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ABSTRACT

Background
Resection is the only life-prolonging option for pancreatic or periampullary cancer. 
Cell-mediated immunity might reduce progression of metastasis or local recurrence 
likelihood, but surgery associated morbidity can suppress this immunity. The aim of 
this study was to examine the influence of complications on cancer specific survival 
after pancreatoduodenectomy (PD) for pancreatic and periampullary cancer.

Method
517 consecutive patients who underwent PD for pancreatic or periampullary adeno-
carcinoma were analyzed.

Results
After median follow-up of 24 (14-44) months, 377 (73%) patients had died from pro-
gressive disease, 140 (27%) were alive. Median survival for pancreatic adenocarci-
noma was 22 (18-25) months following an uncomplicated postoperative course versus 
16 (13-19) months for patients with major surgical complications (P=0.021). Multi-
variable Cox regression analysis demonstrated that microscopically residual disease 
(R1), complications, and adjuvant therapy were independent factors for recurrence. 
Within the R1 group, survival for patients with complications was even more limited, 
9.7 (8.3-11.0) versus 18.7 (15.0-22.5) for those without (P<0.001). For patients with R1 
resection complications was the only independent predictor for a shorter time inter-
val to death (hazard ratio 1.96; 95% CI 1.16-3.30). Complications did not influence 
survival of patients with periampullary adenocarcinoma.

Conclusion
Complications after resection are independently related to an impaired survival fol-
lowing PD for pancreatic, but not periampullary cancer. The effect is even more dra-
matic in patients who had an R1 resection. Although the relation is not causal per se, 
the findings support the hypothesis of a complication-induced, compromised immu-
nity rendering patients more susceptible for recurrent disease.
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145Chapter 9 Influence of Complications on Cancer Recurrence

INTRODUCTION

Pancreatic cancer currently is the 4th cancer type for death in western countries with 
an incidence of 10-15 per 100.000 per year.1 Radical resection of a tumor in the pan-
creatic head by (pylorus preserving) pancreatoduodenectomy (PD) is the only option 
that leads to long-term survival. Over the last decades centralization of pancreatic 
surgery, improvements in perioperative care, advances in surgical techniques and 
the rise of interventional radiology to treat complications have resulted in hospital 
mortality figures well below 5%.2-5 However, PD associated morbidity remains con-
siderable with rates around 40-50%, depending on definitions of complications and 
the system of registration applied.2;6-8

Comprehensive selection for surgery, by assessment of distant metastasis and 
local vascular involvement using validated criteria, precludes a potentially curative 
resection to be carried out in over 80% of patients at first presentation.9-11 Although 
accurately staged, most patients, who proceed to undergo resection of pancreatic 
ductal adenocarcinoma with curative intent, develop recurrent disease within 2 
years. Studies with complete follow-up report 5-year actual survival rates after resec-
tion of only 8 to 10%.12-14 Periampullary carcinoma (distal common bile duct, ampul-
lary adenocarcinoma, duodenal adenocarcinoma) are associated with more favorable 
survival rates, presumably due to less aggressive biological behavior of the tumor.15-17

A potent immune response is suggested to eradicate minimal residual disease 
after macroscopically radical surgery, and the induction of strong immune response 
might lead to the establishment of immune memory, thereby preventing tumor 
recurrence.18 Contrarily, emerging evidence shows that cancer surgery adversely 
affects the resurgence of microscopic residual disease due to intraoperatively tumor 
cell dissemination, creation of a permissive environment for tumor growth (e.g. 
decreased NK cell activity), and direct alteration of neoplastic properties leading to 
accelerated tumor growth.19;20 Studies in esophageal and colorectal cancer confirm 
that postoperative complications with subsequent perioperative suppression of cell 
mediated immunity have a negative prognostic impact on recurrence, thus resulting 
in reduced long-term cancer specific survival.21;22

As far as we know no studies have primarily investigated whether the occurrence 
of perioperative complications after laparotomy with secondary disturbance of the 
immune system, promote early recurrence of pancreatic or periampullary adenocar-
cinoma23Therefore, the aim of the present study was to quantify the predictors asso-
ciated with cancer specific survival in patients who underwent potentially curative 
resection of histological proven pancreatic or periampullary cancer, and to determine 
the prognostic implications of perioperative complications on survival.
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mETHODS

Between January 1994 and January 2010 a consecutive series of 801 patients under-
went PD, or the pylorus preserving modification (PPPD), for a suspected malignancy 
in the pancreatic head at the Academic Medical Center. For the present study we 
selected from this cohort all patients with a histological proven pancreatic adenocar-
cinoma or periampullary tumor. Operations were performed with curative intent, 
i.e. in the absence of extensive local invasion and/or distant metastases. During this 
period administration of neoadjuvant chemoradiation therapy was not performed 
routinely. Postoperative chemo- or radiation therapy was not part of the treatment 
strategy up to 2007, but was administered only to a few patients who participated in 
an ongoing EORTC trial.24 For eligible pancreatic adenocarcinoma patients adjuvant 
therapy was regularly offered from 2007 onward.

In short, the standard surgical procedure consisted of a pylorus preserving PD, 
as previously described, with concomitant dissection of the regional lymph nodes at 
the anterior and posterior face of the head, around the common and proper hepatic 
artery, in the hepatoduodenal ligament and lymph nodes to the right of the supe-
rior mesenteric vein.11;25;26 In case of suspicion on tumor ingrowth in the proximal 
duodenum a classical Whipple procedure was performed. In case intraoperatively 
(minimal) tumor ingrowth of the portal or superior mesenteric vein was found, a 
segmental or wedge resection could be part of the procedure.27;28 Reconstruction con-
sisted of a retrocolic jejunal loop with end-to-side pancreaticojejunostomy, hepatico-
jejunostomy and retro- but more recently ante-colic gastro- or duodenojejunostomy. 
Pancreaticogastrostomy was not performed. Drain management consisted of leaving 
a subhepatic silicone drain extending to the pancreatic anastomosis, of which the 
output in the postoperative course was measured daily. At the start of surgery antibi-
otics were administered for 24 hours as prophylaxis.

Pathological findings were described in a standardized format. The TNM-stage, 
differentiation grade, the presence of microscopically residual disease, total number 
of resected lymph nodes and total number of positive lymph nodes were recorded. 
The presence of perineural invasion was inconsistently reported. As part of another 
on-going study pathological specimen of patients surviving more than five years after 
resection were reassessed. The pTNM staging system (Union Internationale Contre 
le Cancer [UICC], 7th edition, 2009) was used to classify patients according to patho-
logical findings.29 Tumor positive para-aortal nodes (group 16), nodes at the celiac 
trunk or at the mesenteric root were considered as distant metastasis (pM1) Lymph 
nodes surrounding the anterior and posterior face of the head were considered to 
be regional lymph nodes. The lymph node ratio was defined as the ratio between 
the number of positive lymph nodes divided by the total number of resected nodes. 
Following recent observations we choose to meticulously report resection margin 
status: R0 resection was defined as microscopically complete removal operation with 
radical margin of more than 1 mm, R1a indicated up to 1 mm clearance, and R1b had 
tumor cells present at the surface (clearance 0 mm) 30
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147Chapter 9 Influence of Complications on Cancer Recurrence

Defining Complications
Definitions of surgery-related technical complications have been used in previ-
ous studies evaluating the management of complications on the basis of generally 
accepted criteria.2;31;32 Postpancreatectomy hemorrhage (PPH), postoperative pancre-
atic fistula (POPF), and delayed gastric emptying (DGE) were defined and catego-
rized according to international consensus definitions.33-35 For the present study the 
clinically relevant PPH, POPF and DGE grade B and C stages were assessed in rela-
tion to survival.

Medical complications included cardiac complications (cardiac arrhythmia, 
cardiac failure, myocardial ischemia), pulmonary complications (pneumonia, pul-
monary embolism, respiratory failure), renal failure, urinary tract infection, and a 
miscellaneous category with infrequent adverse events (e.g. delirium, clostridium 
infection, hypoglycemic coma catheter-related infection, incisional hernia. Hospital 
mortality comprised death within 30 days following surgery or death during index 
hospital admission

Follow-Up
Patient follow-up took place according to a standardized scheme at regular intervals 
for up to 5 years after discharge, depending on the surgeon’s discretion. Follow-up 
extended to September 2011, ensuring a minimal potential follow-up of 20 months. 
Follow-up was complete in all patients. Survival data were collected through contact-
ing hospitals, general physicians and registry databases. Overall survival rates were 
calculated from the date of operation until death, or until the time of the last visit 
to the outpatient clinic or the last visit to the general practitioner. Cancer-specific 
survival was defined as time until death due to recurrent disease Patients who were 
identified as having died of recurrent disease, all had progressive loco-regional recur-
rence or distant metastases at the time of death. Radiological imaging during follow-
up was not routinely performed, while recurrence of disease was suspected on clini-
cal grounds. When recurrence was suspected, additional evaluation by CT-scan was 
performed and, when indicated, palliative treatment was offered.

Statistical Analysis
The primary outcome measure of the analysis was CSS. For homogeneity of the study 
population patients who died due to postoperative complications and patients who 
died due to unrelated causes were excluded for the principle analysis. Survival rates 
were calculated with the Kaplan-Meier method. Uni- and multivariable Cox regres-
sion models, employing backward elimination of variables from univariable analy-
sis with threshold of P<0.1, were used to examine the association between potential 
predictors and the time until death. For biological plausibility separate models were 
constructed for the different histological tumor entities.

The following potential predictors were analyzed: age, sex, American Society of 
Anesthesiologists classification, pT-stage, pN-stage, presence of perineural invasion, 
lymph node ratio, tumor differentiation grade, resection margin status, and the pres-
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ence of (major) surgical or medical complications. The Cox proportional-hazards 
regression model was used for both uni-and multivariable analyses. We constructed 
models to determine in all patients prognosticators for death due to recurrence, and 
models with exclusion of patients alive at latest follow-up to determine prognostic 
value of variables on time interval to death.

Statistical analysis was performed with the use of SPSS statistical software ver-
sion 17.0 (SPSS Inc, Chicago, Ill, USA). A P-value of <0.05 was considered statistically 
significant.

RESULTS

Of the series of 801 operated patients 517 could be included for the present study 
after we applied our inclusion criteria. Reasons for exclusion were: 226 patients with 
pathology different than pancreatic adenocarcinoma or periampullary adenocarci-
noma (e.g. neuroendocrine tumors, cystic tumors, benign pathology), 12 patients 
died in hospital from complications, and 46 patients who died during follow-up from 
different causes than recurrent or progressive disease.

Table 1 Clinicopathologic characteristics of 517 patients with histology-proven pancreatic or 
periampullary cancer.*

Characteristic

Patient variables
Age – yr 64 ±9.7
Females – no. (%) 221 (43)
Body-mass index† 24 ±3.8
ASA classification – no. (%)

1 114 (22)
2 320 (62)
3 or higher 83 (16)

Treatment variables
Type of surgical treatment– no. (%)

PD (classical Whipple) 44 (9)
Pylorus-preserving PD 473 (91)

Complications– no. (%)
Major surgery related‡ 125 (24)
Medical 127 (25)
Any§ 286 (55)

Hospital stay – median days (IQR) 14 (10-19)
Pathological variables

Tumor type – no. (%)
Pancreatic adenocarcinoma 236 (46)
Ampullary adenocarcinoma 166 (32)
CBD adenocarcinoma 99 (19)
Duodenal adenocarcinoma 16 (3)
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149Chapter 9 Influence of Complications on Cancer Recurrence

pT-stage – no. (%)
T1 84 (16)
T2 159 (31)
T3 224 (43)
T4 50 (10)

pN-stage – no. (%)
N0 213 (41)
N1 304 (59)

Lymph node ratio – median (IQR)¶ 0.13 (0-0.33)
Tumor diameter in cm – median (IQR) 2.5 (1.8-3.2)
Differentiation grade – no. (%)

Good 32 (6)
Moderate 271 (53)
Poor 214 (41)

Perineural invasion
Present 209 (40)
Not present 153 (30)
Not reported 155 (30)

Resection Margin Status – no. (%)
Clearance >1 mm (R0) 321 (62)
Clearance 0-1 mm (R1a) 49 (10)
Clearance 0 mm (R1b) 147 (28)

Follow-up
Received adjuvant therapy – no. (%) 84 (16)
Died due to recurrent disease – no. (%) 377 (73)
Alive at latest follow-up – no. (%) 140 (27)

* Plus-minus values are means ±SD unless otherwise noted. IQR, interquartile range; ASA, American 
Society of Anaesthesiologists; CBD, common distal bile duct.

† Body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Core surgical complication model, comprises grade B/C POPF or PPH, hepaticojejunostomy, 

leakage, gastro-/duodenojejunostomy leakage, intra-abdominal abscess formation/infected fluid 
collection, and any cause (emergency) relaparotomy.

§ Number of patients with one or more surgical complications, which comprise major surgical 
complications, grade B/C delayed gastric emptying, wound infection, chylous ascites, cholangitis, 
miscellaneous surgical complications, or any medical complication.

¶ Ratio between number of positive lymph nodes divided by total number of resected nodes.

Patient Characteristics
Table 1 displays clinical-pathologic characteristics of the study cohort. The pylorus-
preserving PD was the most frequently performed operation, pancreatic adenocarci-
noma was the most prevalent histological tumor type. A radical resection implicat-
ing a tumor free margin of ≥ 1mm was achieved in 62% of patients. After a median 
follow-up of 24 (interquartile range [IQR] 14-44) months 377 (73%) patients had died 
from recurrent or progressive disease, 140 (27%) were still alive. Median follow-up 
for alive patients was 60 (IQR 29-96) months. Cancer specific survival for patients 
who underwent resection of pancreatic adenocarcinoma was median 21 (IQR 18-24) 
months, for distal common bile duct adenocarcinoma 26 (IQR 19-34) months, for 
ampullary adenocarcinoma 47 (IQR 36-59) months, and for duodenal adenocarci-
noma median survival time was not reached during the observed follow-up period.
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Risk Factors for Death Due to Cancer Recurrence
In univariable analysis, tumor pathology (i.e. distal common bile duct adenocarci-
noma, pancreatic adenocarcinoma), depth of invasion (pT-stage), the presence of 
lymphatic dissemination, lymph node ratio, tumor differentiation grade, resection 
margin status, and perineural invasion were significantly associated with cancer spe-
cific survival for the entire cohort (Table 2). In this analysis age, gender, ASA-clas-
sification, tumor diameter, the administration of adjuvant therapy and the presence 
of postoperative major surgical or medical complications did not reach the threshold 
for significance.

Subsequent analyses address pathological tumor entities separately. Within spe-
cific tumor entities cancer specific survival from pancreatic adenocarcinoma was 
median 22 (IQR 18-25) months following an uncomplicated course versus 16 (IQR 
13-19) for patients with major surgical complications (log rank test: P 0.021). For duo-
denal adenocarcinoma the difference was moderately significant (log rank test: P 
0.096), while for ampullary and distal common bile duct adenocarcinoma no signifi-
cant difference was observed (data not shown).

For duodenal adenocarcinoma the small case number and subsequent low event 
rate for complications precluded further extensive analyses. Supplying Information 
Table 1 shows the influence of specific (combined) complications on cancer specific 
survival for pancreatic adenocarcinoma, ampullary and distal common bile duct ade-
nocarcinoma from univariable Cox regression analysis. The presence of major sur-
gical complications (P=0.022) and especially PPH grade B or C (P=0.007), was for 
pancreatic adenocarcinoma significantly related to survival, while for distal common 
bile duct adenocarcinoma no specific complication had prognostic value. For pan-
creatic adenocarcinoma also the single predictors urinary tract infection (P=0.043) 
and relaparotomy for any cause (P=0.058), albeit moderately, were related to can-
cer specific survival. For ampullary adenocarcinoma complications with prognostic 
value comprised intra-abdominal abscess formation (P=0.020) and pulmonary com-
plications different than pneumonia (i.e. respiratory failure, pulmonary embolism 
etc.) (P=0.015). The combined outcome measures total surgical, total medical, or any 
complications did not reach significance for any of the tumor entities.

Multivariable Cox regression analysis demonstrated that for pancreatic adenocar-
cinoma a resection margin with clearance of 0 mm (P<0.001) and the presence of 
major surgical complications (P=0.031) were independent factors for development 
of cancer recurrence, while administration of adjuvant therapy (P<0.001) was an 
independent protective factor (Table 3). For ampullary adenocarcinoma the pres-
ence of lymph node metastasis (P<0.001) and a resection margin with clearance of 
0 mm (P=0.006) were significant factors. Lymph node ratio (P=0.003), moderate 
(P=0.040) to poor (P=0.007) tumor differentiation grade, and also a resection mar-
gin with clearance of 0 mm (P=0.018) were significant factors for distal common 
bile duct adenocarcinoma. For the latter two tumor entities complications did not 
influence the development of cancer recurrence. The single prognostic factor for can-
cer specific survival following resection of duodenal adenocarcinoma was the lymph 
node ratio (P=0.037).
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151Chapter 9 Influence of Complications on Cancer Recurrence

Table 2 Univariable Cox Regression analysis for cancer specific survival after 
pancreatoduodenectomy for pancreatic or periampullary adenocarcinoma. Results 
are given as hazard ratios (HR) and their 95% confidence interval (CI).

Characteristic HR (95% CI) P

Age, one year increment 1.01 (1.00-1.02) 0.191
Female gender 1.13 (0.92-1.39) 0.242
ASA classification (compared to ASA 1)

2 1.01 (0.78-1.30) 0.953
3 or higher 1.24 (0.90-1.72) 0.191

Tumor histology (compared to duodenal adenoca.)
Ampullary adenocarcinoma 1.87 (0.76-4.60) 0.172
Distal common bile duct adenocarcinoma 3.84 (1.55-9.50) 0.004
Pancreatic adenocarcinoma 5.32 (2.19-13.0) <0.001

pT-stage (compared with pT1)
pT2 1.70 (1.23-2.35) 0.001
pT3 1.55 (1.13-2.13) 0.006
pT4 2.48 (1.65-3.72) <0.001

Tumor diameter, one centimeter increment 1.00 (0.94-1.07) 0.974
Presence of lymph node metastasis (pN1) 2.52 (2.02-3.14) <0.001
Lymph node ratio 4.70 (3.30-6.66) <0.001
Differentiation grade (compared to good)

Moderate 1.83 (1.08-3.09) 0.025
Poor 2.71 (1.60-4.59) <0.001

Resection margin status (compared to R0)
Clearance 0-1 mm (R1a) 1.87 (1.33-2.63) <0.001
Clearance 0 mm (R1b) 2.88 (2.30-3.61) <0.001

Perineural invasion 1.72 (1.35-2.20) <0.001
Adjuvant chemo- and/or radiation therapy 0.89 (0.64-1.16) 0.316
Major surgical complications 0.94 (0.74-1.20) 0.602
Medical complications 1.09 (0.87-1.38) 0.463
Any complication 0.86 (0.70-1.05) 0.143

Statistically significant results shown in bold.
ASA indicates The American Society of Anesthesiologists.

Complications and Cancer Recurrence after Resection with Residual Disease
Following the hypothesis of augmented susceptibility for cancer recurrence in 
patients microscopic residual disease, potentially immunocompromized after devel-
opment of postoperative complications, a subsequent analysis was performed in those 
who had a resection margin status with clearance < 1 mm (R1a, R1b). Clearance of 
< 1 mm was present in 3 (19%) of 18 patients with duodenal adenocarcinoma, 21 (13%) 
of 166 with ampullary, 41 (41%) of 99 distal common bile duct, and 131 (56%) of 236 
patients with pancreatic adenocarcinoma ( P<0.001). Within the group of patients 
with clearance < 1 mm only for pancreatic adenocarcinoma cancer specific survival 
for patients with major surgical complications was significantly different from those 
without complications, 9.7 (IQR 8.3-11.0) versus 18.7 (IQR 15.0-22.5) months respec-
tively (log rank test: P<0.001).
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Table 3 Multivariable Cox regression analysis for prognostic variables for cancer specific 
survival following resection of pancreatic, ampullary or distal common bile duct 
adenocarcinoma. Results are given as hazard ratios (HR) and their 95% confidence 
interval (CI).

 
Pancreatic

Adenocarcinoma
Ampullary

Adenocarcinoma
Distal common bile 

duct adenocarcinoma

Characteristic HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age, one year increment Not in model Not in model Not in model
Female gender Not in model Not in model Not in model
ASA classification 
(compared to ASA 1)

2 Not in model Not in model Not in model
3 or higher Not in model Not in model Not in model

pT-stage (compared with 
pT1)

pT2 Not in model Not in model Not in model
pT3 Not in model Not in model Not in model
pT4 Not in model Not in model Not in model

Tumor diameter Not in model Not in model Not in model
Presence of lymph node 
metastasis (pN1)

Not in model 3.13 (2.03-4.84) <0.001 Not in model

Lymph node ratio Not in model Not in model 5.26 (1.79-15.5) 0.003
Differentiation grade 
(compared to good)

Moderate Not in model Not in model 3.52 (1.06-11.7) 0.040
Poor Not in model Not in model 5.11 (1.56-16.8) 0.007

Resection margin status 
(compared to R0)

Clearance 0-1 mm (R1a) 1.23 (0.78-1.88) 0.351 1.77 (0.24-13.0) 0.576 2.08 (0.96-4.52) 0.064
Clearance 0 mm (R1b) 1.77 (1.29-2.42) <0.001 2.12 (1.24-3.63) 0.006 2.10 (1.14-3.89) 0.018

Perineural invasion Not in model Not in model Not in model
Major surgical 
complications

1.51 (1.04-2.20) 0.031 Not in model Not in model

Adjuvant chemo- and/or 
radiation therapy

0.48 (0.34-0.68) <0.001 Not in model Not applicable

Statistically significant results shown in bold.
ASA indicates The American Society of Anesthesiologists.

Table 4 displays uni- and multivariable Cox regression analysis for patients who 
underwent resection of pancreatic adenocarcinoma with tumor-free margin of 
<  1  mm. Univariable analysis showed that development of major surgical compli-
cations (P<0.001) and adjuvant therapy (P<0.001) was significantly associated with 
cancer specific survival, while poor tumor differentiation grade (P=0.054) was mod-
erately associated. Multivariable demonstrated that major surgical complications 
(P=0.007) and adjuvant therapy (P<0.001) were the only independent predictors, and 
had greater impact than any of the pathological variables.
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153Chapter 9 Influence of Complications on Cancer Recurrence

To determine the influence of complications on time interval to death we excluded 
alive patients at latest follow-up. In patients who had not undergone a radical resec-
tion of pancreatic adenocarcinoma major postoperative surgical complications was 
the only independent predictor for a shorter time interval to death due to cancer 
recurrence (HR 1.96; 95% CI 1.16-3.30; P=0.011).

Table 4 Uni- and multivariable Cox Regression Analysis for cancer specific survival following 
resection of pancreatic cancer in 131 patients with tumor-free resection margin of 
<1mm.

  Univariable Analysis multivariable Analysis

Characteristic HR (95% CI) P HR (95% CI) P

Age, one year increment 1.00 (0.99-1.02) 0.682 Not in model
Female gender 1.11 (0.77-1.60) 0.581 Not in model
ASA classification (compared to ASA 1)

2 0.98 (0.62-1.54) 0.919 Not in model
3 or higher 1.31 (0.72-2.36) 0.378 Not in model

pT-stage (compared with pT1)
pT2 1.40 (0.73-2.69) 0.315 Not in model
pT3 0.78 (0.42-1.43) 0.420 Not in model
pT4 1.73 (0.82-3.62) 0.150 Not in model

Tumor diameter 1.07 (0.90-1.28) 0.454 Not in model
Presence of lymph node metastasis (pN1) 1.01 (0.66-1.55) 0.968 Not in model
Lymph node ratio 1.53 (0.76-3.06) 0.233 Not in model
Differentiation grade (compared to good)

Moderate 1.17 (0.47-2.91) 0.741 Not in model
Poor 2.48 (0.98-6.23) 0.054 Not in model

Perineural invasion 0.87 (0.43-1.76) 0.700 Not in model
Major surgical complications 2.62 (1.58-4.39) <0.001 2.06 (1.22-3.46) 0.007
Adjuvant chemo- and/or radiation therapy 0.38 (0.24-0.61) <0.001 0.42 (0.26-0.68) <0.001

Statistically significant results shown in bold.

ASA indicates The American Society of Anesthesiologists.

DISCUSSION

The hypothesis that development of major surgical complications results in a (tem-
porarily) impaired cellular immunity, rendering patients susceptible to early cancer 
recurrence and reduced survival, is gaining support. In the present study we demon-
strate that development of major surgical complications is an independent, negative 
predictor for recurrent or progressive disease following PD for pancreatic adenocar-
cinoma. The negative impact on survival is even more prominent in patients with 
microscopically residual disease (resection margin clearance < 1 mm). Furthermore, 
the occurrence of major surgical complications was the only independent factor to 
determine a shorter time interval to death due to cancer recurrence for patients with 
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microscopically residual pancreatic adenocarcinoma. Complications did not influ-
ence cancer specific survival or time interval to death for patients who underwent 
resection of periampullary adenocarcinoma.

A reduced survival after a complicated hospital course has been demonstrated 
for excision surgery for several gastrointestinal malignancies.21;22;36 Research that 
addresses this subject for cancer specific survival following PD for pancreatic and 
periampullary adenocarcinoma is scarce. One earlier clinical study found that, 
besides pathological variables and obtaining a radical (R0) resection, lack of postop-
erative complications was associated with long-term survival following resection of 
pancreatic adenocarcinoma.37 Although an intrinsically valid finding, comparison 
with our results is somewhat limited, since the authors based conclusions on the 
association of complications with overall rather than cancer specific survival. Severe 
postoperative complications might lead to hospital mortality, which is accounted for 
in overall survival calculations. While no effect of complications was identified on 
cancer specific survival, the impact of complications on cancer recurrence cannot 
be answered from this study. Our results clearly demonstrate the profound nega-
tive influence of major surgical complications on death due to cancer recurrence fol-
lowing resection of pancreatic adenocarcinoma, and, thus, underline the oncological 
adverse effect of complications, even after the early postoperative period.

In the present study we evaluated the influence of a wide range of medical and sur-
gical complications on survival. Major surgical complications as defined in our study, 
inevitably resulting in a prolonged hospital stay, are recognized for their considerable 
impact and associated increased hospital mortality risk. Rather than minor complica-
tions these complications pose a plausible causative agent for severe immune status 
disturbance, which could lead to early cancer recurrence, as we hypothesized. In line 
with our hypothesis we did not include the clinically insignificant grade A POPF 
and PPH complications. Possibly this might explain that another clinical study, that 
included all POPF grades, did not detect a survival difference between patients with 
this single complication versus those without.38 It should be mentioned that the study 
was characterized by poor methodology, small sample size and low event rate, the lat-
ter likely precluding the possibility to detect significant differences. With respect to 
bleeding complications these could, in addition to anticipated perioperative blood 
loss, lead to hypovolemic shock depending on the volume of lost blood, supposedly 
causing immunosuppression.39 Severe bleeding complications following resection of 
pancreatic adenocarcinoma was one of the most significant complications associated 
with impaired survival in the present study. The transitory immune dysfunction fol-
lowing the primary surgery with superimposed suppression by PPH could be the 
explanation for a profound reduction in cancer specific survival associated with this 
complication.

Although resection obliterates the major source of cancer and thereby metastasiz-
ing cells, paradoxically it favors metastatic development of cancer by releasing tumor 
cells, reducing antiangiogenic factors, and inducing growth factors.39 Intraoperative 
tumor manipulation during surgery seems a main factor acting on tumor dissemi-
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nation, as was shown in an experimental rat model investigating laparotomy versus 
laparoscopy for pancreatic cancer.40 Cell mediated immunity likely has limited con-
trol over the emergence of cancer, but it might restrict the development of metastasis 
and eradicate minimal residual disease. However, it is clinically accepted that major 
surgery suppresses cellular immunity for several days, and that more invasive proce-
dures, e.g. laparotomy more than laparoscopy, lead to deeper immunosuppression.20

Especially tissue damage as occurs with major laparotomy is suggested to be a 
critical determinant of postoperative immunosuppression.39 Therefore, surgical 
treatment is confronted with a narrow window of opportunity for cellular immunity 
to eradicate residual malignant cells following tumor resection. Furthermore, the 
distinct pattern of immune defects in the early phase of the postoperative course 
with a predominant defect in T-cell effector functions may define a state of impaired 
defense against pathogens and increased susceptibility to (infectious) complications.41 
Whereas the temporary postoperative immunosuppression might be self-limiting, it 
could be hypothesized that the occurrence of complications is accompanied by a sec-
ondary disturbance of the immune system. In particular these circumstances could 
be the substrate for establishing a microenvironment in which residual microscopic 
disease and circulating tumor cells can colonize target organs easily.

In univariable analysis established pathological factors were significant factors 
for death due to cancer recurrence for the entire group, postoperative complications 
were not. In further analyses we choose to report outcomes for pancreatic and peri-
ampullary adenocarcinoma separately for their conceived difference in prognosis. 
The finding that the negative impact of postoperative complications on oncological 
immunosurveillance was significant for pancreatic, but not periampullary adeno-
carcinoma, indicates that primary tumor biology is a major survival prognosticator. 
Complication rates among tumor types were eventually quite similar. The difference 
in prognosis between pancreatic and periampullary tumors has been extensively 
reported, and it has been suggested that cure from a pancreatic primary in terms of 
5-year survival is exceedingly rare due to inevitable progression or recurrence.37;42;43 
Our finding that postoperative complications are independently associated with 
death due to recurrence in pancreatic cancer might therefore better be appreciated as 
earlier death due to recurrence.

For pancreatic and periampullary adenocarcinoma several operation characteris-
tics and pathological determinants have been demonstrated to influence long-term 
survival.17;37;44-50 Our study indeed reconfirms the prognostic value of variables as 
resection margin status, lymph node metastasis or lymph node ratio, and tumor dif-
ferentiation grade. The finding that administration of adjuvant therapy to selected 
patients with pancreatic adenocarcinoma positively influences survival, is a con-
firmative validation of our adapted treatment strategy. After publication of several 
randomized controlled trials that reported beneficial effects, this therapy became a 
routine treatment adjunct for eligible patients in our center.51-53 The only reservation 
to the observed survival benefit applies to the fact that this therapy was generally 
offered to, and accepted by patients, who are in relatively good condition after surgery. 

Challenging dogmas in pancreatic surgery_007.indd   155 20-9-2012   13:49:27



Pa
rt

 II
 

Co
m

pl
ic

at
io

ns
 A

ss
oc

ia
te

d 
w

ith
 P

an
cr

ea
tic

 S
ur

ge
ry

156

In the survival models we constructed we incorporated classic pathological and treat-
ment parameters, which currently are considered the most predictive factors for sur-
vival. The fact that major surgical complications among these parameters remain an 
independent risk factor for reduced cancer specific survival, emphasize the relevance 
of our findings. On the other hand, a possible explanation for a relation between 
postoperative complications and death due to recurrence might be that patients with 
more advanced disease have a higher load of unrecognized (micro) metastatic tumor 
that is left behind and makes the patient more susceptible for complications.21

Unrecognized residual disease could theoretically be eliminated by a competent 
immune status, if not disturbed by postoperative complications. Accordingly we 
found that the effect of complications on cancer specific survival was even more 
dramatic in patients who had undergone a resection with resection margin status 
< 1 mm. Effective targeting of the larger tumor burden in these patients, compared 
to microscopically radical resection (R0), is further compromised when postopera-
tive complications occur, almost halving life expectancy in the present series. In the 
controversy over the practice of palliative PD, i.e. performing a resection despite the 
presence of advanced, preoperatively detected metastatic disease, this observation 
could be considered a counter-argument to operate these patients.54-56

In conclusion, the present study demonstrates a dramatic relation between major 
surgical complications and cancer specific survival following resection of pancreatic 
adenocarcinoma. For patients who underwent a R1-resection, postoperative complica-
tions limit the time interval until death due to cancer recurrence. These observations 
were not present for periampullary tumors, possibly due to more benign biological 
tumor behavior. Whether immunologic host factors enhance microscopic residual 
disease, and as such provide a possibility for targeted intervention, should be subject 
of further research in this specific patient population.
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