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CHAPTER 6

ABSTRACT

Objective: We examined the association between surgical hospital volume and both
overall survival (0S) and disease-free survival (DFS) using data obtained from the
international CRITICS (ChemoRadiotherapy after Induction chemotherapy In Cancer of
the Stomach) trial.

Summary background data: In the CRITICS trial, patients with resectable gastric
cancer were randomized to receive preoperative chemotherapy followed by adequate
gastrectomy and either chemotherapy or chemoradiotherapy.

Methods: Patients in the CRITICS trial who underwent a gastrectomy with curative
intent in a Dutch hospital were included in the analysis. The annual number of gastric
cancer surgeries performed at the participating hospitals was obtained from the
Netherlands Cancer Registry; the hospitals were then classified as low-volume (1-20
surgeries/year) or high-volume (=21 surgeries/year) and matched with the CRITICS
trial data. Univariate and multivariate analyses were then performed in order to evaluate
the hazard ratio (HR) between hospital volume and both OS and DFS.

Results: From 2007 through 2015, 788 patients were included in the CRITICS trial.
Among these 788 patients, 494 were eligible for our study; the median follow-up was
5.0 years. Five-year OS was 59.2% and 46.1% in the high-volume and low-volume
hospitals, respectively. Multivariate analysis revealed that undergoing surgery in a high-
volume hospital was associated with higher OS (HR=0.69, 05% CI=0.50-0.94, P=0.020)
and DFS (HR=0.73, 95% CI:0.54-0.99, P=0.040).

Conclusions: In the CRITICS trial, hospitals with a high annual volume of gastric cancer

surgery were associated with higher overall and disease-free survival. These findings
emphasize the value of centralizing gastric cancer surgeries in the Western world.
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INTRODUCTION

Gastric cancer is one of the most common types of cancer; in 2012, gastric cancer
accounted for approximately 951,000 new cases and 723,000 deaths worldwide.! In
the Western world, the survival rate of patients with gastric cancer remains dismal, as
most patients develop a locoregional recurrence within two years following treatment.?
In Europe, the 5-year survival rate among all stages of gastric cancer is approximately
25%; even after gastric cancer surgery with adequate lymph node removal, the 5-year
survival rate is still only 50%.3*

Recent decades have seen an increased recognition that the complex multidisciplinary
care of patients with gastric cancer should occur in a high-volume hospital in order to
improve surgical quality, perioperative care, and the survival rate of these patients.>”
Due to this increased awareness, several countries—including the UK, Denmark, and
the Netherlands—established a minimum number of gastric resections performed
annually at each institution.?-1°

A previous analysis of the CRITICS (ChemoRadiotherapy after Induction chemotherapy
In Cancer of the Stomach) trial revealed that surgery in a high-volume hospital is
generally associated with improved surgical parameters, including removal of an
adequate number of lymph nodes.!! In the CRITICS trial, patients with resectable
gastric cancer were treated with three cycles of preoperative chemotherapy, followed
by surgery with extended (D1+) lymph node dissection, followed by either three
cycles of either chemotherapy or chemoradiotherapy.’? Resection of at least 15 lymph
nodes during gastric resection occurred in only 50.4% of patients who were treated
in a very low-volume hospital (defined as 0-10 gastric resections/year) compared to
86.7% of patients who were treated in a high-volume hospital (defined as 231 gastric
resections/year).!* However, whether this increase in resection rate at high-volume
hospitals translates to improved oncological outcome remains unclear. In other words,
does surgery performed in a high-volume hospital actually result in a lower rate of
recurrence and/or increased overall survival among patients with gastric cancer?

To address this key question, we analyzed data regarding recurrence and uniform
follow-up of a subset of patients included in the CRITICS trial, focusing on surgeries
performed in the Netherlands. The aim of our analysis was to evaluate the association
between hospital volume with respect to gastric cancer surgery and the survival and
recurrence among patients who underwent gastric resection with curative intent.

METHODS

Study population
Patients who underwent gastricresection surgery with curative intentin a Dutch hospital
were selected from the CRITICS database. The study protocol for the CRITICS trial
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has been published previously.!? Patients with a histologically confirmed stage Ib-1Va
(based on the American Joint Committee on Cancer, 6™ edition) gastric adenocarcinoma
were included. In order to be included in the CRITICS trial, the bulk of the tumor had
to be located in the stomach, although extension into the gastro-esophageal junction
was allowed. Patients who were deemed ineligible for surgery, patients with distant
metastases, and patients with T1NO disease (determined with endoscopic ultrasound)
were excluded from the trial. Furthermore, patients with a previous malignancy, patients
with a single functioning kidney that would be within the radiation field, and patients
who underwent major surgery within four weeks prior to the start of treatment were
excluded.

Surgery

In the CRITICS trial, preoperative treatment consisted of three cycles of epirubicin,
cisplatin/oxaliplatin, and capecitabine (ECC or EOC) administered at three-week
intervals. Surgery was scheduled for three to six weeks following the final chemotherapy
cycle. Either an open or minimally invasive procedure was allowed. The principle of
surgery was a potentially curative gastric resection with removal of the N1 and N2
lymph nodes in accordance with a D1+ lymph node dissection (i.e., removal of lymph
node stations 1-9 and 11), with the successful removal of at least 15 lymph nodes.
Splenectomy and/or resection of the pancreatic tail was performed only in cases in
which there was directingrowth into these organs. After surgery, patients received either
three cycles of ECC/EOC or concurrent chemoradiotherapy, based on the randomization
protocol prior to the start of the trial.

Hospital volume

The patients in the trial were categorized by annual hospital volume, which was based
on the hospital and year in which they underwent gastric resection. Annual hospital
volume was defined as the number of gastric cancer resections performed in a given
hospital per year and was categorized as low (1-20 resections/year) or high (=221
resections/year). This cutoff between low-volume and high-volume hospitals was
based on a minimum volume of 20 resections/year/hospital, which was established
in the Netherlands in 2013. This national initiative was designed to centralize gastric
cancer surgical care in high-volume hospitals and was developed by the Dutch Health
Care Inspectorate. Although compliance with this initiative was strongly recommended,
no sanctions were imposed on low-volume hospitals after the minimum volume was
established.

Data regarding annual hospital volume was obtained from the Netherlands Cancer
Registry (NCR). All Dutch hospitals that participated in the CRITICS trial agreed to
share their annual number of gastric resections performed from 2007 through 2015
(the study period for the CRITICS trial). Gastric resection was defined as partial gastric
resection, total gastric resection, multiorgan surgery that included gastric resection, or
gastric resection not otherwise specified; surgeries that were performed for a benign
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indication were excluded. Patients were included based on the date of surgery, and
each patient was included only once. Because national centralization of gastric cancer
surgeries occurred during the study period of the CRITICS trial, some hospitals changed
from low-volume to high-volume during the trial; however, each patient was assigned to
one volume category based on the date of surgery.

Overall survival, disease-free survival, and postoperative mortality

Overall survival (0OS) was calculated from the date of surgery until the date of death
by any cause. Disease-free survival (DFS) was calculated from the date of surgery until
the date of recurrent disease (locoregional, distant, or peritoneal recurrence) or until
the date of death. Locoregional recurrence was defined as a recurrence at the original
location in the stomach, adjacent organs, regional lymph nodes (nodes 1-13), the site
of anastomosis, falciform ligament, transverse mesocolon, hepatoduodenal ligament, or
liver hilus. Distant recurrence was defined as recurrence in the liver, colon, lung, pleura/
pleuritis carcinomatosa, brain, bone, distant lymph nodes (nodes 14-16), gallbladder,
or ovary. Peritoneal metastasis was defined as peritoneal carcinomatosis, metastasis
in the greater omentum, or the presence of tumor-positive ascites. DFS and OS were
truncated at 5 years. Post-operative mortality was defined as death within 30 days of
surgery.

Follow-up

The duration of follow-up was defined as the interval between the date of surgery and
either the date of death or the end of follow-up (censored). In the first year, follow-up
visits were performed one, two, three, six, nine, and twelve months after the end of
treatment; thereafter, follow-up visits were performed once every six months until five
years after the end of treatment.

Statistical analysis

Patients were analyzed irrespective of their randomly assigned adjuvant treatment.
To rule out the possibility that the effect of hospital volume differed significantly
between the chemotherapy group and the chemoradiotherapy group, we performed
an interaction test. The Kaplan-Meier method was used to analyze OS and DFS, and
differences between the volume categories were tested using the log-rank test. In
addition, OS and DFS data were analyzed using Cox proportional hazard regression.
Frailty models were estimated in order to account for associations and unobserved
heterogeneity. The frailty variance was virtually zero; therefore, the center was not
taken into account in the multivariate analyses of OS and DFS. Differences with a P-value
<0.05 were considered statistically significant. All analyses were performed using SPSS
version 21.0.
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RESULTS

Patient characteristics, tumor and surgical characteristics, and postoperative treatment
by hospital volume

From January 2007 through April 2015, a total of 788 patients in 56 centers in the
Netherlands (n=631), Sweden (n=138), and Denmark (n=19) were randomized (Figure
1). For our analyses, 494 Dutch patients were included.

Data on hospital 788 included patients

volume of the CRITICS trial

(obtained from the Netherlands Cancer

Registry (NCR)) (2007-2015)

Included in Sweden (n=138)
Included in Denmark (n=19)

o Nosurgery (n=39)
* Progression disease (n=20)
* Death (n=9)
* Toxicity/ adverse events (n=6)
* Treatment refusal (n=2)
* Protocol deviation (n=1)

* Poor condition (n=1)
P»ie  No curative surgery (n=88)
* Explorative laparotomy (n=61)
* Bypass (n=21)
* Palliative resection (n=6)
e Others (n=10)
* Missing surgery reports (n=7)
* Informed consent with drawn (n=2)
* Surgery performed in Belgium (n=1)

494 patients who underwent
> surgery with curative intent |«
in the Netherlands

4

Analyses on:
Hospital volume — 0S
Hospital volume — DFS

Figure 1. Study flow chart depicting the inclusion and exclusion of patients in the current
analysis

A significantly higher number of high-stage tumors (P=0.042) and diffuse tumor types
(P=0.023) were treated in the high-volume hospitals compared to the low-volume
hospitals (Table 1). In contrast, the percentage of patients who completed preoperative
chemotherapy was similar between the high-volume and low-volume hospitals (85.0%
versus 86.1% , respectively; P=0.421). A microscopically radical (i.e., RO) resection was
achieved more often in the high-volume hospitals than in the low-volume hospitals
(87.9% versus 76.7%, respectively; P=0.005). The prevalence of postoperative
complications was similar between high-volume and low-volume hospitals (53.6%
versus 54.5%, respectively; P=0.961). Postoperative mortality was also similar
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between high-volume and low-volume hospitals (1.0% versus 3.1%, respectively;

P=0.093). The percentage of patients who completed either adjuvant chemotherapy
or adjuvant chemoradiotherapy was approximately 50% and did not differ between
high-volume and low-volume hospitals (P=0.300 and P=0.720 for chemotherapy and
chemoradiotherapy, respectively).

Table 1. Patient, tumor, and treatment characteristics in low-volume and high-volume

hospitals
Low volume High volume p-value
(1-20/year) (=21/year)
Total 287 (100) 207 (100)
Median age (years) 62 (28-82) 63 (33-78)
Sex
Male 188 (65.5) 143 (69.1) 0.231
Female 99 (34.5) 64 (30.9)
Comorbidity
None 37 (12.9) 21(10.1) 0.078
1-2 151 (52.6) 94 (45.4)
>3 99 (34.5) 92 (44.4)
Type of gastric resection
Total 119 (41.5) 101 (48.8) 0.270
Subtotal 138 (48.1) 87 (42.0)
Esophago- 30(10.4) 19 (9.2)
cardiac resection
Type of lymph node dissection
DO 4(1.4) 0 (0.0) <0.001
D1 52 (18.1) 7 (3.4)
D1+ 209 (72.8) 191 (92.3)
D2 9(3.1) 8(3.9)
Unknown 13 (4.5) 1(0.5)
Radicality
RO 119 (41.5) 101 (48.8) 0.005
R1 138 (48.1) 87 (42.0)
Unknown 30 (10.4) 19 (9.2)
Removal of 2 15 lymph nodes
Yes 167 (58.2) 177 (85.5) <0.001
No 118 (41.1) 30 (14.5)
Unknown 2(0.7) 0(0.0)

Table 1 continues
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Low volume High volume p-value
(1-20/year) (221/year)
Tumor stage
pT0/pTis/pT1 63 (21.9) 45 (21.7) 0.042
pT2 124 (43.2) 67 (32.4)
pT3 82 (28.6) 73 (35.3)
pT4 18 (6.3) 22 (10.6)
Nodal stage
pNO 140 (48.8) 105 (50.7) 0.234
pN1 108 (37.6) 64 (30.9)
pN2 33 (11.5) 29 (14.0)
pN3 6(2.1) 9 (4.3)
Histology
Diffuse 93 (32.4) 74 (35.7) 0.023
Intestinal 78 (27.2) 67 (32.4)
Mixed 15 (5.2) 14 (6.8)
Unknown 101 (35.2) 52 (25.1)
Splenectomy
Yes 8(2.8) 8(3.9) 0.338
Distal pancreatectomy
Yes 8(2.8) 2 (1.0) 0.136
Allocated treatment
CT 137 (47.7) 98 (47.3) 0.502
CRT 150 (52.3) 109 (52.7)
Started postoperative
treatment
Yes 220 (76.7) 160 (77.3) 0.478
No 67 (23.3) 47 (22.7)

Age is presented as median (range), other data are presented as n (%)
Abbreviations: CT = chemotherapy; CRT = chemoradiotherapy

Hospital volume over time

The number of gastrectomies performed each year is shown in Figure 2. In general,
the relative percentage of gastrectomies performed in high-volume versus low-volume
centers increased over time. Specifically, from 2007 through 2012, the majority of
gastric resections were performed in low-volume hospitals; after 2012, the majority of
gastric resections were performed in high-volume hospitals.
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[ =21 resections/ year
I 1-20 resections/ year

in high versus low centers (%)

Proportion of gastric cancer resections

Year of surgery

Numbers in the boxes represent number of gastric resections
Figure 2. Summary of the number of gastrectomies performed in the Netherlands in the
CRITICS trial from 2007 through 2015, by hospital volume (n=494 patients)

Overall survival (0S)

At the time of our analysis, the median follow-up duration was 5.0 years. An interaction
test revealed that the effect of hospital volume was similar between the two treatment
group (P=0.828). However, as shown in Figure 3, OS was significantly higher in the high-
volume hospitals compared to the low-volume hospitals (P=0.032). Specifically, 5-year
survival was 59.2% for patients who underwent surgery in a high-volume hospital,
compared to 46.1% for patients who underwent surgery in a low-volume hospital.
Among high-volume hospitals, the 5-year survival rate ranged from 34.3% to 78.6%,
compared to 0-83.3% among low-volume hospitals.

Next, we performed Cox proportional hazard regression in order to examine further
the effect of hospital volume on OS (Table 2). A multivariate analysis revealed that
undergoing surgery in a high-volume hospital was associated with a higher survival
rate, with a hazard ratio (HR) for mortality of 0.69 (95% CI=0.50-0.94; P=0.020). The
prognostic factors associated with reduced OS included a higher-stage tumor and a
higher nodal stage. Furthermore, increasing age, the presence of comorbidity, a diffuse
histology type, and a microscopically non-radical (R1) resection were associated with
reduced OS (Table 2).
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Low volume hospitals
= High volume hospitals

100 —L
: P=0.032
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Volume:
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Figure 3. Kaplan-Meier curve of overall survival since surgery for all 494 patients who
underwent gastrectomy for gastric cancer in low-volume and high-volume hospitals in the

Netherlands

Table 2. Multivariate analysis of overall survival and disease-free survival following surgery
(calculated using a Cox proportional hazard model)

Overall survival since surgery

Disease free survival since

surgery
HR p-value CI HR p-value CI

Hospital volume

Low (1-20) 1 1

High (21+) 0.69 0.020 0.50-0.94 0.73 0.040  0.54-0.99
Year of surgery 0.96 0.241 0.89-1.03  0.99 0.788 0.93-1.06
Age 1.02 0.005 1.01-1.03  1.02 0.015 1.00-1.03
Sex

Male 1.03 0.848 0.77-1.38  1.00 0.984 0.75-1.32
Co-morbidity

None 1 1

1-2 1.61 0.043 1.02-2.56  1.50 0.070  0.97-2.31

>3 1.64 0.049 1.00-2.69  1.53 0.071  0.97-2.44
Lauren classification

Intestinal 1 1

Diffuse 1.53 0.017 1.08-2.18 1.28 0.150 0.92-1.79

Mix 1.27 0.463 0.67-2.40  0.98 0.940 0.52-1.83

90
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Overall survival since surgery  Disease free survival since

surgery
Tumor stage
pTO0/pTis/pT1 1 1
pT2 2.69 0.001 1.49-4.86 280 <0.001 1.59-5.00
pT3 5.35 <0.001 2.92-9.80 537 <0.001 2.98-9.54
pT4 6.10 <0.001 2.98-12.45 6.68 <0.001 3.38-13.19
Nodal stage
pNO 1 1
pN1 1.53 0.014 1.09-2.15  1.60 0.005 1.16-2.21
pN2 3.43 <0.001 2.28-5.15 3.52 <0.001 2.38-5.19
pN3 8.41 <0.001 4.47-15.83 8.60 <0.001 4.57-16.18
Radical resection
RO 1 1
R1 1.99 <0.001 1.38-2.89 193 <0.001 1.34-2.78

Disease-free survival (DFES)

As shown in Figure 4, a univariate analysis showed that DFS did not differ significantly
between high-volume and low-volume hospitals (P=0.119). In contrast, a multivariate
analysis revealed that DFS was significantly higher among patients who underwent
surgery in a high-volume hospital compared to patients who underwent surgery in a
low-volume hospital (HR=0.73, 95% CI=0.54-0.99; P=0.040); other prognostic factors
for reduced DFS included a higher-stage tumor; a higher nodal stage, increasing age, and
an R1 resection (Table 2).

Low volume hospitals
100 - ;
- P=0.119 —— High volume hospitals

80 \\

©
2
£
2 601 ¥v
t
[
2 401
[
a
20+
O T T T T 1
0 1 2 3 4 5
Years since surgery
Volume:
Low Natrisk 287 236 196 159 122 90
High Natrisk 207 171 134 99 56 42

Figure 4. Kaplan - Meier curve of disease-free survival since surgery for all 494 patients who
underwent gastrectomy for gastric cancer in low-volume and high-volume hospitals in the
Netherlands
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The most common sites of locoregional tumor recurrence were the regional lymph node
basins, the stomach bed, and the site of anastomosis. The most common sites of distant
tumour recurrence were the distant lymph nodes and the liver.

DISCUSSION

Here, we analyzed the relationship between hospital volume with respect to performing
surgery for gastric cancer and both survival and disease recurrence, using data obtained
from the prospective randomized CRITICS trial. Our multivariate analysis revealed that
undergoing surgery for gastric cancer at a high-volume hospital is associated with a
higher rate of overall survival, as well as increased disease-free survival.

Given that the long-term survival of patients with advanced-stage gastric cancer
remains low, even in the Western world, the primary goal of the CRITICS trial was to
compare outcome between two adjuvant treatment strategies consisting of adjuvant
chemotherapy (the controlarm) or adjuvant chemoradiotherapy (the experimental arm)
and to determine whether patients in the experimental arm had improved survival. An
intention-to-treat analysis revealed no significant difference between the two treatment
arms, with five-year survival rates of 41.3% and 40.9% in the control and experimental
arms, respectively.’® In our study, we chose to analyze all patients who were treated in
the CRITICS trial in the Netherlands, regardless of the treatment arm. In addition, the
results of an interaction test allowed us to rule out any significant difference between
the two study arms with respect to the effect of hospital volume. Because the majority
of recurrences after gastrectomy for adenocarcinoma are identified within the first few
years, we limited our follow-up period to five years in our analysis of overall survival
and disease-free survival.'®

In2007,Enzingeretal.used datafromtherandomized Intergroup 0116 trialtoinvestigate
the role of hospital volume on both recurrence and survival following curative gastric
cancer surgery.’” Although they found no difference in survival between low-volume
hospitals (defined in their study as 0-5 resections/year) and high-volume hospitals
(defined as 214 resections/year), the authors reported a possible relationship with
respect to improved long-term outcome in cases in which a D2 lymph node dissection
was performed. In their discussion, the authors noted that their relatively small patient
population may have obscured any statistically relevant differences.!” Recently, we
reported that approximately 90% of patients in the CRITICS trial underwent at least a
D1+ lymph node dissection, allowing us to investigate the putative relationship seen in
the Intergroup 0116 trial population with more statistical power."* Using a univariate
analysis, we found that overall survival was significantly higher among patients who
underwent surgery in a high-volume hospital compared to patients who underwent
surgery in a low-volume hospital. In contrast, the difference in disease-free survival
was not statistically significant based on a univariate analysis. One possible explanation
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for the lack of significant with respect to DFS might be the higher prevalence of high-
stage tumors and diffuse tumor types in the high-volume hospitals (see Table 1), both of
which have been associated with poorer long-term outcome.'® Our multivariate analysis
revealed that both overall survival and disease-free survival were higher among patients
who underwent surgery in a hospital that performed =21 gastric resections per year,
which supports our hypothesis that undergoing surgery for gastric cancer in a high-
volume hospital leads to improved outcome. Given the similarities between OS and DFS
with respect to the Kaplan-Meijer survival curves, it seems that overall survival was
predicated largely upon the likelihood of disease recurrence. A plausible explanation
for these findings is the higher surgical quality in high-volume hospitals compared to
low-volume hospitals. For example, removal of at least 15 lymph nodes—one of the
most important parameters of surgical quality—is significantly more common among
high-volume hospitals compared to low-volume hospitals.!® Moreover, both adequate
lymph node dissection and achieving an RO resection were more common among high-
volume hospitals than among low-volume hospitals, and these two parameters are
associated with increased survival.?**

Other possible explanations for the difference in survival between high-volume hospitals
and low-volume hospitals can be excluded. First, we found no difference between
high-volume and low-volume hospitals with respect to the percentage of patients who
completed neoadjuvant chemotherapy. Second, the rate of postoperative morbidity
did not differ between high-volume and low-volume hospitals, and we found no
difference with respect to the percentage of patients who started with adjuvant therapy:.
Nevertheless, it is important to note that only the complication rate was recorded in
the CRITICS trial, with no information regarding the classification and/or seriousness
of the complications. Finally, the presence of a better infrastructure at high-volume
hospitals—which is designed to ensure that patients receive timely, comprehensive
care—might have played a role. However, the only hospital characteristic available for
our analysis—the type of center—was not associated with outcome.

In addition to hospital volume, both higher tumor stage and higher nodal stage were
important prognostic factors for determining poor overall survival and disease-free
survival. This finding is consistent with previous studies, including a recent study in
Italy that found that tumor-related factors were the strongest predictors of survival
among patients with gastric cancer who underwent potentially curative resection.? We
also found that increasing age, a diffuse histology type, the presence of comorbidity, and
an R1 resection were associated with reduced survival, each of which is consistent with
previous studies.?-?5

In 2007, the Quality of Cancer Care task force, which was established by the Dutch Cancer
Society, evaluated the quality of care in the Netherlands and concluded that although
quality of care was generally high, it could be improved further by reducing variation
among healthcare providers.?® With respect to gastric cancer, a minimum volume of
10 resections/year/hospital was established by the Dutch Health Care Inspectorate
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in 2012.%7 In 2013, this minimum volume was increased to 20 resections per hospital
per year. At the time at which this minimum volume was increased, unanticipated
consequences occurred related to the centralization process. For example, the delay
between diagnosis and the start of treatment increased; however, this delay was reduced
after an adequate structure for referring patients to the hospital was introduced.

In 2011, the Dutch Upper Gastrointestinal Cancer Audit (DUCA) was established for
registering all patients in the Netherlands who undergo surgical resection for esophageal
or gastric cancer. The goal of the DUCA is to improve quality of care by collecting reliable,
benchmarked data regarding the surgical process and outcome parameters, as well as
to provide healthcare providers access to this data. The Dutch Health Care Inspectorate
ensures that all hospitals in the Netherlands participate in this program.

When the DUCA was first introduced in 2011, only 3% of all hospitals in the Netherlands
performed >20 gastric resections for gastric carcinoma each year.?® However, the annual
reports presented by the DUCA showed that this percentage had increased to 60% of
all hospitals in 2016.2% These findings are consistent with our results showing a shift
toward high-volume hospitals (see Figure 2). Furthermore, early data from the DUCA
showed improvement over the years with respect to the outcome of patients who
underwent surgery for gastric cancer; moreover, removal of 215 lymph nodes increased
from 47.5% of patients in 2011 to 73.6% in 2014, and in-hospital mortality decreased
from 9.0% in 2011 to 4.0% in 2014.%

Several factors regarding the centralization efforts in the Netherlands and the creation
of the DUCA may have contributed to the fact that the majority of patients with
gastric cancer currently receive care at a high-volume hospital, with a corresponding
improvement in outcome. First, reliable registration and feedback from the DUCA given
to healthcare providers regarding their own results seem to be important factors. A
strength of the DUCA is its compulsory nature, which stimulates participation by
dedicated hospitals, thereby preventing an underrepresentation oflow-volume hospitals
in the DUCA. Second, the DUCA provides weekly updates and benchmarked feedback to
individual hospitals, which encourages hospitals to improve their performance. Finally,
the relatively high frequency of feedback allows hospitals to act on their audit results in
a timely manner. The successful centralization of gastric cancer surgeries performed in
the Netherlands, combined with the above-mentioned factors, may serve as an example
for developing similar centralization processes in other countries in the Western world.
Many studies have been performed to investigate the putative relationship between
hospital volume and survival, yielding contradictory results.'”3%32 [n addition to small
sample size, a possible cause for these contrasting results might be the design of the
studies. For example, many of these studies were retrospective in nature and therefore
often had limited patient information and/or incomplete follow-up data.?® In contrast to
previous studies regarding the role of hospital volume in long-term survival, our analysis
used data obtained from a prospective randomized controlled trial.3*3!3* This may be
considered a disadvantage, as the patients in our analysis may not necessarily represent
the general population. In addition, hospital volume was analyzed only with respect to
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patients who underwent gastric resection, thereby excluding patients who were treated
using non-surgical approaches. On the other hand, because we used data obtained from
arandomized controlled trial, our cohort represents a population of patients for whom
relatively detailed information regarding the pattern of disease recurrence is currently
lacking. Thus, the high quality of uniformly documented follow-up data is a strength
of our analysis. Furthermore, bias due to improving preoperative staging over time is
unlikely, as preoperative staging was predetermined in the CRITICS trial protocol.

In conclusion, our analysis shows that patients who undergo surgical resection gastric
cancer in a high-volume hospital have improved overall survival and disease-free
survival. These findings underscore the value of centralizing gastric cancer surgeries in
the Western world.
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