p<0.001).

Similarity of survival between patients treated before and after 2009

We separated our patients into 4 groups, including two liver resection groups (one after and

one before 2009) and two non-resection groups (one after and one before 2009) to evaluate

survival difference before and after the introduction of the new regimen, Capecitabine and

Oxaliplatin (XELOX). The patient numbers, overall survival, 1 year survival rate, and 3 year

survival rate were listed in Table 2. Overall survival was significantly better in the liver resec-

tion group whether before 2009 (median survival 28.13 vs 3.23 months, p < 0.001) or after

2009 (median survival 24.43 vs 2.76 months, p = 0.001, Fig 3). However, median overall sur-

vival before 2009 and after 2009 was similar in the resection group (28.13 vs 24.43 months,

respectively; p = 0.834) and non-resection group (3.23 vs 2.76 months, respectively; p = 0.698).
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Discussion

The present study found that resection of metachronous hepatic metastases from gastric can-

cer when compared to systemic treatment or palliation, with or without XELOX as salvage

chemotherapy, prolonged overall survival. Our results suggest that liver resection should

always be considered in cases of metachronous hepatic metastases from gastric cancer in the

absence of secondary tumors or extra-hepatic metastases.

In our study, hepatic metastases were removed by local liver resection. There is no consen-

sus on local treatment of metastatic lesions from gastric cancer, and a variety of therapies have

been recommended by clinical practice guidelines, including radiofrequency ablation (RFA),

transarterial chemoembolization (TACE), adjuvant chemotherapy, targeted molecular ther-

apy, or palliative care[16–19]. A future prospective study to assess local treatment of gastric

cancer with liver metastases will make it possible to plan specific randomized clinical trials to

fully assess the effectiveness and benefit of local treatment for gastric cancer with liver

metastases.

Table 1. The basic characteristics of the two groups.

Clinical characteristics Non-resection group Liver resection Group p

(N = 619) (N = 34)

Age, mean (SD) y 68.62 (12.7) 62.03 (14.4) 0.007

Gender 0.428

Male 457 (73.8%) 23 (67.6%)

Female 162 (26.2%) 11 (32.4%)

Total follow up time (Month) <0.001

Mean (SD) 31.68 (29.96) 58.08 (34.54)

Median (range) 22 (6–206) 49 (7–107)

Time to liver metastasis detection (Month) 0.105

Mean (SD) 22.98 (21.00) 23.94 (15.59)

Median (range) 15 (5–163) 20 (6–73)

Operation timing

Immediate 31 (91.2%)

Delayed 3 (8.8%)

Follow up duration after liver metastasis detection (Month) <0.001

Mean (SD) 9.75 (21.39) 33.58 (31.39)

Median (range) 3.13 (0.03–196.46) 24.80 (0.333–118.10)

Major coexisting disease

DM 77 (12.4%) 4 (11.8%) 1.000

HTN 103 (16.6%) 8 (23.5%) 0.345

Liver disease 66 (10.7%) 2 (5.9%) 0.239

Chronic pulmonary disease 37 (6.0%) 1 (2.9%) 1.000

Cerebrovascular disease 19 (3.1%) 1 (2.9%) 1.000

Myocardial infarction 4 (0.6%) 0 1.000

Peptic ulcer disease 124 (20.0%) 6 (17.6%) 1.000

Renal disease 9 (1.5%) 1 (2.9%) 0.416

Charlson Score (without cancer and metastasis) 0.413

Mean (SD) 0.61 (0.973) 0.53 (1.022)

Median (range) 0 (0–7) 0 (0–4)

Abbreviations: M, months, DM, diabetes mellitus, HTN, hypertension

https://doi.org/10.1371/journal.pone.0182255.t001
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The main limitation of this study was our inability to restrict our analysis to a particular

chemotherapy regimen. We were able to assess the impact of the XELOX regimen for meta-

static gastric cancer on the basis of payment data in Taiwan’s National Health Insurance data-

base since 2009. Our data showed that liver resection significantly improved the survival of

patients with gastric cancer and metachronous liver metastases from gastric cancer both before

and after 2009. So, even after aggressive chemotherapy for metastatic gastric cancer, liver

resection for metachronous liver metastasis can still prolong survival.

Our study confirms that hepatic metastasis from gastric cancer is associated with a poor

prognosis and long-term survival rarely occurs. However, after curative hepatectomy, our 1-

,2-,3-, and 5-year overall survival rates were, respectively, 73.5%, 55.7%, 36.9%, and 24.5% with

liver resection and 19.7%, 9.1%, 6.6%, and 4.4% without resection (p<0.001). After entering

age (p = 0.007) and liver resection or non-resection (p< 0.001) as variables in a COX regres-

sion model, we conducted an analysis showing that liver resection provided significant survival

benefit to patients with gastric cancer and metachronous liver metastasis (HR = 0.377, 95%CI:

0.255–0.556. p<0.001). The survival rate and median survival with liver resection were better

than the median survival of 11.3 months and 1-year survival rate of 46% reported in REAL3

randomized controlled phase III trial, using epirubicin, oxaliplatin, and capecitabine (EOX)

Fig 2. Overall survival following identification of liver metastasis in the surgical and non-surgical

groups.

https://doi.org/10.1371/journal.pone.0182255.g002

Table 2. Overall survival of resection group and non-resection group before and after 2009.

Patients Median overall survival (Months) 1 yr survival rate 3 yr survival rate

(1) Resection group after 2009 15 24.433 73.3% 37.5%

(2) Non-resection group after 2009 132 02.767 18.2% 11.4%

(3) Resection group before 2009 19 28.133 73.7% 36.8%

(4) Non-resection group before 2009 487 03.233 20.1% 05.5%

P value: (1) vs (2) = 0.001, (3) vs (4) <0.001, (1) vs (3) = 0.834, (2) vs (4) = 0.698

https://doi.org/10.1371/journal.pone.0182255.t002
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[20], or the median survival of 13.8 months reported in the ToGA randomized controlled

phase III trial using trastuzumab [21].

Confounders including sex, utilization of neoadjuvant or adjuvant chemotherapy, and pres-

ence of peritoneal disease or non-liver metastases were not taken into consideration in our

study and may have influenced some of the survival results presented. Survival rates are lower

in the West than in the Far East and insufficient data are available to analyze more the survival

differences between the Far East and Western studies[22].

Limitations

There are other limitations in our study. First, selection bias is possible because the extent of

tumor spread in the liver was not recorded in our database. Patients in the resection group

may have presented with a more acceptable oncologic burden for surgical resection. Also, we

used for analysis, the inpatient expenditures by admissions. Patients with liver metastasis who

were treated in outpatient department was included. Although the absolute number of liver

metastasis may be higher than the data presented here, we believe that the patients who needed

admission should relatively had a more serious clinical condition. The data we presented still

reflects clinical significance. Second, the timing, regimen, and dosage of chemotherapy were

not recorded in the database and could not therefore be determined. Some patients might

have received chemotherapy without being admitted. However, we believed that even in

patients with metachronous liver metastasis who received aggressive chemotherapy for meta-

static gastric cancer, liver resection still had a role.

Third, some details, including the initial actual stage, extent and pathological characteristics

of the primary tumor, and the details of each operation were not recorded and therefore could

not be obtained. Fourth, the data in this database are secondary and administrative in nature.

There is a risk of miscoding since surgeons do not usually use ICD-9 coding but rather differ-

ent coding and Health Insurance Surgical orders, which they obtain from the Taiwan NHI

Fig 3. Overall survival following identification of liver metastasis in four different groups based on

surgical status and surgical date (before vs after 2009).

https://doi.org/10.1371/journal.pone.0182255.g003
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payment system. However, most ICD-9 codes during admission were assigned by professional

coders based on the records during admission. Also, a code table comparing ICD-9 codes and

NHI payment system codes has been generated by the National Health Insurance Administra-

tion Ministry of Health and Welfare. We consider that the rate of surgical procedure miscod-

ing to be limited.

Conclusion

Liver resection in patients presenting with metachronous hepatic metastases as the sole metas-

tases after curative resection of gastric cancer is associated with a significant survival improve-

ment and should be considered a treatment option for such patients. Specific randomized

clinical trials to evaluate further the effectiveness of local treatment of gastric cancer with liver

metastases should be planned.
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