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Abstract 
Pancreatic ductal adenocarcinoma (PDAC) most commonly affects the head of the pancreas. This condition has a dismal 
prognosis. Patients with early disease may be candidates for pancreaticoduodenectomy (PD). This is a high-risk operation 
which is associated with considerable morbidity. Whilst perioperative mortality rates have fallen in recent times, the risk 
remains significant and long-term survival is poor, even in those who make an uncomplicated recovery. Furthermore, PD is 
known to affect quality of life (QoL) negatively. Most studies suggest it takes up to six months before a patient’s QoL returns to 
baseline. This is a considerable amount of time for a patient who is unlikely to achieve long-term survival. This short review 
discusses the recent literature surrounding mortality rates, long-term survival and QoL following PD for PDAC. A compre-
hensive understanding of these topics will allow clinicians and patients to consider the risks and benefits before surgical 
resection is considered. 
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) has the lowest survival 
of all common cancers; current United Kingdom (UK) one-year 
and five-year survival rates are 23.7% and 6.9% respectively[1]. 
Approximately 80% of PDAC cases in the UK are diagnosed at 
stage III or IV, and around 20% are diagnosed at stage I or II[1]. 
Surgical resection in the form of pancreaticoduodenectomy (PD) 
is usually recommended in patients with stage I/II disease provid-
ing they have an appropriate performance status and acceptable 
co-morbidity profile. Median survival following PD in PDAC 
patients is around 24 months[2]. Those with stage III disease are 
usually not offered surgery since it rarely provides cure and does 
not prolong survival. 

Surgical resection is a major undertaking and morbidity/mortality 
rates may be under-estimated due to publication bias. Therefore, it 
is important that both clinicians and patients have a comprehensive 
understanding regarding mortality, survival, and impact on quality 
of life (QoL) following PD for PDAC, so that informed decisions 
can be made regarding treatment. This short review consolidates 
the recent literature on these topics.

Resection for early disease
No large studies have compared outcomes of patients with resect-

able PDAC (stage I/II) who have undergone PD to those who have 
not. A retrospective study by Lee et al. analysed the outcomes 
of PDAC patients at a single Korean centre between 2007-2014 
(n=1,646). 475 (28.9%) had resectable PDAC, 129 (7.8%) had 
borderline resectable disease, 384 (23.3%) had locally-advanced 
disease, and 658 (40.0%) had metastatic PDAC[3]. Among those 
with resectable disease, 91.4% underwent curative-intent surgery, 
3.6% underwent chemotherapy only, and 5.1% received pallia-
tive care. Median survival was 22 months in the surgery group, 
8 months in the chemotherapy group (p<0.001), and 11 months 
in the palliative care group (p<0.001)[3]. In the borderline group, 
34.9% underwent surgery without neoadjuvant therapy (NAT), 
21.7% underwent up-front surgery followed by adjuvant che-
motherapy, 33.3% received chemotherapy alone, and 10.1% re-
ceived palliative care. In those who underwent PD, patients who 
received NAT had a significant survival advantage (24 months vs. 
16 months, p=0.049)[3]. 

PD without NAT was associated with a longer median survival (16 
months) when compared with chemotherapy alone (12 months), 
but this was not significant (p=0.091)[3]. In those with locally ad-
vanced disease, there was also no significant difference in median 
survival between those who underwent PD (with or without ad-
juvant therapy, 10 months), NAT prior to PD (19 months), and 
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chemotherapy alone (13 months)(p=0.142)[3]. The authors did not 
specify why patients with resectable disease did not undergo PD, 
although they were likely to represent patients who were not fit 
enough to undergo surgery. This study highlights the survival ben-
efit of PD in those with resectable disease. The picture is less clear 
in those with borderline disease, and PD does not improve survival 
in those with locally advanced disease. 

Chakraborty et al. carried out a survival analysis of patients di-
agnosed with stage I/II PDAC (i.e. those without vascular inva-
sion) between 1973-2009 using the Surveillance, Epidemiology, 
and End Results Program (SEER) database (n=1,759). This study 
was not limited to tumours affecting the head of the pancreas and 
considered all forms of pancreatic resection. 92.6% underwent 
curative-intent surgery[4]. Resection was associated with longer 
overall survival (OS) (18 months vs. 7 months, p<0.0001). Oth-
er factors associated with improved OS were age less than 50 
years, maximum tumour diameter less than 20 mm, absence of 
positive lymph nodes, radiation therapy, and a well-differentiated 
tumour[4]. 

Elderly patients are more likely to have a poor performance status 
and may not be appropriate surgical candidates, even if they have 
early stage PDAC. Older patients also have lower OS rates when 
all causes of death are considered. In another Korean study, Park et 
al. investigated whether PD provided a survival benefit to patients 
aged over 75 years. Only those with resectable disease were in-
cluded and patients were excluded if they had another malignancy 
or a history of another malignancy. Thirty-eight patients under-
went PD and 11 did not; three of these could not undergo surgery 
due to poor performance status, and eight elected to decline all 
forms of treatment[5]. 40.7% of those who underwent PD were 
alive at two years following diagnosis, whereas all those who did 
not undergo surgery had died[5]. The authors concluded that an 
aggressive surgical approach could provide a significant survival 
benefit in older patients[5]. 

Major outcomes
Mortality
Perioperative mortality following PD has traditionally been quoted 
at 5%, although this has decreased in recent years due to improved 
patient selection, advances to surgical techniques, centralisation 
of services, and increased attention to peri-operative care[6]. 
High-volume centres have been shown to have reduced mortali-
ty rates when compared with low-volume centres, but optimum 
volume has not been defined. A series published by Narayanan 
et al. studied 551 PDs at a single USA centre from 2007-2016 
(all pathologies, including PD for other cancers and benign dis-
ease). Thirty-day, 90-day, and one-year mortality rates were 1.1%, 
3.6%, and 16.5%, respectively [7]. The most common causes of 
death were multi-organ failure secondary to sepsis or aspiration, 
post-pancreatectomy haemorrhage, myocardial infarction, and 
pulmonary embolus [7]. 

Whilst some single-centre studies have reported very low mortality 
rates, studies using national data report higher rates. A less recent 
(but larger) multi-centre UK study looked at 90-day mortality in 
PD patients from 2001-2016 (n=14,935). In-hospital, 30- and 90-
day mortality rates were 4.7%, 3.7%, and 6.5%, respectively[8]. 
The authors concluded that 90-day mortality was highest in very 
low-volume centres, but no additional benefit was obtained once a 
centre performed more than 36 procedures per year. Another high-
light was that 90-day mortality fell dramatically from 10.0% in 
2001-2004 to 4.1% in 2013-2016[8]. 

Merath et al. studied 9,639 PDs at multiple USA hospitals from 
2004-2014 (all pathologies included). Inpatient mortality was 
3.2%, regardless of histological diagnosis[9]. Unlike the UK 
study, smaller hospitals did not have higher mortality rates. No 
significant difference was observed between “rural” and “urban 
non-teaching” hospitals. Inpatient mortality was significantly low-
er at “urban teaching” hospitals, but the difference was margin-
al[9]. Patients who died as an inpatient were more likely to be 
male, have chronic obstructive pulmonary disease (COPD), liver 
disease, chronic kidney disease (CKD), peripheral vascular dis-
ease (PVD), or congestive cardiac failure (CCF)[9]. 

Table 1: Thirty- and 90-day mortality following pancreaticoduodenectomy (PD) and coronary artery bypass grafting (CABG).

Study Operation Number of patients 30-day mortality (%) 90-day mortality (%)
Narayanan et al., 
2018[7]

PD 551 1.1 3.6

Liu et al., 2018[8] PD 14,935 3.7 6.5
Mittel et al., 2020[10] CABG 72,398 2.2 3.7

To put these figures into perspective, they can be compared to those 
from another commonly performed non-emergency operation 
which is considered high-risk e.g., coronary artery bypass grafting 
(CABG) (Table 1). A 2020 study by Mittel et al. looked at 72,398 
CABGs carried out at multiple USA centres from 2008-2014. 30-
day mortality was 2.16% and 90-day mortality was 3.69%[10]. 
Whilst the two operations cannot be directly compared, this data 
suggests PD can be grouped with other non-emergency operations 
that are considered high-risk. 

Long-term survival
Although PD is performed for early PDAC with curative intent, the 
vast majority of patients develop recurrent disease. Disease-free 
survival (DFS) refers to the length of time between treatment and 
the point at which a patient develops signs and/or symptoms of 
recurrent cancer. Following PD for PDAC, DFS is usually defined 
as the time at which recurrent disease is identified on surveillance 
imaging. However, definitions vary and it is more challenging to 
measure than other endpoints. Hence, few recent studies have at-
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tempted to calculate DFS. A multicentre retrospective study by 
Lubrano et al. followed up 942 PDs from multiple European cen-
tres from 2004-2009 (PDAC only). Patients were excluded if they 
died in the peri-operative period. In the remaining patients, median 
DFS was 19 months[11]. 

A severe complication was associated with significantly reduced 
DFS. The authors suggested that this was likely because a severe 
complication can result in a delay to adjuvant chemotherapy. DFS 
is also heavily influenced by the completeness of the resection. A 
retrospective study by Roessel et al. studied 531 PDs from 2000-
2014 from centres in the USA and the Netherlands (PDAC only). 
Patients who received NAT and those with who had an incomplete 
resection were excluded. DFS was 12.9, 15.4, and 24.1 months for 
surgical margin clearances of 0, <1, and ≥1 mm, respectively. 

Overall survival refers to the length of time between the date of 
diagnosis and death. A recent single-centre USA study by Pugalen-
thi et al. studied 596 PDs from 2001-2009 (PDAC only). Median 
OS was 24 months[12]. Further data is available from recent stud-

ies regarding five-year survival (Table 2). A German single-centre 
retrospective study by Luu et al. looked at 167 PDs from 2007-
2014. Median five-year survival was 20.4%[2]. A prospective ob-
servational study by Acedo et al. studied patients who underwent 
PD with total mesopancreatic excision at a single Spanish centre 
between 2008-2014 (n=114, PDAC only). Five-year survival was 
26.6% [13]. A less-recent Taiwanese study by Hsu et al. looked 
at 223 PDs from 1995-2010 (PDAC only). Three- and five-year 
survival rates were 21.4% and 10.1%, respectively[14]. A large 
retrospective study by Huang et al. used the USA SEER database 
and the national cancer registries of Slovenia, the Netherlands, 
Belgium and Norway to compare the OS of PDAC patients who 
underwent resection with OS of all PDAC patients[15]. Five-year 
OS for operated patients with stage I-II disease in the most recent 
cohort (2009-2011) ranged from 11% in Slovenia to 20% in Nor-
way, with the Netherlands and Belgium both having 5-year OS of 
18% (5-year OS for the USA was not available). In conclusion, 
patients who undergo curative-intent resection for PDAC have a 
predicted 5-year OS of around 15-20%.

Table 2: Five-year survival following pancreaticoduodenectomy for pancreatic ductal adenocarcinoma.

Study Number of patients (n) Five-year survival (%)
Luu et al., 2020[2] 167 20.4
Acedo et al., 2019[13] 114 26.6
Hsu et al., 2018[14] 223 10.1
Huang et al., 2018[15] 125,183 11-20

Quality of life
Since PD is associated with high morbidity rates and poor long-
term survival, it is important that a patient’s quality of life (QoL) 
following the procedure is considered. A recent systematic review 
(SR) by van Dijk et al. evaluated all prior studies which assessed 
QoL using validated questionnaires in patients who underwent 
PD for PDAC. The authors concluded that PD negatively affects 
QoL in the short term but that a recovery to baseline is made 3-6 
months post-operatively (Figure 1)[16]. Most of the included stud-
ies reported that physical functioning initially declined but then re-
covered to baseline at 3-6 months, and that emotional functioning 
initially declined before recovering to baseline at 3-12 months[16]. 

Results regarding social functioning were highly variable between 
the included studies. Except for one, all studies which reported 
on fatigue suggested an increase before recovery to baseline by 
6-month follow-up[16]. All studies which reported on nausea 
showed an initial increase before a return to baseline by 6-month 
follow-up[16]. Most studies reported on pain, although the results 
were highly variable. Six studies reported on dyspnoea and five 
on insomnia, all suggested a return to baseline by 6-month fol-
low-up[16]. The results for loss appetite, diarrhoea, and constipa-
tion were highly variable; no studies suggested these symptoms 
were worse than baseline at 6-month follow-up[16]. 

Table 3 : Summary of the key findings from the meta-analysis performed by van Dijk et al.[16], QoL = quality of life, PD = 
pancreaticoduodenectomy.

Aspect of QoL/symptom Time to recovery to baseline after PD (months)
Physical functioning 3-6
Fatigue, nausea, dyspnoea, insomnia, loss of appetite, change of bowel habit 6
Emotional functioning 3-12
Social functioning, pain Highly variable

Discussion
Most patients diagnosed with PDAC are not appropriate surgical 
candidates. Around one fifth present with resectable disease. This 
is only appropriate in patients with a reasonable performance sta-
tus and acceptable co-morbidity profile. Whilst PD is high-risk, 

it can improve survival in those with resectable disease. It is less 
clear if PD improves survival in those with borderline resectable 
disease. Perioperative mortality rates have fallen considerably in 
recent years. This is because of better patient selection, improved 
surgical technique, and better peri-operative care. The centralisa-
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tion of services may also have contributed. Peri-operative mortali-
ty was traditionally quoted at 5%; a figure between 1-3% is likely 
more up-to-date. Excluding patients who die in the peri-operative 
period, median OS is around two years, and between 15-20% of 
patients achieve five-year survival[15]. 

PD has a profound impact on a patient’s QoL. Physical, emotion-
al, and social functioning are all likely to be affected in the early 
post-operative phase. Most studies suggest a return to baseline 
between 3-6 months. Many patients also suffer with considerable 
pain, dyspnoea and insomnia post-operatively. Whilst results from 
prior studies are highly variable, most suggest these return to base-
line by six months. It is important to remember that only patients 
who survived the peri-operative period will have taken part in 
these studies, and that 3-6 months is a considerable amount of time 
for patients who have a median OS of 24 months. 

Conclusion
Perioperative mortality following PD for PDAC has fallen con-
siderably in recent years. However, the risk remains significant. 
Of those who survive the peri-operative period, between 15-20% 
will achieve five-year survival. PD has a profound negative impact 
on a patient’s QoL; this may take six months or more to return to 
baseline. It is important that clinicians and patients with resectable 
disease have a comprehensive understanding of these issues before 
PD is considered. 
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