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Abstract

Background: Resection is the cornerstone of curative treatment for many non-
metastatic gastric cancers (GCs), but the population treatment patterns remains
largely unknown. This large international population-based study aimed at
investigating the treatment patterns and trends for nonmetastatic GC in Europe
and the United States and at exploring factors associated with resection.
Methods: Data of patients with microscopically confirmed primary inva-
sive GC without distant metastasis from the national cancer registries of the
Netherlands, Belgium, Sweden, Norway, Slovenia, and Estonia and the US
Surveillance, Epidemiology, and End Results (SEER)-18 Program were retrieved.
Age-standardized treatment rates were computed and trends were evaluated
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using linear regression. Associations of resection with patient and tumor char-
acteristics were analyzed using multivariable-adjusted log-binomial regression.
Analysis was performed in each country respectively without pooling.
Results: Together 65707 nonmetastatic GC patients diagnosed in 2003-2016 were
analyzed. Age-standardized resection rates significantly decreased over years in
all countries (by 4-24%). In 2013-2014, rates varied greatly from 54 to 75%. Patients
with increasing ages, cardia cancers, or cancers invading adjacent structure were
significantly less frequently resected. Resection was further associated with sex,
performance status, comorbidities, tumor histology, tumor size, hospital type,
and hospital volume. Association patterns and strengths varied across countries.
After multivariable adjustment, resection rates remained decreasing (prevalence
ratio = 0.97-0.995 per year), with decreasing trends consistently seen in various
subgroups.
Conclusions: Nonmetastatic GCs were less frequently resected in Europe and
the United States in the early 21st century. Resection rates varied greatly across
countries and appeared not to be optimal. Various factors associated with resec-
tion were revealed. Our findings can help to identify differences and possibly
modifiable places in clinical practice and provide important novel references for
designing effective population-based GC management strategies.
 In Europe and the United States, nonmetastatic gastric cancers were less fre-
quently resected in the early 21st century.
* Resection rates varied greatly across countries and appeared not optimal.
* Various factors associated with resection were revealed.
* Our findings identify differences and possibly modifiable places in clini-
cal practice and provide important novel references for designing effective
population-based management strategies.

KEYWORDS
gastric cancer, international population-based study, patterns, policymaking and resource allo-
cation, resection, trends, variation

GC is marked for the global variations in etiology,
incidence, patient and tumor characteristics, manage-

Worldwide approximately 1 034 000 patients are esti-
mated to be newly diagnosed with gastric cancer (GC) and
approximately 783 000 GC-associated deaths are estimated
to occur in 2018, making it the fifth most commonly diag-
nosed malignancy and the third leading cause of cancer-
related mortality.! The majority of patients with early-
stage GCs can be cured, however, in Western countries
many GC patients have advanced diseases at diagnosis.’
Adequate resection remains the cornerstone of potentially
curative treatment which can assure long-term survival for
medically fit patients with resectable nonmetastatic GC.> ™
Notably, involvement of peristomach structures in non-
metastatic cancers might preclude resection.

ment, and outcomes.®’ Being less prevalent, GC care has
not been well investigated in Western countries, which
potentially hampers survival improvement. Real-world GC
treatment patterns at the population level, which may
be directly associated with the overall survival statistics,
have remained largely unknown in most Western coun-
tries except the Netherlands.®” Notably, the application of
resection, which is the fundamental treatment for GC, has
been rarely studied. International analyses of treatment
patterns and trends could help to identify differences and
possibly modifiable patterns in clinical practice, of poten-
tial relevance for guiding adequate health policymaking
and resource allocation.
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In this large international population-based study, we
investigated the application of resection for nonmetastatic
GCs in Europe and the United States and explored the fac-
tors associated with resection.

2 | METHODS

2.1 | Patients

An extensive retrieval of nationwide population-based reg-
istries was performed, and the selection of contacted Euro-
pean registries is shown in Supporting information Table
S1. Individual-level data of GC patients from national
population-based cancer registries of the Netherlands, Bel-
gium, Sweden, Norway, Slovenia, and Estonia, and the
US Surveillance, Epidemiology, and End Results (SEER)-
18 Program were finally included (Table 1).The SEER Pro-
gram is an authoritative source for cancer statistics in
the United States, and currently collects data on cancer
incidence and survival from population-based cancer reg-
istries covering approximately 35% of the US population.”
Registry characteristics have been described in detail
previously,'' and the data were generally of high quality.
This study was approved by the Ethics Committee of the
Medical Faculty Heidelberg.

Cancer topography and morphology followed the
International Classification of Diseases for Oncology,
Third Edition.”> Only patients with microscopically con-
firmed primary invasive malignancies of the stomach
(C16) registered in 2003 through 2017 were selected.
To focus on patients who may have potentially cura-
tive resections and for whom those resections would
make a considerable difference to outcomes, analyses
were restricted to cancers without distant metastasis.
Both cardia and noncardia GCs were included. Indi-
viduals with noninvasive benign/premalignant/in situ
tumors, non-GC neoplasms, involving the stomach, gas-
trointestinal stromal tumors/sarcomas, neuroendocrine
tumors/carcinoids, lymphomas, or germ-cell neoplasms,
were excluded (Supporting information Table S2). Cases
diagnosed based on death certificate only (DCO)/autopsy
were also excluded.

Data on patient (year of diagnosis, sex, and age), cancer
(location, differentiation, histology, and stage), treat-
ment (resection, chemotherapy, and radiotherapy), and
follow-up variables (survival time and status) (re)coded
following a uniform data-request sheet were obtained.
Information on hospital type (the Netherlands, Belgium,
and Sweden), hospital volume (the Netherlands, Bel-
gium (for resected patients only), and Sweden), tumor
size (the US), Eastern Cooperative Oncology Group
Performance Status (ECOG-PS) score (Belgium and

General information on participating population-based registries

TABLE 1

1

Excluded cases

Not

Not

Analyzed

Metastatic cases

23280 (29)
7112 (39)
2805 (20)

Unknown

Precancerous/in situ metastasis

780 (1)

pathologically pathologically

Registered
cases

2

eligible

DCO/autopsy diagnosed

855 (1)

Diagnosis period
Jan. 2004-Dec. 2015 79 091

Jan. 2005-Dec. 2014
Jan.2004-Dec. 2013

Country
The US

Source

SEER-18’
NC

37 829
9745
6468

5344 (7)
711 (4)

10 020 (13)
78(< 1)
1670 (12)
0(0)

983 (1)

343 (2)

309 (2)
80 (1)

48 (< 1)

NA
NA

18346
14122

Netherlands
Belgium

R

ANSLATIONAL MEDICINE
OpenAccess)

3076 (22)
471 (6)

23(<1)
0 (0)

BCR
S

4486

2783 (35)

169 (2)
299 (5)

Jan. 2006-Aug. 2016 7909

Sweden

CR

3258

1779 (29)
1655 (31)

362 (6)

5(<1)
9(<1)
0(0)

438 (7)

53 (1)

Jan. 2003-Dec. 2014 6194
NA

Norway

CRN
CRS
ECR

2893

236 (4)

231 (4)
114 (5)

241 (5)

Jan. 2003-Dec. 2013 5265

Slovenia

1028

801 (33)

245 (10)

139 (6)

67 (3)

Jan. 2009-Dec. 2014 2394

Estonia

Shown as n (percentage [%]).

1

Based on criteria shown in Supporting information Table S3. Preliminary case selection according to cancer histology had been performed by the national cancer registries of the Netherlands and Sweden.

Data of the year 2003 were not analyzed, as the TNM stage (version 6/7) information was unavailable.

2

3

SEER, Surveillance, Epidemiology, and End Results Program; NCR, Netherlands Cancer Registry; BCR.

of Slovenia; ECR, Estonian Cancer Registry; DCO, death certificate only; NA, not available.

30f15

, Belgian Cancer Registry; SCR, Swedish Cancer Registry; CRN, Cancer Registry of Norway; CRS, Cancer Registry



40f15 CLINICAL AND TRANSLATIONAL MEDICINE
————————— D

HUANG ET AL.

3

Sweden), American Society of Anesthesiologists (ASA)
score (Sweden), and comorbidities (Eindhoven, the
Netherlands and Belgium) were only available in certain
registries.

Resection was defined as removal of the primary tumor
irrespective of the type, extent, and radicality of exci-
sion and lymphadenectomy, and of the method, approach,
procedure, and technique of management, and included
open, minimally invasive, and endoscopic (only used for a
small proportion of cancers with invasion limited to lam-
ina propria/submucosa) resection. Tumor local invasion,
lymph node involvement, and distant metastasis were
derived from the American Joint Committee on Cancer
(AJCC)/Union for International Cancer Control (UICC)
TNM staging, and were reclassified into categories consis-
tent across the investigated period when the sixth/seventh
edition was in effect.

2.2 | Statistics

Data were analyzed and presented separately in each
country without pooling. Patient age was categorized into
four groups (<60, 60-69, 70-79, and >80 years). Age-
standardized treatment rates were calculated using the
age distribution of the US patients, the largest group of
patients analyzed, as the standard. Temporal trends of
the standardized rates were assessed using linear regres-
sion, and rates over two-calendar-year periods were shown
graphically. Subgroup analyses according to patient age
and tumor location were further conducted, and age- and
location-specific rates in 2010 or later were graphically
illustrated.

Multivariable log-binomial regression models were
constructed to investigate the associations of resection
with patient and tumor characteristics with adjustment
for year of diagnosis, sex, age group, tumor location,
and histology in main analyses. Log-binomial maximum
likelihood prevalence ratios (PRs) were computed.'® Sub-
group analyses according to age, location, histology, and
invasion of adjacent structures were further conducted.
Further sensitivity analyses were performed by limiting
patients to those with tumor invasion beyond submucosa
and/or with positive lymph nodes where endoscopic
resection was rarely performed. Associations with addi-
tional variables (adjacent structure invasion, hospital
type and volume, tumor size, ECOG-PS and ASA scores,
and comorbidities) were evaluated by adding them one
by one into the main models in countries with available
information. SAS software (v.9.4; Cary, NC) was used for
analyses. Statistical significance was defined by two-sided
P < .05.

3 | RESULTS

Overall 1 33 321 GC patients registered in the population-
based registries were initially included (Table 1). Patients
with DCO/autopsy-based diagnosis (1%), without micro-
scopically confirmed or eligible pathology (11%), with non-
invasive diseases (1%), without information on distant
metastasis status (8%), and with distant metastasis (30%)
were excluded. Exclusion of patients with unknown metas-
tasis status affected overall resection rates by only 0-3%
units in the United States, the Netherlands, Sweden, Nor-
way, and Slovenia, but markedly increased the resection
rate in Belgium (from 51 to 61%), where the proportion of
unknown metastasis was relatively high (22%; Supporting
information Table S3). Finally 65 707 patients with non-
metastatic disease were analyzed. Characteristics of over-
all and resected nonmetastatic GC patients are shown in
Table 2 and detailed in Supplementary Results.

3.1 | Resection trends

Age-standardized resection rates decreased over time in
all countries (Figure 1). The largest average decreases
were observed in Norway (2003-2004 to 2013-2014: 78 to
54%; Pyyena < -001) and Sweden (2005-2006 to 2013-2014: 69
to 54%; Pyreng < .001). Moderate decreases were observed
in the United States (2003-2004 to 2013-2014: 72 to 60%;
Pirena < -001) and Estonia (2009-2010 to 2013-2014: 80 to
74%; Pireng = -020). The Netherlands (2005-2006 to 2013-
2014: 72 t0 68%; P,yenq = -005), Belgium (2003-2004 to 2013-
2014: 80 to 75%; P;yenq < .001), and Slovenia (2003-2004 to
2013-2014: 77 to 70%; Pyenqg = -002) showed the slightest
decreases.

When limiting cancers to those without adjacent struc-
ture invasion and to those invading beyond submucosa
and/or with positive lymph nodes where endoscopic resec-
tion was rarely performed, the decreasing resection trends
remained in all countries.

3.2 | Resection trends according
to age group and tumor location for
nonmetastatic cancers

Subgroup analyses of resection trends according to
age group and tumor location were further conducted
(Figure 2). Resection rates were higher in younger
patients, and the decreasing trends were weaker or
disappeared in patients <70 years compared to those
>70 years in the Netherlands (2005-2006 to 2013-2014: 83
to 83%, Pireng = 915 vs 63 to 54%, Pieng < .001), Sweden
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FIGURE 1 Age-standardized resection rates for nonmetastatic gastric cancers. In the United States and Norway, the decreasing trends
started from as early as the 1980s and the 1960s, respectively (data not shown)
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FIGURE 2 Age-standardized resection rates for nonmetastatic gastric cancer by age and tumor location

(2005-2006 to 2013-2014: 80 t0 66%, Pyeng = -011 vs.60 to  Norway (2003-2004 to 2013-2014: 90 t0 60%, Pyyeng < -001
43%, Pyeng < -001), and Slovenia (2003-2004 to 2013-2014: Vs 68 to 48%, Pyenq = -001), and Estonia (2009-2010 to 2013-
84 t0 84%, Pjyong = -807 VS 71 t0 58%, Pieng = -002). The  2014:89 t0 80%, Pjyong = -011VS.72 t0 68%, Pyyeng = -149). The
decreasing trends were stronger in patients <70 years in ~ magnitudes of decrease were similar in both age groups in
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FIGURE 3

Belgium (2003-2004 to 2013-2014: 86 to 80%, Pyepq = -010
v8.75 t0 70%, Pjrepng < -001).

Resection rates for cardia cancers were lower than those
for noncardia tumors. The magnitude of decrease was
weaker in cardia cancers than noncardia ones in Sweden
(2005-2006 to 2013-2014: 63 to 56%, Pjreng = -008 vs 75 to
56%, Pyeng < -001). The trends were only significant in non-
cardia cancers in Belgium (2003-2004 to 2013-2014: 82 to
78%; Pirena = -016), Slovenia (2003-2004 to 2013-2014: 90 to
82%; Pyend = -006), and Estonia (2009-2010 to 2013-2014:
82 t0 75%; Pyyeng = -035). Similar decreasing magnitudes in
cardia and noncardia cancers were observed in the United
States (2003-2004 to 2013-2014: 64 t0 54%, Pyenq < .001 vS78
to 69%, Pgenq < -001), the Netherlands (2005-2006 to 2013-
2014: 66 t0 58%, Piyong < -001 Vs 78 t0 73%, Pyyong = -016), and

Resection rates for nonmetastatic gastric cancers by age group and tumor location in 2010 or later

Norway (2003-2004 to 2013-2014: 67 to 46%, Pyyepq = -001 vs
85 t0 65%, Pyeng < -001).

3.3 | Recent resection rates for GC by age
group and tumor location

We limited the patients to those diagnosed in 2010 or
later, a recent period when all countries had data, to
calculate the resection rates according to age group and
tumor location (Figure 3). Resection rates decreased with
increasing ages in all countries. The rates were markedly
lower in patients >80 years (27% [Sweden] to 66% [Esto-
nia]) compared to the other age groups (<60 years: 65%
[Norway] to 88% [Slovenia]; 60-69 years: 63% [Norway]|
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to 87% |[Slovenial]; 70-79 years: 55% [Sweden] to 79% ;g
[Belgium]), with large variations across countries. In most = £y 22288 4q 838 g g4
countries, resection rates were lower for cardia cancers o 2 T T2 a ol i 3 E§
(49% [Sweden] to 74% [Belgium]) than for fundus/body g -E E S g/ § :'O_q, l\;, g/ i ;; g/ \é S %
(54% [Sweden] to 88% [Slovenia]) or pylorus/antrum % ‘g ; 8 3 3 & R 3 § 8 & 3 %‘E
cancers (58% [Sweden] to 81% [Slovenia]). & MM B M ;'25
1152283538888 ;¢
. . . Se2d23%38322¢2zg 42
3.4 | Factors associated with resection e 88cSSsSs 2 S 3s e g 5
We further investigated variables associated with resection 2 S5
in each country using multivariable-adjusted log-binomial = 2258 S a2~ 9 g%
models (Table 3), which further supported the decreasing ; 3} E S E : f f : : C:D S fbg
resection rates (PR per year = 0.97 [Sweden, Norway, and .§ 4] § 2 § = 5 é E 3 § ) 5 % S
Estonia] to 0.995 [the Netherlands] across countries). E E % 5 =Zs 883 Iz § 8 T=
While resection was not significantly associated with é B < k=i - el ~ ksl © S éé
sex, it was less frequently performed with older age and 2 . g e 2 Q Sr; [ @ § @ & ::
for cardia cancer in all countries. Specifically, compared to é c? NS 7 o S o 2 g < 3 g
patients <60 years, PRs for resection in patients aged 70-79 '3 _§ E 3 2 =) 3 S S = s & 55
and >80 years were 0.86 (the Netherlands) to 0.95 (Nor- 8 2 = S g 28 2 E E 5 R 7} §
way) and 0.49 (Sweden) to 0.79 (Estonia), respectively. In § ARAKGS <SS e HdS 1S § B
all countries except Estonia where associations with loca- g - T aafea 8<% ? —fn :é
tion were insignificant, resection rates of fundus/body and % o S E E e E o E 29 %E
antrum/pylorus cancers were higher than those of cardia é E § g 3 3 g/ ‘é g i g § ; g%
cancers, with PRs ranging from 1.06 (Belgium) to 1.21 (Nor- = 5 = 33 23R8 =8 = 8 E E
way) and from 1.11 (Belgium) to 1.34 (Norway), respectively. 5 R RS 4o S o0 -Hm--s4H0 §§ .
Resection was less often conducted for signet ring cell car- § @ _ £ 2 zé %
cinomas (SRCs) in the United States. Adjacent structure 2 _5 . g8 = 220 SR8 T é é g E
invasion was associated with less frequent resection in all % E» 3} § % 3 3 C‘?; R = C:D OOO %DE ég
countries (PR = 0.57 [Sweden] to 0.80 [Norway]). 5 g §° % < g/ 3 \2/' 1 2 § 2 ;; %‘i E s
Associations of resection with further variablesavailable £ 2 ' 2 2 5§ 8 2 5 8§ 3 3 R 53 T4
in certain countries are shown in Table 4. Management 3 FRAc3csSe=Adsds Tgé §7§
in academic hospitals was associated with more frequent i’ - £ 83 T8 sa88 é'? § § E g 3
resection in the Netherlands, Belgium, and Sweden. In = 3] OOO 5 E 2 = E o S 2 £ % e q
the Netherlands and Sweden, a smaller hospital volume 2 2 Eﬁ g S 2 g/ é = ) = ioh/ ‘é E; § § E g
was associated with less frequent resection. In the United Té RS é’ é’ A E 2 § L% §E§n§ §
States, resection was more frequently performed for S AN e N EEEE
smaller tumors. With higher ECOG-PS and ASA scores, i;‘ 9 % e § :g ?D
resection was much less often performed. Cardiac disease, :Lé 2 Li g % é g §
vascular disease, and pulmonary disease were associated E © % g 9 g fg é % g
with less frequent resection. More than two comorbidi- § TE“ N é g 2 g g 3 gi
ties were associated with 9% reduced resection rates in % 25 23 g g e S g = % | g T:; s’a"
Eindhoven. The decreasing resection trends over time £ §° E* = 5 > 228y fe 5 § g8 2
remained after adjusting for these factors. % 8B é 3 E 28 8% ?ﬂ,% ks § = % gé
L o
1<) 7] =] a,
3.5 | Subgroup analyses regarding the ﬁé g 5 § § é’ éﬂ g &
association of resection with year of S “ E = . £ 333 %Té
diagnosis < g B s 28 2588
- g o; 3F £2 cgEis
Subgroup analyses on the association of resection with A ;3': % a § i é '; % % 2< % 2
. . . o = s 22 E 4%
year of diagnosis were performed according to age, tumor ﬁ g é é ED \87 E é‘@ E, ? gﬁ ED% ]
location, histology, and invasion (Table 5). We selected = ~58-0
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TABLE 4 Association of hospital type, hospital volume, tumor size, performance status, and comorbidities with resection in
nonmetastatic gastric cancer in registries with available information using multivariable-adjusted log-binomial regression

The US The Netherlands Belgium Sweden

Variable Category n PR(95%CI)) N PR(95%CI) n PR(95%CI) n PR (95% CI)

Hospital type Nonacademic - - 7857 1.00 (reference) 3906 1.00 (reference) 2515 1.00 (reference)
Academic - - 1875 113 (111-116) 2510 1.05(1.03-1.07) 1971 1.11(1.06-1.16)

Hospital <10 = = 1232 0.93 (0.90-0.96) - = 872 0.92(0.87-0.96)

volume

(resec-

tions/year)
10-20 = = 1374 0.94 (0.91-0.97) - = 931 0.97(0.94-1.01)
>20 - - 1000 1.00 (reference) - - 1373 1.00 (reference)

Tumor size <2 1694 1.04 (1.03-1.05) - - - - - -

(cm)
2-4 2747 1.02 (1.01-1.03) - - - - - -
>4 5056 1.00 (reference) - - - - - -

ECOG score 0-1 - - - - 4285 1.00 (reference) 3194 1.00 (reference)
2 - - - - 510 0.87(0.81-0.93) 763  0.51 (0.45-0.57)
>3 = = = = 159 0.48 (0.39-0.60) 287  0.15(0.10-0.22)

ASA score  1-2 - - - - - - 2949 1.00 (reference)
3 - - - - - - 1166  0.74 (0.68-0.79)
>4 - - - - - - 236 0.31(0.24-0.42)

Comorbidity Cardiac disease - - 615/1437  0.93 (0.87-1.00) 3405/3063 0.99 (0.96-1.01) - -

Vascular disease — - 349/1703  0.89 (0.81-0.98) - - - -

Hypertension - - 588/1464 1.00 (0.94-1.06) - - - -

Diabetes - - 336/1716  0.94 (0.86-1.02) 980/5488 0.97 (0.93-1.00) - -

Pulmonary = = 255/1797  0.95(0.86-1.05) 370/6098 0.94 (0.83-1.00) - =
disease

Comorbidity 0 - - 609 1.00 (reference) - - - -

no.
- - 548 1.00 (0.95-1.06) - - - -
>2 - - 895 0.91 (0.85-0.98) - - - -

' Prevalence ratios and 95% confidence intervals for associations of hospital type, hospital volume, tumor size, ECOG score, ASA score, and comorbidity with resec-
tion versus nonresection were calculated by adding these variables one by one into the main multivariable-adjusted log-binomial regression models adjusting for
year of diagnosis, sex, age group, tumor location, and histology. The reference categories for each comorbidity were those without the corresponding comorbidity.
Previous cancer was available and also adjusted for in the United States, the Netherlands, and Belgium. All models converged. Statistically significant prevalence
ratios are shown in bold. Numbers for comorbidities are shown for with/without the respective comorbidity.

ASA, American Society of Anesthesiologists; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group PR, prevalence ratio; -, not available.

70 years as the age cutoff, considering the findings that
compared to patients aged <60 years, those aged 70-79
and >80 years had significantly lower resection rates in
most countries, while the resection rates for those aged 60-
69 years were mostly not significantly different (Table 3),
and that patients aged >70 years comprised nearly half
of the total patients (51-62%) (Table 1).While association
patterns in subgroups were mostly similar to the overall
ones, some interesting differences were observed.
Compared to patients <70 years, the decreasing trends
were stronger in those >70 years in the United States,

the Netherlands, Sweden, and Slovenia. Compared to non-
cardia cancers, the decreasing trends were stronger for
cardia cancers in the Netherlands and Norway. In SRCs,
in cancers without adjacent structure invasion, and in
cancers invading beyond submucosa or having positive
lymph nodes, association patterns and strengths were
mostly similar with those for total cancers. For cancers
invading adjacent structure, resection rates increased in
the Netherlands and more strongly decreased in Sweden,
and trends became insignificant in Belgium, Norway, and
Slovenia.



11 of 15

*(S9seD [B10) 08> 10/pUB PIJOISAI Of>) JOqUUNU IS [[BUWIS 0} NP UMOYS JOU “/ {(%HT)

opou ydwA[ aanisod pue (9/{) UOISEAUT [€00] JOWN) Yjoq JoF sanea Sursstur Jo suorzodord ySry 003 03 onp AeMION UT SISED O1JBISBIOW-UOU I0] UMOTY[S JOU ‘N ‘D[qB[TEAR JOU ‘- {[BAI}UI SOUIPIFU0D ‘TD) ‘01jeI duareadrd “YJ
“JuedIUSIS AJ[EOT)STIBIS DI P[OQ UI UMOYS SYJ 'SISED [10} 08> 10/PUB PAJIISAI Q> YIIM SILIIUNOD

10 UMOUS JOU I9M S}[NSAY "PISIaAU0d S[opoul [y "WNIS[og pue ‘SpuelIayIaN Y3 ‘SaJelS pajrun Y} Ul 10J pajsnipe os[e pue s[qe[leA sem Iadued snolrdld ASo[o3siy pue ‘uoneso] Jown) ‘dnois aSe xas 10y Sunsnlpe
S[opowW uolssa1891 [erwoulq-go] pajsnlpe-ojqerreAnnu SUISD PAJe[NI[Ed JI9M UOIIISAIUOU SNSIOA UOTIISAI UM (SNONUNUOD SE) SISOUSEIP JO IE JO UOIIBIOOSSE 10J S[EAIOJUI QUSPIIUOD %S6 PUE SONEI d0UAeADI]

w
z
O
(o)
(i}
=
W]
=
z
o
=
<
- |
(%2}
Z
<
o
(=
fa)
<
<
o
Z
p—
O

(66'0-96'0) L6'0  (00'T-66°0) 00T v (£6'0-96'0) L6'0 (00°T-66'0) 66'0 (00°T-66'0) 66'0 (66°0-86'0) 66'0 (1D %S6) 1824 T 19d ¥ sapou ydwA] aanisod yimm 1o/pue
esoonuwqns
89L/€€9 80T/09L LTST/TIIL L¥€€/200T 650S/T€TY 9STLILOYS 966 +T/TH8 8T ‘0l 18101/Pa10959Y puo£aq uotseAur Jown) I
/ (@T001)90T (20T-860) 00T (S6°0-,8°0) 160  (SOT-L6'0) TOT (60 T-#0'T) LOT (00T-86°0) 66'0 (ID %S6) Teak 1 12d ¥d
6€/1C 061/€6 €12/STT €8€/¥v1 89/LST 016/89€ TE0E/695T "0l [2101/Pa10959Y UOISBAUT 2IN30NIS JU0R(PE YIM
(66'0-96'0)86°0  (00°T-66'0) 00'T ~ (86'0-96'0) L6'0 (66°0-66'0) 66'0 (66'0-66'0) 660 (66'0-66'0) 66'0 (ID %S6) 1834 T 12d ¥d
188/SL 99¢/6£0C TOST/cSIT 662€/10TC TT65/068Y TCIL/TIO9 08 T€/PET €T ‘OU [eJ03/PAJOaSY  UOISEBAU SINJONIS JUSOR[PE JNOYIIA
(00'T-+6'0) L6°0 /  (10'T-L6°0) 66'0 - (00'1-86'0) 66'0 (00'1-86'0) 66°0 (86'0-86'0) 86°0 (ID %S6) 1edk T 10d ¥d
€8¢/1¢C vL/8Y 8LT/8LI - TL6/208 0S81/€€€T 08L9/98SY “0U [8303/PR)03sY BWIOUIDIED [[99 Jult 1ougig
(00T-96'0) 86°0  (00°'T-66'0) 660 (66'0-L6'0) 86°0 (86'0-96'0) L6°0 (00'T-86'0) 66°0 (00'T-66'0) 00T (66'0-86'0) 660 (1D %S6) Teak T 1od ¥d
VIL/6LS 8€CT/8901 TSET/000T SICT/ELET SE9T/LOET €ES/89€E  6€0 +1/00T OT ‘0U [8101/Pa10959Y RIPIEOUON
(€0T-680)S6'0  (10T-L6'0) 660 (L60-56'0)96'0 (66'0-960) £6°0 (00'1-66'0) 660 (66'0-L6'0) 86'0 (66'0-86'0) 66°0 (ID %S6) Teak T 1od Y
96/0L 9% /1€ LS8/08Y LSET/LEL ¥202/0TST 0£92/2291 TEL TL/LYEL ‘0l 12101/Pa10959Y eIpIeD
(66'0-€6'0) 96'0 (66°0-86'0) 86°0 (86'0-L6'0) 86'0 (L6°0-56'0) 96'0 (00°T-66'0) 66°0 (66°0-86'0) 660 (86'0-86'0) 86'0 (ID %S6) TeaL 1 1od ¥
TES/16€ 6851/2SO0T €102/8Y11 6CLT/SLTT Y08€/S6LT 99LS/L9EE  T6T 0T/806 T1 ‘0U [8101/Pa109SY s1eak L2
(66'0-56'0) L6'0  (I0°T-66'0) 00'T  (86'0-96'0)L6°0 (66'0-L6'0) 86'0 (66'0-86'0) 66°0 (00'T-66'0) 00°'T (66'0-66'0) 66°0 (1D %S6) 1edk T 10d ¥
96¥/9T¥ ¥OET/0TIL SKC1/606 LSL1/9zzT #997/10€T 6L6E/SETE  LES LI/TIT €L ‘0U [830)/P3}03saY s1eak OL>
’IUO)SH BIUDAO[S AemaoN uapams wniSdg  SPUBLIdYIN SN YL Jd[qerrep
YL
sdnoi3qns
SNOLIBA UL Eowmwo.uwwu _N_EOEEHMA: Uoumz_.ﬁw.mﬁﬂmtﬂ\/ﬁ_za wﬁ_wz Sisejseloll Jue}SIp INOYIIM I32Ued o_bmﬂm JI0J U0nd3asal Yim Amzozﬁﬁﬁoo w.mv m_moﬁw.mwﬁ Jo IeoA JO uoneroossy SHITIAV.L
]
&
=



12 of 15 CLINICAL AND TRANSLATIONAL MEDICINE
—_—_———

HUANG ET AL.

3

4 | DISCUSSION

To our knowledge, this is the largest international
population-based report on patient and tumor char-
acteristics, treatment trends, and treatment-associated
factors for nonmetastatic GC across Europe and the
United States. Our study revealed large variations in
treatment patterns across countries. Somewhat unexpect-
edly, resection rates decreased for nonmetastatic can-
cers, for which resection remains the only curative
treatment. The decreasing trend was consistently seen
in various subgroups. Furthermore, several tumor and
patient characteristics associated with resection were
revealed.

The observed decreasing trends are consistent with
some previous studies from the United States and the
Netherlands. In the United States during 1983-2002, resec-
tion rates declined by 6% units in all stages, and by
even 20% units in local stages.'*!> Using the US Nation-
wide Inpatient Sample in 1988-2000, gastric resection rate
showed a 20% decline.'® In the Netherlands, resection rates
for stage I-III noncardia cancer decreased from 71% in 1989-
1992 to 62% in 2005-2008, while rates for cardia cancer
remained relatively stable during that period.’ Resection
trends in the other European countries have been rarely
reported.

In Western countries, there is consensus that medi-
cally fit patients with nonmetastatic resectable GC should
undergo standardized resection in specialized, high-
volume centers."”'” While GC surgery has shown some
trends of centralization, the degree and the initiation
time vary across countries. We found that proportions
of patients managed and of resections performed in aca-
demic hospitals increased moderately in the Netherlands
(2005-2014: 14-22% and 17-34%) and Belgium (2004-2013:
38-43% and 40-47%), and strongly in Sweden (2006-2016:
34-70% and 38-84%). In the United States, proportions of
gastrectomy performed at centers with >9 yearly resections
increased from 43% in 1988-1989 to 48% in 1999-2000.° We
found that the proportions of patients managed (27-29%)
and of resections performed (33-33%) in hospitals with
>20 annual gastric/esophageal resections remained rela-
tively stable during 2005-2014 in the Netherlands, where
centralization of GC surgery has essentially been imposed
since 2012 only.?>"?! Proportions of resections done in hos-
pitals with >20 yearly resections increased moderately in
Belgium (2004-2013: 18-28%). In Sweden, proportions of
patients treated (30-72%) and of resections (32-68%) per-
formed in hospitals with >20 yearly resections increased
strongly in 2006-2016.

We found that GC was most commonly diagnosed in
patients >70 years and at stomach cardia. For elderly
patients who are more commonly frail the resection-

upfront approach might be suboptimal unless specifi-
cally tailored.”” Geriatric assessment would be helpful
before initiating treatment for older patients. However,
GC patients were getting increasingly younger in the
investigated period. Cardia cancer may be more surgi-
cally challenging.”> While the recently increasing inci-
dence of cardia cancer potentially impedes resection,”?*
resection rates for noncardia cancer were also decreasing.
Cancers invading adjacent structures had lower RO resec-
tion rates, which potentially bars resection. The different
patterns and strengths of associations of resection with
patient and tumor characteristics across countries high-
light the variation in clinical practice and the need for
standardization.

We have observed increasing clear-margin (RO) resec-
tion rates among all resections for nonmetastatic can-
cer in the Netherlands (2005-2014: 83-88%) and Sweden
(2006-2016: 83-92%). Furthermore, proportions of resec-
tions with >15 examined lymph nodes for nonmetastatic
disease increased in the United States (2004-2014: 36-51%),
the Netherlands (2005-2014: 32-67%), and Sweden (2006-
2016: 42-82%). While these trends could partly reflect the
surgical advances, they might also indicate the increas-
ingly stricter selection criteria of resection candidates.
While resection rates decreased, the indicated higher suc-
cess rates and better quality of resection could contribute
to better results for resected patients.

Following the pivotal MAGIC trial (2006),> periopera-
tive therapy is recommended as standard of care for most
resectable GC planned for resection throughout many
parts of Europe, and is increasingly favored over adjuvant
treatment.”>"?* While the preoperative approach might
enhance resectability by down-staging tumor, it also allows
substantial time for further growth of advanced cancers or
metastases, which potentially impeded the application of
resection. Greater access to and wider use of chemother-
apy and/or radiotherapy and presurgical chemotherapy-
associated toxicity might also preclude some patients from
receiving further resection.?**°

Proper patient selection for treatment is paramount.
Physician recommendation and expertise, and patient
preference and adherence importantly impact treatment
choice. In patients with unresected nonmetastatic GC in
SEER-18, the proportion of those recommended for surgery
decreased from 12% in 2004 to 11% in 2014. The aggres-
sive nature of GC and historically poor outcomes even
in the setting of operable disease should be discussed
with patients before treatment. Patient nutrition and psy-
chosocial statuses, organ function, medical history, toler-
ability, therapeutic burden especially cost, potential bene-
fit from resection, postoperative morbidity and mortality,
and quality of life should also be factored into treatment
decisions.
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This study was limited by its observational nature.
Some variables were not recorded in certain countries,
and the quality of registration might vary. Endoscopic
resection was recorded and clearly differentiated from
surgical resection only in the Netherlands and Sweden. To
maintain the consistency of definition and analysis across
countries, the term “resection” rather than “surgery” was
used in our study. Endoscopic resection is in essence a type
of and belongs to resection, like the case of surgical resection.
Sensitivity analyses by limiting patients to those who are
clearly not appropriate candidates for endoscopic resection
revealed similar trends. While variables included in the
main models were complete, some variables were not
included in modeling due to the relatively high propor-
tions of missing values (e.g., differentiation). Proportions
of unknown metastasis were particularly high in Belgium
(22%) compared to the other countries (4-10%). We did
not pool or compare data between countries, considering
the potential heterogeneity, but analyzed, presented,
and interpreted data for each country separately. It is
noteworthy that the proportion of cardia cancer was very
low in Slovenia (27%) and Estonia (12%), and SRC was
very often diagnosed in Estonia (28%). While this could
be partly explained by differences in dietary and obesity
patterns and the prevalence of Helicobacter pylori infec-
tion, potential variation in clinical and registry practice
might also play a role which underlines the importance
of further standardization. The reasons for the observed
decreasing resection trends were not totally clear. Further
studies are needed to explore factors accounting for the
observed decreasing resection rates. The investigated
time periods were not totally identical. Nevertheless,
they mostly covered the period 2003/2004-2013/2014, and
year of diagnosis was adjusted for in all multivariable
models. Finally, our analyses were restricted to the United
States and European countries, and the results may not
be generalized to other parts of the world, especially
countries in East Asia where the incidence rates of GC are
high.

Notably, the largest sample size ever investigated, uni-
formly defined variables across nationwide population-
based registries from multiple countries, careful case
selection and quality control, and standardized statistical
methods enabled this report to show important infor-
mative results regarding treatment for GC that warrants
clinicians’ and policymakers’ great attention.

In conclusion, nonmetastatic GCs were less frequently
resected in Europe and the United States in the early
21st century. Resection rates varied greatly across coun-
tries, and appeared not to be optimal. Various variables
associated with resection were revealed. Our findings
can help to identify differences and possibly modifiable
places in clinical practice and provide important novel

3

references for designing effective population-based GC
management strategies, of potential important relevance
for guiding adequate health policymaking and resource
allocation.
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