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ABSTRACT

PURPOSE
In pancreatic surgery a relation between surgical volume and postoperative mortality 

and overall survival (OS) has been recognized, with high-volume centers reporting sig-

nificantly better survival rates.  We aimed to explore the influence of hospital volume on 

administration of palliative chemotherapy and OS in the Netherlands.

METHODS
Patients diagnosed between 2007 and 2011 with metastatic pancreatic cancer were 

identified in the Netherlands Cancer Registry. Three types of high-volume centers were 

defined: high-volume 1) incidence center, based on the number of patients diagnosed 

with metastatic pancreatic cancer, 2) treatment center based on number of patients with 

metastatic pancreatic cancer who started treatment with palliative chemotherapy and 

3) surgical center based on the number of resections with curative intent for pancreatic 

cancer. Independent predictors of administration of palliative chemotherapy were evalu-

ated by means of logistic regression analysis. The multivariable Cox proportional hazard 

model was used to assess the impact of being diagnosed or treated in high-volume 

centers on survival.

RESULTS 

5385 patients presented with metastatic pancreatic cancer of which 24% received palli-

ative chemotherapy. Being treated with chemotherapy in a high-volume chemotherapy 

treatment center was associated with improved survival (HR 0.76 95% CI 0.67-0.87). Also, 

in all patients with metastatic pancreatic cancer, being diagnosed in a high-volume sur-

gical center was associated with improved survival (HR 0.74 95% CI 0.66-0.83).

 

CONCLUSIONS
Hospital volume of palliative chemotherapy for metastatic pancreatic cancer was asso-

ciated with improved survival, demonstrating that a volume-outcome relationship, as 

described for pancreatic surgery, may also exist for pancreatic medical oncology.  
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INTRODUCTION

The incidence of pancreatic cancer is rising in developed countries. In 2012 alone 104,481 

individuals died from pancreatic cancer making it the fifth leading cause of cancer death 

with the worst overall survival. [1] By 2030, pancreatic cancer is projected to become the 

second leading cause of cancer-related death.[2] The only potentially curative treatment 

for pancreatic cancer is surgical resection. However, only about 20% of the patients pres-

ent with resectable disease.  Patients not fit enough to undergo surgery or patients with 

irresectable or metastatic tumors have a poor prognosis with a median survival of about 

three months when untreated.[3] In 1997, gemcitabine monotherapy became the first-line 

standard treatment. In numerous trials over the years, many different drug regimens have 

been tested. None of these trials demonstrated a statistically significant survival benefit, 

except for gemcitabine plus erlotinib, which was associated with a very modest, clinically 

irrelevant increase in overall survival of 2 weeks.[4]  Only recently two trials changed the 

landscape of palliative pancreatic cancer treatment, showing a substantial improvement 

in survival after combination chemotherapy. [5-7]

The scarce availability of treatment options may have led to reserved prescription as well 

as heterogeneity in prescription of palliative chemotherapy between hospitals. Indeed, 

a recently published study conducted in the Netherlands showed a large inter-hospital 

variation in the administration of chemotherapy (5–34%) to patients with metastatic pan-

creatic carcinoma.[8] The most frequently mentioned reasons for not offering palliative 

chemotherapy were the age and socioeconomic status of the patient.[9, 10] Furthermore, 

preferences and experience of medical oncologists may play an important role in the 

choice to start palliative therapy.[11] The willingness to apply a treatment which may have 

limited benefit and potential side effects has been related to the annual number of pa-

tients qualifying for such treatment by a physician.[12]

In pancreatic surgery, a direct relation between the number of operated patients in a 

hospital and postoperative outcome has been established, with postoperative mortality 

after pancreaticoduodenectomy being significantly lower in high-volume compared to 

low-volume hospitals.[13-16] Interestingly, in this relation between volume and outcome 

the overall hospital volume has been shown to be even more relevant than the volume 

of patients treated per individual surgeon[17], indicating the importance of experienced 

nonsurgical support for this specific group of patients. Similarly, it may be hypothesized 

that for treatment of patients with metastatic cancer, the experience of medical oncol-

ogists, as defined by the number of annually treated patients, as well as the combined 

experience of the whole multidisciplinary team providing pancreatic cancer care may be 

a relevant factor determining patient outcome. 

Recently, in 245 patients with resectable pancreatic cancer a superior survival was found 

for patients treated with adjuvant chemotherapy in a high-volume hospital compared 

to patients treated in a low-volume hospital.[18] These are data were presented at ASCO 
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Gastrointestinal Cancers Symposium 2016 and underline that further elaboration is nec-

essary on differences in patterns of care and their impact on survival.

To our knowledge no information is available on the relation between volume and surviv-

al of patients with metastatic pancreatic cancer. Therefore, we conducted a nationwide 

population-based study in patients with metastatic pancreatic cancer to assess whether 

volume is a predictor for 1) the percentage of patients receiving palliative chemotherapy 

and 2) overall survival. 



Volume-outcome relation of systemic treatment in metastatic pancreatic cancer 211

METHODS

DATA COLLECTION
Data were obtained from the Netherlands Cancer Registry (NCR).  This is a popula-

tion-based prospective database that collects information on all patients newly diag-

nosed with a malignancy in the Netherlands. The registry area includes about 16.7 million 

inhabitants and encompasses 91 hospitals, of which 8 academic. The NCR is notified by 

the national automated pathological archive, if the newly diagnosed cancer is micro-

scopically verified. In the absence of verification notification occurs by additional sources, 

such as the national registry of hospital discharge, multidisciplinary team reports and 

diagnosis therapy combinations (specific codes for reimbursement purposes). Within 6-9 

months after notification trained registration clerks, operating on behalf of the NCR ex-

tract patient and tumor characteristics from medical records. Data are coded according 

to a national manual and cancer topography and morphology are classified according 

to the International 

Our inclusion was limited to patients diagnosed with an adenocarcinoma, a not other-

wise specified carcinoma (ICD-O morphology codes 8010, 8012, 8020, 8140,8141, 8260, 

8310, 8440, 8470, 8480, 8481, 8490, 8500, 8560) or a non-microscopic verified neoplasm 

of the pancreas between January 2007 and December 2011. Other morphology codes 

were excluded or did not occur during the study period. Patients diagnosed at autopsy 

were excluded. Carcinomas were classified according to the Tumor Lymph Node Metas-

tases classification and staged according to the recommendations of the international 

Union against Cancer (UICC) TNM classification in the respective period. For staging 

of neoplasm without microscopic verification the clinical Extent of Disease (cEOD) was 

used. 

 

To assess the influence of hospital volume on outcome, we defined high-volume centers 

based on the upper quartile (Q3/75th percentile). Each volume threshold dichotomized 

the data and created two categories for comparison:  hospitals with volume greater or 

equal to the cutoff value and hospitals with volume less than the cut-off value. We de-

fined three different types of high-volume centers. 

1. High-volume incidence center: a hospital volume that refers to the number of pa-

tients diagnosed with metastatic pancreatic cancer. This may be regarded the most 

straightforward hospital volume. However, as pancreatic cancer treatment may be 

an important determinant of outcome of pancreatic cancer patients and a high vol-

ume incidence center does not necessarily treat a high volume of patients, we also 

identified high volume treatment center. ≥101 patients diagnosed in 5 years (range 

14 -183);

2.  High-volume treatment center: a hospital volume that refers to the number of met-
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astatic pancreatic cancer patients treated with chemotherapy. This may be regarded 

as a proxy for the experience of a hospital to deliver care to this patient population 

that may develop specific complications in this disease stage. ≥28 patients treated 

in 5 years (range 1-116); 

3. High-volume surgical center: a hospital volume which refers to the number of sur-

gical procedures in pancreatic cancer, which may be regarded as a proxy for the 

presence of a well-developed infrastructure to deliver complex care to pancreatic 

cancer patients; ≥ 68 resections with curative intent treated in 5 years (range 1-123). 

Vital status of all patients on 1st of January 2014 was assessed through linkage with 

civil municipal registries and the Central bureau for genealogy, which collects data 

on all citizens who die. 

STATISTICAL ANALYSIS
We performed all statistical analyses using SAS statistical software (version 9.4, SAS in-

stitute, Cary, NC, U.S.A.). Two sided P-values of <0.05 were considered statistically sig-

nificant. 

The proportion of patients treated with chemotherapy was described for different sub-

groups and high-volume centers. Differences between subgroups were tested by means 

of a χ2 test and trends overtime were analyzed by means of a Cochran-Armitage trend 

test. Independent influences on prescription of palliative chemotherapy were evaluated 

by means of a logistic regression analysis. The different types of high-volume centers 

were added separately to the model. 

Survival time was defined as the time from diagnosis to death or 1 January 2014, for 

patients who were still alive. The crude survival was calculated with the life test and 

differences between survival curves were evaluated by means of a log rank test. The in-

dependent prognostic effect of being diagnosed or treated in a high-volume center was 

estimated using Cox regression analyses; 

The hazard rates for death were adjusted for gender, age, extent of disease and period 

of diagnosis. The influence of being diagnosed in a high-volume treatment center was 

investigated in patients treated with chemotherapy only; untreated patients were ex-

cluded from this analysis. In the other models chemotherapy was added separately to 

investigate the effect of treatment on the hazard ratio of death. 
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RESULTS

Between 1 January 2007 and 31 December 2011 9,981 patients were diagnosed with 

pancreatic cancer in the Netherlands, of whom 5,385 (54%) patients presented with meta-

static disease. The patient selection is shown in figure 1. Fifty-two percent of the patients 

with metastatic disease were male, the median age at time of diagnosis was 69 years 

(range 21 -100) and in 68% of the cases the diagnosis was microscopically confirmed. The 

general characteristics of patients treated in high-volume centers are shown in table 1. 

TOTAL 

N       (%)

HIGH-VOLUME 
INCIDENCE 

CENTER
N       (%)

HIGH-VOLUME 
TREATMENT 

CENTER 
N       (%)

HIGH-VOLUME 
SURGICAL 

CENTER       
N       (%)

Sex

 Male 2796  (52) 825    (54) 455    (55) 215    (59)

 Female 2589  (48) 707    (46) 380    (46) 148    (41)

TABLE 1 General characteristics of patients diagnosed with a neoplasm of the pancreas between 2007 and 

2011 in the Netherlands, stratified according to high volume center (N =5,385)

N= 10391 patients diagnosed with pancreatic cancer in the Netherlands between January 2007 and 

December 2011

N= 9981 patients diagnosed with pancreatic adenocarcinoma in the Netherlands between January 2007 and 

December 2011

N= 5385 patients diagnosed with metastatic pancreatic adenocarcinoma in the Netherlands between January 

2007 and December 2011

Exclusion:  N= 30 incomplete registration

  N= 93 diagnosed at autopsy

  N= 287 other morphology than  

  adenocarcinoma or NNO

Exclusion:  N= 4596 non-metastatic pancreatic 

  adenocarcinoma 

FIGURE 1 Flow diagram of included patients

Abbreviations

NNO= not otherwise specified
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TOTAL 

N       (%)

HIGH-VOLUME 
INCIDENCE 

CENTER
N       (%)

HIGH-VOLUME 
TREATMENT 

CENTER 
N       (%)

HIGH-VOLUME 
SURGICAL 

CENTER       
N       (%)

Age (yrs)

 <50 239    (4) 68      (4) 47      (6) 29      (8) 

 50-59 817    (15) 228    (15) 140    (17) 83      (23) 

 60-69 1671  (31) 505    (33) 302    (36) 131    (36) 

 70-79 1731  (32) 471    (31) 250    (30) 97      (27) 

 ≥80 927    (17) 260    (17) 96      (12) 23      (6)

Histologic subtype 

 Adenocarcinoma 3640  (68) 1082  (71) 659    (79) 312    (86) 

 Non-microscopic 

 verified

1745  (32) 450    (29) 176    (21) 51      (14)

Location of metastases  

 Liver 2770  (51) 775    (51) 407    (49) 168    (46)

 Peritoneum 425    (8) 110    (7) 54      (7) 36      (10)

 Lung 244    (5) 66      (4) 36      (4) 14      (4)

 Extra regional 

 lymphnodes

179    (3) 61      (4) 38      (5) 27      (7)

 Other 100    (2) 25      (2) 18      (2) 7        (2)

 2 organs 1190  (22) 340    (22) 199    (24) 84      (23)

 3 or more organs 431    (8) 131    (9) 73      (9) 23      (6)

Chemotherapy 

 Yes 1274  (24) 400    (26) 329    (39) 100    (28)

 No 4111  (76) 1132  (74) 506    (61) 263    (73)

Total 5385 (100) 1532  (28) 835    (16) 363    (7)

TABLE 1 CONTINUED General characteristics of patients diagnosed with a neoplasm of the pancreas between 

2007 and 2011 in the Netherlands, stratified according to high volume center (N =5,385)

We defined high-volume centers, based on three different volume thresholds. In, total, 

17 hospitals were classified as a high-volume center. Thirteen hospitals were classified 

as high-volume incidence center, seven hospitals as high-volume treatment center and 

four hospitals as high-volume surgical center. Only one hospital qualified for all three 

high-volume definitions. Another four high-volume incidence centers were also high vol-

ume treatment centers.



Volume-outcome relation of systemic treatment in metastatic pancreatic cancer 215

CRUDE PERCENTAGE 
% 

MULTIVARIATE ODDS 
RATIO 

(95% CI)

Diagnosed in high-volume incidence center *

   Yes 26 1.14 (0.98-1.32)

   No 23 1.00 (reference) 

Treated in high-volume treatment center *

   Yes 39 2.20 (1.85-2.61)

   No 21 1.00 (reference)

Diagnosed in high-volume surgical center *

   Yes 28 0.82 (0.64-1.07) 

   No 23 1.00 (reference) 

TABLE 2 Crude percentages and adjusted odds for receiving chemotherapy among patients diagnosed with 

metastatic pancreatic cancer between 2007 and 2011 in the Netherlands (N = 5,385) 

* Different types of high volume centers were added separately to the model adjusted for tumor and patient 

characteristics

Twenty-four percent (N = 1,274) of the patients with metastatic pancreatic cancer re-

ceived palliative chemotherapy. Table 2 shows the crude proportions of patients treated 

with chemotherapy in the different high-volume centers. The odds of receiving palliative 

chemotherapy were higher in high-volume treatment centers. Palliative chemotherapy 

was not administered more often in high-volume incidence centers or high-volume sur-

gical centers. Other predictive factors for prescription of chemotherapy were younger 

age at time of diagnosis, the presence of microscopic verification (OR 3.13 (2.63-3.85), 

two sites of metastases (OR 0.73 (0.57-0.94) and a more recent year of diagnosis. (OR for 

2011, 2007 reference 1.55 (1.24-1.94))

We found that patients diagnosed in the hospital that qualified for all three high-volume 

definitions had PA verification more often compared to patients that were diagnosed in 

a hospital that was only one type of high volume center (supplementary table 1). Howev-

er, patients in that specific hospital were not treated with palliative chemotherapy more 

frequently compared to other high-volume hospitals.

The median overall survival of patients with metastatic pancreatic cancer was 9.6 weeks 

(1-year survival rate 6%). Table 3 shows the results of a multivariable proportional hazards 

regression analysis modeling the risk of death for patients with metastatic pancreatic can-

cer. Factors that were associated with poor survival were older age (≥80 years), absence 

of microscopic verification and metastases in multiple organs. Metastases limited to the 

lungs or limited to extra regional lymph nodes, treatment with palliative chemotherapy 

and treatment in a high-volume surgical center were identified as beneficial prognostic 
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factors. By excluding treatment with chemotherapy from the model (result not shown) the 

beneficial effect of younger age was statistically significant. 

The median overall survival in patients treated with palliative chemotherapy was 24 weeks 

(1-year survival rate (14%). Multivariable hazard regression analysis in patients treated 

with palliative chemotherapy revealed that being treated in a high-volume treatment 

center was associated with improved survival (HR 0.76, 95% CI 0.67-0.87). (Table 3)

CRUDE MEDIAN 
SURVIVAL (WEEKS)

CRUDE 1-YEAR 
SURVIVAL (%)

MULTIVARIABLE
HR (95% CI) 

Diagnosed in high-volume incidence center *

 Yes 9.9 6.7 0.86 (0.94-1.06)

 No 9.4 5.5 1.00 (reference) 

Treated in high-volume treatment center * **

 Yes 28.4 21.3 0.76 (0.67-0.87) 

 No 22.9 11.6 1.00 (reference) 

Diagnosed in high-volume surgical center *

 Yes 14.7 11.9 0.74 (0.66-0.83)

 No 9.3 5.4  1.00 (reference) 

TABLE 3 Crude median overall survival, crude 1-year survival and adjusted hazard ratios for patients diagnosed 

with metastatic pancreatic cancer between 2007 and 2011 in the Netherlands  (N = 5,385)

* Different types of high volume centers were added separately to the model adjusted for all the above listed 

variables. 

** Only patients treated with palliative chemotherapy were included in the analysis (N = 1,274)
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DISCUSSION

To the best of our knowledge, this is the first study showing a positive correlation be-

tween hospital volume and overall survival in patients with metastatic pancreatic cancer. 

The population-level findings demonstrate that being diagnosed in a high-volume sur-

gical center and being treated with palliative chemotherapy in a high-volume treatment 

center are associated with improved survival.  

The presence of microscopic verification of (metastatic) pancreatic cancer, as well as 

younger age are well-known and established predictors for starting palliative chemother-

apy.[10] However, hospital volume (high volume treatment center) as a predictor for start-

ing palliative chemotherapy has never been reported before. Patients that were treated 

with palliative chemotherapy in a center that had a high treatment volume of pancreatic 

cancer patients exhibited a better survival than patients that were treated with palliative 

chemotherapy in other hospitals. 

The association between high-volume treatment center and prolonged survival may be 

explained by the experience of high-volume treatment centers with this specific patient 

population and specific chemotherapy treatment. Already in 1979 Luft et al [19] described 

for pancreatic surgery an inverse relation between surgical volume and mortality. Since 

centralization of pancreatic surgery a relation between surgical volume, post-operative 

mortality and overall survival has been demonstrated, with high-volume surgical centers 

reporting significantly better survival rates. [15, 20, 21] 

In metastatic disease, the medical oncologist has to weigh patient’s prognosis, treatment 

toxicity and the possible positive impact on quality or quantity of life and together with 

the patient decide to start palliative chemotherapy or to provide supportive care only. 

Given the often poor clinical condition of pancreatic cancer patient which may deterio-

rate rapidly, this decision making process is not trivial. Moreover, when starting palliative 

chemotherapy, toxicity has to be managed adequately, including appropriate reductions 

in chemotherapy dose, without stopping treatment either too early or too late. Hence, 

experience in treating this patient population, acquired by treating a relatively high num-

ber of patients, may be of paramount importance for the outcome of these patients. Fur-

thermore, we hypothesize that not only the expertise of an individual medical oncologist, 

but also the complete infrastructure of the hospital may relate to patient outcome.[22]  

Specific tumor and treatment related complications such as pain management, nutri-

tional care and biliary drainage, request comprehensive care. For example, cholangitis 

due to compression of the bile ducts and duodenal obstruction by a cancer in the pan-

creatic head is common in patients with metastatic cancer.  Decompression has shown 

to improve quality of life and may improve survival.[23, 24] A yearly volume of ≥50 ERCPs 

per endoscopist was significantly associated with a lower risk of procedural failure.[25] Our 

population-level finding that for all patients with metastatic pancreatic cancer, being 

diagnosed in a high-volume surgical center and high volume treatment center was asso-
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ciated with improved survival, suggests that an experienced multidisciplinary team may 

contribute to optimal treatment of metastatic pancreatic cancer. 

The prognosis of patients with pancreatic cancer remains poor with a median surviv-

al of 9.6 weeks. It is difficult to compare this result with the outcome of randomized 

controlled trials, which show higher survival rates due to inclusion of relatively young 

patients with a good performance status. However, the median duration in survival that 

we observed was comparable to another population-based study [26]  but lower than 

other population-based studies, albeit marginally.[27, 28] This may be explained by the 

inclusion of pathologically unverified carcinomas in our study. A significant portion of 

patients did not have their diagnosis confirmed by pathological examination; possibly 

because these patients were considered unfit for palliative chemotherapy and patho-

logical confirmation would not have had therapeutic implications. The overall survival 

of these patients was 7 weeks and, therefore, the likelihood that these patients indeed 

suffered from pancreatic cancer is high. In our series, 24% of the patients with metastatic 

pancreatic cancer were treated with palliative chemotherapy. The reported percentage 

in previous population-based studies in metastatic pancreatic is highly variable. More-

over, the presented specific subsets of patients treated with palliative chemotherapy 

were inconsistent. David et al. [29] described 30% of the patients receiving palliative che-

motherapy after palliative surgery. In non-resected patients the use was only 17%. Sharp 

et al.[30] reported 20%.  One Australian cohort observed that 43% of the patients received 

palliative chemotherapy, however this was a smaller study with 1863 patients and selec-

tion bias may have occurred.[31] A second Australian study by Jefford et al. [32] reported 

54% chemotherapy use, but analyzed both resectable and irresectable patients. A recent 

study by Oberstein et al. [33] seems to report a considerably higher percentage of patients 

treated with palliative chemotherapy (54%). However, patients who died within 30 days 

(22%) were excluded from the analysis. This implies that 42% was treated with palliative 

chemotherapy. Median survival in patients treated with palliative chemotherapy was 24 

weeks. This corresponds well with previously published data from the south of the Neth-

erlands.[8] Similar to previous studies, we found that younger age and limited metastases, 

were related to better survival.[27, 34] 

It should be noted that this analysis was conducted in the era before FOLFIRINOX and 

nab-paclitaxel with gemcitabine. With the introduction of the two new combination regi-

mens for metastatic pancreatic cancer, FOLFIRINOX and nab-paclitaxel with gemcitabine, 

experience of the medical oncologist may become even more important. The combina-

tion therapies have different efficacies, different side effects, and different routes of ad-

ministration.[6, 7, 35] As there are no direct data comparing the two combination treatment 

regimens, experience with all known palliative treatment options is of utmost importance 

to select the appropriate treatment for each individual patient. Because of the higher 
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toxicity of the combination therapy, less patients will be considered fit for the combina-

tion regimen and, as a consequence the experience per center with a specific regimen 

may further decrease. Thus, concentration of medical oncological care for patients with 

metastatic pancreatic cancer may become even more important.

It should be acknowledged that even with very careful analysis of population-based data 

it cannot be excluded that part of our results are explained by selection bias. Patients 

treated in high-volume surgical centers may be a selection of fit patients with limited met-

astatic tumor load. Part of these patients may initially have been considered resectable 

while during explorative laparotomy patient were shown to have irresectable disease, for 

instance due to small peritoneal metastases. Also, it may be argued that younger, fitter 

patients select high-volume hospitals. To minimize the confounding effect of palliative 

chemotherapy itself only patients were analyzed that were treated with palliative chemo-

therapy. Yet, other confounders related with usage of palliative chemotherapy cannot be 

ruled out. However, after adjustment for patient and tumor characteristics, we showed 

that survival was better in high-volume treatment centers. Unfortunately, we did not have 

information on performance status available in our dataset.[36] This lack of information 

on performance status is a significant limitation of our study. Furthermore, the hospital 

volumes that we defined in our study need validation and from these data no definite 

conclusions can be drawn on whether a specific type of high-volume center should be 

the norm for best clinical practice. 

In conclusion, in this nationwide database, hospital volume of palliative chemotherapy 

was associated with improved survival demonstrating that a volume-outcome relation-

ship, as described for pancreatic surgery, may also exist for pancreatic medical oncology.  
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SUPPLEMENTARY

HIGH-VOLUME
1X

N  (%)

HIGH-VOLUME
2X

N  (%)

HIGH-VOLUME
3X

N  (%)

Sex

 Male 657    (53) 266    (52) 102   (63)

 Female 576    (47) 241    (48) 59     (37)

Age (yrs)

 <50 63       (5) 21       (4) 13       (8) 

 50-59 199    (16) 72      (14) 36      (22) 

 60-69 372    (30) 190    (37) 62      (38) 

 70-79 375    (30) 160    (32) 41      (25) 

 ≥80 224    (18) 64      (13) 9          (6)

Histologic subtype 

 Adenocarcinoma 862    (70) 378   (75) 145     (90) 

 Non-microscopic verified 371    (30) 129   (25) 16       (10)

Location of metastases  

 Liver 647   (52) 233    (46) 79     (49)

 Peritoneum 104     (8) 30       (6) 12      (7)

 Lung 45       (4) 25       (5) 7         (4)

 Extra regional lymphnodes 51       (4) 18       (4) 13      (8)

 Other 23       (2) 12       (2) 1         (1)

 2 organs 261   (21) 127    (25) 36     (22)

 3 or more organs 86       (7) 54      (11) 11      (7)

Chemotherapy 

 Yes 282    (23) 191    (38) 55      (34)

 No 951    (77) 316    (62) 106   (66)

Total 1233 507 161

SUPPLEMENTARY TABLE 1A Patient characteristics specified per high volume-hospital: one type high-volume 

hospital, two types high-volume hospital and three types high-volume hospital
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VARIABLE ODDS RATIO 95% CI

Sex

 Male reference

 Female 1.029 0.847-1.249

Age (yrs)

 <50 1.303 0.830-2.045

 50-59 1.275 0.958-1.607

 60-69 reference

 70-79 1.220 0.961-1.548

 ≥80 1.830 1.315-2.548*

Histologic subtype 

 Adenocarcinoma reference

 Non-microscopic verified 1.374 1.078-1.753*

Location of metastases  

 Liver reference 0.886-1.927

 Peritoneum 1.307 0.394-1.027

 Lung 0.636 0.532-1.367

 Extra regional lymphnodes 0.852

 Other 0.447-1.809

 2 organs 0.899 0.621-1.003

 3 or more organs 0.789 0.475-0.962*

SUPPLEMENTARY TABLE 1B Multivariate binary logistic regression Patient characteristics in a once high-vol-

ume hospital (n=1233) vs more than one high-volume hospital (n=668)

* P<0.05

Abbreviations:

95% CI= 95% confidence interval
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VARIABLE ODDS RATIO 95% CI

Sex

 Male reference

 Female 1.096 0.890-1.350

Age (yrs)

 <50 0.616 0.367-1.033

 50-59 0.700 0.510-0.962*

 60-69 reference

 70-79 0.866 0.672-1.117

 ≥80 0.610 0.430-0.865*

Histologic subtype 

 Adenocarcinoma reference

 Non-microscopic verified 0.938 0.726-1.212

Location of metastases  

 Liver reference

 Peritoneum 0.756 0.490-1.165

 Lung 1.497 0.905-2.477

 Extra regional lymphnodes 0.847 0.490-1.464

 Other 1.460 0.716-2.978

 2 organs 1.301 1.007-1.680

 3 or more organs 1.678 1.163-2.422

SUPPLEMENTARY TABLE 1C Multivariate binary logistic regression Patient characteristics in a twice high-vol-

ume hospital  (n=507) vs once and three times high-volume hospital (n=1394)

Abbreviations:

95% CI= 95% confidence interval
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VARIABLE ODDS RATIO 95% CI

Sex

 Male reference

 Female 0.721 0.512-1.015

Age (yrs)

 <50 1.353 0.704-2.600

 50-59 1.138 0.731-1.770

 60-69 reference

 70-79 0.790 0.517-1.206

 ≥80 0.474 0.223-1.007

Histologic subtype 

 Adenocarcinoma reference

 Non-microscopic verified 0.347 0.198-1.608*

Location of metastases  

 Liver reference

 Peritoneum 0.898 0.472-1.711

 Lung 1.317 0.575-3.018

 Extra regional lymphnodes 1.839 0.958-3.531

 Other 0.316 0.042-2.367

 2 organs 1.035 0.682-1.572

 3 or more organs 0.739 0.408-1.540

SUPPLEMENTARY TABLE 1D Multivariate binary logistic regression Patient characteristics in a three times a 

high-volume hospital  (n=161) versus once and two times a high-volume hospital (n=1740)

Abbreviations:

95% CI= 95% confidence interval




