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Abstract 
 

Background: 

An association between higher hospital-volume and better “quality of surgery” and long-term 

survival has not been reported following pancreatic cancer surgery in low resection-volume 

regions such as in Australia. Using a population-level study, we compare “quality of surgery” 

and two-year survival following pancreaticoduodenectomy between Australian hospitals 

grouped by resection-volume. 

Methods: 

Data on all patients undergoing pancreaticoduodenectomy for adenocarcinoma in the 

Australian state of Queensland, between 2001 and 2015, were obtained from the Queensland 

Oncology Repository. Hospitals were grouped into high (≥ 6 resections annually) and low (< 

6) volume centres. Following adjustment for case-mix, “quality-of-treatment” indicators were 

compared between hospital groups using multivariate logistic regression and Poisson 

regression analysis; and two-year cancer-specific and overall survival were compared using 

multivariate Cox proportional hazard models. 

Results: 

Compared with high-volume centres, low-volume centres had worse two-year cancer-specific 

survival (Adjusted HR= 1.31; 95% CI:1.03-1.68), higher 30-day mortality (Adjusted IRR = 

3.81; 95% CI: 1.36-10.62) and fewer patients received “high-quality surgery” (Adjusted OR= 

0.55;95% CI: 0.33-0.90). Differences in 30-day mortality, or “quality-of-treatment” 

indicators did not entirely explain the observed survival difference between hospital-volume 

groups. 
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Conclusions: 

In an Australian environment, a “high” hospital-volume was significantly associated with 

better quality surgery and two-year survival following pancreaticoduodenectomy.  
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Introduction: 

Worldwide, pancreatic cancer ranks as the 9th most common cause of cancer death 1with the 

overall five-year survival following diagnosis  reported to range between two and nine 

percent2,3. Curative treatment requires complete surgical resection of disease, however, even 

in western populations with advanced health care systems, most patients present with late-

stage, irresectable pancreatic cancer and resection rates are reported to range between 13% 

and 26% 4. Even following treatment with complete resection and adjuvant chemotherapy, 

five-year survival remains low, and is between 20% - 25%  5,6 with nearly three-quarters of 

patients developing recurrent disease within two-years of treatment with curative intent. 2. 

In population-level studies from the USA and Europe, pancreatic resection in high-volume 

centres has been reported to be associated with significant improvements in surgical 

outcomes including post-operative mortality 7-9, quality of surgical resection 10 and survival10-

16 when compared with outcomes in low-volume centres. However, in these regions, 

resection-volumes in high-volume centres are reported to range between nine and forty 

pancreatic resections annually10-16. By comparison, in Australia,  which is characterised by a 

small and geographically dispersed population,  hospital resection-volumes are significantly 

lower, even in centres considered “high-volume”, when compared to resection volumes 

reported internationally. In Queensland, the annual average hospital resection-volumes for 

pancreaticoduodenectomy are reported to range between 0.1 and 13.6 cases17 and  a hospital-

volume of six or more procedures annually has been used to define high-volume centres in 

prior published Australian studies17,18. To date, in Australia, an association between higher 

hospital-volume and improved survival or better quality of surgery has yet to be reported . 

This may relate to the lower number of resections studied in the existing Australian literature 

when compared with international population level-studies 18, and may have resulted in a lack 
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of statistical power to detect differences in survival or “quality-of-surgery” outcomes 

between hospitals considered to have high or low-volume in the Australian environment .   

By using a 15-year population level study in the Australian state of Queensland, we evaluate 

the largest cohort of patients undergoing pancreaticoduodenectomy for adenocarcinoma  

reported in an Australian study assessing the impact of hospital-volume on cancer survival 

and quality of surgical treatment.  

 

Materials and Methods: 

Demographic, hospital and clinical data on all patients undergoing pancreaticoduodenectomy 

for pancreatic adenocarcinoma in Queensland, between January 1st, 2001 and December 31st, 

2015 were obtained from the Queensland Oncology Repository (QOR). This is a secure data 

repository which contains individual patient demographic, treatment and clinical outcome 

data obtained from multiple administrative databases including the population-based 

Queensland Cancer Registry, the state death registry, public and private pathology, public 

and private hospital clinical data systems and the Queensland Oncology On-Line (QOOL) 

tool used to record data from multidisciplinary cancer meetings in nearly all public hospitals 

in the state. 

Three age groups were constructed: 0-49 years; 50-74 years and 75 or more years and three 

time-periods were defined: 2001-2005; 2006-2010 and 2011-2015. Socio-economic status 

was defined using the Australian Bureau of Statistics Index of Relative Socio-economic 

Disadvantage (IRSD)19 with patients categorised into three area-level socio-economic groups 

: “Disadvantaged”, “Middle” and “Affluent”. Patient comorbidity was estimated using  the 

Charlson20 scoring system and scores were  dichotomized into Charlson “0” and “1 or more”.  
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High-volume centres were defined as performing six or more pancreaticoduodenectomies 

annually. This threshold was chosen based on high-volume thresholds previously defined in 

Australian population level studies and health service publications17,18. 

We defined eight quality-of-treatment indicators: margin status; number of lymph nodes 

resected; development of post-operative complications; unexpected return to theatre or 

unexpected ICU (Intensive-care unit) admission; 30-day post-operative mortality and 

delivery of chemotherapy. Patients were considered to have received chemotherapy as part of 

curative treatment if it was delivered within 4.5 months from the surgical resection. 

Information regarding clinical parameters are recorded in the QOR using the ICD 10-AM 21 

coding structure and post-operative surgical and medical complications were identified if 

specific ICD 10-AM codes (Supplemental Table 1 ) were recorded following surgery and 

prior to discharge. Return-to-theatre is not recorded as a specific variable in the QOR and was 

identified if patients underwent any procedure described by the  ICD 10-AM procedure codes 

outlined in Supplemental Table 2,  following initial resection and prior to discharge. 

Unexpected ICU admission was defined as an admission to ICU after admission to a hospital 

ward following surgery. Pathological variables including resection margin status (R0 

resection margin: ≥1mm), number of lymph-nodes resected, and post-operative stage were 

manually collected for all patients from operative histology reports. Post-operative cancer 

stage was standardized to UICC Edition 7 22 and patients with stage 0 or stage IV cancer were 

excluded from analysis. We further defined a composite outcome variable, “High-Quality 

Surgery” , based on the “text-book outcome” parameters used in a study of patients 

undergoing oesophago-gastric cancer surgery 23. For our study, patients were considered to 

have received “High-Quality-surgery” if they received an R0 resection, had 12 or more 

lymph nodes resected 24, did not experience a post-operative complication, did not return to 
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theatre or have an expected ICU admission ,and did not die within 30 days or less following 

surgery. 

Univariate comparisons of patients’ demographic, clinical, tumour, treatment and quality-of 

treatment  characteristics between hospital-volume groups was performed using Chi squared 

tests, with significance set at a two-way alpha of 0.05 or less. Due to the low number of post-

operative deaths in the study cohort, we used multivariate Poisson regression to model 

differences in 30-day mortality between hospital volume groups. We used logistic regression 

analysis for multivariate comparisons of the remaining quality of treatment parameters. All 

models were adjusted for patient age, sex, area-level socio-economic status, Charlson score, 

post-operative stage and time-period.  

Crude two-year overall and cancer-specific survival probabilities for patients undergoing 

surgery in high-volume and low-volume hospitals were calculated using Kaplan-Meier 

survivor functions and compared using log-rank tests of survivor function equality. Directed 

acyclic graphs were used to identify confounding and mediating variables for multivariate 

analysis comparing survival between high and low-volume hospitals. We compared two-year 

overall and cancer-specific survival between hospital volume groups using Cox proportional 

hazard models adjusted for patient age, sex, socio-economic status, Charlson score, post-

operative cancer stage and time-period.  

To account for survival differences between hospital volume groups resulting from early 

post-operative deaths, conditional survival, excluding all patients who died within 30 days  

following surgery, was estimated using Cox proportional hazard methods. These conditional 

survival models were adjusted for the same covariates as for models of overall and cancer-

specific survival to allow for comparison of hospital-volume hazard estimates. Similar 
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methods were used to account for differences in survival between hospital volume groups 

potentially resulting from differences in quality of treatment parameters. 

Ethical approval for this study was granted by the Metro South Health Human Research 

Ethics Committee (HREC/18/QPAH/303).  

Results: 

During the study period 2819 patients were diagnosed with adenocarcinoma of the head of 

pancreas, with 593 patients undergoing pancreaticoduodenectomy: 352(59.4%) in four high-

volume hospitals and 241(40.6%) in twenty low-volume hospitals. There was no difference in 

resection rates between the three time-periods: 2001-2005, 22% ; 2006-2010, 20% ; and 

2011-2015, 21% (p = 0.30). The annual average resection-volumes for hospitals in our study 

cohort ranged between 0.2 and 17 cases per year, with four centres performing an  average of 

six or more  pancreaticoduodenectomies and one centre performing an average of 17 

pancreaticoduodenectomies in the period between 2011-2015.   The threshold of six annual 

resections used to define a high-volume centre approximates the median average annual 

resection-volume in our study cohort. The number of hospitals meeting this threshold 

increased from three in 2001-2005, to four in 2006-2010 and 2011-2015, while the number 

with less than six resections decreased from twenty in 2001-2005, to ten in 2011-2015. 

Hospitals meeting the high-volume threshold accounted for 48% of all resections in 2001-

2005 and 68% in 2011-2015 (Table 1). Amongst the high-volume hospitals, the lowest 

hospital average annual resection volume rose from six procedures in 2001-2005 to ten 

procedures in 2006-2010 and 2011-2015. 

Demographic, clinical and tumour characteristics of patients undergoing 

pancreaticoduodenectomy related to hospital-volume are shown in Table 1. Low-volume 

hospitals performed surgery on a higher proportion of patients aged 75 years or more and had 
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a lower proportion of affluent patients. There were no significant differences in sex, patient 

comorbidity or post-operative stage between the hospital volume  groups. 

An R0 resection was achieved in 469 (79%) patients and 12 or more lymph nodes were 

resected in 243(41%) patients. Post-operative complications occurred in 163 (27%) patients, 

153 (26%) had an unexpected admission to ICU and 38 (6%) returned to the operating 

theatre.  There were no significant differences in these parameters when comparing high and 

low-volume hospital groups (Table 2). Although fewer patients received chemotherapy in 

low-volume (42%) hospitals compared with high-volume (53%) hospitals, there was no 

difference between hospital groups following adjustment for case-mix, cancer-stage and 

period. Compared with high-volume centres, low-volume hospitals had approximately four 

times the adjusted rate of 30-day mortality and had approximately half the adjusted odds of 

patients receiving “high-quality surgery”. (Table 2) 

The median overall and cancer-specific survival times following surgery were 16.9 months 

and 21.1 months respectively. Patients treated in low-volume centres had significantly lower 

crude two-year overall survival (p= 0.03; Figure 1) and cancer-specific survival (p< 0.01; 

Figure 2). Following adjustment for case-mix and time-period of treatment, the two-year 

cancer-specific survival remained lower for patients undergoing surgery in low-volume 

hospitals. (Table 3); and there was a suggestion of lower adjusted two-year overall survival. 

The adjusted cancer-specific survival was lower for patients with higher cancer-stage and 

higher for patients undergoing pancreaticoduodenectomy between 2011-2015 compared with 

2001-2005.  

After exclusion of early post-operative deaths, conditional cancer-specific survival remained 

lower for patients undergoing surgery in low-volume hospitals  (Adjusted HR = 1.29, 95% 

CI: 1.01-1.65), with a  suggestion of poorer conditional overall survival (Adjusted HR = 1.17; 
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95% CI: 0.94-1.47) although this did not reach statistical significance. Similarly, after 

adjustment of survival models to account for patients receiving  “High-quality surgery” and 

treatment with chemotherapy, the two-year cancer-specific survival remained lower in low-

volume compared with high-volume hospitals (Adjusted HR= 1.29; 95% CI:1.01-1.65) and 

there was no change to two-year overall survival (Adjusted HR = 1.21; 95%CI: 0.97-1.50).  

Discussion: 

In Queensland, over the study period, approximately 41% of all patients underwent 

pancreaticoduodenectomy in hospitals performing less than six resections annually. For these 

patients, we have demonstrated lower odds of receiving “high-quality treatment” and 

significantly lower two-year cancer specific survival , after adjustment for case-mix, cancer-

stage and period of treatment. The survival  difference remained after accounting for early 

post-operative deaths.  The two-year adjusted cancer-specific survival in the period between 

2011-2015 was higher than in the period 2001-2005 which may have related to the increase 

in the proportion of patients having surgery in high-volume centres, as well as advances in 

perioperative and oncological treatments. 

Improved overall survival following pancreatic resection in high-volume centres  has been 

reported in several population-level studies based in Europe 10,11 and the USA 14-16; with 

similar findings reported in a recent meta-analysis of  cancer survival and rates of R0 

resections 12. In these studies, high-volume centres were defined by resection volumes 

ranging between nine and forty procedures annually. In Australia, with a population of less 

than 25,000,000 people, and with a population density of approximately three persons per 

square kilometre, overall hospital resection volumes for pancreaticoduodenectomy are lower 

with centres performing six or more resections per year  regarded as high volume.18 Such 

centres tend to offer more comprehensive services including surgeons with pancreatic surgery 
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specialty training and are often major referral hubs for pancreatic resection. Nevertheless, in 

contrast to our results, an earlier population-level study from Australia found no difference in 

one-year mortality or overall-survival when comparing high and low-volume hospitals 

defined by this threshold 18 ; but this may relate to the lower number of resections assessed 

compared with our study.   

The mechanisms underlying the improved overall survival reported following pancreatic 

resection in  high-volume hospitals have yet to be established. In a recent study of patients 

undergoing oesophago-gastric resection in the Netherlands, patients achieving a “text-book 

outcome”, as defined by a curative resection deemed by the surgeon, R0 resection margins, 

resection of 15 or more  lymph nodes, no severe post-operative complications, no re-

interventions  and no death within 30 days or readmission to ICU or another hospital 23, were 

reported to have better long-term survival compared with patients who did not achieve this 

composite parameter 25. For pancreaticoduodenectomy, it has been reported that high-volume 

centres deliver better “quality of surgery”, defined by higher rates of R0 resections 12, 

resection of adequate numbers of lymph-nodes 10, as well as lower rates of 30-day mortality 

10 when compared with low-volume centres. As well, the administration of neoadjuvant 2 and 

adjuvant chemotherapy10, and a lack of post-operative complications 26, have been reported to 

be associated with improved survival.  It seems reasonable to assume that differences in these 

“quality of treatment” parameters, may, at least in part, explain the relationship between 

hospital volume and survival following pancreatic resection. Using these variables to define 

“High-quality surgery”, we have shown that patients undergoing pancreaticoduodenectomy in 

low-volume centres have an almost 50% less chance of achieving high-quality surgery 

compared with patients treated in high-volume centres. However, adjustment of survival 

models to account for differences in “high-quality surgery” rates, as well as differences in 

delivery of chemotherapy, resulted in only mild attenuation of hospital-volume hazard 
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estimates which suggests that, at least in the Australian environment, other mechanisms may 

also contribute to the better survival with higher surgical volume. These mechanisms could 

potentially include better staging at diagnosis and hence more stringent selection for surgery 

in high-volume compared to low-volume centres. 

Our study has several strengths including being population-based , assessing a larger number 

of resections compared with prior Australian studies, and conducted over a period where 

treatment regimens are generally similar to those in the present era.  As well, by manually 

collecting pathological variables, we were able to standardise margin status, adequacy of 

nodal resection and post-operative stage across the whole patient cohort. However, our study  

is limited by several factors including low numbers of resections when compared  to 

international series which may have resulted in wide confidence-intervals for some 

comparisons. We also lacked data relating to the initial centre where patients received their 

cancer-workup and cancer-stage at diagnosis, and this may have resulted in differences in 

patient selection between hospital-volume groups that might contribute to the survival 

differences between high and low-volume centres. As well, many clinical variables including 

complications, return-to-theatre and unexpected-ICU-admissions are derived from data 

recorded in hospital administrative datasets, with some variables requiring construction using 

combinations of ICD-10AM codes. We lacked a reference dataset to validate the accuracy of 

clinical variables, however, our estimates appear broadly consistent with those reported in 

other Australian series 27,28.  

Conclusion: 

In an Australian environment, the two-year survival and “quality of surgery” was better for 

patients undergoing pancreaticoduodenectomy in hospitals performing six or more 

procedures annually. These results suggest that the positive association between these 
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outcomes and higher hospital resection-volumes reported in Europe and the USA, may also 

apply to regions characterised by a smaller populations and lower overall hospital resection-

volumes.    
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Table 1:Demographic, clinical and tumour characteristics of patients undergoing pancreaticoduodenectomy in Queensland, 
2001-2015 

 High-volume (≥6 ) 

Number (col%) 

Low-Volume ( <6) 

Number (col %) 

p-value* 

Age group    

<50 years 36 (10.2%) 17 (7.0%) 0.03 

50-74 years 278 (79.0%) 181 (75.1%) 

75+ years 38(10.8%) 43(17.8%) 

    

Sex    

Male 189(53.7%) 141(58.5%) 0.25 

Female 163(46.3%) 100(41.5%) 

    

Socioeconomic status    

Disadvantaged 79(22.4%) 48(19.9%) <0.01 

Middle 209(59.4%) 176(73.0%)  

Affluent 64(18.2%) 17(7.0%)  

    

Charlson score    

0 174(49.4%) 130(53.9%) 0.28 

1 or more 178(50.6%) 111(46.1%) 

    

Post-operative stage    

I 29(8.2%) 21(8.7%) 0.75 

II 248(70.4%) 166(68.9%) 

III 8(2.3%) 3(1.2%) 

Missing/Cannot be assessed 67(19.0%) 51(21.2%) 

    

Perioda    

2001-2005 80(48.2%) 86(51.8%) <0.01 

2006-2010 117(63.6%) 67(36.4%) 

2011-2015 155(67.8%) 88(36.2%) 

*Chi squared test of significance 
a Row % 
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Table 2: Impact of volume on quality of treatment for patients undergoing pancreaticoduodenectomy for 
pancreatic adenocarcinoma 

 Univariate analysis Adjusted ORb (95% CI) 

 High-volume 

Number (%) 

Low-volume 

Number (%) 

p-

value* 

High-volume Low-volume 

      

R0 resection 277(78.7%) 192(79.7%) 0.77 1 2.28 (0.79 – 6.58) 

≥ 12 Lymph nodes 152(43.2%) 91(37.8%) 0.19 1 0.87 (0.59-1.30) 

Any complication 103(29.3%) 60(24.9%) 0.24 1 0.84 (0.57-1.25) 

Return to theatre 22(6.25%) 16(6.64%) 0.89 1 1.10 (0.53-2.32) 
Unexpected ICU 

admission 
94(26.7%) 59 (24.5%) 0.54 1 1.20 (0.78-1.85) 

High-Quality 

Surgerya 
75(21.3%) 32(13.3%) 0.01 1 0.55 (0.33-0.90) 

Chemotherapy 186(52.8%) 101(41.9%) 0.01 1 0.81 (0.56-1.19) 

    Adjusted Incidence Rate Ratio (95% CI)c 

30-day mortality 5(1.4%) 11(4.6%) 0.02 1 3.81 (1.36-10.62) 
aHigh Quality surgery= R0 resection + ≥ 12 Lymph nodes resected + no complication + no return to theatre + no return 

to ICU + no deaths within 30 days or less following surgery 
bMultivariate logistic regression adjusted for age, sex, area-level socio-economic disadvantage, Charlson score, post-

operative stage and time-period 
cMultivariate Poisson regression adjusted for age, sex, area-level socio-economic disadvantage, Charlson score, post-

operative stage and time-period 
*Chi-squared test of significance 
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Table 3: Two-year risk of death following curative pancreaticoduodenectomy for cancer in Queensland, 2001-2015 

  
 Cancer-specific survival      

 
Overall Survival  

 Adjusted HR* 95% CI Adjusted HR* 95% CI 
Hospital volume     
High (≥6 ) 1 - 1 - 
Low ( <6) 1.31 1.03-1.68 1.21 0.97-1.51 
     
Sex     
Men 1 - 1 - 
Women 1.06 0.83-1.68 1.04 0.84-1.29 
     
Socio-economic 
status 

    

Disadvantaged 1 - 1 - 
Middle 0.98 0.73-1.31 1.01 0.78-1.31 
Affluent 0.76 0.49-1.19 0.86 0.58-1.27 
     
Age-group     
< 50 years 1 - 1 - 
50-74 years 0.94 0.63-1.39 0.98 0.68-1.42 
75+ years 1.18 0.73-1.91 1.25 0.81-1.94 
     
Post-operative stage     
I 1 - 1 - 
II 2.34 1.35-4.03 1.79 1.14-2.80 
III 3.01 1.07-8.5 1.98 0.79-4.95 
Missing/cannot be 
assessed 

2.17 1.20-3.92 1.75 1.07-2.87 

     
Charlson score     
0 1 - 1 - 
1 or more 1.13 0.89-1.44 1.15 0.93-1.43 
     
Period     
2001-2005 1 - 1 - 
2006-2010 0.82 0.62-1.10 0.82 0.62-1.07 
2011-2015 0.65 0.49-0.88 1.01 0.78-1.31 
* Adjusted for patient age, sex, area-level socio-economic disadvantage, post-operative cancer stage, 
Charlson co-morbidity score  and time-period 
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Fig. 1 Overall two-year survival following pancreaticoduodenectomy in Queensland, 2001-2015 

 

 

Fig. 2 Two-year cancer-specific survival following pancreaticoduodenectomy in Queensland; 2001-2015 
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