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Background: Short-term outcomes of pancreatic surgery have improved globally during the last two 
decades. Long-term survival of resectable pancreatic ductal adenocarcinoma (PDAC) has also shown slight 
improvement. We describe a cohort of 566 consecutive pancreatectomies performed at a Northern Finnish 
tertiary center. We analyze the trends in short-term outcomes of all-cause pancreatic surgery and long-term 
survival of PDAC patients. 
Methods: All pancreatic resections performed at the Oulu University Hospital during years 2000–2020 
were included. Patient data was analyzed in four time periods (2000–2005, 2006–2010, 2011–2015 and 2016–
2020). Clinicopathological parameters of patients and tumors, complication data and short-term mortality 
were recorded for all patients and compared between time quartiles. Long-term survival and administration 
rates of neo-, and/or adjuvant therapy of PDAC patients were analyzed.
Results: A total of 566 pancreatectomies were performed during the study period: 359 (63%) 
pancreatoduodenectomies (PDs), 130 (23.0%) open left pancreatectomies (LPs), 45 (8.0%) laparoscopic LPs, 
26 (5.1%) total pancreatectomies (TPs), and 6 (1.1%) enucleations. Median age of patients was 63 [57–71] 
years, and 49% [267] of patients were men. Number of pancreatectomies per time period increased from 
67 in 2000–2005 to 266 in 2016–2020. American Society of Anesthesiologists (ASA) Physical Classification 
III patients and T3 tumors were more frequently operated on in later time periods. Complication rates 
remained at constant low levels throughout the study period, but reoperation rate increased from 9.4% in 
2000–2010 to 16.2% in 2011–2020. Short-term (90-day) mortality after pancreatectomy decreased from 
3.1% to 0.74%, while 5-year survival improved from 14.3% in 2006–2011 to 21.4% in 2011–2015. Resection 
rate of diagnosed PDAC cases, as reported by the Finnish Cancer Registry (FCR) for the catchment area, 
increased from 3.2% to 14.9% over the study period. 
Conclusions: The hospital volume of pancreatectomies has increased substantially, while complications 
and postoperative mortality have remained at acceptable levels. Long-term survival and resection rate of 
PDAC patients showed notable improvement over two decades.
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Introduction

Pancreatic surgery carries a high rate of postoperative 
complications and morbidity (1). Improved prevention and 
management of complications have been achieved in recent 
decades, resulting in decreased postoperative mortality. 
The advances are due to centralization of pancreatic 
surgery (2,3), and concurrent progress in perioperative care, 
surgical techniques, and management of complications (4,5). 
Benchmark studies have attempted to define acceptable 
quality limits for postoperative mortality, morbidity, 
procedure-specific complications as well as health care 
process and structure related metrics (6,7).

Pancreatic ductal adenocarcinoma (PDAC) has an 
extremely poor prognosis—in all-stage patients, 5-year 
overall survival (OS) remains 6–10% (8,9). Among 
resectable patients, high-volume centers have reported 
5-year survival rates ranging from 15% to 30% (10-14), 
while in nationwide register-based studies, 5-year survival 
reaches 17–22% (15,16). In the most recent two decades, 
prognosis of PDAC has slightly improved (17). Adjuvant 
chemotherapy, the standard of care after the randomized 
controlled trials in 2004 and 2007 (18,19), has been 
suggested as the main contributor to extended survival. 

The aim of our study was to describe a cohort of 566 
consecutive pancreatectomies from a twenty-year period. 

We analyzed the trends in short-term outcomes of all-
cause pancreatic surgery and long-term survival of resected 
PDAC patients. We hypothesized that clinical advances and 
centralization would be reflected in the short- and/ or long-
term results. We present the following article in accordance 
with the STROCSS reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-22-649/rc).

Methods

Study design

We designed a retrospective single center cohort study 
including all pancreatic resections (n=566) performed at 
Oulu University Hospital during years 2000–2020. Oulu 
University Hospital is the only tertiary center in Northern 
Finland. While the geographical capture region is vast, over 
50% of Finland’s land area, the population of the catchment 
area is only 736,000. To analyze the evolution of single 
center pancreatectomies over two decades, we divided the 
cohort population into four subsets by time periods: years 
2000–2005, 2006–2010, 2011–2015 and 2016–2020.

Data collection

The consecutive pancreatectomy patients were identified 
from the operational planning program. Clinical data for 
each patient were obtained from the medical records at 
Oulu University Hospital and the pathology reports from 
the archives of the Department of Pathology. The follow-up 
and death data were requested from the Statistics Finland’s 
Cause-of-Death Registry, and received until the end of 
2019. Incidences of all-stage PDAC per each time quartile 
in Northern Finland were obtained from the Finnish 
Cancer Registry (FCR) for the period of 1st October 1999 
to 31st December 2019. 

Surgical treatment

The treatment of each tumor patient was planned at a 
multidisciplinary team (MDT) for gastrointestinal cancers. 
The treatment guidelines have been complied with the 
European Society for Medical Oncology guidelines until 
2014 (20). Later, as neoadjuvant therapy for PDAC was 
introduced in our center, The National Comprehensive 
Cancer Network guidelines were applied (21). The 
pancreatectomy procedures were performed according 
to standardized techniques for pancreatoduodenectomy 
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(PD) and left pancreatectomy (LP). PD technique 
included resecting distal stomach and pylorus, hepatico- 
and pancreaticojejunostomies on the same jejunal loop, 
and Roux-en-Y-reconstruction. Only duct-to-mucosa-
anastomosing technique was applied. After initiating 
operations for borderline resectable pancreatic cancer 
(BRPC) patients, vascular resections were increasingly 
performed. In cases involving portomesenteric vein 
resections, the reconstructions were performed according to 
the size of the venous defect with venorraphy, patching, end-
to-end anastomosis or by using an interposition graft (22).  
In cases where superior mesenteric artery involvement 
was suspected, a selected “artery first”-approach (23) was 
applied. LP included splenectomy, when indication for 
the operation was malignancy or suspicion of malignancy. 
Pancreas was routinely transected at the level of the 
pancreatic neck to minimize leakages (24,25). The closure 
of the pancreatic stump was in most cases performed using 
a stapler. Laparoscopic LP was introduced in 2009 at our 
center, and mainly chosen in cases with premalignant 
indication or small, contained malignancies. 

Reported outcomes and guidelines

Reporting of the cohort study was structured according 
to the STROCSS 2021 Guidelines (26), and study was 
retrospectively registered (www.researchregistry.com, UIN: 
researchregistry7775). Comorbidity data was recorded 
according to the American Society of Anesthesiologists 
(ASA) Physical Classification, and the Royal College of 
Surgeons (RCS) Charlson Score, excluding pancreatic 
cancer (27). 

General complications were recorded according to 
Clavien-Dindo classification (28). Chyle leaks, delayed 
gastric emptying (DGE), post-pancreatectomy hemorrhages 
and pancreatic fistulas were graded according to the 
International Study Group of Pancreatic Surgery (ISGPS) 
criteria (29-32). Reoperations were divided into laparotomy/
laparoscopy, superficial wound revisions, and endoscopic 
procedures. Endovascular, and percutaneous procedures 
performed by interventional radiologists, were reported 
separately of reoperations. All postoperative survival times 
were defined as time from surgery to death from any cause 
or censoring at the time of last follow-up. The benchmark 
values for comparison were obtained from benchmark 
studies reviewed by Ou et al. (7). 

The pathology reports were examined for basic histology 
of the specimen, TNM classification [American Joint 

Committee on Cancer, 8th edition (33)], tumor grade [WHO 
Classification of Tumors (34)], perineural, perivascular and 
lymphatic invasion, R status (R0 defined as >1 mm tumor 
free margin), and lymph node status. 

Ethical statement

This study complied with the ethical standards of the 
Oulu University Institutional Research Committee and 
the Declaration of Helsinki (as revised in 2013). Data 
collection from the Finnish Cancer Registry was approved 
by the Finnish Social and Health Data Permit Authority 
(FINDATA, Dnro THL/3606/14.02.00/2020). The data 
collection was accepted by the Oulu University Hospital 
Ethics Committee (EETTMK: 81/2008) and by the 
National Supervisory Authority for Welfare and Health 
(VALVIRA; approval No. 10832/06.01.03.01/2014). 
Individual patient consent for this retrospective analysis was 
waived.

Statistics analysis

Statistics were performed to investigate the outcomes and 
trends over the study period in all-cause pancreatic surgery 
and curative-intent treatment of PDAC. Categorical 
variables were examined by applying the Chi square test, 
while continuous variables were compared by t-test or 
Mann-Whitney U test as appropriate. Numeric values are 
presented as medians (interquartile range). Survival was 
investigated by using the life table method and plotted 
with Kaplan-Maier curves. Survival rates were compared 
by the log-rank test. Cox’s regression model was used to 
analyze the relative risks of mortality and to obtain hazard 
ratios (HRs) with 95% confidence intervals (CIs) for  
30-day, 90-day, 1-year and 3-year survival, by using three 
models. In the crude model no adjustment was performed. 
Model A was adjusted for potential confounding factors: 
age (continuous), sex (male or female), RCS (0, 1 or ≥2, 
excluding pancreatic cancer), preoperative CA19-9 level 
(continuous), pathological tumour stage (1, 2, 3 and 4), 
grade of differentiation (1, 2 and 3), neoadjuvant therapy (no 
or yes), and time period of surgery (2000–2005, 2006–2010, 
2011–2015, and 2016–2020). Model B was adjusted for 
age (continuous), sex (male or female), RCS (0, 1 or ≥2, 
excluding pancreatic cancer), preoperative CA19-9 level 
(continuous), tumor size (mm, continuous), pathological 
tumor N-stage (0, 1 and 2), grade of differentiation (1, 2 
and 3), neoadjuvant therapy (no or yes), and time period 

http://www.researchregistry.com/
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of surgery (2000–2005, 2006–2010, 2011–2015 and 2016–
2020). For the analysis of 1- and 3-year survivals in the 
last time period (2016–2020), only patients operated on in 
2016–2018, and 2016, respectively were included. Up to 
20% (48/240) of the patient data were incomplete on tumor 
size, T- and N-stage, grade of differentiation, or CA19-9. 
Thus, both complete case analysis and multiple imputations 
were conducted. All confounding variables categorized as 
above, and all-cause mortality, were included as imputation 
variables. The number of imputed datasets was twenty. 
The fully conditional specification was used under the 
assumption, that the data were missing at random. 
Statistical analyses were performed using IBM SPSS version 
27 (Armonk, NY, USA).

Results

Patients and operations

Median age of patients was 63 [57–71] years, and 49% [267] 
of patients were men. During years 2000–2020, a total of 
566 pancreatectomies were performed at Oulu University 
Hospital. The cohort included 359 (63.0%) PDs, 130 
(23.0%) open left pancreatectomies, 45 (8.0%) laparoscopic 
left pancreatectomies, 26 (5.1%) total pancreatectomies 
(TPs), and 6 (1.1%) enucleations. The most prevalent ASA 
classes were II (49.0%) and III (36.0%), while RCS was 0 
in 43% of patients undergoing pancreatectomy. Duration 
of surgery was 8:20/3:50/9:10 hours for PD/LP/TP, and 
length of hospital stay after PD/LP/TP was 14/10/17 days, 
respectively. Patient- and operation-related characteristics 
are presented in Table 1, along with relevant benchmark 
reference rates.

Pathological characteristics 

PDAC was the histological diagnosis in 42% [240] of 
cases. Other adenocarcinomas originating from distal 
bile duct, ampulla Vater or duodenum, mucinous cystic 
neoplasia (MCN) or intraductal mucinous neoplasia 
(IPMN carcinomas) were rare (Table 1) and excluded from 
PDAC analyses. According to PDAC pathology reports, 
T2 tumors were most frequent (61%), and lymph node 
metastases were present in most specimens (66%). Tumor 
cells were found within 1mm of resection margins (R1) in 
38% of cases. Pathological diagnoses of resected specimens, 
tumor characteristics, and relevant benchmarking values are 

presented in Table 2.

Oncological treatment

Information on the implementation of adjuvant treatment 
was available only in 141 cases (61%), mostly due to loss 
of follow-up data on patients receiving adjuvant therapy at 
secondary hospitals (37%). Of the 141 patients followed, 
102 (72%) were referred to adjuvant therapy. Neoadjuvant 
chemotherapy was administered to 28 patients (12%).

Short-term outcomes

Clavien-Dindo (I–V) complications in all pancreatectomies 
amounted to 325/566 patients (57.4%). Patients suffered 
severe Clavien-Dindo III–V complications in 145 (25.6%) 
cases (Table 3). Grade B–C fistulas occurred in 8.9% of 
PDs, and in 9.1% of left pancreatectomies. Grade A–
C bile leakages were seen in 4.0% of cases after PD or 
TP. Grade A–C DGE was found in 13%, and grade A–
C hemorrhages in 6.9% of all pancreatectomies. Total 
amount of reoperations was 95/566 (16.8%), including 
50 (8.8%) relaparotomies, 19 (3.4%) superficial wound 
revisions, and 26 (4.6%) endoscopic procedures. The most 
common indications for relaparotomy were postoperative 
fascial dehiscence (16/50), followed by leakage of any of 
the anastomoses (11/50), postpancreatectomy hemorrhage 
(9/50), and colonic ischemia (6/50). Postoperative 
interventional radiology was required in 12.9% of patients. 
Endovascular techniques or percutaneous biliary procedures 
were employed in 1.4%, and image-guided drainage or 
needle aspiration in 11.5% of cases. Readmission rate was 
7.8% within 30 days, and 11.3% within 90 days. 30- and 
90-day mortality rates were 1.0% and 1.4%, respectively. 
The complication profile of all pancreatectomies and the 
benchmarking reference rates are presented in Table 3. 

Long-term outcomes of PDAC patients

The median follow-up of patients with PDAC was  
23 [13–46] months. The overall 1-, 3-, and 5-year survival 
rates of PDAC patients operated on during years 2000–
2020 are shown in Figure 1 and Table 4. The median OS in 
the entire cohort was 25 (21.7–28.3) months. In crude or 
adjusted multivariate models with multiple imputations, 
no improvement in 3-year, 1-year, 90-day, and 30-day 
prognosis were found (data not shown). Resection rate of 
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Table 1 All pancreatectomy patients, histology, and operations

Parameter Values
Benchmark 

values

Age (years) [range] 63 [57–71] 

Men, n (%) 267 (49.0)

BMI (kg/m2) [range] 26 [23–29]

Regular alcohol use, n (%) 44 (7.7)

Tobacco smoking, n (%) 106 (19.0)

ASA, n (%)

I 39 (7.0)

II 263 (49.0)

III 195 (36.0)

IV 9 (1.7)

N/A 30 (5.2)

RCS

0 248 (43.0)

1 173 (30.0)

2 77 (113.0)

≥3 23 (4.0)

N/A 52 (9.1)

Histology, n (%)

Pancreatic ductal 
adenocarcinoma

230 (42.0)

Periampullary adenocarcinoma 27 (4.8)

Cholangiocarcinoma 35 (6.2)

Duodenal adenocarcinoma 13 (2.3)

Neuroendocrine tumor 61 (11.0)

Cystic neoplasms 67 (12.0)

Other pancreatic carcinomas 18 (3.2)

Metastases 24 (4.2)

Benign, any 71 (13.0)

N/A 10 (1.8)

Operations, n (%)

PD 359 (63.0)

Open LP 130 (23.0)

Laparoscopic LP 45 (8.0)

Enucleation 6 (1.1)

TP 26 (5.1)

Table 1 (continued)

Table 1 (continued)

Parameter Values
Benchmark 

values 

Preoperative biliary stenting, n (%) 252 (49.0)

Length of hospital stay (days)

PD 14 [11–19] ≤15

Open LP 10 [8.5–15]

Laparoscopic LP 10 [10–12]

TP 17 [17–18]

All resections 14 [10–18] <21

Duration of operation (h)

PD 8.2 [7.3–9.3]

Open LP 3.5 [3.0–5.3]

Laparoscopic LP 3.5 [3.0–4.4]

TP 9.1 [9.3–10.4]

All resections 7.4 [5.3–9.1] <10

Values are shown as n (%) or median [IQR]. BMI, body 
mass index; ASA, American Society of Anesthesiologists; 
N/A, not available; RCS, Royal College of Surgeons; PD, 
pancreatoduodenectomy; LP, left pancreatectomy; TP, total 
pancreatectomy.

PDAC patients for the entire study period was 7.1%. 

Time trends

Patient and tumor related characteristics were compared 
between the four time periods. Patients’ median age, 
ratio between sexes, and BMI showed no changes. The 
distribution of different procedures remained constant. 
Patients with ASA class III were more frequently operated 
on in 2011–2015 (31%) and 2016–2020 (46%), than 
in earlier years (18%), whereas patients with ASA class 
I represented only 4% of pancreatectomy patients in 
2016–2020 vs. 9% in 2000–2005. RCS of operated patients, 
however, showed no significant changes during the entire 
study period (Figure 2A,2B). Pathological staging of PDAC 
patients showed an increase in the resected stage III diseases 
in the last two time periods. A corresponding trend could be 
observed in the increased frequency of vascular resections 
(Figure 2C,2D). 

Short- and long-term outcomes were compared between 
time periods. Clavien-Dindo (I–V) complication rates after 
pancreatectomies remained mostly constant (Figure 3A). 
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Table 2 Pathological characteristics of PDAC specimens

Parameter n (%)
Benchmark 

values

T, n (%)

1 22 (9.2)

2 146 (61.0)

3 55 (23.0)

4 8 (3.3)

N/A 9 (9.8)

N, n (%)

0 70 (29.0)

1 96 (40.0)

2 63 (26.0)

N/A 11 (4.6)

M, n (%)

0 238 (99.0)

1 2 (1.0)

Stage, n (%)

I 62 (26.0)

II 101 (42.0)

III 69 (29.0)

IV 2 (1.0)

N/A 6 (2.5)

Grade

1 38 (16.0)

2 87 (36.0)

3 66 (28.0)

N/A 49 (20.0)

Perineural invasion, n (%)

No 30 (13.0)

Yes 118 (49.0)

N/A 92 (62.0)

Perivascular invasion, n (%)

No 68 (28.0)

Yes 55 (23.0)

N/A 117 (49.0)

Table 2 (continued)

Table 2 (continued)

Parameter n (%)
Benchmark 

values 

Perilymphatic invasion, n (%)

No 67 (28.0)

Yes 80 (33.0)

N/A 93 (39.0)

R status, n (%)

R0 114 (48.0)

R1 92 (38.0) ≤46

N/A 34 (14.0)

Lymph nodes harvested, 
median [range]

17 [0–55] ≥15

Tumor Node Metastases classification according to American 
Joint Committee on Cancer, 8th edition (33), tumor grading 
according to WHO Classification of Tumors (34). PDAC, 
pancreatic ductal adenocarcinoma; N/A, not available.

Mean duration of surgery was 6:50 hours in 2000–2015 but 
grew substantially to 8:11 hours in 2016–2020. Clinically 
relevant grade B–C fistula rates varied from 7% to 17% 
between time periods, but with no significant differences or 
trends (Figure 3B). Interventions were however performed 
at an increasing rate. Radiological intervention rate 
rose from 9.3% in 2000–2010 to 14.3% in 2011–2020. 
Endovascular techniques were only employed during the 
latest time period, to 7/266 (2.6%) patients. Reoperation 
rate showed a notable increase from 9.4% in 2000–2005 to 
16.2% in 2016–2020 (Figure 3C). Post-operative mortality 
rates remained low throughout the study period, but 90-day 
mortality decreased from 3.1% in 2000–2010 to 0.74% in 
2011–2020 (Figure 3D). Long-term OS (5-year) of PDAC 
patients improved from 14.3% in 2006–2011 to 21.4% 
in 2011–2015, and similarly the 3-year OS showed an 
increasing trend between years 2006–2011 and 2016–2020 
(31.4% vs. 39.4%). However, statistical significance was not 
reached. Kaplan-Meier curves by time quartiles, and the 
overall 1-, 3- and 5-year survival rates are shown in Figure 1 
and Table 4.

Health care  process  re lated metr ics  were a lso 
evaluated. Hospital volume grew significantly during 
twenty years from 67 in 2000–2005 to 266 in 2016–2020, 
and a simultaneous rise in the resection rate of PDAC 
was observed, especially during the last time period  
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Table 3 Complications

Parameter
Oulu University 
Hospital, n (%)

Benchmark  
cutoff % (6,7,34)

Clavien-Dindo

I–II 180 (32.0) ≤62

IIIa 83 (15.0)

IIIb 23 (4.1) ≤30

IV 32 (5.7)

V 7 (1.2) ≤5

III–V 145 (25.6)

Total 325 (57.0) ≤73

30-day mortality 5 (0.9)

90-day mortality 8 (1.4) ≤1.6

PD related mortality 4 (1.1)

LP related mortality 3 (1.7)

TP related mortality 0 (0.0)

Pancreatic fistula B–C rate 

PD 32 (8.9) ≤19

LP 16 (9.1)

Type of complication

Pancreatic fistula (grade 
A–C)

72/540 (13.0) <31

Biliary fistula (grade A–C) 15 (4.0) <14

Hemorrhage (grade A–C) 39 (6.9) <21

DGE (grade A–C) 72 (13.0)

Chyle leak (A–C) 48 (8.5)

Reoperations

Relaparotomy or 
laparoscopy

50 (8.8)

Subcutaneous wound 
revision

19 (3.4)

Endoscopic procedures 26 (4.6)

Total 95 (16.8) <20

Radiological interventions

Endovascular procedures 8 (1.4)

Percutaneous procedures 65 (11.5)

Total 73 (12.9)

Table 3 (continued)

Table 4 The overall 1-, 3- and 5-year survival rates of PDAC 
patients by time quartiles

Time quartile 1-year (%) 3-year (%) 5-year (%)

2000–2005 87.0 34.8 17.4

2006–2010 77.1 31.4 14.3

2011–2015 79.6 36.7 21.4

2016–2020 82.2 39.4 –

PDAC, pancreatic ductal adenocarcinoma.

Table 3 (continued)

Parameter
Oulu University 
Hospital, n (%)

Benchmark  
cutoff % (6,7,34)

Readmissions 

30-day 44 (7.8)

90-day 64 (11.3) <21

PD, pancreaticoduodenectomy; LP, left pancreatectomy; TP, 
total pancreatectomy; DGE, delayed gastric emptying.

Figure 1 Kaplan-Meier curves of long-term survival, stratified by 
time quartiles.
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2000–2005 2006–2010 2011–2015 2016–2020

2000–2005 2006–2010 2011–2015 2016–2020

2000–2005 2006–2010 2011–2015 2016–2020

2000–2005 2006–2010 2011–2015 2016–2020

American Society of Anesthesiologists

Pancreatic ductal adenocarcinoma stages

Royal College of Surgeons Charlson Score

Vascular resections
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Figure 2 Trends in patient and tumor characteristics. (A) ASA; (B) Royal College of Surgeons Charlson Score; (C) stage of pancreatic ductal 
adenocarcinoma, according to TNM classification of American Joint Committee on Cancer, 8th edition (33); (D) vascular resections. ASA, 
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(Figure 4A,4B). Length of hospital stay shortened, with 
clinical significance only, from 16 to 14 days during the 
study period (Figure 4C). R status of surgical margins showed 
no relevant changes. Number of harvested lymph nodes 
increased significantly from 4 in 2000–2005 (IQR, 1.0–14.0) 
to 19 (9.0–24.0) in the two last time quartiles (Figure 4D). 
Referral rate to adjuvant therapy improved significantly from 
20% in 2000–2005, to over 80% in the last three quartiles. 
The actual administration of adjuvant treatment reached 
84% at Oulu University Hospital in 2016–2020. Neoadjuvant 
therapy was administered to only 4% of PDAC patients in 
2011–2015, but to 20% in 2016–2020. 

Discussion

Our retrospective cohort study on 566 pancreatectomies 
showed low postoperative mortality (30- and 90-day), and 
below-benchmark levels (6,7,35) of complications. Short-
term outcomes remained mostly constant over twenty 
years, but 90-day mortality decreased from 3.1% to 0.74%, 
while the rate of postoperative interventions increased in 
the latest time quartiles. Overall 5-year survival improved 
over the twenty-year study period, but with no statistical 

significance. The resection rate increased substantially from 
3.2% to 14.9%, thus reflecting a major improvement in the 
access to treatment rate.

The strength of our study is in the detailed data 
collection in a single-institution-setting. The cohort is 
complete with respect to short-term results, and survival 
follow-up. The data were collected by surgeons specialized 
in pancreatic surgery, and thus a biased assessment of 
complications, staging, or surgical techniques is unlikely. 
Still,  incomplete information regarding the actual 
administering of adjuvant therapy for patients treated 
at secondary hospitals remains a weakness in the data 
collection. However, since the adjuvant treatment protocols 
are generally congruent between tertiary and secondary 
hospitals in Finland, we can assume that adjuvant therapy 
rates at Oulu University Hospital apply to the entire cohort. 
Insufficient reporting of pancreatic specimens is another 
weakness. The PD specimens are known to be challenging 
for pathologists. Especially the lymph node yield and 
margin status depend significantly on specimen processing. 
A structured pathology reporting method according to 
the Leeds Protocol (36) was not adopted until 2020 at 
Oulu University Hospital. Thus, positive surgical margins, 
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tumor size, and invasion characteristics are probably 
underreported, especially in the earlier time periods. 

We hypothesized, that the advances in complication 
management, emergence of adjuvant treatment, and 
centralization of pancreatic surgery would affect short- and 
long-term results in our cohort. 

Complication management has improved due to advances 
in perioperative treatment and interventional radiology (5).  
This development reflects on the increased rate of 
percutaneous drainages and endovascular procedures in the 
last two time periods, and possibly in the lower rate of 90-
day mortality (3.1% in 2000–2010 vs. 0.74% in 2011–2020). 
Reoperation rate increased significantly to 16.2% during 
the last decade, but the rate seems acceptable compared to 
the only benchmark study available by Sabater et al., who 
defined the acceptable quality limit for reoperation rate at 
<20%, with weighted average of 11% (35). Single center 
reports present slightly lower figures of 5–13% (37,38). 
Increment in reoperation rate may also indicate a prompter 
approach to addressing complications, supported by the 
corresponding decrease in 90-day mortality. The highly 
conservative approach to septic fistula complications in 
our center probably also influences the observed trend 
in reoperations—no completion pancreatectomies have 
been performed during the 20-year study period. Instead, 
the most common indication for relaparotomy was 
indeed fascial dehiscence, which may reflect the poorer 
performance status of the patients in the later time periods. 
The substantial rise in the resection rate in the last two 
time periods also relates to the reoperation rate. Increased 
number of resected stage III tumors, higher rate of vascular 
resections, and higher frequency of ASA III patients in 
the last time periods all support extension of operative 
indications to higher risk patients and procedures. Longer 
duration of surgeries in the last time periods is similarly 
most likely due to more advanced procedures. Higher risk, 
by definition, includes operating on patients with more 
advanced disease, more technically demanding cases, and 
patients with poorer preoperative performance status—all 
features associated with higher reoperation rate (37). 

Resected PDAC patients [240] were separately analyzed 
for long-term results. The OS showed slight improvement 
when analyzed by time quartiles. The overall 3-year survival 
increased from 31.4% in 2006–2011 to 39.4% in 2016–
2020, and the 5-year survival showed an improving trend 
from 14.3% in 2006–2011 to 21.4% in 2011–2015. The 
current survival rates are congruent with outcomes of high-
volume pancreatic surgery centers (16,39). This conclusion 

is supported by the meticulous composition of our PDAC 
cohort, of which we excluded the less aggressive IPMN-, 
and MCN- originated adenocarcinomas (40). The trend of 
improving survival is more evident, if considered in the light 
of resection rate. Resection rate of PDAC has been reported 
to show large international variations, ranging from 
13% to 21% in Europe and USA (41). In a retrospective, 
nat ionwide regis try-based s tudy,  Aal tonen e t  a l .  
found an 8% resection rate across Finnish centers (15).  
In our cohort, the three early quartiles carried a very low 
resection rate, increasing slowly from 3.2% to 5.9% in 
2000–2015. However, in 2016–2020, the resection rate 
was substantially better (14.9%), while survival remained 
comparable (39.4% 3-year OS). Thus, a significantly larger 
number of pancreatic cancer patients were reached for 
curative intent surgery and multidisciplinary therapies in 
the last quartile. This evolution can be mainly attributed 
to the implementation of a specialized hepatobiliary and 
pancreatic MDT at Oulu University Hospital in 2015, 
adopting the BRPC and neoadjuvant therapy concepts to 
practice, national and international trends of PDAC surgery 
centralization, and oncological advancements.

An adjuvant treatment regimen with single gemcitabine 
was launched in 2004 at Oulu University Hospital. This 
does not however directly influence survival results—most 
likely due to the small cohort size—which did not seem to 
improve until 2011. The dual therapy with gemcitabine and 
capecitabine or FOLFIRINOX emerged after year 2017, 
and thus may only have impacted on the survival in the 
last quartile. In the last two quartiles, the adjuvant therapy 
rate was 80%, which is excellent compared to previous 
multicenter studies reporting adjuvant therapy rates of 
58–65% (6,42). Neoadjuvant therapy for BRPC was properly 
launched in 2016 at our hospital. During the last quartile, 
neoadjuvant therapy was employed in 96% of resected BRPC 
patients, suggesting good compliance with guidelines.

Northern Finland pancreatectomies were centralized 
in 2011, when all four regional secondary hospitals jointly 
decided to refer pancreatic surgery to Oulu University 
Hospital. Centralization readily led to an increase in the 
number of pancreatic operations in years 2011–2015 
compared to the previous time period 2006–2010 (n=96 vs. 
139). Respectively, an increase in the 5-year OS (14.3% vs. 
21.4%) was observed. The globally growing incidence of 
PDAC (43), and further the improved resection rate in our 
center, nearly doubled the number of pancreatic resections 
(n=266) in 2016–2020, with a corresponding rise in the 
3-year OS compared to 2006–2010 (31.4% vs. 39.4%). The 
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yearly volume of over 30–40 pancreatic resections has been 
suggested as a cut-off correlating with improved short- and 
long-term results (2,16). In line with this, our report shows 
that the current hospital volume of pancreatic surgery in 
our center is sufficient for maintaining the high quality of 
the operative process and for producing internationally 
comparable long-term outcomes. 

Conclusions

We describe a substantial increase in the hospital-volume 
of pancreatic resections at Oulu University Hospital 
during 2000–2020, evaluated in four time periods. Based 
on assessment of our short-term outcomes, pancreatic 
surgery has been performed with a below-benchmark level 
of complications, and very low 90-day mortality. Despite 
the extension of operative indications to more advanced 
disease, more complex surgeries, and patients with poorer 
performance status, the overall 5-year survival of PDAC 
patients has improved to 21.4% over the study period, 
with a simultaneous rise in the resection rate from 3.2% to 
14.9%.
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