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A B S T R A C T

Background: Pancreatic cancer is a disease of the elderly. Surgical resection is usually offered to patients in early
stage disease; however, pancreatic resection in the elderly is controversial.
Methods: MEDLINE, EMBASE and Cochrane Library, were searched for studies comparing short- and long-term
outcomes of elderly (above the age of 70) with non-elderly patients (below the age of 70) following pancreatic
resection for pancreatic adenocarcinoma over the period from the inception of electronic database to 2017.
Twelve articles documenting 4860 patients were included. A meta-analysis of data on patient characteristics,
operative techniques, and perioperative outcomes were analysed. Our primary endpoint was postoperative
mortality, defined as 30-day mortality or in-hospitalisation mortality.
Results: There were 919 patients in the elderly group and 3941 patients in the non-elderly group. Elderly pa-
tients had worse ASA scores (p < 0.001) and more cardiovascular comorbidities (p= 0.002). Tumour size, T-
stage, N-stage and tumour grade were similar between the elderly and non-elderly group (p > 0.05). Fewer
elderly patients received a concomitant venous resection with their pancreatectomy (RR0.80, p= 0.003,
I2= 0%), achieved a negative margin status (RR0.76, p= 0.02, I2= 28%) and underwent adjuvant che-
motherapy treatment (RR0.69, p < 0.001, I2=42%). Overall complication (RR1.15, p < 0.001, I2=47%), in
particular, respiratory complications (RR2.33, p= 0.004, I2=39%), was higher in the elderly group. There was
no difference in postoperative pancreatic fistula formation, postoperative haemorrhage, intraabdominal abscess
and length of hospital stay between both groups (p > 0.05). Postoperative mortality was similar between both
groups (p= 0.17). Subgroup analysis according to the time of enrolment (< 2000, ≥2000) showed a significant
subgroup effect (Chi2=3.44, p= 0.06, I2= 70.9%) and revealed that postoperative mortality in the elderly
group improved over time (Before 2000: n=1654, subtotal RR2.27, p=0.02, I2=0%; From 2000 onwards:
n= 3206, subtotal RR1.00, p= 0.99, I2=0%).
Conclusion: Fewer elderly patients received chemotherapy and portal vein resection to achieve a clear margin.
Pancreatic resection of pancreatic adenocarcinoma can be performed safely on elderly patients with acceptable
risks in experienced centres by specialist hepatobiliary surgeons. Age alone should not be the only determinant
for the selection of patients for surgical treatment of pancreatic adenocarcinoma.

1. Introduction

Pancreatic cancer is a lethal malignant disease contributing to over
331,000 deaths per year [1]. Pancreatic adenocarcinoma accounts for
85% of pancreatic cancers [2,3] and more than half are diagnosed over
the age of 70 [1].

Surgical resection with chemotherapy offers a potential for cure [4]
but surgery in the elderly population remains controversial. As the
demographics of developed countries continue to shift towards an aging
population [5–7], elderly patients might be denied surgical treatment
because of the perceived risks associated with chronological age alone.

Previous meta-analyses [8–10] examined postoperative outcomes of
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elderly patients following pancreaticoduodenectomy for a variety of
benign and malignant disease. Elderly patients with pancreatic adeno-
carcinoma should be examined as a separate entity [11–23] as these
tumours tend to be larger in size and histopathologically more ag-
gressive therefore requiring more extensive radical excision compared
with other periampullary tumours [24–26].

Our aim is to compare postoperative outcomes of elderly patients
(≥70 years) with non-elderly patients (< 70 years) following surgical
resection for pancreatic adenocarcinoma.

2. Methods

This meta-analysis was performed in accordance with the protocol
from the Preferred Reporting Items for Systematic Reviews and Meta-
analysis Protocols (PRISMA-P) group [27] and the Assessing the
methodological quality of systematic reviews (AMSTAR) Guidelines.

2.1. Literature search strategy

Electronic databases including MEDLINE, EMBASE and Cochrane
Library were systematically searched for all articles with restriction on
studies published in English. Literature searches were performed from
inception of these databases to November 2017. Title search strategy
was performed using the following terms: ‘pancreatic adenocarcinoma
OR pancreatic neoplasm OR pancreatic cancer OR pancreatic carci-
noma’ AND ‘elderly OR aged OR older OR oldest’. Two investigators
independently performed the searches. References of eligible studies
were manually screened to identify any relevant publications.

2.2. Inclusion and exclusion criteria

Our inclusion criteria were: (a) Studies with elderly patients defined
as age ≥70, ≥75 and≥ 80 (b) Studies with a control group (c) Studies
that included only pancreatic adenocarcinoma (d) Studies that reported
our predefined primary outcome. Studies that failed to fulfil the above
inclusion criteria and study duplications were excluded.

2.3. Data extraction and synthesis

Two investigators (ET and JS) independently retrieved data from
each article: First author, Year of publication, study design, sample size
and perioperative outcomes. Discrepancies between the two reviewers
were resolved by discussion and consensus. The senior investigators (CS
and MC) reviewed the final results. Our primary endpoint was post-
operative mortality, defined as 30-day mortality or in-hospitalisation
mortality. Overall complication rate, defined as any postoperative
surgical or non-surgical complications, and overall survival was our
secondary endpoint. Subgroup analyses were conducted to explore the
impact of cohort era (enrolment start year: Before 2000, From 2000
onwards) and age cut-off (‘elderly’ defined as: age ≥70, ≥75
and≥80) on our primary and secondary endpoints.

2.4. Risk of bias (quality) assessment

The Newcastle-Ottawa scale (NOS) for cohort studies was used to
assess the quality of included studies [28]. Studies with an NOS score of
seven or more were considered “good” quality [29].

2.5. Statistical analysis

All statistical analysis was conducted with Review Manager version
5.3 and Comprehensive Meta-analysis 2.2. The estimation of mean and
standard deviation (SD) from median and range, and median and in-
terquartile range were calculated using the methodology proposed by
Hozo et al. [30] and Wan et al. [31], respectively. Log (Hazard ratio)
and standard error (SE) were estimated from the available survival

curves using a spreadsheet developed by Tierney et al. [32]. For di-
chotomous data, risk ratio (RR) with a 95% confidence interval (CI) was
calculated. For continuous data, mean difference (MD) with 95%CI was
calculated. Hazard ratio (HR) with 95%CI was used as to compare the
survival statistics between the elderly and non-elderly groups. The
Higgins I2 statistic and the Chi2 statistic was used to estimate the total
variation across studies where statistical heterogeneity is defined as
I2> 50% and/or Chi2 statistic p < 0.10 [33]. We used fixed-effects
models for meta-analysis, and in the case of statistical heterogeneity, a
random effects model. A p-value 0.05 was considered statistically sig-
nificant. Subgroups were compared by a test of interaction [34] using
the Cochrane's Q test (where Q is a Chi2 statistic) and the Higgins I2

statistic [35]. The I2 statistic measures the extent of inconsistency
across the subgroups' results and the proportion of total variation in
subgroup estimates that is due to genuine variation across subgroups
rather than sampling error [36]. I2> 50% and/or Chi2 statistic
p < 0.10 indicates interaction between subtotal estimates [37]. Pub-
lication bias was analysed visually using funnel plots and the Egger's
regression test [38]. We performed a sensitivity analysis to examine the
robustness of results, systematically removing one study from the
analysis and recalculating the results.

3. Results

3.1. Study selection

The search of MEDLINE, EMBASE and the Cochrane Library re-
trieved 662 records. After adjusting for duplicates, 605 remained and
were screened on the basis of title and abstracts (Fig. 1). Of these, 552
were excluded, 53 potentially relevant articles were assessed in more
detail on the basis of full text and 15 additional studies were included
based on references searched from relevant articles. Of these, 56 studies
did not meet the inclusion criteria and 12 remaining studies were in-
cluded in this review.

3.2. Study characteristics

The characteristics of the 12 retrospective studies [12–23] with
4860 patients are shown in Table 1. There were 919 patients in the
elderly group and 3941 patients in the non-elderly group. The elderly
group comprised of patients in studies defined as over the ages of 70
(five studies [15,16,19–21]), 75 (two studies [17,18]) and 80 (five
studies [12–14,22]). There were three multicentre [14,15,21] and nine
single centre studies [12,13,15–20,22,23]. Studies were conducted in
the United States (Five studies [12,13,16,17,22]), Europe (four studies
[15,18,21,23]) and Asia (three studies [14,19,20]). Publications re-
porting postoperative outcomes of elderly patients undergoing pan-
createctomy increased with time with a particular growth of large
studies since 2010 (Fig. 2). Eleven studies [12–18,20–23] were classi-
fied as good quality according to the NOS (Supplementary Table 1).

3.3. Clinical, pathological and operative characteristics

Details of clinical, pathological and operative characteristics are
found in Supplementary Figs. 1, 2 and 3. The elderly group had higher
ASA scores (p < 0.05). Tumour pathology (Tumour size, Tumour
grade, T-stage and N-stage) was similar between both groups
(p > 0.05). Four [14,16,20,22] of the five studies [12,14,16,20,22]
reported T-stage and N-stage according to the AJCC classification.
Fewer elderly patients received a concomitant venous resection with
their pancreatectomy (n= 3399, RR0.80, p=0.003, I2= 0%),
achieved a negative margin status (n=4860, RR0.76, p=0.02,
I2= 28%) and underwent adjuvant chemotherapy treatment
(n= 3918, RR0.69, p < 0.001, I2= 42%).
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3.4. Postoperative mortality

12 studies [12–23] with 4860 patients reported on postoperative
mortality, defined as 30-day mortality or in-hospitalisation mortality.
There were 919 patients in the elderly group and 3941 patients in the
non-elderly group. Postoperative mortality was similar between both
groups (RR1.34, p=0.17, I2= 0%) (Fig. 3). Visually, the funnel plot
appears symmetrical and Egger's test identified no significant bias (in-
tercept= 0.660, p= 0.401) (Supplementary Fig. 4) Subanalysis ac-
cording to the time of enrolment (Fig. 3) showed significant subgroup
effect (Chi2= 3.44, p=0.06, I2= 70.9%) and revealed that post-
operative mortality in the elderly group improved over time (Before
2000: n=1654, subtotal RR2.27, p= 0.02, I2= 0%; From 2000 on-
wards: n= 3206, subtotal RR1.00, p=0.99, I2= 0%). Subanalysis
according to the definition of ‘elderly’ in individual studies revealed no
significant subgroup effect (Chi2= 1.89, p=0.39, I2= 0%)
(Supplementary Fig. 5).

3.5. Overall complication

Nine studies [12,13,15,17,18,20–23] with 2994 patients reported
an overall complication rate, five studies [13,15,17,18,22] defined
overall complication as any postoperative surgical or non-surgical
complications. There were 643 patients in the elderly group and 2351
patients in the non-elderly group. The pooled result showed that elderly
patients had a higher risk of developing complications with moderate
heterogeneity (RR1.15, p < 0.001, I2= 47%) (Fig. 4). Subanalysis
according to the time of enrolment (Chi2= 1.34, p=0.25, I2= 25.5%)
(Fig. 4) and the definition of ‘elderly’ in individual studies (Chi2= 1.02,
p=0.60, I2= 0%) (Supplementary Fig. 6) revealed no significant
subgroup effect.

Details of complications are found in Supplementary Fig. 7. Of the
nine studies [14–16,18–23] that reported on procedure related com-
plications, six studies [14,16,18,19,22,23] identified postoperative
pancreatic fistula (POPF), delayed gastric emptying (DGE) and post
pancreatectomy haemorrhage (PPH) according to the International
Study Group of Pancreatic Fistula (ISGPF) criteria [39] and the Inter-
national Study Group of Pancreatic Surgery (ISGPS) criteria [40,41].

The pooled results for POPF, PPH and intraabdominal abscess were
comparable between the elderly and non-elderly groups (p > 0.05,
I2= 0%). DGE were similar between the both groups with high het-
erogeneity (RR1.06, p= 0.90, I2= 69%). Sensitivity analysis revealed
Kang et al. [20] as the source and removing this study improved het-
erogeneity (excluded Kang et al.: RR0.76, p=0.39, I2= 35%). There
was no difference in the reoperation rate between both groups (RR0.92,
p=0.66, I2= 0%). Respiratory complications occurred more fre-
quently in elderly patients (RR2.33, p= 0.004, I2= 39%).

3.6. Survival

The pooled overall survival estimate was lower in elderly patients
(Six studies [12–14,18,20,22], n= 2986. HR1.28, p < 0.001,
I2= 19%). Subanalysis according to the time of enrolment showed no
significant subgroup effect (Chi2= 0.68, p=0.41, I2= 0%) (Fig. 5).
Three studies [12,15,16] reported on disease free survival and in-
dividually showed no significant difference between the elderly and
non-elderly group. Two studies reported on disease-specific survival
(DSS), Sho et al. [14] reported significantly lower DSS in the elderly
group whereas Kanda et al. [19] reported no difference.

4. Discussion

Pancreatic cancer is common in the elderly population and is pro-
jected to be the second leading cause of cancer-related death before
2030 [42]. Surgery offers a potential for cure; however, age-related
treatment disparities still exist despite advances in treatment options
[43,44]. This meta-analysis brings together all the available evidence
comparing surgical outcomes of elderly patients over the age of 70 with
non-elderly patients following pancreatic resection for pancreatic ade-
nocarcinoma.

The present study differs from previous meta-analyses [8–10] in
several ways that increase its reliability. Firstly, this study pays parti-
cular attention to surgical outcomes of elderly patients with pancreatic
adenocarcinoma, whereas all three previous meta-analyses examine
elderly patients undergoing pancreaticoduodenectomy for a variety of
malignant and benign diseases. The percentage of patients with known

Fig. 1. Flow diagram in accordance with the Quality of Reporting of Meta-analyses (QUOROM) statement.
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malignant pancreatic tumours in these previous reviews were 55.2%
[8], 32.5% [9] and 8% [10] of their sample population. This variation
introduces high levels of between-study clinical heterogeneity [45].
Secondly, the elderly group in our study comprised of 19% of our
sample population (919 of 4860 patients) compared with previous
meta-analyses [8–10] where elderly patients were less than 10% of the
study population (Sukharamwala et al. [8], 494 of 5186 patients; Ca-
sadei et al. [9], 1090 of 12,930 patients; Kim et al. [10], 3993 of 49,449
patients). Although, this is most likely due to a higher age-off used to
define “elderly”, bias can be introduced when there is a substantial
imbalance between comparative groups [46].

Over the last decade, death associated with pancreatic resection has
declined with mortality rates below 5% [12–21,47,48] [49,50]. Winter
et al. [50] reported one of the largest single institutional series on
pancreaticoduodenectomy with three surgeons performing 80% of the
resections. In their study of 1423 patients, postoperative mortality rate

decreased from 30% in the 1980s to 1% in the 2000s. Pancreatic sur-
gery has become a safer procedure. The question is: ‘Do elderly patients
derive similar benefits from this pattern of improvement?’ Advocates
for elderly patients undergoing surgical resection for pancreatic ade-
nocarcinoma believe mortality rates have improved. This meta-analysis
demonstrates a reduction in postoperative mortality in elderly patients
undergoing pancreatic surgery over time. Postoperative mortality rate
in elderly patients, when compared with non-elderly patients, shift from
being significantly higher (before 2000) to being similar (from 2000
onwards) (Fig. 3). Furthermore, our study reveals that increasing age
cut-offs used to define ‘elderly’ (Age ≥70, ≥75 and≥ 80 years) did not
modify the mortality rate of the elderly group (Supplementary Fig. 5)
[51]. This pattern of improvement suggests that postoperative mortality
in elderly patients was more likely related to surgical and anaesthetic
techniques coupled with better patient selection and/or postoperative
care management rather than chronological age alone. With statistical

Fig. 2. Age cut-off used to define ‘elderly’ over time (year of publication). Sizes of dots represent size of studies.

Fig. 3. Forest plot of the comparison of postoperative mortality between elderly and younger patients following pancreatic surgery - Subgroup analysis stratified
according to the different start dates of the enrolment period in individual studies (before the year 2000; including and after the year 2000).
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evidence of improvement in postoperative mortality over time, this
builds confidence in surgeons to optimise surgical treatment in meeting
the needs of elderly pancreatic cancer patients. Further studies are re-
quired to identify preoperative medical or social risks in elderly patients
that are associated with adverse outcomes following pancreatectomy.

The overall complication rate following pancreatic resection re-
mains high at 40–70% [12–22]. Our present study reveals that patients
in the elderly group had an increased risk of developing complications
as suggested by previous studies [9,50]. An included retrospective
study by Kang et al. [20] reported significantly higher complication
rates in the elderly group (73% v 38%, p=0.049). Their result was
based on a series of 77 non-cardiovascular patients over a 15-year
period, which may be a reflection of the impact of hospital volume on
postoperative morbidity [50,52–55]. In contrast, Barbas et al. [17]
demonstrated no difference in complication rates between the elderly
and non-elderly patients (69% v 74%, p=0.25, respectively). Most
patients in their retrospective series [17] received neoadjuvant che-
motherapy treatment (Elderly v Non-elderly: 56% v 53.2%, p=0.87)

despite a higher proportion of elderly patients with cardiovascular co-
morbidities (Coronary artery disease, p= 0.007; Hypertension,
p=0.03). The authors suggested that elderly individuals who can
successfully complete the course of neoadjuvant therapy and tolerate its
associated morbidity probably had adequate physiological reserve de-
spite comorbid conditions. These findings emphasise the volume effect
of pancreatic surgery, and the importance of patient selection and
preoperative optimisation in higher-risk surgical candidates.

The development of major procedure related postoperative com-
plications including POPF, DGE, PPH and intraabdominal abscess fol-
lowing pancreatic surgery were comparable between the elderly and
non-elderly group; although these findings are consistent with two
previous meta-analyses [8,9], definite conclusions cannot be made as
only six studies [14,16,18,19,22,23] identified complications according
to the ISGPF [39] and ISGPS criteria [40,41]. The present meta-analysis
shows that medical respiratory complications occurred more frequently
in the elderly population [8,18,51,56,57]. Respiratory complications
due to respiratory muscle dysfunction, which can persist from days to

Fig. 4. Forest plot of the comparison of overall complications between elderly and younger patients following pancreatic surgery - Subgroup analysis stratified
according to the different start dates of the enrolment period in individual studies (before the year 2000; including and after the year 2000).

Fig. 5. Forest plot of comparison of overall survival between elderly and younger patients following pancreatic surgery stratified with subgroup analysis stratified
according to the different start dates of the enrolment period in individual studies (before the year 2000; including and after the year 2000).
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weeks [58], is the major cause of postoperative morbidity following
upper abdominal surgery [59–61]. Procedure-related risk, in addition
to poorer physical status, predisposes elderly patients to develop pul-
monary complications. It is plausible that surgeons selected patients
who were most likely to do best after an operation. Even so, this meta-
analysis demonstrates that elderly patients had worse ASA scores and
more cardiovascular comorbidities, key risk factors for developing
postoperative respiratory complications [62–64]. Therefore it might be
relevant to implement and intensify preoperative rehabilitation pro-
grams and postoperative pulmonary care interventions in this popula-
tion [65]. Early interventions following the identification of patients
with high surgical risk potentially reduce the likelihood of post-
operative complications. Some scoring systems aim to assess the base-
line risk of patients undergoing pancreatic surgery [66–72] but there is
a scarcity of simple scoring systems that stratify preoperative risk in
geriatric patients [73]. The implementation of preoperative optimisa-
tion [74], intraoperative strategies [75,76] and further research on
postoperative care practices [77–79] might be beneficial when directed
at high-risk surgical patients.

In this meta-analysis, the overall survival of elderly patients that
underwent pancreatic resection is shorter than non-elderly patients.
Adjuvant chemotherapy treatment after surgical resection of pancreatic
cancer provides a survival benefit [4]. This current study shows that
elderly patients did not receive standard treatment for pancreatic
adenocarcinoma. Pathological tumour characteristics of patients in the
elderly and non-elderly groups were similar, however, elderly patients
were less likely to (i) receive pancreatectomy with concomitant venous
resection (RR0.80, p=0.003), (ii) achieve negative margins after sur-
gical resection (RR0.76, p=0.02) and (iii) receive adjuvant che-
motherapy treatment (RR0.69, p < 0.001). Given a perception of
poorer physical status, elderly patients might have been excluded, or
might have refused standard “aggressive” therapies, which in turn may
have affected their long-term survival outcomes. Moreover, patients in
the eighth decade of life have a higher risk of non-cancer related
mortality [80] therefore competing risk methods for survival analysis
might be more appropriate to correctly estimate the probability of
cancer-related deaths in the presence of competing events [81].

5. Limitations

Our analysis included studies that were retrospective in design that
excluded patients with unresectable tumours or those who declined or
have been declined surgical treatment leading to potential selection and
information bias. Moreover, eight studies (Table 1) included only pa-
tients undergoing pancreaticoduodenectomy leading to additional se-
lection and information bias; nonetheless it is the most common sur-
gical procedure for pancreatic adenocarcinoma. Furthermore, the
statistical power of this study is not high. The limitations of this study
emphasise that conclusions regarding postoperative outcomes between
the elderly and non-elderly patients cannot be made definitively.

6. Conclusion

Pancreatic resection of pancreatic adenocarcinoma can be per-
formed safely on elderly patients with acceptable risks in tertiary cen-
tres by experienced specialist hepatobiliary surgeons. Age alone should
not be the only determinant for the selection of patients for surgical
treatment. A better understanding of the barriers to the provision of
adjuvant chemotherapy and aggressive surgery (to achieve clear sur-
gical margins) is needed. This conclusion needs to be confirmed in
larger prospective trials with the consideration of non-operative treat-
ment options.
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