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Abstract

Aims: The role of resection remains debated in cases of metastatic gastric carcinoma (mGC).
Some mGCs are technically resectable. At the population level, the real-world application of
resection for mGC remains largely unclear in most Western countries. This large, population-
based international investigation aimed to reveal the resection patterns and trends for mGC
and the treatment-associated factors in Europe and the US.

Methods: Data on cases with microscopically-confirmed primary invasive stomach

carcinoma with distant metastasis were obtained from the nationwide cancer registries of
the Netherlands, Belgium, Norway, Sweden, Estonia, and Slovenia and the US Surveillance,
Epidemiology, and End Results-18 database. We calculated age-standardized rates of
primary cancer-directed resection and assessed resection trends using linear regression. We
investigated associations of treatment with patient and cancer factors using multivariable-
adjusted log-binomial regression.

Results: Among 133,321 patients with gastric cancer, overall, 40,215 cases with mGC
diagnosed between 2003-2017 were investigated. Age-standardized resection rates
significantly declined over time in the US, Belgium, Sweden, and Norway (by 5-14%).
Resection rates greatly differed from 5% to 16% in 2013-2014. Cases with older ages, cardia
tumors, or tumors involving adjacent structures were significantly less often operated across
most countries. Sex was not significantly associated with resection. Across countries the
association patterns and strengths differed largely. With multivariable adjustment, resection
rates decreased significantly in all countries except Slovenia and Estonia (prevalence ratio
per year=0.90-0.98), and the decreasing trends were consistently observed in various
stratifications by age and location.

Conclusion: In Europe and the US, resection patterns and trends largely varied across countries
for mGCs, which were mostly less often resected in the early 21st century. Various resection-
associated factors were shown, with greatly varying association patterns and strengths. Our
report could aid to identify discrepancies in clinical practice and highlight the great need for
further clarifying the role of resection in mGCs to enhance standardization of care.
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Introduction

With over 1,000,000 new cases and about
800,000 associated mortalities estimated in 2018,
gastric carcinoma (GC) is the fifth most often
diagnosed malignancy and the third leading cause
of malignancy-associated mortality globally.!
Because of its insidious nature, a significant pro-
portion of patients with GC have distant metasta-
sis at initial diagnosis.2 GC with distant metastasis
is typically not amenable to curative surgical
resection and is usually managed with chemo-
therapy with/without radiotherapy.2* The prog-
nosis of patients with metastatic GC (mGC) is
very poor, with median survival ranging from
about 4months when managed with best sup-
portive care only, to around 1year when treated
with palliative combination chemotherapy.>-8

The role of resection is still obscure among cases
with mGC.? Some mGCs are technically resecta-
ble; palliative interventions used to relieve major
symptoms may contribute to prolongation of life.
Some studies!®!5 suggest that selected patients
with mGC and with good performance status
may benefit from resection by experienced hands
in expert centers, while relevant prospective and/
or randomized evidence remains lacking.

With obscure effectiveness, some surgeons oper-
ate on patients with mGC, possibly because of
identification of metastatic disease only during or
after operation or for palliative purposes.
However, the real-world patterns and trends of
such management at the population level remain
greatly unclear in most Western countries.

In our large, population-based international
investigation, the use of primary cancer-directed
resection for mGC in Europe and the United
States (US) in the early 21st century was revealed,
and the treatment-associated factors were
explored.

Methods

Data

Selection of eligible European nationwide popu-
lation-based cancer registries after extensive
retrieval and contact and reasons for exclusion
have been detailed previously.!® We included

patient-level data of cases with GC from the
nationwide cancer registries of the Netherlands,
Belgium, Norway, Sweden, Estonia, and Slovenia,
and the Surveillance, Epidemiology, and End
Results (SEER)-18 Program of the US for analy-
sis (Supplemental Table S1). The characteristics
of the participating European registries have been
previously detailed;!%17generally the quality of the
data was high. Being an authoritative source for
the US cancer statistics, the SEER database col-
lects information from population-based cancer
registries in the US.18

Tumor morphology and topography were in line
with the International Classification of Diseases
for Oncology, third edition (ICD-0-3). Cases
with invasive primary carcinomas of the stomach
(ICD-0-3 code, C16) confirmed microscopically
during 2003 through 2017 were eligible. We
included both cardia and non-cardia cancers. A
detailed analysis of resection rates for non-meta-
static GC has been reported elsewhere.!® Here,
we only analyzed cases with distant metastasis.
Patients with non-stomach malignancies invading
the stomach, or neoplasms originating from the
germ-cell, neuroendocrine, or mesenchymal tis-
sues were ineligible (Supplemental Table S2).
We also excluded individuals diagnosed on the
basis of autopsy or death certificate only.

Information on patient (age, sex, and diagnosis
year), tumor (histology, differentiation, location,
and stage), management (gastrectomy, chemo-
therapy, and radiation therapy), and follow-up
(survival status and time) which was (re)coded
according to a uniform standardized data-collec-
tion sheet was retrieved. Chemotherapy and/or
radiotherapy were recorded with low sensitivity in
the US and Estonia registry data. Neoadjuvant
and adjuvant treatment could be hardly differen-
tiated in the Norway and Estonia registry data,
and adjuvant therapy was not recorded in the
dataset from Sweden. Certain metastatic sites
(bone, brain, liver, and lung) were only recorded
in the registries from the US and the Netherlands.

We investigated primary cancer-directed resec-
tion and defined it as surgical excision of the pri-
mary cancer regardless of the type, radicality, and
extent of gastrectomy and regional lymph node
excision, of the concurrence of distant metasta-
sectomy, and of the technique, approach, method,
and procedure of surgery. We derived local can-
cer invasion and lymph node involvement from
the tumor-node-metastasis (TNM) staging by the
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Union for International Cancer Control/American
Joint Committee on Cancer; we re-categorized
them into subgroups that were consistent across
the studied periods during which the sixth or sev-
enth edition of staging had been in effect.

Ethics statement

The Ethics Committee affiliated to the Medical
Faculty Heidelberg approved our observational,
registry-based, and population-based investiga-
tion (8-064/2016). The secondary data presented
are all anonymous without any risk of identifica-
tion, with no individual case data shown.

Analyses

We analyzed data and presented results separately
for each registry without pooling. We stratified
age into four categories (<60, 60—69, 70-79, and
=80year-old). We computed age-standardized
resection rates with the use of the distribution of
age of the cases from the US, with the greatest
number of analyzed cases, as the standard. We
used linear regression to evaluate the time trends
of the standardized rates and graphically illus-
trated the rates over 2-calendar-year time. We
showed graphically the patient age- and cancer
location-stratified rates in 2010 and later.

The associations of treatment with patient and
cancer features adjusting for diagnosis year, age
group, sex, cancer histology, location, and adja-
cent structure invasion were investigated by com-
puting the multivariable log-binomial regression
models. We calculated the log-binomial maximal
likelihood prevalence ratios (PRs).!® We further
performed analyses stratified by patient age,
tumor histology, and location. We used the SAS
software (version 9.4; Cary, NC, the US) for data
analyses. A two-sided p-value of <0.05 indicated
statistical significance.

Results

Features of overall cases with mGC

From a total of 133,321 registered patients with
GC, we investigated 40,215 cases with metastatic
cancer (Supplemental Table S1 and Table 1).
The majority of the patients were males (59—68%
across countries). The mean age was 65-70 years,
with 41-55% of the patients aged =70years.
Most often, the malignancies originated from the

cardia (37-60%; 14% in Estonia) and were
poorly-differentiated or undifferentiated (66—
77%). 12-39% of the mGCs also invaded adja-
cent structures. Only a small proportion of the
malignancies did not involve lymph nodes (5—
24%; 44% in the US). It should be noted 9%
(Sweden) to 21% (Belgium) of the patients with
mGC underwent gastrectomy. In countries where
data on non-surgical management were recorded
with good sensitivity, chemotherapy was given to
between 25% (Slovenia) and 62% (Belgium) of
cases, and radiation therapy was less frequently
used (7-10%).

Based on the information available on distant
metastasis sites in the US and the Netherlands,
the liver was the most frequent metastasis site
(43% and 41%), followed by lung (15% and
10%) and bone (13% and 7%).

Characteristics of patients with resected mGC
Compared with overall patients with mGC, those
with resected cancer were on average 1-3years
younger. Resected tumors were much less often
located at the cardia (6-54%) and invaded adja-
cent structures less frequently (11-26%). Partial/
subtotal gastrectomy was the most frequent pri-
mary cancer-directed resection (59-71%). On
average, 9—19 lymph nodes were retrieved. In reg-
istries with data on non-operational treatment of
high quality, neoadjuvant chemotherapy was used
for from 8% (Slovenia) to 29% of cases (Belgium);
however, neoadjuvant radiation therapy was
scarcely used (1-5%). Adjuvant chemotherapy
was applied from 26% (Norway) to 48% of cases
(Belgium); however, adjuvant radiation therapy
was much less often used (5-11%).

Trends of resection

We observed significantly decreasing trends of
resection across all registries except those from
the  Netherlands  (2,,;=0.132), Estonia
P,,,4=0.329), and Slovenia (P,,,;=0.139;
Figure 1). We identified the most dramatic
decline in Norway (from 2003-2004 to 2013—
2014: from 19% to 5%; P,,,;<0.001), and the
least pronounced decline in Sweden (from 2005—
2006 to 2013-2014: from 14% to 9%;
P, ..,=0.004). We saw moderate declines in the
US (from 2003-2004 to 2013-2014: 19% to
10%; P,,,;<0.001) and Belgium (from 2003-
2004 to 2013-2014: 24% to 16%; P,,,;=0.001).

rend
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Figure 1.

Recent rates of resection by patient age and
cancer location

We restricted cases to those who were diagnosed
in 2010 and later, a more recent time period dur-
ing which information was available from the reg-
istries of all the countries, to analyze rates of
resection by patient age and cancer location
(Figure 2). In most countries, rates of resection
decreased with older ages, and were dramatically
lower among cases aged 80years or older [4%
(Norway) to 17% (Belgium)] compared to in the
others [<60years: from 8% (Norway) to 25%
(Slovenia); 60—69years: from 8% (Norway and
Sweden) to 18% (Slovenia); 70-79years: from
7% (Norway) to 20% (Slovenia)], with great
international variations observed. Rates of resec-
tion were mostly lower in tumors of the cardia
[3% (Norway) to 17% (Belgium)] compared to
those of the fundus/body [from 7% (Sweden) to
34% (Slovenia)] or of the antrum/pylorus [from
13% (Norway) to 30% (Belgium)].

Variables associated with resection

The log-binomial regression modeling with
multivariable adjustment was used to further
explore the treatment-associated factors in each
country (Table 2). The findings further sup-
ported the decreasing rates of resection across
most countries [PR=0.90 (Norway) to 0.98 per
year (the Netherlands), except Slovenia and
Estonia].

Age-standardized rates of resection for gastric carcinoma with synchronous distant metastasis.

We did not observe any significant associations of
resection with patient sex. Older patients mostly
underwent less often resection [versus <60 years,
PR7¢ 79years=0.66 (Slovenia) to 0.91 (the US);
PR=g s =0.33 (Slovenia) to 0.78 (the US and
the Netherlands)]. Compared to cardia tumors,
gastric fundus/body [PR=1.40 (the Netherlands)
to 2.56 (Slovenia)] and pylorus/antrum tumors
[PR=1.57 (Belgium) to 3.72 (Norway)] were
more often resected across most countries.
Resection was more frequently performed for sig-
net ring cell cancers (SRCs) in the US (PR=1.09)
and Belgium (PR=1.35). Patients with invasion
of adjacent structure mostly underwent less often
resection [PR=0.34 (Sweden) to 0.65 (the US)].

Stratified analyses of the temporal

resection trends

We further analyzed the association between
resection and diagnosis year stratified by patient
age, tumor histology, and location (Table 3).
While the patterns and strengths of association
across the various strata were mostly similar to
the overall findings, we observed stronger decreas-
ing trends for cardia tumors compared with non-
cardia tumors in the US.

Discussion
To the best of our knowledge, our report is a pop-
ulation-based international investigation of the
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Figure 2. Rates of resection for gastric carcinoma with synchronous distant metastasis stratified by patient

age and tumor location, 2010 or later.

largest scale on the patient and cancer features,
resection patterns and trends, and factors associ-
ated with resection for mGCs in Europe and the
US. Great variations across countries were
revealed. Rates of resection mostly decreased for
mGCs. We consistently observed decreasing
trends across various stratifications. We further
identified various patient and cancer factors asso-
ciated with management.

In general, upfront excision of the primary malig-
nancy is not routinely recommended for cases
with mGC,220 while resection could be consid-
ered for colorectal cancer with limited managea-
ble metastasis, with possible survival benefits.?1:22
Although advances in surgery and perioperative

care have contributed to fewer mortalities and
morbidities, the role of resection is still debated
among cases with technically resectable mGC.%?23
Reports on trends of resection for mGCs in
European countries have been rare. Some patients
with mGC underwent primary cancer-directed
gastrectomy, albeit with declining trends seen
across most countries in our study. The decreas-
ing trends remained after controlling for multiple
patient and cancer features, and were mostly con-
sistent across various stratifications by age, histol-
ogy, and location. We further showed that the
decreasing degree varied largely across countries,
and that resection rates decreased on average by
as much as 10% per year in Norway compared
with 2% per year in the Netherlands. The
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temporal trends in Slovenia and Estonia were
insignificant and could possibly be explained by
the paucity of the cases. Greatly discrepant rates
of resection in 2013-2014 (5-16%) resulted from
the largely varying temporal trends.

Observational studies!®1> showed that palliative
excision of primary tumor might enhance survival
and quality of life within a selected subgroup of
cases with mGC especially in expert centers. A
meta-analysis!® of about 20 randomized studies
showed that cyto-reductive operation for mGC
with peritoneal carcinomatosis was associated
with enhanced survival outcomes up to 3years,
although not at 5years. It should be noted, that,
for patients with limited metastatic disease, no
evidence supporting survival benefits associated
with reduction gastrectomy, which aims at
improving survival by reducing cancer volume,
was observed in the randomized REGATTA
study established in Asian patients.2%25> However,
in the German phase IT AIO-FLOT?3 trial,2% cases
with limited distant metastasis who received neo-
adjuvant chemotherapy and proceeded to resec-
tion had favorable survival outcomes. Another
important study?’ evaluated cytoreductive sur-
gery for selected patients with mGC treated with
systemic chemotherapy by analyzing about
30,000 chemotherapy-treated patients from the
National Cancer Database (NCDB) and applying
the nearest-neighbor 1:1 propensity score-match-
ing method; after matching, patients undergoing
cytoreductive surgery comprising gastrectomy
and metastasectomy had longer overall survival
than those receiving no surgery [median: 16 ver-
sus 9months; hazard ratio for surgery versus no
surgery: 0.56, 95% confidence interval
(CI)=0.49-0.63]. The findings suggest that in
addition to systemic chemotherapy, cytoreductive
surgery may be associated with an overall survival
benefit for a selected group of patients with mGC,
which warrants further prospective investigation.
Before further evidence is obtained, gastrectomy
should only be regarded to be experimental for
cases with mGC or for palliation purposes among
tumors with stomach outlet obstruction.

Recent advancement in chemotherapy has con-
tributed to great regression of tumor in some
patients with initially inoperable mGC and
might render them resectable after a good
response.?* While the pre-surgical management
may improve resectability through down-staging
cancer, it may as well allow abundant time for

further development of more advanced tumors
or even distant metastases.

The decreasing rates of resection may suggest the
increasingly stricter criteria of selecting candi-
dates for resection, which potentially leads to
more favorable outcomes for patients undergoing
gastrectomy. Recent advancement in diagnostics
has made the identification of cases with meta-
static cancer more efficient and therefore they less
frequently received aggressive management,28:2°
Improvements in imaging, increase in use of diag-
nostic laparoscopy and of peritoneal washings
may account for some of the trends, and more
patients who were previously thought to have
locoregional disease are now considered to have
metastatic disease and may not be considered for
surgical treatment.

Compared with cases with non-metastatic can-
cer,!® those with mGC were younger and more
often had cardia and poorly-differentiated or
undifferentiated cancers, which more frequently
involved adjacent structures and/or lymph nodes.
The associations of resection with patient and
cancer factors in mGCs were similar to those in
non-metastatic diseases.!® Older ages (especially
=70years) and cardia cancers (especially when
compared with antrum/pylorus cancers) were
found to be significantly associated with less fre-
quent resection. Before starting management for
older individuals who are more often frailer and
who have more frequent comorbidities and antic-
ipated post-treatment morbidities or mortalities,
generally it would be helpful to perform geriatric
evaluation taking the overall conditions and
expected lifespan into account. Distal cancers
may be more frequently associated with obstruc-
tive symptoms which could not be easily managed
by less aggressive measures like feeding tube, ren-
dering them more frequent candidates for resec-
tion. Furthermore, proximal cancers could be
more surgically challenging especially concerning
anastomosis after resection.3? Tumors with adja-
cent structures invasion were mostly less fre-
quently resected, possibly because of the difficulty
of surgery. Patients with SRCs, a quickly increas-
ing patient group with inferior survival outcomes,
have been revealed as inherently less sensitive to
chemotherapy.3!-33 Metastatic SRCs were more
frequently operated in certain countries, and the
disparities across countries might be influenced
by variations in SRC classification. The discrep-
ant strengths and patterns of the correlations of
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treatment with patient and cancer features across
countries underline the greatly differing clinical
practice and the necessity for further clarification
of the definitive role of resection in mGCs.

This difference in clinical practice could be
explained in part by a lack of a uniform definition
for cases with limited (oligo)metastatic cancer
who are potentially suitable candidates for sur-
gery. This lack of consensus is addressed by the
OligoMetastatic Esophagogastric Cancer
(OMEC) project, a multidisciplinary project
endorsed by ESMO, IGCA, EORTC, ESTRO,
ESSO, and ESDE which will establish a European
multidisciplinary consensus statement for esoph-
agogastric cancer with limited (oligo)metastasis
(www.OMECproject.eu).

Our observational study has some limitations.
National registry-based studies are particularly
prone to unavoidable selection bias due to the ret-
rospective nature. Among patients with mGCs,
those with better performance status might be
more likely to receive gastric resection. In our
observational, population-based study of multiple
nationwide European cancer registries and the
US SEER-18 database, information on the
Eastern Cooperative Oncology Group (ECOG)
performance status or number of comorbidities
for mGC was not available or had large propor-
tions of missing values which prohibited a mean-
ingful analysis in most registries, and was hence
not included in the multivariable analyses; how-
ever, performance status and comorbidities might
be important confounders that might impact the
multivariable findings. The potential subtle dif-
ferences in patients’ demographics between coun-
tries might in part account for the varying
resection trends. Being aware of this, we first
showed the resection rates standardized by age,
and further the multivariable-adjusted associa-
tions of year of diagnosis with resection. The rela-
tively small proportion of cardia cancers in
Estonia might be a factor impacting the overall
trend of resection. Accordingly, we further looked
into the multivariable-adjusted trends as revealed
by the associations of year of diagnosis with resec-
tion, overall (Table 2) and in subgroups stratified
by factors including tumor location (Table 3),
and after adjustment for multiple variables includ-
ing tumor location, resection trends remained
similar both overall and in stratified analyses.
Various studies on resection of the primary tumor
and isolated metastases in mGC including the
GYMSSA trial3%35 evaluating gastrectomy plus

metastasectomy followed by chemotherapy in oli-
gometastatic GC highlight the importance to dis-
tinguish patients with different metastatic burdens
especially between those with multiple non-
resectable metastases and those with potentially
resectable oligometastatic GC. In our population-
based study only data on metastasis to bone,
brain, liver, or lung were available in the US
(since 2010) and the Netherlands (Table 1), and
more specific information on metastatic burden
(single resectable distant metastasis, oligometa-
static disease, or multiple metastases) or number
of metastases could not be derived from the cur-
rent available information also considering that
there might be distant metastases to other sites
the information on which was not available. We
focused on the application of resection; informa-
tion on the use of modern systemic (including tar-
geted) therapies, expensive palliative endoscopic
treatment (stents), and diagnostic/staging lapa-
roscopy, which is interesting to further investi-
gate, was not available or had low sensitivity
making this information not suitable for such pat-
tern and trend association analyses across
countries.

Registration quality may vary. Some variables
(e.g., differentiation) were not incorporated into
models considering the relatively large propor-
tions of unknown data. Data were not pooled,
given the possible heterogeneity; they were sepa-
rately analyzed, shown, and interpreted for each
individual registry. In some countries certain vari-
ables were not registered. Information on meta-
static site was only available in the registries of the
US (since 2010) and the Netherlands.
Nevertheless, regardless of metastatic site, GCs
with distant metastasis were recognized as unre-
sectable disease across guidelines.%2%36 Notably,
in Estonia, the proportion of cardia tumor was
relatively low (14%), and SRC was commonly
reported (31%). While this might indicate the
varying disease patterns in different parts of
Europe, possible discrepancies in registry and
clinical practices may as well have some roles,
highlighting the significance of further standardi-
zation. The study periods were not completely
the same. Nonetheless, the time period
2003/2004-2013/2014 were mostly covered, and
diagnosis year was included in all the multivaria-
ble-adjusted modelling. In addition, our study
was limited to Europe and the US, and the find-
ings might not be generalizable to the other coun-
tries, particularly those in East Asia in which the
GC incidence rate is higher.
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Of note, the greatest number of mGCs ever stud-
ied, consistently coded variables across multiple
population-based nationwide cancer registries,
strict quality control, careful selection of cases,
and valid standardized statistics enable our work
to present informative and important findings
concerning care for mGC. Our report may aid to
identify discrepancies in clinical practices and
offer new pivotal references for making effective
strategies for management of GC at the popula-
tion level, which has possible pivotal relevance for
guiding appropriate resource allocation and
healthcare policymaking in Europe and the US.

Conclusions

In Europe and the US patterns and trends of
resection largely varied across countries for
mGCs, which mostly underwent less often pri-
mary cancer-directed resection in the early 21st
century. Various variables were identified to be
associated with resection, with greatly varying
patterns and strengths of associations across
countries. Our findings highlight the great need
for further clarifying the role of resection in mGCs
to enhance standardization of care.
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