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(OMD) was defined as <3 liver metastases. The primary outcome was OS. Independent prog-
nostic factors for OS were analysed using multivariable Cox regression analysis.

Results: A total 295 patients with metastases limited to the liver were included. The primary
tumour was resected in four patients (1.4%). Treatment for liver metastases consisted of
chemotherapy alone (28.1%), trastuzumab plus chemotherapy (4.7%), surgery (1.0%), or best
supportive care (67.5%). Median OS across all included patients was 4.0 months (95% confi-
dence interval [CI]: 3.1—4.5). Liver OMD was detected in 77 patients (26%). Treatment for
liver OMD consisted of chemotherapy alone (24.6%), trastuzumab plus chemotherapy
(5.2%), surgery (3.9%), or best supportive care (67.5%). Median OS among patients with liver
OMD was 5.7 months (95% CI: 4.8—7.5). Across all patients, better OS was independently
associated with liver OMD (hazard ratio [HR] 0.66, 95% CI: 0.50—0.87), trastuzumab (HR
0.41, 95% CI: 0.23—0.72) but not with triplet compared with doublet chemotherapy (HR
0.94, 95% CI: 0.57—2.87). Worse OS was independently associated with unknown nodal stage
versus ¢cNO (HR 1.74, 95% CI: 1.17—2.60), diffuse-type versus intestinal-type adenocarcinoma
(HR 2.06, 95% CI: 1.32—3.20), and monotherapy or best supportive care versus doublet
chemotherapy (HR 1.72, 95% CI: 1.03—2.87, and HR 3.61, 95% CI: 2.55-5.10, respectively).
Conclusion: In this population-based cohort study, liver OMD was detected in 26% of pa-
tients. Liver OMD and trastuzumab treatment were independently associated with better
OS while triplet as compared with doublet chemotherapy was not. OS among patients with
liver OMD nevertheless remained poor. The concept of OMD and the benefit of resection
of liver OMD may still have been relatively unknown in this disease type during the study in-
clusion years.

© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Gastric cancer is the fifth most common cancer world-
wide [1]. Overall survival (OS) in patients with gastric
cancer is poor since approximately 35—50% of patients
present with synchronous metastatic disease [2]. The
most common locations for metastatic disease in pa-
tients with gastric cancer are the extra-regional
lymph nodes, followed by the liver [3]. More than 95%
of gastric cancers are adenocarcinomas, which are
commonly classified according to the Lauren classifica-
tion in diffuse-type or intestinal-type [4]. Liver metas-
tases are more common in intestinal than diffuse-type
adenocarcinoma [5].

The recommended first-line systemic therapy regimen for
patients with metastatic gastric cancer consists of doublet
chemotherapy (platinum and fluoropyrimidine) and tras-
tuzumab in case of HER2 overexpression [6,7]. Triplet
chemotherapy (platinum, fluoropyrimidine, and taxane or
anthracycline) may be used in patients with metastatic
gastric cancer with good performance status although triplet
chemotherapy has a higher toxicity rate and unclear OS
benefit over doublet chemotherapy [8-10].

In patients with oligometastatic disease (OMD)
limited to 1 organ and/or the retroperitoneal lymph
nodes, surgery of the primary tumour and metastases
may provide an OS benefit. The FLOT-3 trial has shown
that the OS of gastric cancer patients with synchronous
OMD who underwent resection of the primary tumour
and metastases was higher than the OS of patients who
underwent chemotherapy alone (31.3 months versus 17.8
months) [11]. However, this comparison is biased because

resection of the primary tumour and liver metastases in
the FLOT-3 trial was only applied in those patients who
responded well to chemotherapy [11].

In patients with OMD limited to the liver (i.e. <3
liver metastases and no extra-hepatic metastasis [12]),
resection of liver metastases may provide an OS benefit
[13—20]. Current Dutch and European gastric cancer
guidelines do not incorporate specific recommendations
for treatment of liver OMD [7,21] although resection of
liver oligometastases is increasingly being performed in
high-expertise centres [22]. In addition, because studies
have used various definitions of liver OMD [12], the
incidence of liver OMD in oesophagogastric cancer is
currently unknown.

This population-based cohort study aimed to analyse
the incidence and treatment of liver OMD (defined as
<3 liver metastases and no extra-hepatic metastases),
OS, and independent prognostic factors for OS in pa-
tients with synchronous metastatic gastric or gastro-
esophageal junction adenocarcinoma with metastatic
disease limited to the liver.

2. Material and methods
2.1. Ethical statement

This study was approved by the Research Commission of
the Dutch Upper GI Cancer Group (DUCG), the Pri-
vacy Review Board of the Netherlands Cancer Registry
(NCR), the European Organisation for Research and
Treatment of Cancer (EORTC) Gastrointestinal Tract
Cancer Trials Group, and did not need approval by a


http://creativecommons.org/licenses/by/4.0/

T.E. Kroese et al. | European Journal of Cancer 179 (2023) 65—75 67

medical ethical committee according to the Central
Committee on Research involving Human Subjects in
The Netherlands. The study was performed in accor-
dance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments
involving humans, the Recommendations for the
Conduct, Reporting, Editing and Publication of Schol-
arly Work in Medical Journals, and the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (Supplementary File 1).

2.2. Patient inclusion

All patients >18 years of age with synchronous meta-
static gastric or gastroesophageal junction adenocarci-
noma diagnosed in the Netherlands between 2015 and
2017 were identified from the prospectively maintained
population-based NCR. Patients with metastatic disease
limited to the liver were eligible for inclusion. Patients
with an unknown number of liver metastases were
excluded. Synchronous metastatic disease was defined as
metastatic disease detected before the start of primary
tumour treatment. Metastatic gastric or gastroesopha-
geal junction cancer was classified according to ICD-0-3
as 16.0—16.9 [23] and according to UICC as stage IV
[24]. The NCR covers the entire Dutch population of 17
million inhabitants. The NCR is directly linked to the
municipal personal records database to obtain vital
status. The vital status was last updated on February 1,
2021. Data on the number of liver metastases could not
be retrieved from two hospitals (i.e. 3% of all Dutch
hospitals) due to logistical constraints.

2.3. Definition of OMD

The number of liver metastases was obtained by
reviewing the imaging reports. Liver OMD was defined
as <3 liver metastases and no extra-hepatic metastases
in accordance with a recent systematic review on defi-
nitions of oligometastatic oesophagogastric cancer [12].
Liver polymetastatic disease (PMD) was defined as >3
liver metastases [12]. This systematic review (OMEC-1)
was the first subproject of the Oligometastatic Esoph-
agogastric Cancer (OMEC) project to develop a multi-
disciplinary European consensus statement on the
definition, diagnosis, and treatment of oligometastatic
oesophagogastric cancer [25]. Subsequent subprojects of
the OMEC project include discussion of real-life clinical
cases by multidisciplinary teams of oesophagogastric
cancer expert centres in Europe (OMEC-2) [22], and
Delphi consensus rounds with oesophagogastric cancer
experts (OMEC-3). The resulting European multidisci-
plinary consensus statement (OMEC-4) will lay the
foundation for a prospective European clinical trial on
the treatment of oligometastatic oesophagogastric can-
cer (OMEC-5). The OMEC project is endorsed by the
EORTC, European Society for Radiotherapy and

Oncology (ESTRO), European Society of Medical
Oncology (ESMO), European Society of Surgical
Oncology (ESSO), European Society for Diseases of the
Esophagus (ESDE), the European chapter of the In-
ternational Gastric Cancer Association (IGCA) and
DUCG.

2.4. Staging

Dutch national gastric cancer guidelines recommend
baseline staging with computed tomography (CT) for
gastric cancer [21]. Since 2016, for patients with >cT3 or
cN + disease national guidelines recommend baseline
BF_fluorodeoxyglucose positron emission tomography
with integrated CT (‘*F-FDG PET/CT) and diagnostic
laparoscopy [21].

2.5. Treatment

Primary tumour resection was defined as total or distal
gastrectomy, transhiatal or transthoracic oesophagec-
tomy, or non-specified primary tumour resection.
Treatment for liver metastases was categorised into (1)
chemotherapy alone, (2) trastuzumab plus chemo-
therapy, (3) surgery (with or without systemic therapy),
or (4) best supportive care. Chemotherapy was cat-
egorised into monotherapy (one agent), doublet therapy
(two agents), or triplet therapy (three agents). Surgery
for liver metastases included radiofrequency ablation
and/or metastasectomy. Best supportive care included
no anti-tumour treatment for liver metastases.

2.6. Outcomes

The primary outcome of this study was OS. OS was
defined as the time interval between the diagnosis of the
primary tumour and death or last follow-up. Secondary
outcomes were the incidence and management of liver
OMD and independent prognostic factors for OS.

2.7. Variables

The primary tumour location was categorised into
proximal stomach or gastroesophageal junction (gastro-
esophageal junction, cardia, or fundus), middle stomach
(corpus, small and big curvature), distal stomach (antrum
or pylorus), overlapping locations in the stomach, or
non-specified location in the stomach. Diffuse-type
adenocarcinoma included diffuse-type adenocarcinoma,
linitis plastica, and signet ring cell carcinoma. Intestinal-
type adenocarcinoma included intestinal-type adenocar-
cinoma, tubular adenocarcinoma, and mucinous adeno-
carcinoma. Other adenocarcinoma subtypes were
grouped together into ‘other’. Clinical staging was ac-
cording to the TNM 7th edition [24]. The Charlson co-
morbidity index was grouped into 1—2, 3—4, and >4 [26].
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Body mass index (BMI) was defined as weight in kilo-
grams/height in metres?.

2.8. Statistical analysis

Parametric data were presented as mean with standard
deviation (SD) and were compared with the Student’s T-
test. Non-parametric data were presented as median
with interquartile range (IQR) and were compared using
the Mann-Whitney-U test. Categorical data were pre-
sented as frequencies with proportions (%) and were
compared using Fisher’s exact or chi-squared test.
Multivariable Cox proportional hazard regression ana-
lyses were used to identify prognostic factors for OS.
Pre-specified prognostic factors included in the Cox
proportional hazard regression analyses were based on a
recent systemic review on prognostic and predictive
factors for OS in patients with metastatic oesophago-
gastric cancer [27]. They included age, sex, BMI, per-
formance status, Charlson comorbidity index (1-2,
3—4, >4, or missing), primary tumour location (prox-
imal stomach or gastroesophageal junction, middle
stomach, distal stomach, overlapping locations in the
stomach, or non-specified location in the stomach),
adenocarcinoma subtype (intestinal, diffuse, or other),
clinical tumour and nodal stage, liver OMD (yes or no),
primary tumour resected (yes or no), and liver metas-
tases treatment (chemotherapy, trastuzumab plus
chemotherapy, surgery, or best supportive care) [27].
Prognostic factors for OS were expressed using hazard
ratios (HRs) with 95% confidence intervals (CIs). Re-
sults of subgroup analyses were reported in case >10

patients were included. Kaplan—Meier curves were
constructed of independent prognostic factors for OS
and categories were compared using the log-rank test.
Missing data were not considered missing at random.
Therefore, imputation was not performed, but instead
missing values were assigned as a separate category. The
median follow-up time was estimated using the reverse
Kaplan—Meier estimator (i.e. reverse event indicator).
Sensitivity analyses were performed for 1 and 2 liver
metastases. Subgroup analyses were performed for pa-
tients with and without OMD who underwent treat-
ment. Data were analysed using R for Windows, version
3.6.3 [28]. A two-sided p-value <0.05 was considered
statistically significant.

3. Results

A total of 2092 patients with synchronous metastatic
gastric or gastroesophageal junction adenocarcinoma were
identified from the NCR, of whom 318 patients presenting
with metastatic disease limited to the liver were eligible for
inclusion. Subsequently, 23 patients with an unknown
number of liver metastases were excluded. Consequently,
295 patients were included in this nationwide population-
based cohort study. There was no loss to follow-up. Fig. |
demonstrates the flowchart of patient selection.

The median age of included patients was 75 years
(IQR: 68—80), median BMI was 25 kg/m? (IQR: 23—27),
and 74.2% of patients were male. The World Health
Organisation (WHO) performance status was 0—1 in
36.9%, and 53.6% had a Charlson comorbidity score of
>4. The primary tumour was predominantly located in

(n = 2,092)

Identification
Synchronous metastatic
gastric or junction cancer
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to the liver
(n = 318)
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* Exact number of liver
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(n = 295)

Specified number of liver
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metastases unknown (n = 23)

v

v

Liver oligometastatic
disease (<3 metastases)
26% (n =771/ 295)

Liver polymetastatic
disease (>3 metastases)
74% (n =218/ 295)

Fig. 1. Patient selection flowchart.




T.E. Kroese et al. | European Journal of Cancer 179 (2023) 65—75 69

the proximal stomach or gastroesophageal junction
(40.3%), and the disease stage was c¢T1-2 (35.3%) and
cNI1 (32.5%). The adenocarcinoma subtype was intesti-
nal (40.0%), diffuse (10.8%), or other (49.2%).
Treatment for liver metastases among the 295 pa-
tients consisted of chemotherapy alone (28.1%), trastu-
zumab plus chemotherapy (4.7%), surgery (1.0%), or

line chemotherapy regimen was doublet therapy (11.9%
of total), followed by triplet therapy (9.8%), or mono-
therapy (6.4%). The most common first-line doublet
regimens were capecitabine plus oxaliplatin (CapOx,
9.5%), and oxaliplatin, 5-fluorouracil, plus leucovorin
(FOLFOX, 2.0%). The most common first-line triplet
regimens were epirubicin, oxaliplatin, plus capecitabine

best supportive care (67.5%). The most common first- (EOC, 7.8%) and docetaxel, oxaliplatin, plus
Table 1
Patient characteristics stratified by liver OMD.
Liver OMD (n = 77) Liver PMD (n = 218) P-value
Median age in years [IQR] 75 [68—80] 74 [67—80] 0.745
Sex 0.553
Male 59 76.6% 160 73.4%
Female 18 23.4% 58 26.6%
Year of diagnosis 0.043
2015 32 41.6% 80 36.7%
2016 23 29.9% 72 33.0%
2017 22 28.5% 66 30.3%
Body mass index (kg/m?) [IQR] 25 [24—29] 25 [23—27] 0.529
WHO performance status 0.023
0 16 20.8% 26 11.9%
1 23 29.9% 44 20.2%
>1 10 13.0% 40 18.3%
Missing 28 36.3% 108 49.6%
Charlson comorbidity index 0.226
1-2 6 7.7% 16 7.3%
3-4 26 33.7% 80 36.8%
>4 44 57.1% 114 52.2%
Missing 2 2.5% 8 3.7%
Primary tumour location 0.472
Proximal stomach or GE junction 32 41.6% 87 39.9%
Middle stomach 11 14.3% 40 18.3%
Distal stomach 20 26.0% 48 22.0%
Overlapping regions in the stomach 6 7.8% 27 12.4%
Non-specified location in the stomach 8 10.3% 16 7.4%
Clinical tumour stage 0.057
cT1-2 27 35.0% 77 35.3%
cT3 21 27.3% 38 17.4%
cT4 11 14.3% 18 8.3%
cTx 18 23.4% 85 39.0%
Clinical nodal stage 0.133
cNO 23 29.9% 56 25.7%
cN1 30 39.0% 66 30.3%
cN2 13 16.9% 57 26.1%
cN3 4 5.2% 5 2.3%
cNx 7 9.0% 34 15.6%
AC subtype 0.726
Intestinal 28 37.3% 90 41.3%
AC, intestinal-type 26 33.8% 82 37.6%
Tubular AC 0 0% 6 2.8%
Mucinous AC 2 2.6% 2 0.9%
Diffuse 11 14.3% 21 9.6%
Linitis plastica 3 3.9% 6 2.8%
AC, diffuse-type 7 9.1% 11 5.1%
Signet-ring cell carcinoma 1 1.3% 4 1.8%
Other 38 50.7% 107 49.0%
AC NOS 37 48.1% 103 47.2%
AC with mixed-subtypes 1 1.3% 1 0.5%
AC with neuroendocrine differentiation 0 0% 3 1.4%
Median number of liver metastases 1 [1-3] 5 [4,5] <0.001

OMD: oligometastatic disease (i.e. <3 liver metastases); PMD: polymetastatic disease (i.e. >3 liver metastases); GE: gastroesophageal; IQR:

interquartile range; AC: adenocarcinoma, NOS: not otherwise specified.
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capecitabine (DOC, 1.4%). The most common first-line
monotherapy agents were capecitabine (5.8%) and 5-
fluorouracil (0.7%). Trastuzumab was combined with
doublet chemotherapy (3.7%) or monotherapy (1.0%).

The number of liver metastases was 1 (13%), 2 (7%), 3
(6%), 4 (4%), >5 (10%), or not liver OMD but with the
exact number of liver metastases unknown (60%). Thus,
liver OMD was detected in 77 of 295 patients (26%).
There were no differences in baseline characteristics
between patients with versus without liver OMD, be-
sides a better performance status in patients with liver
OMD (0—1 in 51% versus 32%, p = 0.023). Table 1
demonstrates the patient characteristics stratified by
liver OMD.

In patients with liver OMD (n = 77), 4 patients un-
derwent resection of the primary tumour (5.2%). These
primary tumour resections included 2 distal gastrec-
tomies, 1 transhiatal oesophagectomy, and 1 non-spec-
ified primary tumour resection. Primary tumour
resection was only performed in patients with liver
OMD. Among patients with liver OMD, resection of
liver oligometastases was performed in 3 patients (3.9%,
3/77). A patient underwent liver metastasectomy fol-
lowed by CapOx chemotherapy (n = 1), a patient un-
derwent liver wedge resection and distal gastrectomy

Table 2

Primary tumour and liver metastases treatment stratified by liver OMD.

(n = 1), and a patient underwent EOC chemotherapy,
transhiatal oesophagectomy, and radiofrequency abla-
tion of liver metastases (n = 1). Thus, resection of the
primary tumour and liver OMD was performed in two
patients with liver OMD (2.6%, 2/77). Resection of liver
metastases was only performed in patients with liver
OMD.

In addition, in patients with liver OMD chemo-
therapy alone was performed in 24.6%, trastuzumab
plus chemotherapy in 5.2%, and best supportive care in
67.5%. There was no difference in the rate of best sup-
portive care between patients with and without liver
OMD (68% versus 67%). Reasons for receiving best
supportive care among patients with liver OMD were
poor performance status (n = 15), patient request
(n = 10), tumour burden (n = §), or not specified
(n = 20). Among patients for whom the reason for best
supportive care was not specified (n = 20), the median
age was 81 years (IQR: 71—82), and the performance
status was 0—1 in 4 patients, 2 in 3 patients, 3 in 2 pa-
tients, and not-specified in 7 patients. Table 2 shows the
treatment characteristics stratified by liver OMD.

Patients who received best supportive care had higher
age, more often male sex, higher Charlson comorbidity
index, worse performance status, and more often an

Liver OMD Liver PMD Total (n = 295)
n =177 (n = 218)
Primary tumour resected
Yes 4 5.2% 0 0.0% 4 1.4%
Distal gastrectomy 2 2.6% 0 0.0% 2 0.7%
Transhiatal esophagectomy 1 1.3% 0 0.0% 1 0.3%
Not-specified primary tumour resection 1 1.3% 0 0.0% 1 0.3%
No 73 94.8% 218 100.0% 291 98.6%
Liver metastases treatment 0%
Chemotherapy alone 19 24.6% 64 29.4% 83 28.1%
Monotherapy 2 2.6% 17 7.8% 19 6.4%
Capecitabin 1 1.3% 16 7.3% 17 5.8%
S-fluorouracil 1 1.3% 1 0.0% 2 0.7%
Doublet 5 6.5% 30 13.8% 35 11.9%
Capecitabin and oxaliplatin (CapOx) 3 3.9% 25 11.5% 28 9.5%
S-fluorouracil and oxaliplatin (FOLFOX) 2 2.6% 4 1.8% 6 2.0%
Capecitabin and cisplatinum (CX) 0 0.0% 1 0.5% 1 0.3%
Triplet 12 15.6% 17 7.8% 29 9.8%
Epirubicin, oxaliplatin, and capecitabine (EOC) 8 10.4% 15 6.8% 23 7.8%
Docetaxel, oxaliplatin, and capecitabine (DOC) 2 2.6% 2 <1% 4 1.4%
Epirubicin, cisplatinum, and capecitabine (ECC) 1 1.3% 0 0.0% 1 0.3%
Epirubicin, cisplatin, and 5-fluorouracil (ECF) 1 1.3% 0 0.0% 1 0.3%
Unspecified chemotherapy 1 1.3% 0 0.0% 1 0.3%
Targeted therapy (trastuzumab) plus chemotherapy 4 5.2% 10 4.6% 14 4.7%
Trastuzumab plus monotherapy 0 0.0% 3 1.4% 3 1.0%
Trastuzumab plus doublet chemotherapy 4 5.2% 7 3.2% 11 3.7%
Surgery for liver metastases 3 3.9% 0 0.0% 3 1.0%
Metastasectomy followed by CapOx 1 1.3% 0 0.0% 1 0.3%
Wedge resection 1 1.3% 0 0.0% 1 0.3%
EOC followed by radiofrequency ablation 1 1.3% 0 0.0% 1 0.3%
Best supportive care 52 67.5% 147 67.4% 199 67.5%
Resection of primary tumour and liver metastases 2 2.6% 0 0.0% 2 0.7%

OMD: oligometastatic disease (i.e. <3 liver metastases); PMD: polymetastatic disease (i.e. >3 liver metastases).
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unknown clinical T-stage as compared with patients
who did not receive best supportive care. Patient char-
acteristics stratified by best supportive care are provided
in Supplementary File 2.

The median follow-up time was 61 months (IQR:
56—62). A total of five patients were alive at the end of
follow-up (February 1, 2021). Median OS across all pa-
tients was 4.0 months (95% CI: 3.1—4.5). Median OS
among patients with liver OMD was 5.7 months (95% CI:
4.8—7.5). Superior OS was independently associated with
liver OMD (HR 0.66, 95% CI: 0.50—0.87; Fig. 2) and with
trastuzumab treatment (HR 0.41, 95% CI: 0.23—0.72;
Supplementary File 3). Triplet compared with doublet
chemotherapy was not independently associated with
improved OS (HR 094, 95% CI. 0.57-2.87,
Supplementary File 5).

Worse OS was independently associated with un-
known nodal stage versus cNO (HR 1.74, 95% CI:
1.17-2.60, Supplementary File 6), diffuse-type as
compared with intestinal-type adenocarcinoma (HR 2.06,
95% CI: 1.32—3.20; Supplementary File 4), and best
supportive care or monotherapy as compared with
doublet chemotherapy (HR 3.61, 95% CI: 2.55—5.10 and
HR 1.72,95% CI: 1.03—2.87, respectively Supplementary
File 5). Table 3 shows the results of the univariable and
multivariable Cox regression analyses for prognostic
factors for OS as well as median OS with 95% ClIs for
subgroups with >10 patients.

OS of patients with OMD versus without OMD in
case of no treatment was 4.8 months (95% CI: 4.1—6.3)

Strata

versus 1.6 months (95% CI: 1.2—2.1), with monotherapy
6.1 months (95% CI: 4.8-NA) versus 4.8 months (95%
CI: 3.8—12.2), with doublet chemotherapy 19.8 months
(95% CI: 7.9-NA) versus 9.0 months (95% CI:
6.4—14.8), and with triplet chemotherapy 7.8 months
(95% CI: 5.1-NA) versus 5.5 months (95% CI:
4.6—20.7).

Sensitivity analyses demonstrated that having 1-2
liver metastases as compared with >2 liver metastases
was independently associated with improved OS (HR
0.60, 95% CI: 0.43—0.83) while 1 liver metastasis as
compared with >1 liver metastases was not (HR 0.77,
95% CI: 0.53—1.14).

4. Discussion

This nationwide population-based cohort study included
all patients diagnosed with gastric or gastroesophageal
junction adenocarcinoma in combination with metastatic
disease limited to the liver and a specified number of liver
metastases between 2015 and 2017 in the Netherlands.
The incidence of liver OMD (defined as <3 liver metas-
tases) was 26% among included patients. Patients with
liver OMD were rarely treated as such in this cohort since
best supportive care was applied in 68% of patients and
only 3% underwent resection of the primary tumour and
liver OMD. Patients with liver OMD (n = 77) had a 44%
lower chance of death overtime as compared with pa-
tients without liver OMD (n = 218). Nevertheless, OS in

Liver PMD =+ Liver OMD
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Fig. 2. Overall survival curve stratified by liver oligometastatic disease.
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Results of univariable and multivariable Cox regression for prognostic factors for OS and median OS of subgroups with >10 patients.

Number Univariable Multivariable OS in months
HR (95% CI) p-value HR (95% CI) p-value Median 95% CI

Age 1.03 (1.02—1.04) <0.001 0.99 (0.97—1.01) 0.146
Sex

Male 219 Reference Reference reference reference 4.8 (4.4-5.7)

Female 76 1.42 (1.11-1.82) 0.004 1.21 (0.91-1.60) 0.073 3.0 (2.5—4.6)
Performance status

0 42 Reference Reference reference reference 7.1 (3.9—13.8)

1 67 1.34 (0.94—1.92) 0.103 1.21 (0.76—1.64) 0.763 5.2 (4.5-8.1)

>1 50 2.71 (1.84—3.98) <0.001 1.61 (1.06—2.45) 0.062 2.7 (1.4—-4.4)

Missing 136 2.01 (1.46—2.77) <0.001 1.23 (0.86—1.77) 0.068 2.4 (1.7-3.8)
Charlson comorbidity index

>4 158 Reference reference reference reference 3.2 (2.5-4.1)

1-2 22 0.46 (0.29—0.75) 0.002 0.68 (0.33—1.37) 0.282 5.7 (4.1-18.7)

3-4 106 0.76 (0.60—0.98) 0.014 1.28 (0.75—2.19) 0.735 4.2 (2.9-5.2)

Missing 9 0.74 (0.38—1.45) 0.383 0.98 (0.52—1.87) 0.396 4.6 (4.4-NA)
AC subtype

Intestinal 118 Reference reference reference reference 4.2 (3.1-4.9)

Diffuse 32 1.11 (0.77—1.59) 0.341 2.06 (1.32—3.20) 0.001 2.7 (1.1-5.2)

Other 145 0.91 (0.72—1.70) 0.578 1.30 (0.99—1.69) 0.050 3.9 (2.8—4.6)
Clinical tumour stage

cT1-2 104 reference reference reference reference 4.4 (2.6—4.9)

cT3 59 0.80 (0.58—1.12) 0.193 1.21 (0.82—3.04) 0.976 6.6 (4.6-8.7)

cT4 29 1.05 (0.69—1.60) 0.803 2.03 (0.99—4.17) 0.500 3.6 (1.9-6.3)

cTx 103 1.34 (1.01—-1.76) 0.039 1.79 (0.99—4.22) 0.748 2.4 (1.7-3.7)
Clinical nodal stage

cNO 79 reference reference reference reference 4.9 (4.4—6.6)

cN1 96 0.82 (0.60—1.05) 0.907 0.80 (0.60—1.07) 0.242 5.2 (4.3-8.3)

cN2-3 79 1.08 (0.66—1.27) 0.144 1.10 (0.78—1.56) 0.848 4.1 (2.9-5.2)

cNx 41 1.71 (1.17-2.49) 0.006 1.74 (1.17-2.60) 0.010 1.4 (1.1-3.0)
Liver OMD

No 218 reference reference reference reference 2.7 (2.2-3.8)

Yes 77 0.66 (0.52—0.84) 0.003 0.66 (0.50—0.87) 0.001 5.7 (4.8-17.5)
Primary tumour resected

No 291 NA NA NA NA 4.0 (3.1-4.5)

Yes 4 NA NA NA NA NA
Liver metastases treatment

Doublet 46 reference reference reference reference 9.6 (7.9—15.8)

No treatment 200 3.67 (2.67—-4.77) <0.001 3.61 (2.55-5.10) <0.001 1.9 (3.9-2.8)

Mono 19 1.22 (0.87-2.17) 0.372 1.72 (1.03—-2.87) 0.031 4.8 (3.9-12.2)

Triplet 29 1.37 (0.87-2.17) 0.168 0.94 (0.57—-2.87) 0.848 6.7 (5.1-9.0)

Not specified 1 NA NA NA NA NA
Trastuzumab treatment

No 281 reference reference reference reference 3.7 (2.8—4.3)

Yes 14 0.32 (0.20—0.52) <0.001 0.41 (0.23—0.72) 0.008 13.3 (7.8—57.8)

HR: hazard ratio; CI: confidence interval; OS: overall survival; liver OMD: oligometastatic disease (i.e. <3 liver metastases); AC, adenocarcinoma.

patients with liver OMD remained relatively poor (me-
dian OS 5.7 months).

The rate of best supportive care for patients with liver
OMD was comparable to patients without liver OMD
(68% versus 67%). At first sight, this is surprisingly high,
considering that 51% of patients with liver OMD had a
performance status of 0—1 which could suggest that
these patients potentially could be able to undergo sys-
temic therapy. However, the high rate of best supportive
care among these patients could potentially be explained
by high age and the patient request to refrain from
treatment. Importantly, it should be noted that our
perspective on what may be possible in terms of

treatment options is biased by the fact that we often do
not have a complete picture of the ‘real world’.
Furthermore, the publication showing that even if pa-
tients are considered to be frail, reduced-intensity
chemotherapy can provide a better patient experience
without significantly compromising cancer control than
best supportive care had not been published at the time
of our data collection [29].

The proportion of patients undergoing resection of
the primary tumour and liver OMD was very low be-
tween 2015 and 2017 in the Netherlands (3%). This
suggests that in the time period of the study inclusion
the concept of OMD treatment was not generally
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applied in the Netherlands, which may be explained by
two factors. First, the results of the FLOT-3 trial were
published in 2017 [11], which was at the end of the study
inclusion period (2015—2017). Second, this population-
based study included older and more fragile patients
who would not have been eligible for inclusion in the
FLOT-3 trial. For example, 16% of patients included in
our study had a WHO performance score of >1, while
these patients were excluded from the FLOT-3 trial [11].

In addition, this study suggests that doublet chemo-
therapy was the preferred first-line systemic therapy
regimen in this time period in the Netherlands. Impor-
tantly, doublet chemotherapy (mainly CapOx) was
associated with comparable OS as triplet chemotherapy
(EOC) and improved OS as compared with mono-
therapy or best supportive care. However, the equipoise
in OS between doublet and triplet chemotherapy must
be interpreted with care because FLOT chemotherapy
was not used in this time period in the Netherlands.
FLOT is associated with improved OS as compared with
ECF/ECC chemotherapy in the perioperative setting
[30]. Nevertheless, for the general metastatic patient
population, docetaxel containing triplet chemotherapy
provides marginal survival benefit, while toxicity is
increased [10, 31]. Thus, FLOT should not be consid-
ered the standard of care for all patients with metastatic
gastroesophageal cancer.

In addition to best supportive care and monotherapy,
other independent prognostic factors for OS identified in
the current study, including Lauren classification, are in
line with a recent systemic review for prognostic factors
for OS in patients with metastatic oesophagogastric
cancer [28]. The lower proportion of patients with
diffuse-type gastric cancer as compared with population-
based cohorts on gastric adenocarcinoma in the
Netherlands (11% versus 38% [3] and 44% [32], respec-
tively) confirms previous studies demonstrating that pa-
tients with diffuse-type gastric cancer are more likely to
develop peritoneal metastases while patients with
intestinal-type gastric cancer are more likely to develop
liver metastases [3]. The worse OS in patients with an
unknown nodal stage is not a known prognostic factor
but perhaps could be explained by a higher disease stage
which may create increased complexity and less relevance
in documenting and extracting all the data elements
resulting in more missing data [33].

Recently, the randomised controlled CheckMate 649
trial has shown that the addition of programmed cell
death (PD)-1 inhibition to chemotherapy (CapOx or
FOLFOX) improves overall and progression-free sur-
vival as compared with chemotherapy alone in the first-
line palliative setting for advanced or metastatic HER2
negative gastric or gastroesophageal junction adenocar-
cinoma [34]. Therefore, PD-1 inhibition in combination
with chemotherapy can be considered a new standard of
care in the first-line palliative treatment for these patients,
depending on the PD-L1 expression status of their cancer

[35]. Unfortunately, during our study period PD-1 inhi-
bition was unavailable in the Netherlands. Therefore, we
could not study the effect of PD-1 inhibition on patients
with liver OMD. A potential treatment approach for
gastric cancer patients with liver OMD could be local
treatment for liver metastases combined with palliative
immunotherapy plus chemotherapy, which is currently
being investigated in an ongoing phase II trial in China
(NCT: NCT04510064).

Strengths of this study include the study design since
it is the first population-based study to include data on
the number of liver metastases. Therefore, this study
uniquely provides information on a nationwide level on
(1) the incidence of metastatic disease limited to the liver
among patients with synchronous metastatic gastric
cancer; (2) the incidence of liver OMD (defined as <3
liver metastases) among patients with metastatic disease
limited to the liver. Moreover, this study offers real-
world generalisability and applicability since frail and
elderly patients were included. Other strengths include
the register-based follow-up resulting in complete
follow-up information for all patients. Potential weak-
nesses have been partly addressed in the discussion.
Additional limitations include missing data on perfor-
mance status, the size of liver metastases, and toxicity of
systemic therapy resulting in a less optimal adjustment
in multivariable analyses.

5. Conclusion

In conclusion, liver OMD was detected in 26% of pa-
tients with synchronous metastatic gastric limited to the
liver. Patients with versus without liver OMD had
independently superior OS. Nevertheless, OS in patients
with liver OMD remained relatively poor, potentially
because best supportive care was applied in 68% of pa-
tients, and only 3% underwent resection of the primary
tumour and liver oligometastases. This suggests that the
concept of OMD and the benefit of resection of the
primary tumour and oligometastases may still have been
relatively unknown in this disease type during the
research years. Triplet chemotherapy (mainly EOC)
compared with doublet chemotherapy (mainly CapOx)
was not independently associated with improved OS.
Future studies are warranted to identify which patients
benefit from resection of liver oligometastases.

Author contribution

TK: Data curation, formal analysis, investigation,
methodology, visualisation, writing original draft.

YK: Methodology.

FL: Funding acquisition, supervision, review and editing.

PvR: Methodology, formal analysis, supervision, re-
view and editing.

JR: Supervision, review and editing.



74 T.E. Kroese et al. | European Journal of Cancer 179 (2023) 65—75

SL: Review and editing.

RvH: Methodology, supervision, validation, review
and editing.

RV: Methodology, supervision, validation, review
and editing.

HvL: Funding acquisition, methodology, supervi-
sion, validation, review and editing.

Funding

The data collection for this study was supported by
the European Organisation for Research and Treatment
of Cancer (EORTC) Gastrointestinal Tract Cancer
Trials Group. The funding group had a role in the study
design, while conduct and management of the study,
analysis, and interpretation of the data, preparation,
review, or approval of the manuscript and decision to
submit the manuscript for publication was independent
of the funding group.

Data sharing statement

The datasets generated and/or analysed during the cur-
rent study are available from the corresponding author
on reasonable request.

Conflict of interest statement

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work reported
in this paper.

Dr. Verhoeven reports grants from BMS. Dr. van
Laarhoven reports grants or advisory role from: BMS,
Lilly, MSD, Nordic Pharma, Servier; research funding
or medical supply from: Bayer, BMS, Celgene, Janssen,
Lilly, Merck, Nordic Pharma, Philips, Roche, Servier;
and has received unrestricted research funding (non-
commercial) from: KFW, NWO/ZonMw, European
Research Council, MaagLeverDarm Stichting. Dr.
Lordick reportspersonal fees from: Amgen, Astellas
Pharma, AstraZeneca, Bayer, Biontech, Eli Lilly,
Elsevier, Imedex, Iomedico, Medscape, MedUpdate,
Merck Serono, Merck Sharp & Dohme, Promedicis,
Roche, Springer Nature, StreamedUp! and Zymeworks;
and research grants from: BMS, and MSD (both insti-
tutional). Dr. van Hillegersberg and Dr. Ruurda are
consultants and proctors for Intuitive Surgical. Dr.
Takahashi reports funding Merck. The other authors
have nothing to disclose.

Appendix ASupplementary data

Supplementary data to this article can be found online
at https://doi.org/10.1016/j.ejca.2022.11.011.

References

[1] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, et al. Global cancer statistics 2020: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 2021. https://doi.org/10.3322/caac.
21660.

[2] van Putten M, de Vos-Geelen J, Nieuwenhuijzen GAP,

Siersema PD, Lemmens VEPP, Rosman C, et al. Long-term sur-

vival improvement in oesophageal cancer in The Netherlands. Eur J

Cancer 2018;94:138—47. https://doi.org/10.1016/j.ejca.2018.02.025.

Verstegen MHP, Harker M, Hugen N, Rosman C, van de Water C,

Nagtegaal ID, et al. Metastatic pattern in esophageal and gastric

cancer: influenced by site and histology. World J Gastroenterol

2020;26:6037—46. https://doi.org/10.3748/wjg.v26.139.6037.

Lauren P. The two histological main types of gastric carcinoma:

diffuse and SO-called intestinal-type carcinoma. AN attempt at a

histo-clinical classification. Acta Pathol Microbiol Scand 1965;64:

31—49. https://doi.org/10.1111/apm.1965.64.1.31.

Koemans WIJ, Luijten JCHBM, 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.

https://doi.org/10.1016/j.canep.2020.101846.

Ajani JA, D’Amico TA, Almhanna K, Bentrem DJ, Chao J,

Das P, et al. Gastric cancer, version 3.2016; clinical practice

guidelines in Oncology. JNCCN J Natl Compr Cancer Netw

2016;14:1286—312. https://doi.org/10.6004/jncen.2016.0137.

Smyth EC, Verheij M, Allum W, Cunningham D, Cervantes A,

Arnold D, et al. Gastric cancer: ESMO clinical practice guidelines

for diagnosis, treatment and follow-up. Ann Oncol 2016. https:

/ldoi.org/10.1093/annonc/mdw350.

Wagner AD, Syn NLX, Moehler M, Grothe W, Yong WP, Tai BC,

et al. Chemotherapy for advanced gastric cancer. Cochrane Data-

base Syst Rev 2017;2017. https://doi.org/10.1002/14651858.

CD004064.pub4.

Dijksterhuis WPM, Verhoeven RHA, Slingerland M, Haj

Mohammad N, Vos-Geelen J, Beerepoot LV, et al. Heterogeneity

of first-line palliative systemic treatment in synchronous meta-

static esophagogastric cancer patients: a real-world evidence
study. Int J Cancer 2019. https://doi.org/10.1002/ijc.32580.

[10] Veer E Ter, Mohammad NH, Van Valkenhoef G, Ngai LL,

Mali RMA, Anderegg MC, et al. The efficacy and safety of first-

line chemotherapy in advanced esophagogastric cancer: a network

meta-analysis. J Natl Cancer Inst 2016. https://doi.org/10.1093/
jnci/djw166.

Al-Batran S-EE, Homann N, Pauligk C, Illerhaus G,

Martens UM, Stoehlmacher J, et al. Effect of neoadjuvant

chemotherapy followed by surgical resection on survival in pa-

tients with limited metastatic gastric or gastroesophageal junction
cancer: the AIO-FLOT3 trial. JAMA Oncol 2017;3:1237—44.
https://doi.org/10.1001/jamaoncol.2017.0515.

Kroese TE, Van Laarhoven HWM, Nilsson M, Lordick F,

Guckenberger M, Ruurda JP, et al. Definition of oligometastatic

esophagogastric cancer and impact of local oligometastasis-

directed treatment : a systematic review and meta-analysis. Eur

J Cancer 2022;166:254—69. https://doi.org/10.1016/j.ejca.2022.

02.018.

[13] Tang K, Zhang B, Dong L, Wang L, Tang Z. Radiofrequency

ablation versus traditional liver resection and chemotherapy for

liver metastases from gastric cancer. J Int Med Res 2020;48. https:

/Idoi.org/10.1177/0300060520940509.

Yazawa T, Hori T, Yamamoto H, Harada H, Yamamoto M,

Yamada M, et al. Do liver metastases from gastric cancer

contraindicate aggressive surgical resection? A 14-year single-

center experience. World J Gastrointest Pharmacol Therapeut
2020;11:110—22. https://doi.org/10.4292/wjgpt.v11.i5.110.

3

=

[4

=

[5

=

[6

_

[7

[8

=

9

—

[11

[12

[14


https://doi.org/10.1016/j.ejca.2022.11.011
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.ejca.2018.02.025
https://doi.org/10.3748/wjg.v26.i39.6037
https://doi.org/10.1111/apm.1965.64.1.31
https://doi.org/10.1016/j.canep.2020.101846
https://doi.org/10.6004/jnccn.2016.0137
https://doi.org/10.1093/annonc/mdw350
https://doi.org/10.1093/annonc/mdw350
https://doi.org/10.1002/14651858.CD004064.pub4
https://doi.org/10.1002/14651858.CD004064.pub4
https://doi.org/10.1002/ijc.32580
https://doi.org/10.1093/jnci/djw166
https://doi.org/10.1093/jnci/djw166
https://doi.org/10.1001/jamaoncol.2017.0515
https://doi.org/10.1016/j.ejca.2022.02.018
https://doi.org/10.1016/j.ejca.2022.02.018
https://doi.org/10.1177/0300060520940509
https://doi.org/10.1177/0300060520940509
https://doi.org/10.4292/wjgpt.v11.i5.110

[13]

[16]

(171

(18]

[19]

[20]

(21]
(22]

(23]

[24]

(23]

[26]

T.E. Kroese et al. | European Journal of Cancer 179 (2023) 65—75

Yu P, Zhang Y, Ye Z, Chen X, Huang L, Du Y, et al. Treatment
of synchronous liver metastases from gastric cancer: a single-
center study. Cancer Manag Res 2020;12:7905—11. https:
/ldoi.org/10.2147/CMAR.S261353.

Jagric T, Horvat M. Surgical resection of synchronous liver me-
tastases in gastric cancer patients. A propensity score-matched
study. Radiol Oncol 2020;55:57—65. https://doi.org/10.2478/raon-
2020-0067.

Ito D, Kawaguchi Y, Yamashita H, Arita J, Akamatsu N,
Kaneko J, et al. Intestinal-type histology is associated with better
prognosis in patients undergoing liver resection for
gastric/esophagogastric-junction liver metastasis. Glob Heal Med
2019;1:101-9. https://doi.org/10.35772/ghm.2019.01012.

Ryu T, Takami Y, Wada Y, Tateishi M, Matsushima H, Yoshitomi M,
et al. Oncological outcomes after hepatic resection and/or surgical mi-
crowave ablation for liver metastasis from gastric cancer. Asian J Surg
2019;42:100—5. https://doi.org/10.1016/j.asjsur.2017.09.005.

Nonaka Y, Hiramatsu K, Kato T, Shibata Y, Yoshihara M,
Aoba T, et al. Evaluation of hepatic resection in liver metastasis
of gastric cancer. Indian J Surg Oncol 2019;10:204—9. https:
//doi.org/10.1007/s13193-018-0827-6.

Seesing MFJ, van der Veen A, Brenkman HJF, Stockmann HBAC,
Nieuwenhuijzen GAP, Rosman C, et al. Resection of hepatic and
pulmonary metastasis from metastatic esophageal and gastric
cancer: a nationwide study. Dis Esophagus Off J Int Soc Dis
Esophagus 2019;32:1—8. https://doi.org/10.1093/dote/doz034.
Netherlands Cancer Registry. Richtlijn Maagcarcinoom. 2017.
Kroese TE, van Hillegersberg R, Schoppmann S, Deseyne PRAJ,
Nafteux P, Obermannova R, et al. Definitions and treatment of
oligometastatic oesophagogastric cancer according to multidisci-
plinary tumour boards in Europe. Eur J Cancer 2022;164:18—29.
https://doi.org/10.1016/j.ejca.2021.11.032.

Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L,
Parkin DM, et al. World health organization. International
Classification of Diseases for Oncology; 2000. p. 240.
Washington K. 7th edition of the AJCC cancer staging manual:
Stomach. Ann  Surg Oncol 2010;17:3077—9.  https:
/ldoi.org/10.1245/s10434-010-1362-z.

Kroese TE, Van Rossum PSN, Nilsson M, Lordick F, Smyth EC,
Rosati R, et al. European Journal of Surgical Oncology Study
protocol for the OligoMetastatic Esophagogastric Cancer (OMEC)
project : a multidisciplinary European consensus project on the
definition and treatment for oligometastatic esophagogastric cancer.
Eur J Surg Oncol 2022. https://doi.org/10.1016/j.€js0.2022.09.012.
Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal

[27]

28

]

[29]

(30]

[31

[32

[33

[34

35

]

|

75

studies: development and validation. J Chron Dis 1987:40:
373—83. https://doi.org/10.1016/0021-9681(87)90171-8.

ter Veer E, van Kleef JJ, Schokker S, van der Woude SO,
Laarman M, Haj Mohammad N, et al. Prognostic and predictive
factors for overall survival in metastatic oesophagogastric cancer:
a systematic review and meta-analysis. Eur J Cancer 2018. https:
/ldoi.org/10.1016/j.ejca.2018.07.132.

The R Foundation R. The R project for statistical computing.
2018. https://www.r-project.org/.

Hall PS, Swinson D, Cairns DA, Waters JS, Petty R, Allmark C,
et al. Efficacy of reduced-intensity chemotherapy with oxaliplatin
and capecitabine on quality of life and cancer control among
older and frail patients with advanced gastroesophageal cancer:
the GO2 phase 3 randomized clinical trial. JAMA Oncol 2021;7:
869—77. https://doi.org/10.1001/jamaoncol.2021.0848.

Al-Batran SE, Homann N, Pauligk C, Goetze TO, Meiler J,
Kasper S, et al. Perioperative chemotherapy with fluorouracil plus
leucovorin, oxaliplatin, and docetaxel versus fluorouracil or cape-
citabine plus cisplatin and epirubicin for locally advanced, resect-
able gastric or gastro-oesophageal junction adenocarcinoma
(FLOT4): a ra. Lancet 2019. https://doi.org/10.1016/S0140-6736(18)
32557-1.

Wagner AD, Unverzagt S, Grothe W, Kleber G, Grothey A,
Haerting J, et al. Chemotherapy for advanced gastric cancer. In:
Wagner AD, editor. Cochrane database syst. Rev. Chichester, UK:
John Wiley & Sons; 2010. CD004064. https://doi.org/10.1002/
14651858.CD004064.pub3.

van der Kaaij RT, Koemans WJ, van Putten M, Snaebjornsson P,
Luijten JCHBM, van Dieren JM, et al. A population-based study
on intestinal and diffuse type adenocarcinoma of the oesophagus
and stomach in The Netherlands between 1989 and 2015. Eur J
Cancer 2020;130:23—31. https://doi.org/10.1016/j.ejca.2020.02.017.
Yang DX, Khera R, Miccio JA, Jairam V, Chang E, Yu JB, et al.
Prevalence of missing data in the national cancer database and
association with overall survival. JAMA Netw Open 2021;4.
https://doi.org/10.1001/jamanetworkopen.2021.1793.

Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P,
Shen L, et al. First-line nivolumab plus chemotherapy versus
chemotherapy alone for advanced gastric, gastro-oesophageal
junction, and oesophageal adenocarcinoma (CheckMate 649): a
randomised, open-label, phase 3 trial. Lancet 2021;398:27—40.
https://doi.org/10.1016/S0140-6736(21)00797-2.

Ajani JA, D’Amico TA, Bentrem DJ, Chao J, Cooke D,
Corvera C, et al. Gastric cancer, version 2.2022, NCCN clinical
practice guidelines in Oncology. J Natl Compr Cancer Netw 2022;
20:167—92. https://doi.org/10.6004/jnccn.2022.0008.


https://doi.org/10.2147/CMAR.S261353
https://doi.org/10.2147/CMAR.S261353
https://doi.org/10.2478/raon-2020-0067
https://doi.org/10.2478/raon-2020-0067
https://doi.org/10.35772/ghm.2019.01012
https://doi.org/10.1016/j.asjsur.2017.09.005
https://doi.org/10.1007/s13193-018-0827-6
https://doi.org/10.1007/s13193-018-0827-6
https://doi.org/10.1093/dote/doz034
http://refhub.elsevier.com/S0959-8049(22)01747-6/sref21
https://doi.org/10.1016/j.ejca.2021.11.032
http://refhub.elsevier.com/S0959-8049(22)01747-6/sref23
http://refhub.elsevier.com/S0959-8049(22)01747-6/sref23
http://refhub.elsevier.com/S0959-8049(22)01747-6/sref23
https://doi.org/10.1245/s10434-010-1362-z
https://doi.org/10.1245/s10434-010-1362-z
https://doi.org/10.1016/j.ejso.2022.09.012
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/j.ejca.2018.07.132
https://doi.org/10.1016/j.ejca.2018.07.132
https://www.r-project.org/
https://doi.org/10.1001/jamaoncol.2021.0848
https://doi.org/10.1016/S0140-6736(18)32557-1
https://doi.org/10.1016/S0140-6736(18)32557-1
https://doi.org/10.1002/14651858.CD004064.pub3
https://doi.org/10.1002/14651858.CD004064.pub3
https://doi.org/10.1016/j.ejca.2020.02.017
https://doi.org/10.1001/jamanetworkopen.2021.1793
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.6004/jnccn.2022.0008

	Liver oligometastatic disease in synchronous metastatic gastric cancer patients: a nationwide population-based cohort study
	1. Introduction
	2. Material and methods
	2.1. Ethical statement
	2.2. Patient inclusion
	2.3. Definition of OMD
	2.4. Staging
	2.5. Treatment
	2.6. Outcomes
	2.7. Variables
	2.8. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Author contribution
	Funding
	Data sharing statement
	Conflict of interest statement
	Conflict of interest statement
	Appendix ASupplementary data
	References


