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ABSTRACT

Background. Series from expert centers suggest that pan-

creas cancer surgery is safe for elderly patients but nationwide

data, taking hospital volume into account, are lacking.

Methods. From the Netherlands Cancer Registry, all 3420

patients who underwent pancreatoduodenectomy (PD) for

primary pancreatic or periampullary carcinoma in 2005–

2013 were selected. Associations between age (\75,

C75 years), hospital volume (tertiles), and postoperative

mortality (30, 90 day) were evaluated by v2 tests and

logistic regression analyses. Overall survival was investi-

gated by means of Kaplan–Meier and Cox proportional

hazard regression analyses.

Results. The proportion of elderly patients (C75 years)

undergoing PD increased from 15 % in 2005–2007 to 20 % in

2011–2013 (p = 0.009). In low (\15 per year), medium (15–

28 per year), and high ([28 per year) hospital volume tertiles,

the proportion of elderly patients was 16, 20, and 17 %,

respectively (p = 0.10). With increasing hospital volume, 30-

day postoperative mortality was 6.0–4.5–2.9 % (p = 0.002)

and 90-day mortality 9.3–8.0–5.3 % (p = 0.001), respec-

tively. Within each volume tertile, adjusted 30- and 90-day

mortality of elderly patients was 1.6–2.5 times higher com-

pared to outcomes of younger patients. Adjusted 30-day

mortality in elderly patients was higher in low-volume hos-

pitals (odds ratio = 2.87, 95 % confidence interval 1.15–

7.17) compared to high-volume hospitals. Similarly, elderly

patients had a worse overall survival in low-volume hospitals

(hazard ratio = 1.28, 95 % confidence interval 1.01–1.63).

Postoperative mortality of elderly patients in high-volume

hospitals was similar to mortality of younger patients in low-

and medium-volume hospitals.

Conclusions. Elderly patients benefit from centralization

by undergoing PD in high-volume hospitals, both with

respect to postoperative mortality and survival. It would

seem reasonable to place elderly patients into a high-risk

category; they should only undergo surgery in the highest-

tertile-volume hospitals.

At diagnosis, over half of patients with primary pan-

creatic or periampullary cancer is aged 70 years or older.1

Although pancreatic resection is the only treatment option

with curative intent, only 15–20 % of pancreatic cancer

patients are eligible for surgery.2,3 Pancreatic surgery is

regarded as low-volume, high-risk surgery. Many studies

have shown a strong and consistent relation between high

procedural volumes and favorable postoperative outcomes

after pancreatic surgery.4–6 Hospital volume represents

various interdepending structure and process characteristics

of hospitals influencing morbidity rates, management of

complications, and postoperative mortality.7 In the past
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decade, after centralization of pancreatic surgery, a

decreased postoperative mortality after pancreatic surgery

was observed in the Netherlands.8–10

Together with improving postoperative mortality, an

increased resection rate was observed in elderly pancreatic

cancer patients in the United States.11 Generally, elderly

patients experienced worse postoperative outcomes com-

pared to younger patients.11–13 Because of higher rates of

comorbid diseases and a decreased physiologic reserve,

elderly patients may experience difficulties to counter

complications after major surgery. Several studies showed

a more than two times higher postoperative mortality in

elderly patients who underwent pancreatic surgery, which

is also found in the era of centralization.10,14 However,

little is known about the magnitude of the influence of

hospital volumes on surgical outcomes of elderly patients.

In addition, it is not known whether the centralization

process of pancreatic surgery differs between younger and

elderly patients.

Therefore, the purpose of this study was to investigate

centralization, hospital volume, and postoperative mortality

in elderly patients who underwent pancreatoduodenectomy

(PD) for primary pancreatic or periampullary adenocarci-

noma in the Netherlands.

METHODS

Data Source

The nationwide Netherlands Cancer Registry (NCR)

covers nearly 17 million inhabitants and comprises popula-

tion-based data on newly diagnosed malignancies. The

primary source of notification of the NCR is the automated

nationwide pathologic archive (PALGA), supplemented with

data from the National Registry of Hospital Discharge

Diagnoses. Since 1989, trained registration administrators

collected data on patient, tumor, and treatment characteristics

from the medical records in all Dutch hospitals. Topography

and morphology were coded according to the International

Classification of Diseases for Oncology (ICD-O).15 Tumor

stage was based on the tumor, node, metastasis classification

system (TNM) that was applicable (6th edition in 2003–2009

and 7th edition thereafter).16 Follow-up of vital status was

obtained by annual linkage with the Municipal Personal

Records Database, which contains the information of all

Dutch inhabitants (dead or alive, or emigrated).

Patients and Outcome Measures

All patients who underwent PD (pylorus-preserving and

Whipple procedures) for primary pancreatic (ICD-O code

C25.0–9) or periampullary [located in ampulla of Vater

(C24.1), distal extrahepatic bile duct (C24.0) or duodenum

(C17.0)] adenocarcinoma in the period 2005–2013 were

selected and included in this study.

Patients were divided into two age groups: younger

(\75 years at time of diagnosis) and elderly (C75 years)

patients. Because of the nature of the NCR, data on prior

cancer diagnoses were available. Because information on

other comorbid diseases was lacking in the majority of

patients, data on socioeconomic status (SES) were

used.17,18 SES was based on reference data from the

Netherlands Institute for Social Research. Scores on social

deprivation were derived from income, education, and

occupation per 4-digit postal code, and were broken into

three SES categories (high, first to third deciles; interme-

diate, fourth to seventh deciles; low, eighth to 10th

deciles). Pathologic tumor stage (TNM) was categorized as

stage I, II, III, and IV according to tumor location.

Hospital volumes were defined as the number of PDs

that were performed per hospital per year and were broken

evenly into volume categories by tertile: low hospital

volumes (LHV,\15 resections per year), medium hospital

volumes (MHV, 15–28 per year), and high hospital vol-

umes (HHV,[28 per year), to obtain a similar number of

patients in each volume category. In sensitivity analysis,

hospital volume tertiles were calculated within 3-year

periods of surgery (2005–2007, 2008–2010, 2011–2013,

Fig. 1) to reduce the influence of many LHVs in the first

time period.

To account for late fatal outcomes of postoperative

complications, both 30- and 90-day mortality of any cause

after date of resection were calculated.14 Survival time was

defined as the time between date of surgery and date of

death. Patients alive as of January 1, 2015, were censored.

Statistical Analysis

To compare categorical characteristics of patients who

underwent PD by age and by hospital volume, Pearson’s v2

tests were used. A p value of \0.05 was considered sig-

nificant. v2 tests were also used to compare postoperative

outcomes (30 and 90 days) of younger and elderly patients

within each hospital volume category. Univariable and

multivariable logistic regression analyses were performed

to investigate the association of age and hospital volume

with postoperative mortality (30 and 90 days) after PD for

pancreatic and periampullary carcinoma. Kaplan–Meier

and Cox proportional hazard regression analyses were used

to evaluate survival. All multivariable models were

adjusted for the (possible) influence of year of surgery, sex,

prior cancer, SES, and tumor location, stage, and grade.

Multivariable Cox models were additionally adjusted for

the use of adjuvant chemotherapy. All analyses were

repeated with higher cutoff levels for age. Because of low
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numbers of octogenarians (n = 163) reducing the statisti-

cal power, an intermediate cutoff point at the 90th age

percentile was also used (C78 years, n = 303). All anal-

yses were performed by STATA/SE 13.0 (StataCorp,

College Station, TX).

RESULTS

Patients

Of all 3420 patients who underwent PD for primary

pancreatic or periampullary carcinoma, the proportion of

elderly patients (C75 years, 18 %) increased over time

from 15 % in 2005–2007 to 20 % in 2011–2013

(p = 0.009). Elderly patients more often had a peri-

ampullary carcinoma (46 vs. 42 %, p = 0.05) and a prior

cancer (25 vs. 14 %, p\ 0.001) compared to younger

patients. In Table 1, patient and tumor characteristics are

compared between tertiles of hospital resection volumes.

Between hospital volume tertiles, borderline significant age

differences were found (C75 years: 16, 20, and 17 %,

p = 0.10). However, over time, the strongest increase in

the proportion of elderly patients was found at LHV (from

15 % in 2005–2007 to 24 % in 2011–2013, p = 0.02;

MHV, 17–20 %, p = 0.72; HHV, 14–18 %, p = 0.25). A

similar pattern was found for higher age cutoffs

(C80 years: LHV, 3–8 %, p = 0.02; MHV, 5–6 %,

p = 0.37; HHV, 2–6 %, p = 0.12) and for hospital volume

tertiles calculated within 3-year periods (C75 years: LHV,

from 14 % in 2005–2007 to 21 % in 2011–2013,

p = 0.009; MHV, 16–19 %, p = 0.57; HHV, 15–19 %,

p = 0.43). Furthermore, the use of adjuvant chemotherapy

in patients with pancreatic carcinoma increased with

increasing hospital volumes for both younger (\75 years:

39–47–57 % in LHV–MHV–HHV, p\ 0.001) and elderly

patients (C75 years: 9–10–19 %, p = 0.07; volume tertiles

within 3-year periods).

Postoperative Outcomes

Over time, 30-day mortality in elderly patients showed a

tendency to decrease, from 10.2 % (13/127) in 2005–2007

to 5.1 % (15/296) in 2011–2013 (p = 0.15); in younger

patients, a decrease was found, from 4.3 % (31/726) to

3.3 % (40/1195) (p = 0.31). At 90 days after surgery, a

similar pattern was found in younger (6.9–5.7 %,

p = 0.26) and elderly patients (15.0–10.8 %, p = 0.47).

Overall, HHV showed the most favorable 30-day

(p = 0.002) and 90-day postoperative mortality rates

(p = 0.001). As shown in Table 2, within all hospital

volume tertiles, mortality was less favorable for elderly

patients compared to younger patients. After adjustment for

confounding factors, in LHV 30-day postoperative mor-

tality of elderly patients was more than double that of

younger patients, while differences in MHV and HHV

were less pronounced (p = 0.10 and p = 0.31, respec-

tively). Adjusted 90-day mortality in elderly patients was

significantly increased within each hospital volume tertile

(Table 2). Furthermore, in all hospital volume tertiles,

elderly patients had a worse overall survival compared to

younger patients (Table 3). After supplemental adjustment

for adjuvant chemotherapy, the strongest reduction of the

hazard ratio (HR) of mortality was found in HHV.

Age and Hospital Volume Combined

Age groups and volume tertiles were combined in each

model, taking as the reference group the category elderly

patients who underwent PD in HHV (Fig. 2). The adjus-

ted 30-day mortality of elderly patients was worse in

1600

1400

1200

1000

800

600

400

200

0

2005-2007

146
200

752

566

173 311

291

251
331

477

418

596

336

409

467

409

105

602

2008-2010

hospital volume tertiles calculated
overall (9-year period)

hospital volume tertiles calculated
within 3-year periods

low1-14/yr

15-28/yr
≥29/yr

1-8/yr

9-17/yr
≥18/yr

1-14/yr

15-24/yr
≥25/yr

1-22/yr

23-34/yr
≥35/yr

medium

high

2011-2013 2005-2007 2008-2010 2011-2013

N
um

be
r 

of
 p

at
ie

nt
s

FIG. 1 Hospital volume tertiles of

3420 patients who underwent

pancreatoduodenectomy for primary

pancreatic or periampullary

adenocarcinoma in 2005–2013 in the

Netherlands, calculated in two different

ways

Centralization of Pancreatic Surgery



LHV compared to HHV [odds ratio (OR) 2.87, 95 %

confidence interval (CI) 1.15–7.17]. Ninety days after

surgery, younger patients in HHV had a lower adjusted

mortality (OR 0.46, 95 % CI 0.26–0.84) compared to

elderly patients at HHV, but no significant difference was

found between elderly patients in LHV and HHV

(p = 0.16). Although elderly patients treated in HHV

showed a better overall survival compared to elderly

patients in LHV (HR 1.28, 95 % CI 1.01–1.63), they had

a worse survival compared to younger patients in HHV

(HR 0.77, 95 % CI 0.63–0.94) (Fig. 2). In a second

regression model including adjuvant chemotherapy, the

worse survival of elderly patients in LHV persisted (HR

1.29, 95 % CI 1.02–1.64). Postoperative mortality and

overall survival of elderly patients at HHV did not differ

statistically from outcomes of younger patients at LHV

and MHV (p C 0.16). In sensitivity analyses, with hos-

pital volume tertiles calculated within 3-year periods, a

similar pattern was found (Supplementary Table 1 and

Supplementary Fig. 1). Also, an age cutoff point at the

90th percentile (9 % of patients) showed a worse post-

operative mortality and overall survival for elderly

patients at LHV compared to elderly patients at HHV

[30 days: OR (C78 years in LHV vs. C78 years in

HHV) = 2.29, 95 % CI 1.53–34.59; 90 days: OR = 2.93,

95 % CI 1.11–7.75; overall survival: HR = 1.43, 95 % CI

1.00–2.03]. Comparisons of other age–volume combina-

tions with elderly patients in HHV did not reach statistical

significance. Analyses of octogenarians compared to

younger patients showed similar results.

Table 1 Patient, tumor and treatment characteristics of patients who

underwent pancreatoduodenectomy (PD) for primary pancreatic or

periampullary adenocarcinoma (ampulla of Vater, duodenum and

distal bile duct) in 2005–2013 in the Netherlands, by hospital volume

tertiles (Low, Medium, High hospital volume (HV))

Characteristic All patients

(n = 3420) n (%)

Low volume

(n = 1184), %

Medium volume

(n = 1138), %

High volume

(n = 1098), %

p value

Sex 0.08

Male 1928 (56) 59 55 56

Female 1491 (44) 41 45 44

Age 0.10

\75 years 2811 (82) 84 80 83

C75 years 609 (18) 16 20 17

History of cancer 0.14

No 2873 (84) 86 83 84

Yes 547 (16) 14 17 16

Socioeconomic status 0.006

High 1026 (30) 29 28 34

Intermediate 1371 (40) 41 39 40

Low 1.023 (30) 30 33 27

Location of primary tumor 0.13

Pancreas 1960 (57) 58 59 55

Periampulla 1460 (43) 42 41 45

Tumor stage (TNM) 0.001

I 656 (19) 23 18 16

II 2313 (68) 63 68 72

III 367 (11) 11 11 9.8

IV 61 (1.8) 1.7 1.7 2.0

X 23 (0.7) 0.8 0.5 0.6

Tumor grade \0.001

Moderate/well differentiated 1835 (54) 58 51 51

Poorly differentiated 1041 (30) 26 31 34

Unknown 544 (16) 15 18 14

Adjuvant chemotherapy (pancreas

only, % yes)

810 (41) 22 48 56 \0.001

Low hospital volume,\15 resections per year; medium, 15–28 resections per year; and high,[28 per year

TNM tumor, node, metastasis classification system

L. G. M. Geest et al.



DISCUSSION

This nationwide study of 3420 patients who underwent

PD for primary pancreatic or periampullary carcinoma in

the Netherlands found lower 30- and 90-day mortality in

elderly patients treated at HHV compared to lower hospital

volumes. Within each hospital volume tertile, postopera-

tive mortality of elderly patients was 1.6–2.5 times higher

compared to younger patients. Mortality rates of elderly

patients in high-volume hospitals equaled mortality rates of

younger patients in low- and medium-volume hospitals,

while mortality rates of elderly patients in low-volume

hospitals were worse.

In earlier reports from the Netherlands based on data

until 2009, centralization of pancreatic surgery was

observed, but no change was found in the age

TABLE 2 Univariable and multivariable logistic regression analyses predicting 30- and 90-day postoperative mortality of patients who

underwent PD for primary adenocarcinoma, by age of patients within each hospital volume tertile

Univariable analysis Multivariable analysis

n Proportion p OR 95 % CI p OR 95 % CI p

30-day mortality

Low HV 1184 6.0

Age\ 75 years 989 5.2 0.006 1 – 0.007 1 – 0.007

Age C 75 years 195 10.3 2.10 1.22–3.61 2.13 1.23–3.70

Medium HV 1138 4.5

Age\ 75 years 913 3.9 0.08 1 – 0.08 1 – 0.10

Age C 75 years 225 6.7 1.74 0.94–3.24 1.72 0.91–3.25

High HV 1098 2.9

Age\ 75 years 909 2.8 0.48 1 – 0.48 1 – 0.31

Age C 75 years 189 3.7 1.36 0.58–3.19 1.59 0.65–3.88

90-day mortality

Low HV 1184 9.3

Age\ 75 years 989 8.4 0.02 1 – 0.02 1 – 0.01

Age C 75 years 195 13.9 1.75 1.10–2.79 1.81 1.13–2.91

Medium HV 1138 8.0

Age\ 75 years 913 6.6 \0.001 1 – \0.001 1 – 0.001

Age C 75 years 225 13.8 2.27 1.43–3.60 2.28 1.42–3.65

High HV 1097 5.3

Age\ 75 years 908 4.5 0.01 1 – 0.008 1 – 0.004

Age C 75 years 189 9.0 2.05 1.20–3.50 2.46 1.32–4.59

HV hospital volume,\15 resections per year; medium, 15–28 resections per year; and high,[28 per year; p value by v2 test, n number of patients

OR odds ratio, CI confidence interval

TABLE 3 Univariable and multivariable Cox proportional hazard analyses predicting overall survival of patients who underwent PD for

primary adenocarcinoma, by age of patients within each hospital volume tertile

Hospital volume and patient age Univariable analysis Multivariable analysis Multivariable analysis ? adjuvant chemotherapy

HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p

Low HV

C75 versus\75 years 1.29 (1.09–1.52) 0.004 1.27 (1.07–1.51) 0.006 1.21 (1.02–1.44) 0.03

Medium HV

C75 versus\75 years 1.24 (1.04–1.47) 0.02 1.45 (1.21–1.73) \0.001 1.31 (1.09–1.57) 0.004

High HV

C75 versus\75 years 1.24 (1.01–1.51) 0.04 1.32 (1.08–1.61) 0.007 1.16 (0.94–1.43) 0.17

HV hospital volume,\15 resections per year; medium, 15–28 resections per year; and high,[28 per year

HR hazard ratio, CI confidence interval

Centralization of Pancreatic Surgery



distribution of patients undergoing resection.10,19 With

ongoing centralization (the number of hospitals per-

forming PDs decreased from 42 in 2005 to 21 of 91

hospitals in 2013), our study showed that the age of

patients undergoing PD increased, especially from 2011

onward. The 2011 Dutch evidence-based guideline on

pancreatic and periampullary carcinoma state that

advanced age by itself should not be a contraindication

for pancreatic surgery.20 Also in 2011, the Dutch

Healthcare Inspectorate (IGZ) and Dutch Society for

Surgery (NVvH) set a minimum hospital volume stan-

dard for pancreatic surgery (benign and malignant) at 20

PD procedures per year.21 In our study, over time, a

steeper increase of the age of patients who underwent PD

for cancer was found in low-volume hospitals. This

finding suggests that treatment guidelines and volume

standards have stimulated pancreatic surgery in the

elderly, especially in low-volume hospitals. One may

speculate that low-volume hospitals may have had more

trouble attaining the national volume standard for pan-

creatic surgery, while high-volume hospitals may have

room to select fit elderly patients. On the other hand,

patients who seek care at low-volume hospitals may be

older compared to patients seeking care at high-volume

(university) hospitals. In recent years, an increasing

proportion of this reservoir of eligible elderly patients

in low-volume hospitals may have been offered pan-

creatic surgery.

We also found that patients who underwent pan-

creatic resection in high-volume hospitals more often

had a high SES. In studies on treatment decision

making, especially elderly and low-educated patients

seem less likely to take active roles in the treatment

decision-making process.22 Elderly or low-SES patients

may hesitate to leave ‘‘their’’ nearby hospital with

doctors who know their comorbid diseases well, or

they may prefer the nearest hospital because of the

short travel distance.23 Also, referral patterns may

already differ by age or SES at the level of general

practitioners before the first hospital visit. With ongo-

ing centralization of pancreatic surgery, a better

understanding is needed of factors influencing referral

and treatment decision making in elderly patients.22

The centralization process should not stimulate referral

of only younger patients to hospitals with higher

volumes.

Despite the rising age of patients who underwent PD,

a slight decrease of postoperative mortality was found

during our study period. Older age and the presence of

comorbid diseases are important risk factors for early

postoperative mortality.12,24 In several studies a (more

than) doubled postoperative mortality was found in

elderly patients who underwent pancreatic surgery.10,14

Mortality differences between hospital volume tertiles in

our study may be the result of differences in the incidence

of complications and the ability to manage them (failure to

rescue).7 Generally, morbidity rates were high after pan-

creatic surgery.25,26 In studies that differentiated between

surgical and nonsurgical complications, age differences

were particularly found with respect to nonsurgical

complications.13,25,27 In our study, age differences in

nonsurgical complications and failure-to-rescue rate may

have contributed to the strong additive relation of age and

hospital volume concerning postoperative mortality. Fur-

thermore, the mortality difference between elderly and

younger patients seemed to increase slightly between 30

and 90 days after surgery, especially in medium- and high-

volume hospitals. These results suggest that in medium-

and high-volume hospitals, a better ability to manage

postoperative complications may have delayed some mor-

tality beyond the 30-day period. Despite a possible delayed

mortality, 90-day postoperative mortality of elderly

patients in high-volume hospitals in our study remained

similar to that of younger patients in low- and medium-

volume hospitals. Therefore, elderly patients may benefit
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from undergoing pancreatic surgery in high-volume

hospitals.

Overall, chemotherapy use after resection for pancreatic

carcinoma was low in the Netherlands (41 %). Adjuvant

chemotherapy after resection of pancreatic carcinoma is

now considered the standard of care.20,28,29 Elderly patients

and patients in low-volume hospitals in our study were less

likely to receive adjuvant chemotherapy. Adjustment for

variation of chemotherapy only slightly explained the

decreased survival of elderly patients in low-volume hos-

pitals. In these hospitals, other factors like postoperative

complications may have contributed to both postoperative

mortality and the omission of adjuvant chemotherapy.24

The Netherlands is characterized by good access to

health care facilities as a result of its well-organized health

insurance. After diagnosis of pancreatic cancer, physicians

should inform elderly patients about volume–outcome

patterns in pancreatic surgery. Furthermore, when dis-

cussing minimum volumes of pancreatic surgery, special

attention should be paid to the elderly and potentially other

high-risk groups, such as patients with premalignant or

extensive disease. These patients may be regarded as

comprising specific high-risk categories; they should be

operated on only in the highest tertile volume hospitals. In

this way, high-risk patients are provided with similar

operative risks as low-risk patients such as younger

patients.

Our study has some major limitations, especially the

lack of detailed data on the health status of patients.

Adjustment for number and type of comorbid diseases may

limit the magnitude of mortality differences between

younger and elderly patients after PD surgery.12 However,

available data on SES and a prior diagnosis of cancer that

were included in the multivariable models hardly influ-

enced the association of age with postoperative outcomes

after PD. SES may have little (additional) impact because

patients who were offered high-risk pancreatic surgery will

be relatively fit. Furthermore, comorbidity information had

only limited impact on survival in cancers with poor

prognosis like pancreatic cancer.30 Second, in the NCR, no

data were available on surgical and nonsurgical postoper-

ative complications after PD. In 2013, the Dutch Pancreatic

Cancer Audit (DPCA) was launched, and in the future, this

will provide more extensive case mix correction and

investigation of postoperative complications.31

CONCLUSIONS

Over time, the age of patients undergoing PD for

primary pancreatic or periampullary adenocarcinoma

increased. In low-volume hospitals, this increase was

slightly more pronounced compared to medium- and high-

volume hospitals. A better understanding is needed of the

dynamics of centralization and factors influencing referral

and treatment decision making in elderly patients. Fur-

thermore, both older age and lower hospital volume were

independently and strongly related to increased postoper-

ative mortality after PD for primary adenocarcinoma

(additive effect). To improve postoperative mortality and

overall survival, elderly patients should undergo pancreatic

surgery in hospitals with low baseline risks, i.e., the highest

volume tertile facility. In this way, these patients are

offered an operative risk comparable to that of younger

patients.
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