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Abstract

Background: Surgical resection is an importantdact the curative treatment of gastric
cancer. However a variety of aspects of surgieattnent that potentially influence outcome
are still not well defined. This study aims to assthe influence of hospital type, referral
pattern and proximal or distal location of the twmon the ultimate survival.

Methods: From January 1994 to January 2007, aad&R245 patients were diagnosed with
gastric adenocarcinoma in the region of the Comgarsive Cancer Centre North-East
Netherlands. Hospitals in this region were categatinto three types: teaching university
(TU), teaching non-university (TNU), and non-teaxghhospitals (NT). The influence of
hospital type, referral for surgery and locatiorthad tumour on the relative survival of
operated patients was studied.

Results:Of the 5245 patient2334 patients underwent surgery. For operated patidmss-
year relative survival was 42.5% for the TU ver8d€9% and 35.5% for respectively TNU
and NT hospitals (p=0.064), with no difference (38) in relative survival (25.6-31.9%) in
the proximal tumours. A significant difference waand between the hospitals in the 5-year
relative survival in the distal tumours; 59.7%fme fTU versus 36.4% in the TNU and 36% in
the NT (p=0.03 univariate), however this was natfcmed in the multivariate analysis
(p=0.184). High referral centres did not perfornttdreas far as survival is concerned than
low referral hospitals.

In conclusion the hospital type in our region dad significantly influence outcome of

surgery for gastric cancer.



Introduction

Although decreasing in incidence, gastric candéristiagnosed in more than 2000 patients
per year in the Netherlands. In the past decadéstthem died of their disease within 5
years after diagnosis. Currently, gastric canceksas the fourth cause of cancer death in the
western world [1].

It is widely recognised that prognosis dependsaatofs related to tumour and patient. The
stage of the tumour is of paramount importance,thagatient age and especially co-
morbidity are highly relevant factors in predictiagtcome [2].

More recently however, other variables, relatedumeon and even hospital characteristics
have been recognised to be potentially importantife ultimate fate of the patiefthese

hospital related factors might be important, as the overall survival in Japan, were patients
undergo more extensive curatively intended resection methods, is higher[2].

Data demonstrating the importance of various structural characteristics including the

hospital volume, surgeon volume and hospital type where the surgical interventionis

performed as well as the experience and expertise of the surgical teamitself, remain

equivocal [3-6].

In the population based study described here, \ab/sed some of these aspects in relation to
the patient survival. Data were provided in a group of gastric canegiepts treated in all
hospitals in the North-East region of the Netheattaregarding the hospital type and the
location of the tumour, whether proximal or distathe stomachThe outcome of this study is

important in the discussion on centralization of surgical cancer care.



Patients and Methods

Patients
All patients diagnosed with primary invasive gastrancer from January 1994, until January
2007 were selected for entry in the study by tiggoreal cancer registry of the

Comprehensive Cancer Centre North-East Netherlands.

Comprehensive Cancer Centre North-East Netherlands

This regional cancer registry is a population basgiktry which covers the north-eastern
part of the Netherlands, a mainly rural area wigopulation of about 3.3 million. The area is
served by 22 community hospitals, among which 8higay hospitals, and one university
hospital, five radiotherapy departments and nirtaglagy laboratories. Reports of all new,
cytological or histological proven cancer casessat@mitted to the regional cancer registry
regularly through these pathology laboratories. i&tonal hospital discharge databank, to
which hospitals in the region provide the dischatggnosis of all admitted patients on a

yearly basis, further completes case ascertainment.

Data collection.

After notification, trained registry clerks abstradl relevant data directly from patient
records, including pathology and surgery reporithiwthe hospitals. Data collection occurs
at a minimum of 6 months after cytological or hisgpcal diagnosis in order to document all
aspects of the primary therapy. All patients aagyatl according to the TNM system [7;8].

In the Netherlands the municipal population registcontain information on the vital status
of their inhabitants. Since October 1994 populatata from all Dutch municipalities are
collected in a national database. Vital status egablished through linkage of cancer

registry data with the national automated poputategistry.



Variable definitions and Statistics

The referral rate was calculated as the proportion of all operated patients, within the
population of patients diagnosed in a given hospital, which were operated in another
hospital.

Survival time was cal culated from the date of diagnosis and ended at the date of death or the
date of most recent linkage with the national automated populated registry, whichever came
first. The 5-year overall survival rates were estimated using the actuarial method and survival
was compared with the log rank test. Besides overall survival, relative survival rates were
estimated. The relative survival is an estimate for the disease-specific survival and is
calculated by dividing the absolute overall survival in our cohort by the expected survival
based on age, sex and period matched mortality rates from the general population. The main
advantage of using the relative survival isthat it does not rely on cause of death information
and captures both direct and indirect mortality due to gastric cancer and its treatment.
Multivariate analysis of relative survival was performed according to the method described

by Dickman et al [9] .



Results

Patients

In the period January 1994 until January 2007, §#ttents were diagnosed with gastric
adenocarcinoma of whics40 were male. The median age was 72.3 (range: 183-9&ars.
Patient characteristics are described in Table larde proportion of the patients was
diagnosed at an advanced st&yd4 patients were in stage IlIA or higher. A furtie&
patients were insufficiently staged. One hundrexkty-four patients were diagnosed in the
university hospital2869 in the non-university teaching hospitals andrdraaining2182
patients were diagnosed in community hospitals.

As table 1 shows334 patients underwent surgery. Older age (p<0.0@Marced or
unknown stage (p<0.001) and proximal tumour loca(m<0.001) resulted in a lower
probability of tumour resection. A tumour with imeediate or poor differentiation was also
associated with less surgery, but this was higbtystated with stage. In all, 40.2% of the
patients diagnosed in non-teaching hospitals wpesaded on, compared to 45.6% and 43.5%
for non-university teaching and university hosgifaiespectively (p=0.162). Only a minority
of the operated patients received (neo)adjuvannoligerapy, respectively7 out 0f2334

patients.

Hospitals characteristics

A total of twenty-three hospitals participated witlurteen non-teaching hospitals, eight
teaching hospitals and one university hospital. gfoximal gastric cancers a difference in
stage distribution was observed (p=0.039) duehiglaer frequency of patients with stage Il
and a lower frequency of stage IV cancers amonigmatoperated in the university hospital.
For the non-proximal tumours there were no meanirgjfferences in stage and sub-site

distribution between the three hospital types. €lveas some imbalance in the distribution



over the age-groups (p<0.001), with slightly younggtients operated in the university
hospital although overall the age distribution dad appear to differ that much when analysed

categorical (Table 2).

Referral characteristics

Of all operated patients 6 % were referred for stygReferral differed markedly by tumour
sub-site, however. Of the operated patients wittmzour located in the proximal part of the
stomach 18.0% were referred for surgery, while @6@6 of the operated patients with a
non-proximal tumour (body or distal part of therstxh) were referred for surgery. The non-
teaching hospitals referred 10.9% of the operasgiggpts diagnosed in their hospitals, 35.2%
of the patients with proximal and 4.6% of the patSewith non-proximal tumours. Of the
fourteen non-teaching hospitals, seven had a higensity to refer (referral rates 50-83%)
patients with proximal gastric cancers for surgemg three hospitals rarely (0.0%-10.0%)
referred patients. The eight non-university teaglniaspitals referred 2.8% of the patients
diagnosed in their hospitals, 8.2% of the patients proximal and 1.2% of the patients with

non-proximal tumours (Table 3).

Survival in relation to patient, tumour and hospital characteristics

The 5-year relative survival rate in the period 894-2006 for men with gastric cancer was
34.0% versus 37.4% for women. Age over 70 had rnaental effect on survival compared
to age <60 years with an excess mortality risk.&¥11.01-1.34; p=0.022). The 5-year
relative survival markedly decreased with more aded stage, respectively 85.0% in stage
IA, 62.0% in stage 1B, 32.5% in stage II, 13.5%iage lll, 6.3% in stage 1V (p<0.001).
Assessing all operated gastric cancers combingdab+relative survival did not significantly

differ by hospital type, referral pattern or voluwiehe centresilthough relative survival



appeared to be somewhat better in the TU, asthe 5-year relative survival was 42.5% for the
TU versus 34.0% and 35.5% for respectively TNU and NT hospitals (p=0.064 univariate).
Survival was also analysed separately for patietits proximal and non-proximal tumour.
For proximal tumours outcome was strongly assodiaii¢h stage, but neither hospital
volume, nor teaching characteristics were signifidactors. However in univariate analysis
5-year relative survival of the non-proximal tum®was significantly better in the TU
compared to TNU and non-teaching hospitals (p=0wW8%ariate) (Table 4)After adjusting
for sex, age, period, stage, volume, referral and since diagnosis this differences no longer
reached statistical significanc®irvival with respect to age, stage, volume (< 5, 5-9 and > 10
patients/year) and referral rate (<5%, 5-15% and>15%) was not different between the hospital
types (Table 4).

Survival before and after the year 2000, for ghety of gastric cancer combined did differ.
For proximal cancer the results were similar betwtbe two periods. However survival for
non-proximal cancer was better in the later peridds improvement was not related to any

of the hospital factors (volume teaching academic).



Discussion

In this population based study patient charactesistuch as gender and age distribution are
comparable to other European countries [10]. Agksise and histology type are known
factors in explaining survival variability [11]. lour study older age, advanced or unknown
stage, poorly differentiated tumours and proxirabkion resulted in lower probability of
resection. Moreover in gastric cancer both tumaddiafid nodal (N) status are important
elements in determining treatment plans and indégrarprognostic factors of long-term
survival [12-14].

However factors that are neither patient nor tumelated have been reported to influence
the outcome of curative intended surgery in capagients. Some of them are related to the
experience and expertise of the surgical team lamddse volume. Others stem from non-
oncological surgical experience, such as expertisgtensive transplantations. Several
studies demonstrated hospital and surgeon volurhauwe an important impact on short and
long term survival in patients with potentially ative resection in different cancer types.
Better outcome was also found in specialised cefe18]. Verhoef et al. described
significantly better outcome in oesophageal casaggery in the university hospital
compared with other, non-university teaching and t@aching, hospitals in our region [19].
As shown in oesophageal cancer, some studies @ggms the impact of hospital and
surgeon related factors on short and long-termitsesugastric cancer [20-22].

The 5-year overall survival rate in our study refifereported stage-specific 5-year survival
rates of 10-64% [23Patients treated in high referral hospitals did not have a better long
termsurvival than those treated in low referral hospitals. Survival also seemed independent

of hospital type for the whole group of surgical patients. Although relative survival appeared
to be somewhat better in the TU compared to TNU and NT hospitals (42.5% versus 34.0%

and 35.5% of TNU and NT (p=0.064)). This could partly be explained by an imbalance in



tumour and patient characteristics between the hospital types. On average less patients, with
lower stages of proximal gastric cancer and slightly younger of age were operated in the TU
hospital (Table 2). With regard to survival and tumour location, there were no hospital

related differences in outcome in proximal gastric cancer. However overall outcome in that
location was wor se compared to that in the distal stomach, an observation also found in the
work of others[24-27]. For distal gastric cancer the univariate analysis showed a significant
difference in the 5 year relative survival regarding hospital type, in favour of the university
hospital (57.7 % versus 36.4% TNU and 36% NT). This difference could not be confirmed in
multivariate analysis and to some extend might be explained by patient selection; the TU

hospital operated on average, younger patients. Therefore, hypothetically maybe the high
volume mor e experienced non-university hospitals (TNU and TU) have balanced the more
academic approach of the TU resulting in no significant difference in survival. With regard to
long-term survival we also did not observe hospitdlime to play an important rolef note,
all surgeonsin our region are low volume surgeons and the subdivision of centres based on

volume of <5, 5-9, > 10 patients operated/ year Served as a suitable separator between its 23
centres. Within this small window no striking differences were found in relation to survival.
Controversy on the role of surgical volume stithians, as is also discussed by other authors
[3;5;6;28]. This observation suggests that othetois than sheer number of procedures are
important for outcome. As in our case, the unifgtsospital is a low volume hospital for
gastric cancer, it becomes evident that other fadt@an the caseload prevail. The better
outcome for oesophageal cancer surgery that Vedtadf described in our region might
therefore not be attributed to the university htadmn basis of the highest volume but other
hospital related qualities [19]. This might alsothe case for the benefit described by
Bachmann et al., based on the difficulty to distisg this volume aspect from other hospital

related qualities [22]. Quality of initial surgiczare, for example extended
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lymphadenectomy, not fully reflected by operative mortality rat@sght play a role next to
patient care in the follow up period after surgétgzinger et al. suggested delay in time of
recurrence because of their observation that sairbi@sed on volume differences appear
during the first 3 years after surgery [28].

It is interesting that comparison of the two obséion periods showed an improvement in
survival during the later period limited to distaincer. The most likely cause of such
differences is stage migration due to better diatjo®. However this would not readily
explain the lack of improvement in proximal cancers

In conclusion the hospital typein our region did not significantly influence outcome of
surgery for gastric cancer. For future consideration however, gastric cancer surgery will
require the guaranteed availability of multidisciplinary oncological teams experienced in

multimodality treatments.
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Table 1. Characteristics of patients diagnosed witlyastric adenocarcinoma between
1994-2006, all patients combined, operated and naperated patients

Total operated Not-operated
N N N *p-value
Gender Men 3440 1555 1885 0.157
Women 1805 779 1026
Age at diagnosis <50 364 189 175 <0.001
50-59 672 332 340
60-69 1207 627 580
70-79 1751 835 916
80+ 1251 351 900
Histology Adenocarcinoma, nos 4,051 1773 2278 <0.001
Mucinous 282 158 124
Signet ring cell 767 403 364
No microscopic confirmation 145 0 145
Tumour location  Cardia&fundus 1509 517 992 <0.001
Body&curvature, nos 886 464 422
Antrumé&pylorus 1430 888 542
Overlapping & unspecified 1420 465 955
Differentiation Good 144 99 45 <0.001
Intermediate 1031 633 398
Poor 2238 1231 1007
Unknown 1832 371 1461
Stage Stage 1A 317 264 53 <0.001
Stage 1B 562 464 98
Stage 2 698 603 95
Stage 3 807 598 209
Stage 4 1907 386 1521
Unknown/not applicable 954 19 935
Therapy Surgery 2277 2277 <0.001
Surgery&CT 37 37
Neoadjuvant CT&surgery 20 20
CT 259 0 259
CT&RT 15 0 15
Other/none 2637 0 2637
Total 5245 2334 2911

* p-value based on Chi-square or Fisher’s exact tesvhere applicable
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Table 2 Stage and age distribution for operated p&nts according to hospital type were
surgery was performed 1994-2006, stratified by tumar subsite

Total Teaching, Teaching, non- Non- teaching p-value
university university
Stomach: cardia&fundus N N N N
Stage Stage 1A 41 9 23 9 0.039*
Stage 1B 89 13 46 30
Stage 2 171 22 100 49
Stage 3 152 35 92 25
Stage 4 61 7 38 16
Unknown 3 2 0 1
Age <60 163 34 99 30 0.101
60-69 174 23 100 51
70+ 180 31 100 49
Median 65.4 64.4 64.8 66.8 0.169
(IQR#) (57.9-72.5) (55.8-72.1) (57.5-72.5) (61.5-73.0)
Total 517 88 299 130 100.0
Stomach: other
Stage Stage 1A 223 14 121 88 0.409*
Stage 1B 375 22 192 161
Stage 2 432 17 248 167
Stage 3 446 14 254 178
Stage 4 325 13 181 131
Unknown 16 2 6 8
Age <60 358 23 198 137 0.391
60-69 453 18 251 184
70+ 1,006 41 553 412
Median 71.7 70.1 71.8 71.8 <.001
(IQR#) (63.0-78.0)  (58.1-77.6) (62.7-77.8) (63.8-78.3)
Tumour Body&curvature, nos 464 20 252 192 0.359
location  Antrumé&pylorus 888 38 478 372
Overlapping & unspecified 465 24 272 169
Total 1817 82 1,002 733

* Excluding stage unknown; # IQR=Inter Quartile Ban
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Table 3. Hospital type, volume and referral patternfor gastric cancer-surgery for
hospitals in the North-East Netherlands between 199%and 2006

Hospital type

Number of operated patients

Hospital of diagnosis

Cardia/fundus tumour

Body/distal tumours

(n=number of hospitals; Operated ir Operated in
Operated number of hospital of Referral for hospital of Referral for
patients/year) diagnosis surgery diagnosis surgery
N N N N
Hospitals (n=7; <5 year) 42 39 278 18
Hospitals (n=7; 5-9 year) 83 29 443 17
Non-teaching 125 68 721 35
Hospitals (n=1; 5-9 year) 23 1 88 1
Hospitals (n=7>10 year) 256 24 903 11
Teaching non-university 279 25 991 12
Hospital (n=1; 5-9 year) 20 0 58 0
Teaching university 20 0 58 0
Total 424 93 1,770 47
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Table 4 Overall and relative 5-year survival and esnated excess risk of death with 95% confidence tarvals (95% CI) for operated

patients with gastric cancer, diagnosed between 142006

All gastric cancers

Proximal gastric cancer

Digaadtric cancer

Univariate Multivariate Univariate Multivariate Wrariate Multivariate
5yeal 5yea EMR 95% Cl*p-value 5-year 5-year EMR 95% CI *p- 5yeal 5yea EMR 95% ClI *p
OS RS oS RS value OS RS value
Sex 0.075 0.519 0.22¢
male 27.1 34.C 1.00 24,7 28.6 1.00 28.C 36.0 1.00
female 30.9 37.£ 0.90 0.79-1.02 214 24.3 0.91 0.68-1.22 32.1 39.1 0.92 0.80-1.06
Age 0.055 0.206 0.05(
< 60 (ref) 32.0 32.¢ 1.00 23.8 244 1.00 35.7 36.5 1.00
60-69 315 35.C 1.03 0.89-1.21 28.8 319 0.85 0.64-1.12 32.6 36.1 1.13 0.94-1.37
70+ 25.1 36.€ 1.17 1.01-1.34 20.3 27.6 1.09 0.83-1.44 25.¢ 384 1.23 1.04-1.45
Period 0.001 0.092 0.01«
1994-1999 26.7 33.6 1.00 21.3 252 1.00 28.1 36.1 1.00
2000-2006 30.0 36.2 0.83 0.74-0.94 27,5 30.9 0.83 0.65-1.04 30.¢ 381 0.84 0.73-0.96
Stage <0.001 <0.001 <0.00!
stage 1 (ref) 55.6 70.2 1.00 46.1 54.2 1.00 57.¢ 73.8 1.00
stage 2 26.5 32.t 2.96 2.44-3.60 245 283 2.12 1.49-2.99 27.z 341 3.25 2.57-4.13
stage 3 11.2 13.£ 5.20 4.31-6.27 14.0 15.9 3.49 2.43-4.99 10.2 12.7 5.99 4.78-7.51
stage 4 5.3 6.2 8.05 6.61-9.80 20 23 493 3.29-7.38 5.¢ 7.1 9.37 7.43-11.83
Hospital type$ 0.112 0.433 0.18¢

20



Non-teaching (ref)

28.6 35.5

Teaching non-university 27.4 34.C

Teaching university
Volume hospital#

< 5 patients operated/yr 28.5

5-9 patients operated/yr 28.2

> 10 patients operated/yr ~ 28.4
Referral rate hospital®

Low (< 5.0%) 28.7
Intermediate (5.0-15.0%)  28.0
High (> 15.0%) 26.0

34.7 42.5

34.6
35.5
35.2

34.5
35.3
32.2

1.00
0.96
0.76

1.00
1.00
1.06

1.00
0.95
112

0.74-1.25
0.56-1.03

0.81-1.22
0.80-1.40

0.77-1.17
0.91-1.39

0.880

0.377

27.1
22.6
24.5

30.5
234
225

24.7
20.7
23.6

31.9
25.6
29.2

35.0
281
259

284
252
274

1.00
0.99 0.62-1.56
0.80 0.51-1.26

1.00
1.15 0.75-1.76
1.14 0.73-1.78

1.00
1.10 0.74-1.63
1.19 0.82-1.72

0.778

0.627

27.8
29.1
30.1

29.8
29.7
26.7

36.0
36.4
59.7

34.5
371
38.3

37.8
37.8
33.7

1.00

0.92 0.66-1.29
0.66 0.40-1.07

1.00
0.98
1.08

1.00
0.91
1.08

0.77-1.25
0.74-1.55

0.71-1.17
0.83-1.40

0.814

0.498

OS=0Overall survival, RS=relative survival, EMR=Excess Mortality Risk, 95% CI=95% Confidence Interval, n.a.=not applicable

* p-values apply to the multivariate model, adjusted for time since diagnosis

$ teaching status based on surgical subspecialisati
# subdivision based on <5 versus 5-9 or > 10 patients operated/ year based on all gastric cancers combined
A subdivision based on <5%, 5-15% and >15% referral of patientsfor surgery based on all gastric cancers combined
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