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Abstract

Background: The causal pathway between complications after pancreatic cancer resection and impaired long-term survival remains 
unknown. The aim of this study was to investigate the impact of complications after pancreatic cancer resection on disease-free 
interval and overall survival, with adjuvant chemotherapy as a mediator.

Methods: This observational study included all patients undergoing pancreatic cancer resection in the Netherlands (2014–2017). 
Clinical data were extracted from the prospective Dutch Pancreatic Cancer Audit. Recurrence and survival data were collected 
additionally. In causal mediation analysis, direct and indirect effect estimates via adjuvant chemotherapy were calculated.

Results: In total, 1071 patients were included. Major complications (hazards ratio 1.22 (95 per cent c.i. 1.04 to 1.43); P = 0.015 and hazards 
ratio 1.25 (95 per cent c.i. 1.08 to 1.46); P = 0.003) and organ failure (hazards ratio 1.86 (95 per cent c.i. 1.32 to 2.62); P < 0.001 and hazards 
ratio 1.89 (95 per cent c.i. 1.36 to 2.63); P < 0.001) were associated with shorter disease-free interval and overall survival respectively. The 
effects of major complications and organ failure on disease-free interval (−1.71 (95 per cent c.i. −2.27 to −1.05) and −3.05 (95 per cent c.i. 
−4.03 to −1.80) respectively) and overall survival (−1.92 (95 per cent c.i. −2.60 to −1.16) and −3.49 (95 per cent c.i. −4.84 to −2.03) 
respectively) were mediated by adjuvant chemotherapy. Additionally, organ failure directly affected disease-free interval (−5.38 
(95 per cent c.i. −9.27 to −1.94)) and overall survival (−6.32 (95 per cent c.i. −10.43 to −1.99)). In subgroup analyses, the association 
was found in patients undergoing pancreaticoduodenectomy, but not in patients undergoing distal pancreatectomy.

Conclusion: Major complications, including organ failure, negatively impact survival in patients after pancreatic cancer resection, 
largely mediated by adjuvant chemotherapy. Prevention or adequate treatment of complications and use of neoadjuvant 
treatment may improve oncological outcomes.
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Introduction
Optimal treatment of pancreatic ductal adenocarcinoma consists 
of resection in combination with chemotherapy1–5. 
Unfortunately, most patients develop disease recurrence after 
resection within a median disease-free interval (DFI) of 10 
months, greatly contributing to the poor 5-year survival of 12–17 
per cent after resection3–5.

Pancreatic resection is technically challenging and is 
associated with around 50 per cent risk of complications1,6. 
Important short-term complications are postoperative 
pancreatic fistula and biliary leakage, which can lead to 
associated life-threatening events like sepsis, severe bleeding, 
organ failure, and death7–9. Other complications are leakage of 
the gastrojejunostomy, delayed gastric emptying, and 
pneumonia1,10. Previous studies have shown an association 
between postoperative complications and worse DFI and overall 
survival (OS) in colorectal, oesophageal, and gastric cancer11–14. 
For pancreatic cancer, the occurrence of major complications 
(that is Clavien–Dindo grade greater than or equal to III) has 
been identified as a potential risk factor for recurrence15–19. 
However, the contribution of individual complications is unknown. 
Besides, delayed recovery because of postoperative complications 
influences the patient’s eligibility to receive or complete adjuvant 
chemotherapy. Considering that adjuvant chemotherapy is 
associated with improved survival, the effect of complications on 
survival is expected to be largely mediated by the administration 
of adjuvant chemotherapy20–22. This hypothesis, however, has 
never been tested before. The causal pathway between 
complications and long-term oncological outcomes could also be 
explained by a direct effect. It has been shown that progression 
of microscopic residual disease after resection is promoted by a 
systemic inflammatory response17,23–25. To date, it remains 
unclear to what extent these pathways contribute to shorter DFI 
and survival in patients with pancreatic cancer.

Relationships between certain factors and outcomes are 
traditionally assessed by regression analyses. With these 
methods, however, it is not possible to provide conclusions on 
the underlying mechanisms of identified associations. Insights 
in the causal pathway of postoperative complications to 
impaired survival and the extent of the mediation effect of 
adjuvant chemotherapy may, however, be valuable in 
determining the focus for improving oncological outcomes. To 
decompose the total effect of a factor into a direct effect and an 
indirect (mediated) effect, causal mediation analysis has been 
introduced26,27.

Therefore, the aim of this study was to investigate the impact of 
postoperative complications after pancreatic resection for 
pancreatic cancer on disease recurrence and survival, and to 
evaluate the role of adjuvant chemotherapy as a mediator.

Methods
Study design and patient selection
A nationwide, observational cohort study was performed. All 
patients undergoing resection for histologically proven primary 
pancreatic cancer between 1 January 2014 and 31 December 
2017 in all 18 centres collaborating in the Dutch Pancreatic 
Cancer Group were included. Amongst these centres were nine 
medium-/low-volume centres and nine high-volume centres, 
including eight academic teaching hospitals. The cut-off was 
defined as less than or equal to 45 for medium-/low-volume 
centres versus greater than 45 pancreatic resections annually for 

high-volume centres. This was based on the median of 45 
resections performed in the Netherlands between 2014 and 
2015. Exclusion criteria were death within 90 days after 
resection, (pathological) metastatic disease at surgery, and 
neoadjuvant treatment. This study was approved by the 
scientific committee of the Dutch Pancreatic Cancer Group and 
the ethics review committee of the participating centres (METC 
18-036). They waived the need for informed consent. The 
authors adhered to the STROBE guidelines28. The conducted 
research was not preregistered.

Data collection
Baseline and perioperative data were extracted from the 
mandatory, prospective Dutch Pancreatic Cancer Audit, 
including age, sex, BMI, patient history, Eastern Cooperative 
Oncology Group (ECOG) performance score, information on 
vascular involvement on preoperative imaging, and details of 
the pancreatic resection. The patient history was used to 
calculate the Charlson co-morbidity index (CCI) with the 
MDCalc CCI calculator (without accounting for age)29. 
Furthermore, data on tumour biology and resection margin 
status were extracted. Additional data on complications, 
adjuvant chemotherapy, recurrence, and survival were 
collected retrospectively from hospital records. Postoperative 
complications included postoperative pancreatic fistula, 
delayed gastric emptying, post-pancreatectomy haemorrhage, 
gastrojejunostomy leakage, and biliary leakage. All grade B/C 
complications, according to the International Study Group of 
Pancreatic Surgery (ISGPS) and International Study Group of 
Liver Surgery (ISGLS) classifications, were assumed to be 
clinically relevant30,31. Major complications were defined as 
Clavien–Dindo grade greater than or equal to III32. Organ failure 
was defined as failure of one of more organ systems. Definitions 
of all complications are provided in Table S1.

Outcomes
The main outcomes of interest were DFI and OS. DFI was defined 
as the time from the date of resection to the date of recurrence 
diagnosis or last follow-up33. Recurrence had to be either 
pathologically proven or suspected through cross-sectional 
imaging, confirmed by consensus at a multidisciplinary team 
meeting. During the study interval, follow-up varied between 
centres and commonly consisted of a periodic, symptomatic 
follow-up without routine serum tumour marker testing or 
imaging. However, a proportion of patients received 
standardized serum carbohydrate antigen (CA) 19-9 testing and 
cross-sectional imaging during postoperative surveillance, after 
shared decision-making or trial participation. OS was defined as 
the time from the date of surgery to either the date of death 
from any cause or last follow-up. If recurrence or survival data 
were missing, patients were censored at the date of last follow-up.

Statistical analysis
Baseline characteristics are presented using descriptive 
characteristics. Missing data on baseline characteristics were 
considered missing at random and managed by multiple 
imputation according to a Markov chain Monte Carlo method 
(five imputations, 10 iterations) (Table 1 and Table S2)34. 
Univariable and multivariable Cox proportional hazard analysis 
was used to calculate the association between postoperative 
complications and DFI and OS. Results are presented as hazards 
ratio (HR) with corresponding 95 per cent c.i.. This was done for 
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each individual complication as well as for major complications 
altogether. Exploratory analyses were performed for patients 
after pancreatoduodenectomy and for patients after distal 
pancreatectomy. Furthermore, OS and DFI were evaluated for 
major complications and organ failure in the total patient 
cohort as well as for patients after pancreatoduodenectomy 
and after distal pancreatectomy using Kaplan–Meier analysis. 

The 1- and 3-year survival rates are also described in this 
analysis. Outcomes were compared using the log rank test and 
are presented as median with 95 per cent c.i.

To address potential confounders for the effect of 
complications on DFI and OS, a directed acyclic graph (DAG) 
was designed based on the literature and clinical relevance 
(http://www.daggity.net) (Fig. 1). Multivariable analyses of the 

Table 1 Patient, tumour, and treatment characteristics of 1071 patients after resection for pancreatic cancer

Variable All patients, n= 1071 Missing After imputation, n= 1071

Sex ratio (M:F) 578:493 – 578:493
Age (years), mean(s.d.) 67(9) – 67(9)
BMI (kg/m2) – 9 (1) –

<25 597 (56) 602 (56)
≥25 465 (43) 469 (44)

Charlson co-morbidity index – 67 (6) –
<2 626 (58) 668 (62)
≥2 378 (35) 403 (38)

ASA classification – 16 (1) –
I–II 796 (74) 807 (75)
III–IV 259 (24) 264 (25)

ECOG performance score at primary diagnosis – 322 (30) –
0–1 663 (62) 942 (88)
2–4 86 (8) 129 (12)

Preoperative serum CA 19-9 in U/mL, median (i.q.r.) 150 (36–500) 342 (32) 151 (36–502)
Preoperative bilirubin (µmol/l), median (i.q.r.) 32 (10–111) 449 (42) 31 (10–111)
Method of surgery* – 16 (1) –

Open 901 (84) 913 (85)
Laparoscopic 106 (10) 108 (10)
Robot 48 (4) 50 (5)

Type of resection – 26 (2) –
Pancreatoduodenectomy 854 (80) 875 (82)
Body/tail resection 147 (14) 152 (14)
Total pancreatectomy 36 (3) 36 (3)
Other 8 (1) 8 (1)

Location of tumour – 51 (5) –
Head 862 (80) 907 (85)
Body/tail 158 (15) 164 (15)

Vascular resection 275 (26) 3 (0) 275 (26)
Microscopic perineural invasion 795 (74) 179 (17) 945 (88)
Microscopic lymphovascular invasion 554 (52) 266 (25) 716 (67)
Tumour size (mm), median (i.q.r.)† 30 (25–40) 16 (1) 30 (25–40)
Tumour differentiation – 124 (12) –

Well/moderate 657 (61) 742 (69)
Poor 290 (27) 329 (31)

Total number of resected lymph nodes, median (i.q.r.) 15 (10–20) 14 (1) 15 (10–20)
No. of positive lymph nodes, median (i.q.r.) 2 (0–5) 6 (1) 2 (0–5)
TNM stage 8th AJCC edition – 89 (8) –

≤Stage 2a 262 (24) 295 (28)
≥Stage 2b 720 (67) 776 (72)

Resection margin status (mm) – 26 (2) –
R0 >1.0 503 (47) 519 (48)
R1 ≤1.0 542 (51) 552 (52)

Major complications‡ 306 (29) 2 (0) –
Length of hospital stay (days), median (i.q.r.) 11 (8–16) 3 (0) –
Adjuvant chemotherapy 663 (62) 45 (4) –
Type of adjuvant chemotherapy§ – 38 (6) –

Gemcitabine monotherapy 546 (82)
FOLFIRINOX 8 (1)
Gemcitabine combination therapy 62 (9)
Other 9 (1)

No. of cycles of adjuvant chemotherapy, median (i.q.r.)§ 6 (4–6) 96 (14) –
Greater than or equal to 80% of prescribed cycles completed§ 400 (60) 100 (15) –
Overall survival (months), median (95% c.i.) 20 (19 to 22) 25 (2) –
Disease-free interval (months), median (95% c.i.) 15 (14 to 16) 25 (2) –
Recurrence 753 (70) 17 (2) –

Values are n (%) unless otherwise indicated. Percentages may not sum to 100 because of rounding. *Converted laparoscopic procedures are included as open 
procedures. †Maximum diameter of the tumour. ‡Clavien–Dindo classification grade greater than or equal to III; all postoperative complications requiring surgical, 
endoscopic, or radiological intervention, or causing organ failure or death. §Calculated in a subset of patients who started with adjuvant chemotherapy (663 
patients). s.d., standard deviation; ECOG, Eastern Cooperative Oncology Group; CA, carbohydrate antigen; i.q.r., interquartile range; AJCC, American Joint 
Committee on Cancer; FOLFIRINOX, 5-fluorouracil/leucovorin/irinotecan/oxaliplatin chemotherapy.
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total effect of postoperative complications on DFI and OS were 
adjusted for age, sex, BMI, CCI, tumour size, tumour location, 
and vascular resection.

Adjuvant chemotherapy was considered a mediator for the 
effect of postoperative complications on DFI and OS, which 
means that it is an effect of the exposure (complications) and a 
cause of the outcome (survival). This implies that impaired 
survival in patients with postoperative complications might be 
explained by their inability to start with adjuvant chemotherapy 
because of a delayed recovery26,35,36. To assess the extent of the 
mediation effect and investigate potential direct effects, a 
causal mediation analysis was performed.

In this analysis, the total effect of complications on survival is 
decomposed into a direct effect and an indirect effect via adjuvant 
chemotherapy26. The statistical approach is based on three 
independent regression analyses, which are used to calculate 
estimates for each of these effects. This enables the calculation 
of counterfactual outcomes if the observed mediation status 
(that is adjuvant chemotherapy) was hypothetically set to 
another level27. The total effect was calculated using an 
accelerated failure time (AFT) model with Weibull distribution26. 

The indirect effect was based on two calculations: the 
independent association between the complication and adjuvant 
chemotherapy was established using a logistic regression model 
adjusted for relevant confounders (that is age, sex, CCI, tumour 
size, and vascular resection); and the independent association 
between adjuvant chemotherapy and survival was assessed 
using an AFT model adjusted for the concerning complication 
and potential confounders (that is age, sex, number of resected 
positive lymph nodes, tumour differentiation, resection margin 
status, tumour size, preoperative CA 19-9, and neural invasion). 
Finally, the unstandardized total, direct and indirect effects were 
computed with 100 simulations. Results are presented as effect 
estimates, derived from the causal mediation analysis as average 
causal mediation effects (ACME; the indirect effect) and average 
direct effects (ADE; the direct effect). For example, a calculated 
negative indirect effect indicates a negative impact of the 
postoperative complication on survival that is fully attributable 
to not receiving adjuvant chemotherapy. A calculated negative 
direct effect indicates that the systemic inflammatory response 
leading to local tumour growth fully explains the impaired 
survival. Results from the independent regression analyses are 

Resection margin status
Preoperative CA 19.9
Perineural invasion
Tumour differentiation
Number of positive resected
   lymph nodes

Exposure

Outcome

Mediator

Confounder

Charlson co-morbidity index
Vascular resection

Tumour size
Sex
Age

Body mass index
Tumour location

Adjuvant chemotherapy

Disease-free interval and overall survivalPostoperative complications

Fig. 1 Directed acyclic graph to identify confounders in the association between major postoperative complications and adjuvant chemotherapy, and 
disease-free interval and overall survival after resection of pancreatic cancer 

CA, carbohydrate antigen.
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presented as odds ratios (OR) (resulting from the logistic 
regression model) and HR (calculated using the AFT model) 
with corresponding 95 per cent c.i.

Statistical analysis was performed with R language 
environment (version 1.1.463; http://www.R-project.org), 
including the ‘mice’ and ‘mediation’ packages. A two-sided P 
value <0.050 was considered statistically significant.

Results
In total, 1278 patients underwent resection for pancreatic cancer, 
and 207 patients were excluded due to death within 90 days after 
resection (64 patients; 5.0 per cent), metastasized disease at the 
time of surgery (11 patients; 0.8 per cent), and neoadjuvant 
treatment (132 patients, 10.3 per cent). The final cohort included 
1071 patients. The median follow-up interval was 54 
(interquartile range (i.q.r.) 28–72) months. In total, 753 patients 
(70.3 per cent) developed recurrence after a median of 15 (95 per 
cent c.i. 14 to 16) months. Adjuvant chemotherapy was 
administered in 663 patients (61.9 per cent). Median OS was 20 
(95 per cent c.i. 19 to 22) months. Baseline characteristics are 
summarized in Table 1.

Postoperative complications
Among all complications, delayed gastric emptying (130 patients; 
12.1 per cent), postoperative pancreatic fistula (82 patients; 
7.7 per cent), pneumonia (76 patients; 7.1 per cent), and 
post-pancreatectomy haemorrhage (50 patients; 4.7 per cent) 
were the most common (Table 2). Two patients (less than 1 per 
cent) suffered from leakage of the gastrojejunostomy. In total, 
306 patients (28.6 per cent) suffered from one or more major 
complications. Organ failure occurred in 42 patients (3.9 per 
cent). Admission to the intensive care unit (ICU) because of a 
complicated hospitalization course was required in 115 patients 
(10.7 per cent).

Of 306 patients with major complications, 150 patients (49.0 per 
cent) received adjuvant chemotherapy, as compared with 511/763 
patients (67.0 per cent) without major complications (P < 0.001). Of 
patients with major complications, 95 patients (31.0 per cent) 
completed greater than 80 per cent of the prescribed cycles, 
which was the case for 306 patients (40.1 per cent) without 
major complications (P = 0.007). Gemcitabine monotherapy was 
administered in 132/150 patients (88.0 per cent) with major 
complications who received adjuvant therapy, gemcitabine 
combination therapy in 16/150 patients (10.7 per cent), and 
5-fluorouracil/leucovorin/irinotecan/oxaliplatin chemotherapy 
(FOLFIRINOX) in one of 150 patients (0.7 per cent). In 511 patients 

without major complications who received adjuvant therapy, 443 
patients (86.7 per cent) received gemcitabine monotherapy, 51 
patients (10.0 per cent) received gemcitabine combination 
therapy, and 8 patients (1.6 per cent) received FOLFIRINOX (P = 
0.768). In patients with organ failure, adjuvant chemotherapy was 
started in 11/42 patients (26.2 per cent) versus 637/952 patients 
(66.9 per cent) without organ failure (P < 0.001).

Survival analysis
Results of the univariable analysis are presented in Table S3. The 
median OS for 304 patients with major complications was 18 (95 
per cent c.i. 15 to 20) months versus 22 (95 per cent c.i. 20 to 24) 
months for 741 patients without major complications (P < 0.001) 
(Fig. 2). In this analysis, 26 patients (5.1 per cent) were excluded 
because of missing data. At 1 year after resection, 66.4 per cent of 
patients (202/304 patients) with major complications were still 
alive versus 74.9 per cent of patients (555/741 patients) without 
major complications. The 3-year survival was 20.4 per cent (62/ 
304 patients) versus 27.8 per cent (206/741 patients) respectively.

In 42 patients with organ failure, the median OS was also 
decreased (13 (95 per cent c.i. 10 to 20) months), as compared 
with 970 patients without organ failure (21 (95 per cent c.i. 20 to 
23) months) (P < 0.001), as illustrated in Fig. 3. In this analysis, 59 
patients (6.1 per cent) were excluded because of missing data. 
One-year survival was 50 per cent (21/42 patients) versus 73.9 
per cent (717/970 patients) respectively. Three-year survival was 
14 per cent (6/42 patients) versus 26.6 per cent (258/970 patients) 
respectively.

In multivariable analysis, individual postoperative 
complications were not statistically significant associated with 
DFI and OS (Table 2). Major complications were associated with 
both a reduction of DFI and OS (HR 1.22 (95 per cent c.i. 1.04 to 
1.43); P = 0.015 and HR 1.25 (95 per cent c.i. 1.08 to 1.46); P = 0.003 
respectively). Organ failure was also associated with reduced 
DFI and OS (HR 1.86 (95 per cent c.i. 1.32 to 2.62); P < 0.001 and 
HR 1.89 (95 per cent c.i. 1.36 to 2.63); P < 0.001 respectively).

Exploratory analyses
In the subgroup of patients undergoing pancreatoduodenectomy, 
post-pancreatectomy haemorrhage was associated with shorter 
OS (HR 1.40 (95 per cent c.i. 1.01 to 1.94); P = 0.042) (Table S4). 
Major complications were associated with both reduced DFI and 
OS (HR 1.29 (95 per cent c.i. 1.08 to 1.53); P < 0.001 and HR 1.31 
(95 per cent c.i. 1.11 to 1.54); P = 0.002 respectively). 
Furthermore, organ failure was associated with both DFI and OS 
(HR 2.12 (95 per cent c.i. 1.46 to 3.07); P < 0.001 and HR 2.07 (95 
per cent c.i. 1.44 to 2.97); P < 0.001 respectively). In patients 

Table 2 Multivariable Cox regression analysis to assess the impact of postoperative complications on disease-free interval and overall 
survival in 1071 patients after resection of pancreatic cancer

Complications Patients Disease-free interval Overall survival

HR (95% c.i.) P HR (95% c.i.) P

Pancreatic fistula 82 (7.7) 1.30 (0.99 to 1.70) 0.059 1.28 (0.99 to 1.65) 0.063
Post-pancreatectomy haemorrhage 50 (4.7) 1.14 (0.81 to 1.60) 0.450 1.17 (0.86 to 1.61) 0.316
Biliary leakage 28 (2.6) 1.11 (0.70 to 1.76) 0.653 1.07 (0.69 to 1.65) 0.769
Delayed gastric emptying 130 (12.1) 1.05 (0.84 to 1.30) 0.677 0.99 (0.81 to 1.23) 0.965
Pneumonia 76 (7.1) 1.21 (0.92 to 1.58) 0.174 1.28 (0.99 to 1.64) 0.056
Major complications 306 (28.6) 1.22 (1.04 to 1.43) 0.015 1.25 (1.08 to 1.46) 0.003
Organ failure 42 (3.9) 1.86 (1.32 to 2.62) <0.001 1.89 (1.36 to 2.63) <0.001

Values are n (%) unless otherwise indicated. Confounders: age, sex, BMI, Charlson co-morbidity index, tumour size, tumour location, and vascular resection. HR, 
hazards ratio.
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undergoing distal pancreatectomy, no significant associations 
with DFI and OS were seen (Table S5).

In patients after pancreatoduodenectomy, the median OS for 
249 patients with major complications was 17 (95 per cent c.i. 15 
to 20) months versus 21 (95 per cent c.i. 20 to 24) months in 603 
patients without major complications (P < 0.001) (Fig. S1). In this 
analysis, 23 patients (3.1 per cent) were excluded due to missing 
data. In 34 patients with organ failure, the median OS after 
pancreatoduodenectomy was 10 (95 per cent c.i. 8 to 21) months 
versus 20 (95 per cent c.i. 19 to 22) months in 789 patients 
without organ failure (P < 0.001) (Fig. S2). Data of 52 patients (5.9 
per cent) were missing. For patients undergoing distal 
pancreatectomy, the median OS was 23 (95 per cent c.i. 16 to 49) 

months in 42 patients with major complications versus 26 (95 
per cent c.i. 22 to 32) months in 109 patients without major 
complications (P = 0.860) (Fig. S3). In this analysis, one patient 
(1 per cent) was excluded due to missing data. In addition, four 
patients suffering from organ failure after distal 
pancreatectomy had a median OS of 16 (95 per cent c.i. 11 to not 
applicable) months versus 26 (95 per cent c.i. 23 to 32) months in 
146 patients without organ failure (P = 0.750) (Fig. S4). Excluded 
were two patients (1 per cent), due to missing data.

Causal mediation analysis
Causal mediation analysis was performed for major 
complications (Figs 4, 5) and organ failure (Figs 6, 7). Major 
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complications had a negative total effect on DFI (−2.84 (95 per 
cent c.i. −5.48 to −0.56); P < 0.001) and OS (−3.30 (95 per cent 
c.i. −5.91 to −0.67); P = 0.015). This effect was, however, fully 
mediated via the start of adjuvant chemotherapy since an 
indirect effect on DFI (−1.71 (95 per cent c.i. −2.27 to −1.05); 
P < 0.001) and OS (−1.92 (95 per cent c.i. −2.60 to −1.16); P < 
0.001) was found and major complications did not have a 
direct effect on both DFI (−1.13 (95 per cent c.i. −4.06 to 
1.07); P = 0.360) and OS (−1.38 (95 per cent c.i. −4.06 to 1.32); 
P = 0.380).

The negative total effect of organ failure on DFI (−8.42 (95 per 
cent c.i. −11.86 to 5.05); P < 0.001) was only partly mediated via 
the start of adjuvant chemotherapy since both a direct effect 
(−5.38 (95 per cent c.i. −9.27 to −1.94); P < 0.001) and an indirect 
effect (−3.05 (95 per cent c.i. −4.03 to −1.80); P < 0.001) were 
found. The same accounts for the total effect of organ failure on 
OS (−9.81 (95 per cent c.i. −13.31 to −6.09); P < 0.001), in which 
the analysis showed both a negative direct effect (−6.32 (95 per 
cent c.i. −10.43 to −1.99); P < 0.001) and indirect effect (−3.49 (95 
per cent c.i. −4.84 to −2.03); P < 0.001).

ACME:
–1.71 (95% c.i. –2.27 to  –1.05);
P < 0.001

ADE:
–1.13 (95% c.i. –4.06 to 1.07);
P = 0.36

Total:
–2.84 (95% c.i. –5.48 to –0.56);
P < 0.001

OR 0.42
(95% c.i. 0.31 to 0.157);
P < 0.001

HR 0.52
(95% c.i. 0.44 to 0.61);
P < 0.001

Adjuvant
chemotherapy

ACME

ADE

Total
effect

–6 –4 –2 0

Major
complications

Disease-free
interval

Fig. 4 Causal mediation analysis for adjuvant chemotherapy as a mediator in the causal pathway from major postoperative complications to 
disease-free interval 

ACME, average causal mediation effect; OR, odds ratio, HR, hazards ratio; ADE, average direct effect.

ACME:
–1.92 (95% c.i. –2.60 to –1.16);
P < 0.001

ADE:
–1.38 (95% c.i. –4.06 to 1.32);
P = 0.38

Total:
–3.30 (95% c.i. –5.91 to –0.67);
P = 0.02

OR 0.42
(95% c.i. 0.31 to 0.57);
P < 0.001

HR 0.52
(95% c.i. 0.45 to 0.61);
P < 0.001

Adjuvant
chemotherapy

Overall
survival

Major
complications

–6 –4 –2 0 2

Total
effect

ADE

ACME

Fig. 5 Causal mediation analysis for adjuvant chemotherapy as a mediator in the causal pathway from major postoperative complications to overall 
survival 

ACME, average causal mediation effect; OR, odds ratio, HR, hazards ratio; ADE, average direct effect.
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Discussion
This nationwide study showed that major complications, 
including organ failure, after pancreatic cancer resection were 
significantly associated with both reduced DFI and OS. The 
negative effect of major complications on survival appeared to 
be fully mediated by omission of adjuvant chemotherapy. The 
effect of organ failure on survival was partly mediated by the 
reduced rate of adjuvant chemotherapy.

The findings of this study are in line with previously published 
studies on this topic, showing that major complications in general 
are associated with early recurrence and worse long-term 
survival15–19. However, these concerned mainly single-centre 

studies. Moreover, the impact of individual complications on 

survival and the extent to which adjuvant chemotherapy 

mediates this effect has not been studied yet. Only two studies 

compared surgical versus non-surgical and infectious versus 

non-infectious complications and found no significant 

difference in survival15,19. To the best of the authors’ knowledge, 

this study is the first to make a clear distinction between 

individual complications, when investigating their impact on 

long-term survival. In addition, to the best of the authors’ 

knowledge, this is the first study to elaborate on the underlying 

mechanisms through which postoperative complications impact 

long-term oncological outcomes.

Total
effect

ADE

ACME

ACME:
–3.05 (95% c.i. –4.03 to –1.80);
P < 0.001

ADE:
–5.38 (95% c.i. –9.27 to 1.94);
P < 0.001

Total:
–8.42 (95% c.i. –11.86 to 5.05);
P < 0.001

OR 0.15
(95% c.i. 0.07 to 0.31);
P < 0.001

HR 0.53
(95% c.i. 0.45 to 0.62);
P < 0.001

Adjuvant
chemotherapy

Disease-free
interval

Organ failure

–14 –12 –8 –6 –4 –2–10

Fig. 6 Causal mediation analysis for adjuvant chemotherapy as a mediator in the causal pathway from postoperative organ failure to disease-free 
interval 

ACME, average causal mediation effect; OR, odds ratio, HR, hazards ratio; ADE, average direct effect.

ACME:
–3.49 (95% c.i. –4.84 to –2.03);
P < 0.001

ADE:
–6.32 (95% c.i. –10.43 to –1.99);
P < 0.001

Total:
–9.81 (95% c.i. –13.31 to –6.09);
P < 0.001

OR 0.15
(95% c.i. 0.07 to 0.31);
P < 0.001

HR 0.53
(95% c.i. 0.45 to 0.63);
P < 0.001

Adjuvant
chemotherapy

Overall
survival

Organ failure

–14–16 –8–10–12 –6 –4 –2

Total
effect

ADE

ACME

Fig. 7 Causal mediation analysis for adjuvant chemotherapy as a mediator in the causal pathway from postoperative organ failure to overall survival 

ACME, average causal mediation effect; OR, odds ratio, HR, hazards ratio; ADE, average direct effect.
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Delayed recovery due to postoperative complications 
decreases the eligibility to start or complete adjuvant 
chemotherapy16,19,21,23,35. It has been shown that patients who 
suffer from a complicated hospitalization course often do not 
undergo adjuvant treatment, which is highly related to 
survival23. Moreover, patients who suffer from major 
complications poorly tolerate chemotherapy and its side-effects, 
and mostly fail to complete the entire treatment schedule16,19. 
They also have been shown to experience a prolonged interval 
between resection and initiation of adjuvant chemotherapy17. 
However, the ESPAC-3 trial showed that completion of all cycles 
of planned adjuvant chemotherapy rather than early initiation 
was an independent prognostic factor after resection of 
pancreatic cancer36. To increase the likelihood of receiving 
optimal systemic therapy, neoadjuvant treatment is considered 
a suitable alternative37,38. Neoadjuvant chemotherapy has been 
shown to result in down-staging of the tumour, which prolongs 
DFI and OS37. Furthermore, the rate of postoperative 
complications might be reduced37. Compliance, that is start and 
completion rates, with neoadjuvant chemotherapy is reported to 
be better than with adjuvant chemotherapy39. For patients with 
borderline resectable pancreatic cancer, therefore, neoadjuvant 
therapy is recommended as first-choice treatment. The benefit 
of neoadjuvant chemotherapy for patients with resectable 
pancreatic cancer, however, needs to be further demonstrated 
through randomized studies.

Interestingly, the effect of organ failure on survival was only partly 
mediated through adjuvant chemotherapy. The significant direct 
effect of organ failure on both DFI and OS suggests the existence 
of another causal pathway. It has been shown that a systemic 
inflammatory response induces progression of microscopic 
residual disease after resection24,25. After the pro-inflammatory 
‘hit’ of the surgical trauma, complications lead to secondary 
activation of the immune system24,40,41. The attendant increase in 
chemokine and cytokine production enhances tumour 
progression24,41. In addition, numbers of tumour-infiltrating 
natural killer (NK) cells and lymphocytes are reduced, leading to an 
immunosuppressive host. In turn, this contributes to the 
expansion of residual tumour cells or the formation of micro 
metastases42. Furthermore, systemic inflammatory response 
markers were shown to have prognostic value in previous 
studies19. Therefore, the authors hypothesize that the major 
pro-inflammatory response associated with organ failure attributes 
to early disease recurrence and impaired survival24,25,41,43.

Subgroup analysis of patients that underwent a 
pancreatoduodenectomy also showed that major complications 
and organ failure were significantly associated with shorter DFI 
and OS. Furthermore, post-pancreatectomy haemorrhage was 
significantly associated with shorter OS. For patients who 
underwent a distal pancreatectomy, no associations were found. 
Morbidity and mortality rates are known to be lower after distal 
pancreatectomy, as compared with pancreatoduodenectomy44. 
However, the absence of an association between complications 
and DFI and OS in the current study might also be a power issue. 
A larger patient cohort is necessary to accurately investigate this 
association in patients after distal pancreatectomy.

Despite many surgical quality improvement initiatives 
worldwide, postoperative complications do still occur in half of 
patients after pancreatic cancer resection1,6,45,46. In the 
Netherlands, this included around 23 per cent of major 
complications and 2–5 per cent of organ failure, in line with the 
results of the current study47,48. Therefore, these findings stress 
the importance of timely recognition and minimally invasive 

management of complications, before they lead to clinical 
deterioration47. Recently, the Dutch stepped-wedge randomized 
PORSCH trial has shown that implementation of an algorithm for 
early detection and minimally invasive management of 
complications after pancreatic resection led to an approximate 50 
per cent reduction of a composite endpoint of severe bleeding, 
organ failure, and 90-day mortality rate47. In the context of the 
current study, this postoperative monitoring strategy may not 
only reduce postoperative mortality rate but also improve 
oncological outcomes. The number of patients who started with 
adjuvant chemotherapy, however, was comparable between both 
trial arms (53.9 per cent in the intervention group versus 56.1 per 
cent in the control group). Nevertheless, long-term outcomes of 
the PORSCH trial, including type of adjuvant chemotherapy, 
number of cycles, and survival, have to be awaited and can be 
used to test the findings of the current study. Furthermore, 
prehabilitation—that is preoperative exercise training to optimize 
functional deficits, nutritional interventions, psychological 
support, and coaching towards lifestyle changes—has been 
shown to reduce the risk of postoperative morbidity rate after 
pancreatic resection49,50. The implementation of prehabilitation 
programmes might therefore increase the likelihood of receiving 
adjuvant chemotherapy.

This study has several limitations. First, causal effect estimates 
are preferably retrieved from randomized trials. However, if 
randomization cannot be performed, causal mechanisms 
underlying identified associations can be investigated with 
observational data by means of causal inference27,51,52. This can 
only be done if sufficient data on confounders, such as 
explicated by a DAG, are available. Since these data were 
available in the current study, the presented causal mediation 
analysis is considered to provide a good approximation of the 
true effect estimates27,52. Second, individual postoperative 
complications were not significantly associated with worse 
long-term survival. However, the likelihood of a type II error is 
increased due to the limited number of events for each 
complication. These numbers may not be sufficient to 
substantiate conclusions. The same applies to the low number 
of events in patients that underwent distal pancreatectomy. 
Nevertheless, in comparison with previous studies, the patient 
cohort analysed in this study is relatively large and has a 
distinctive nationwide set-up. Third, although a prospective 
database was used for baseline and perioperative data, the 
retrospective character of the additional data collection has its 
inherent disadvantages. Confounding by indication might have 
occurred, since not all patients received standardized follow-up 
and treatment of recurrence. Therefore, it might be possible 
that patients who received standardized follow-up imaging and 
treatment of recurrence had a better a priori prognosis, as 
compared with patients who did not. Furthermore, varying 
intervals and frequency of regular follow-up imaging between 
patients might have influenced both DFI and OS outcomes. 
However, this reflects daily clinical practice and makes the 
results highly applicable. Fourth, considerations in shared 
decision-making that led to initiation, omission, or 
discontinuation of adjuvant chemotherapy could not be 
identified. This might have provided insights into the role of 
postoperative complications for the decision to refrain from 
adjuvant treatment.

Future research should focus on prevention, early recognition, 
and adequate treatment of complications, aiming to promote 
postoperative recovery and increase eligibility for adjuvant 
treatment. Furthermore, emphasis should be placed on patient 
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selection for neoadjuvant treatment strategies. This might lead to 
improvement of long-term oncological prognosis.
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