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Giuseppe Quero a,b,c,2, Nicolò Pecorelli d,e,f,2, Salvatore Paiella g, Claudio Fiorillo a,b,*, 
Maria Chiara Petrone d,e,f, Giovanni Capretti h,i, Vito Laterza a,b, Davide De Sio a,b, 
Roberta Menghi a,b, Emanuele Kauffmann j, Sara Nobile g, Giovanni Butturini k, 
Giovanni Ferrari l, Fausto Rosa a,b,c, Andrea Coratti m, Riccardo Casadei n, 
Vincenzo Mazzaferro o,p, Ugo Boggi j,1, Alessandro Zerbi h,i,1, Roberto Salvia g,1, 
Massimo Falconi d,e,f,1, Sergio Alfieri a,b,c,1 

a Gemelli Pancreatic Center, Fondazione Policlinico Universitario “Agostino Gemelli” IRCCS, Largo Agostino Gemelli, 8, 00168, Rome, Italy 
b CRMPG (Advanced Pancreatic Research Center), Largo Agostino Gemelli, 8, 00168, Rome, Italy 
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A B S T R A C T   

Introduction: With the prolongation of life expectancy, an increasing number of elderly patients are evaluated for 
pancreatic surgery. However, the influence of increasing age on outcomes after pancreaticoduodenectomy (PD) 
is still unclear, especially in octogenarians. Aim of this study is to evaluate the perioperative characteristics and 
outcomes of octogenarians undergoing PD. 
Methods: Data for 812 patients undergoing PD between 2019 and 2020 in 10 referral centers in Italy were 
reviewed. Patients aged 80 years or older were matched based on nearest neighbor propensity scores in a 1:1 
ratio to patients younger than 80 years. Propensity scores were calculated using 7 perioperative variables 
including gender, ASA score, neoadjuvant treatment (NAT), biliary stent positioning, type of surgical approach 
(open, laparoscopic, robot-assisted), associated vascular resections, type of lesion. Perioperative characteristics 
and short-term postoperative outcomes were compared before and after matching. 
Results: Overall, 81 (10%) patients had 80 years or more. Before matching, octogenarians had a higher rate of 
ASA score≥ 3 (n = 35, 43.2% vs. n = 207, 28.3%; p = 0.005) and less frequently underwent NAT (n = 11, 13.6% 
vs. n = 213, 29.1%; p = 0.003). Matching was successfully performed for 70 octogenarians. After matching, no 
differences in preoperative and intraoperative characteristics were found. Postoperatively, ICU admission was 
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more frequent in octogenarians (50% vs 30%; p = 0.01). Although in-hospital mortality was higher in octoge-
narians before matching (7.4% vs 2.9% in the younger cohort; p = 0.03), no difference was noted between the 
matched cohorts (p = 0.36). Postoperative morbidity was comparable between groups in the whole and selected 
populations. At the multivariate analysis, chronological age was not recognized as a prognostic factor for cu-
mulative major complications, while ASA ≥3 was the only confirmed influencing feature (OR 2.98; 95%CI: 
1.6–6.8; p = 0.009). 
Conclusio: In high-volume centers, PD in octogenarians shows similar outcomes than younger patients. Age itself 
should not be considered an exclusion criterion for PD, but a focused preoperative assessment is essential for 
adequate patient selection.   

1. Introduction 

The increase of aged population is progressively becoming a global 
phenomenon. Already in 2017, older patients were more than twice than 
1980 and they are expected to double again by 2050 [1]. The subgroup 
of people aged 80 years or older will represent a consistent portion of 
this subset, reaching the 12.7% of all the population by 2080 [1,2]. 
Compared to younger individuals, the perioperative management of 
elderly is more demanding. This is mainly due to the major vulnerability 
of this category of patients, frequently affected by concomitant chronic 
conditions such as cardiovascular, respiratory and metabolic diseases. 
As a consequence, older individuals are characterized by a reduced 
physiological reserve, that may potentially lead to more severe and 
life-threating postoperative complications, and higher mortality rate as 
compared to the general population [2,3], especially for major surgical 
procedures as pancreaticoduodenectomy (PD) [4]. 

Pancreatic cancer (PC) is one of the deadliest forms of malignancy, 
with an incidence rate rising with increasing age. Indeed, approximately 
the 70% of patients presenting with a diagnosis of PC are 65 years of age 
or older [5]. Historically, the considerable postoperative burden of 
mortality and morbidity following pancreatic surgery prevented the 
elderly to undergo pancreatic resection due to the higher rates of 
comorbidities and the decreased performance status as compared to 
younger patients [6,7]. On the counterpart, the more recent advance-
ment in PC management and therapy, in the form of endoscopic, anes-
thesiologic, surgical and oncological medical treatments, and the 
centralization of pancreatic surgery in high volume centers have pro-
gressively enabled more advanced age individuals with PC to become 
eligible candidates for PD [8]. 

The consequent increasing need of care for the growing number of 
the elderly led multiple authors to specifically investigate the safety and 
feasibility of pancreatic surgery in this category of patients. However, 
studies investigating age-associated postoperative outcomes in PD have 
shown conflicting results. Some authors did not find evidence of asso-
ciation between advanced age and increased postoperative mortality 
and morbidity after pancreatic surgery [9,10]. On the other hand, 
several population-based studies have shown unfavorable outcomes in 
aged patients following pancreatic resection [11–13]. Interestingly, only 
few authors specifically analyzed the clinical outcomes of octogenarians 
after a demanding surgical procedure such as PD. Therefore, the aim of 
our study is to evaluate perioperative outcomes of PD in patients aged 80 
years or older as compared to a younger cohort in tertiary referral 
centers for the surgical treatment of pancreatic diseases. 

2. Materials and methods 

This study was performed according to Strengthening the Reporting 
of Observational Studies in Epidemiology Statement (STROBE) guide-
lines. The Institutional Review Board (IRB) approval for the study was 
obtained at each participating center (Ethical Committee approval ID 
3132, number 0016749/26). 

2.1. Study design and patients 

This propensity-score matched retrospective cohort study was per-
formed among 10 Italian referral centers for the treatment of pancreatic 
diseases. All consecutive patients who underwent PD between January 
2019 and June 2020 were included in the study. All centers are classified 
as high-volume in pancreatic surgery [14], thus equipped with specific 
diagnostic-therapeutic pathways for the treatment of pancreatic 
diseases. 

2.2. Data collection 

All participating centers received a blank database containing all 
parameters (including definitions) of interest. Data were collected 
locally by each center and combined centrally by the study coordinators. 
Baseline characteristics included age, sex, American Society of Anes-
thesiologists (ASA) score, use of preoperative chemotherapy or radio-
therapy, biliary drain placement and tumor resectability assessment 
(defined according to the National Comprehensive Cancer Network 
(NCCN) guidelines [15]). Intraoperative data included type of surgical 
approach (open, laparoscopic or robot-assisted), and associated vascular 
resection. 

Regarding histopathological data, tumor histology, staging and 
grading as well as the number of lymph nodes harvested were recorded. 
Resected tumors were classified according to the 2019 World Health 
Organization (WHO) classification for digestive system tumors [16]. 
TNM staging according to the 8th edition of the AJCC/UICC system was 
used for cancer staging classification. All data were stored and processed 
anonymously. 

2.3. Outcome measures 

The primary outcome of the study was severe postoperative com-
plications at 30 days after surgery, defined as any grade≥3 complication 
according to the Clavien–Dindo severity classification (i.e. requiring 
surgical, endoscopic, or radiological intervention, or ICU management) 
[17]. 

Secondary outcomes included mortality, specific postoperative 
complications and length of hospital stay (LOS). Postoperative mortality 
defined as any death occurring during hospitalization. Clinically rele-
vant pancreatic fistula was considered as grade B or C according to 
ISGPF criteria [18]. Post-pancreatectomy hemorrhage (PPH) and 
delayed gastric emptying (DGE) were defined according to ISGPS defi-
nitions [18–20]. 

2.4. Statistical analysis 

Patients recruited in the study were divided according to their age 
into younger than 80 years (<80 years group) and those aged 80 years or 
over (≥80 years group). The two groups were, then, compared for 
clinical data and postoperative outcomes. To evaluate if older age may 
have influenced the patient’s clinical course, octogenarians were 
matched to patients younger than 80 years using a propensity score 
matching (PSM). Propensity scores for all patients were calculated using 
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a logistic regression model based on the following preoperative and 
intraoperative prognostic factors: gender, ASA score, neoadjuvant 
treatment (NAT), preoperative biliary stent positioning, type of surgical 
approach (open, laparoscopic, robot-assisted), associated vascular re-
sections, type of lesion (benign/malignant) [16]. Nearest-neighbor 
matching was performed with 1:1 ratio with a caliper size of 0.2 was 
used. 

Descriptive data were reported as median (25th – 75th percentile) or 
number of patients (%), as appropriate. Univariate analysis included 
Mann-Whitney U test, Student’s t-tests, χ2 test, and Fisher’s exact test. 
For all tests a p-value ≤0.05 was considered statistically significant. To 
identify perioperative factors associated with major complications 
(Clavien-Dindo≥3), univariate and multivariate logistic regression with 
backward elimination was performed. Variables that exhibited a p <
0.10 were retained in the final model. Estimates were expressed as Odds 
ratio (OR) with 95% confidence interval (CI). All data were analyzed 
using SPSS for Windows, version 25 (SPSS Inc., Chicago, IL, United 
States). 

3. Results 

3.1. Demographic and clinical data 

Overall, 1423 patients underwent pancreatic surgery in the 10 ter-
tiary referral centers involved in the study. Of them, 812 (57%) under-
went PD and were included in this study. Median age was 68 (59–75) 
years and a male-to-female ratio of 1:1.2. Eighty-one (10%) patients 
were 80 years or older. After PSM, 70 patients of the <80 years old group 
were matched to 70 octogenarians (Fig. 1). 

Baseline characteristics of the study cohorts before and after PSM are 
reported in Table 1. In the unmatched cohort, patients ≥80 years were 
more likely to have a lower physical status as measured by ASA score. 
Malignancies made up most of the diagnosis (n = 677, 83.4%), with 
similar rates between groups. Younger patients presented more 
frequently with a borderline resectable lesion (n = 137, 18.7%) 
compared to older subjects (n = 8, 0.9%; p = 0.05) with an increased use 
of preoperative chemotherapy and/or radiotherapy (n = 213, 29.1% 
versus n = 11, 13.6%; p = 0.003). 

There was no difference between the two cohorts in terms of tumor 
location and preoperative need of biliary stent placement. After PSM, no 
difference was evidenced between the two cohorts for these 

Fig. 1. Design of the study, showing the distribution of patients in two groups before and after Propensity Score Matching (PSM).  

Table 1 
Clinico-demographic characteristics of the two study cohorts before and after 
PSM.   

Before PSM After PSM 

<80 
years 
(n =
731) 

≥80 
years 
(n =
81) 

p <80 
years 
(n =
70) 

≥80 
years 
(n =
70) 

p 

Sex, n (%) 
Male 406 

(55.5) 
38 
(46.9) 

0.004 32 
(45.7) 

35 
[50] 

0.61 

Female 325 
(44.5) 

43 
(53.1) 

38 
(54.3) 

35 
[50] 

Age, median 
(25th-75th 

percentile) 

66 
(58- 
73) 

81 
(80- 
82) 

<0.0001 68 
(59- 
73) 

81 
(80- 
82) 

<0.0001 

ASA score, n (%) 
I–II 524 

(71.7) 
46 
(56.8) 

0.005 41 
(58.6) 

40 
(57.1) 

0.86 

III–IV 207 
(28.3) 

35 
(43.2) 

29 
(41.4) 

30 
(42.9) 

NAT, n (%) 213 
(29.1) 

11 
(13.6) 

0.003 10 
(14.3) 

10 
(14.3) 

1 

Biliary 
drainage, n 
(%) 

337 
(46.1) 

40 
(49.4) 

0.57 36 
(51.4) 

35 
[50] 

0.87 

Tumor location, n (%) 
Pancreatic 
head 

566 
(77.4) 

61 
(75.3) 

0.33 52 
(74.3) 

54 
(77.2) 

0.94 

Ampulla 93 
(12.7) 

10 
(12.3) 

12 
(17.1) 

8 
(11.4) 

Distal bile 
duct 

39 
(5.3) 

5 (6.2) 2 (2.9) 4 (5.7) 

Duodenum 33 
(4.6) 

5 (6.2) 4 (5.7) 4 (5.7) 

Malignancy, n 
(%) 

605 
(82.8) 

72 
(88.9) 

0.16 66 
(94.3) 

68 
(97.1) 

0.68 

Resectability, n (%) 
Resectable 594 

(81.3) 
73 
(90.1) 

0.05 61 
(87.1) 

63 
(90) 

0.79 

Borderline 137 
(18.7) 

8 (0.9) 9 
(12.9) 

7 [10] 

ASA: American Society of Anesthesiologists; NAT: neoadjuvant treatment. 
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characteristics. 

3.2. Intraoperative and postoperative data 

Table 2 shows operative and postoperative outcomes. The type of 
surgical approach and the need for vascular resections did not vary with 
increasing age. Conversely, ICU admissions were significantly higher in 
the elderly (n = 43, 53%) compared to the younger group (n = 288, 
39.4%) (p = 0.02). This finding was confirmed after PSM, with an ICU 
admission rate of 50% in the ≥80 years group vs 30% in the <80 years 

group (p = 0.01). 
No between-group difference was found for the occurrence of post-

operative complications and need for reoperation, before and after PSM. 
In particular, after PSM severe postoperative complications occurred in 
18 (25.7%) younger patients and 16 (22.9%) octogenarians (p = 0.69). 
There were also no significant differences in specific postoperative 
complications such as POPF, DGE and PPH, and LOS. 

For the matched cohorts, the reoperation rate was 5% (7 patients). 
Four patients of the <80 years group needed reoperation for grade C 
fistula (n = 3) and for delayed hemorrhage (n = 1). Three patients of the 
over 80 years group needed reoperation for gastrojejunal anastomotic 
leak (n = 1) and for hepaticojejunostomy leak (n = 2). 

ICU readmission rate was comparable between the <80 years and 
≥80 years unmatched cohorts (n = 29, 4% and n = 6, 7.4%, respectively; 
p = 0.89). Similarly, no difference was noted when the matched groups 
were compared (n = 4, 5.7% and n = 6, 8.6% for the <80 years and ≥80 
years groups, respectively; p = 0.51). 

There was a total of 27 deaths in the entire cohort, accounting for an 
overall postoperative mortality rate of 3.3%. In the unmatched cohort, 
mortality rate was significantly higher in the ≥80 years group (n = 6, 
7.4%) in comparison to the younger group (n = 21, 2.9%) (p = 0.03). 
However, no statistically significant difference was found after PSM, 
despite a 4-fold increase in the octogenarian group (n = 1, 1.4% vs n = 4, 
5.7% in the <80 years and ≥80 years groups, respectively; p = 0.36). 
The patient of the <80 years group died because of a grade C fistula and 
consequent sepsis. Causes of death in the elderly group were sepsis- 
related multiple organ failure (n = 2), cardiac failure (n = 1), respira-
tory failure (n = 1). 

Tumor pathology was similar between the two cohorts. Specifically, 
in pancreatic cancer patients, no difference was noted for T and N 
staging, both before and after PSM. Similarly, an equivalent number of 
lymph nodes was retrieved at the histopathological analysis (Table 3). 

3.3. Predictive factors analysis for severe post-operative complications 

At univariate analysis, male patients (p = 0.02) and an ASA score ≥3 
(p = 0.002) was associated with the risk of severe postoperative com-
plications. Conversely, age ≥80 years (p = 0.69) was not recognized as a 
potential risk factor for this outcome. At multivariate analysis, only a 
poor preoperative physical status (i.e., ASA score ≥3) was confirmed as 
an independent risk factor for severe complications with an OR of 2.98 
[95% CI 1.3–6.8] (p = 0.009) (Table 4). 

4. Discussion 

The safety of PD for PC in octogenarians remains a controversial 
issue, and whether indication to surgery should be influenced by age is 
currently a matter of debate. In this retrospective propensity score 
matched multicenter study, PD was not associated to a higher incidence 
of postoperative complications. Rather than chronological age, severe 
postoperative morbidity was only influenced by preoperative physical 
status and comorbidities as measured by ASA score ≥3, suggesting that 
PD is safe in patients older than 80 years. 

The improvement of health conditions and the increase of life ex-
pectancy resulted in a dramatic increase of PC incidence in elderly pa-
tients. A recent epidemiological study found an age-specific trend 
towards an increase of PC diagnosis particularly in patients aged 80 
years and over [21]. However, only a few studies specifically analyzed 
the outcomes of PD in the elderly population [10–13,22–24], and even 
less authors focused on octogenarians [9,11,25]. A few series recognized 
increasing age as a significant risk factor for a higher incidence of 
post-operative complications and mortality [26,27], while other authors 
demonstrated comparable short-term outcomes between octogenarians 
and younger patients after PD [9,10,25]. As a consequence of insuffi-
cient evidence, aged patients have been recognized at higher risk of 
under-treatment in case of PC [28,29]. Additionally, some authors 

Table 2 
Intra- and post-operative outcomes of the two study cohorts.   

Before PSM After PSM 

<80 
years 
(n =
731) 

≥80 
years (n 
= 81) 

p <80 
years (n 
= 70) 

≥80 
years (n 
= 70) 

p 

Surgical approach, n (%) 
Open 670 

(91.7) 
78 
(96.3) 

0.32 65 
(92.9) 

67 
(95.7) 

0.83 

Laparoscopic 15 [2] 1 (1.2) 1 (1.4) 1 (1.4) 
Robot-assisted 46 

(6.3) 
2 (2.5) 4 (5.7) 2 (2.9) 

Vascular 
resection, n (%) 

99 
(13.5) 

7 (8.6) 0.21 5 (7.1) 7 [10] 0.54 

Operative time, 
min, median 
(25th – 75th 
percentile) 

265 
(210- 
326) 

269 
(220- 
311) 

0.53 268 
(223- 
296) 

271 
(218- 
315) 

0.61 

ICU admission, n 
(%) 

288 
(39.4) 

43 (53) 0.02 21 [30] 35 [50] 0.01 

Postoperative complications, n (%) 
Clavien-Dindo I- 
II 

306 
(41.9) 

38 
(46.9) 

0.65 29 
(41.4) 

35 [50] 0.34 

Clavien-Dindo 
III-V 

198 
(27.1) 

25 
(30.9) 

0.73 18 
(25.7) 

16 
(22.9) 

0.69 

In-hospital 
mortality, n 
(%) 

21 
(2.9) 

6 (7.4) 0.03 1 (1.4) 4 (5.7) 0.36 

POPF, n (%) 
Grade A 65 

(8.9) 
7 (8.6) 0.29 3 (4.3) 4 (5.7) 0.45 

Grade B 146 
[20] 

13 [16] 13 
(18.6) 

13 
(18.6) 

Grade C 23 
(3.1) 

0 3 (4.3) 0 

DGE, n (%) 145 
(19.8) 

18 
(22.2) 

0.61 17 
(24.3) 

15 
(21.4) 

0.68 

PPH, n (%) 
Grade A 22 [3] 4 (4.9) 0.46 1 (1.4) 3 (4.3) 0.48 
Grade B 36 

(4.9) 
5 (6.2) 5 (7.2) 5 (7.1) 

Grade C 29 [4] 1 (1.2) 4 (5.8) 1 (1.4) 
Pulmonary 

complications, 
n (%) 

52 
(7.1) 

9 (11.1) 0.19 4 (6.3) 7 [10] 0.34 

Cardiovascular 
complications, 
n (%) 

39 
(5.3) 

7 (8.6) 0.22 3 (4.3) 5 (7.1) 0.47 

Urinary 
complications, 
n (%) 

30 
(4.1) 

5 (6.2) 0.38 2 (2.9) 4 (5.7) 0.4 

Cerebrovascular 
complications, 
n (%) 

13 
(1.8) 

2 (2.5) 0.66 1 (1.4) 2 (2.8) 0.55 

Reoperation, n 
(%) 

42 
(5.9) 

4 [5] 0.41 4 (5.7) 3 (4.3) 0.46 

Length of 
hospital stay, 
days, median 
(25th – 75th 

percentile) 

13 
[9–23] 

15 
[10–21] 

0.41 15 
[10–21] 

13 
[24–39] 

0.93 

ICU: intensive care unit; POPF: post-operative pancreatic fistula; DGE: delayed 
gastric emptying; PPH: postpancreatectomy hemorrhage. 
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reported that only half of elderly patients with a diagnosis of 
loco-regional PC receives an appropriate treatment, and only 11% of 
them undergo multimodal therapies [30]. Examining our data, a sig-
nificant lower rate of NAT was evidenced in the unmatched cohort of 
octogenarians as compared to the younger group (13.6% vs 29.1%, 
respectively; p = 0.003). This discrepancy is purely accidental and 
should not be interpreted as an absolute contraindication to NAT in 
relation to the advanced age. Indeed, recent evidences documented the 
safety and efficacy of multidrug therapy in aged patients, with even 
comparable results in terms of survival when compared to younger 
groups [31–33]. Moreover, the use of NAT plays a critical role in the 
selection of candidates for surgery. Tumors responding to chemotherapy 
are generally less aggressive and related to a better long-term prognosis. 
This would imply that, independently of patients’ age, NAT should be 
employed whenever possible, representing a valuable tool for patients’ 
stratification. 

In our series, a significantly higher ASA score was found in the cohort 
of patients ≥80 years old. The use of ASA score and other performance 
status scales [9] allows to stratify the risk of surgical candidates, and 
may play an important role in balancing risks and benefits of surgery in 
such a vulnerable subset of patients as aged individuals. A significant 
proportion of octogenarians experience a frailty syndrome, which is 
defined as a diminished capacity to cope with stress conditions, due to 
the reduced physiological reserves [4], and major surgery is highly 
representative of such a stressful condition. This inevitably increases the 
risk of severe complications [34] and delays postoperative recovery, 
suggesting the need for a thorough preoperative patient evaluation 
using specific validated metrics of functional capacity and subsequent 
optimization strategies such as physical and nutritional prehabilitation 
[35]. In addition, a strict postoperative monitoring protocol has been 
recognized as an important feature of perioperative care especially in 
high-risk patients, such as the elderly [36–38]. According to our find-
ings, more than half of octogenarians were admitted to the ICU after 
surgery as compared to a significantly lower rate in the younger cohort. 
Although, after PSM, the cohorts did not differ for ASA score, the higher 
rate of ICU admission in the elderly group has to be interpreted as a 
precautionary measure, in line with recent evidences that recommend a 
routine ICU admission for all elderly patients after pancreatectomy for a 
duration of at least 48–72 h [5]. 

Despite the increased vulnerability of the very elderly population in 
the entire cohort, no difference was found for postoperative morbidity 
rate and severity These findings are in line with the pioneeristic study 
from Johns Hopkins University Hospital [24], that firstly demonstrated 
the safety and feasibility of PD in octogenarians, as well as with more 
recent experiences reported in the literature [9,10]. On the counterpart, 
some reports demonstrated statistically higher morbidity rates in aged 
groups compared to younger cohorts [11–13], and recognized 
increasing age as a risk factor for post-pancreatectomy onset of com-
plications [39–42]. These contrasting data may reflect a difference in 
hospital volume for pancreatic surgery where the different studies were 
conducted. Indeed, case-load has been widely demonstrated as a key 
structural factor influencing surgical outcomes [43], and the centrali-
zation of pancreatic surgery procedures should be highly recommended 
especially for high-risk patients such as octogenarians [44,45]. 

As a consequence of a similar complication rate between groups, 
there was no significant difference for LOS between octogenarians and 
younger patients, both before and after PSM. This result corroborates 
previous reports [46,47]. Unfortunately, data regarding potential ad-
missions in extended care facilities after hospital discharge were not 
available for every hospital involved in our study. For instance, the need 
for inpatient nursing care has been demonstrated to increase with age, 
with a 30% rate of octogenarians needing extra-hospital assistance at the 
time of discharge [48]. 

Postoperative mortality was significantly higher for octogenarians in 
the overall cohort, with a crude rate greater than 5% compared to less 
than 3% in the younger cohort. This finding is consistent with previous 
reports showing an incidence between 6% and 15% in elderly patients 
[49]. It is likely that the higher rate of comorbidities and the higher 
surgical risk of elderly subjects rather than age itself may induce a more 
severe course of postoperative complications. This would justify the 
statistically significant difference in the whole population as compared 
to the matched cohorts. The multivariate analysis to identify predictors 
of postoperative complications confirmed that age itself was not a risk 
factor, while an ASA score ≥3 was found as the only negative prognostic 
factor. These findings support the hypothesis that chronological age 
does not always reflect the patient’s functional reserve, and should not 
be used as a prognostic factor for poor outcomes after PD. Biological age, 
which derives from a thorough evaluation of patients’ comorbidities and 

Table 3 
Histopathological features of the two study cohorts.   

Before PSM After PSM 

<80 years (n = 731) ≥80 years (n = 81) p <80 years (n = 70) ≥80 years (n = 70) p 

Histotype, n (%) 
Ductal adenocarcinoma 430 (58.8) 53 (65.5) 0.67 45 (64.3) 50 (71.4) 0.14 
Ampullary carcinoma 70 (9.6) 10 (12.3) 9 (12.9) 10 (14.3) 
Cholangiocarcinoma 36 (4.9) 3 (3.7) 7 [10] 4 (5.7) 
Neuroendocrine tumor 49 (6.7) 1 (1.2) 3 (4.3) 0 
IPMN 36 (4.9) 5 (6.2) 1 (1.4) 4 (5.7) 
Duodenal adenocarcinoma 13 (1.8) 1 (1.2) 0 1 (1.4) 
Other 97 (13.3) 8 (9.9) 5 (7.1) 1 (1.4) 

T staginga, n (%) 
T1 89 (20.7) 6 (11.3) 0.12 11 (24.5) 6 [12] 0.09 
T2 206 (47.9) 36 (67.9) 28 (62.2) 26 [52] 
T3 115 (26.7) 9 [17] 5 (11.1) 15 [30] 
T4 20 (4.7) 2 (3.8) 1 (2.2) 3 [6] 

N staginga, n (%) 
N0 120 (27.9) 16 (30.2) 0.42 9 [20] 14 [28] 0.31 
N1 218 (50.7) 27 (50.9) 22 (48.9) 20 [40] 
N2 92 (21.4) 10 (18.9) 14 (31.1) 16 [32] 

Tumor gradinga, n (%) 
G1 39 [9] 6 (11.3) 0.56 3 (6.7) 4 [8] 0.93 
G2 266 (61.9) 28 (52.8) 32 (71.1) 35 (70) 
G3 125 (29.1) 19 (35.6) 10 (22.2) 11 [22]  

Harvested lymph nodes, median (25th-75th percentile) 31 [23–40] 32.1 (±14) 0.8 32 [21–40] 29.5 [24–39] 0.95  

a T staging, N staging and tumor grading were only evaluated on patients affected by pancreatic head carcinomas. 
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physiological reserves, appears to play the most important role. 
With regards to the histopathological data, a particular mention 

concerning IPMN is needed. Incidence generally increases with age and 
indication to surgery in elderly patients should be based on an accurate 
balance between the risk of disease progression and postoperative 
development of complications and mortality. Different authors [50–52] 
demonstrated that fragile patients with worrisome features (and some-
times with high-risk stigmata) initially undergoing follow-up instead of 
surgery, presented a good prognosis. With regards to our data, compa-
rable incidence rate of resected IPMNs were evidenced in the unmatched 
and matched cohorts, even if a slightly higher resection rate was evi-
denced in over 80 years matched group. Indeed, indication to surgery in 
these cases was based on an appropriate risk-benefit analysis. All 4 pa-
tients were ASA 2 and all of them presented high-risk features (jaundice 
associated to a cystic lesion >3 cm and elevated values of Ca 19.9 in 2 
cases, mural nodule with a high grade dysplasia in the remaining 2 
patients). 

Although, to our knowledge, our study represents one of largest ex-
periences in pancreatic surgery for octogenarians, it carries several 
limitations. Despite using PSM analysis, this study has a significant se-
lection bias due to its retrospective design. Moreover, other key factors 
known to influence perioperative results (i.e., nutritional status, 

comorbidities) were not available for the analysis. Nevertheless, we 
believe that the multicenter design and the consistent number of pa-
tients included in the analysis in a short-time period represent key 
strengths of our study. 

In conclusion, our data suggests that PD in octogenarians is a safe and 
feasible procedure when performed in high-volume centers. Older age 
itself should not be considered as an exclusion criterion for PD, but 
elderly patients require a careful preoperative assessment to properly 
screen and measure physiological reserve and adequately select patients 
fit for surgery and improve postoperative outcomes. Further prospective 
studies including patient-reported and oncologic outcomes are needed 
to confirm our findings and assess the potential benefit of pancreatec-
tomy in advanced age pancreatic cancer patients. 
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Table 4 
Prognostic factors analysis for cumulative major complications in the matched study cohort.  

Variable No major complications, n 
(%)n 106 

Major complications, n 
(%) n 34 

p Multivariate analysis (Logistic regression) odds ratio 
[95% Confidence Interval] 

Multivariate p 
value 

Age 
<80 52 (74.3) 18 (25.7) 0.69   
≥80 54 (77.1) 16 (22.9)   

Sex 
Female 61 (83.6) 12 (16.4) 0.02 2 [0.87–4.64] 0.1 
Male 45 (67.2) 22 (32.8) 

ASA score 
I-II 69 (85.2) 12 (14.8) 0.002 2.98 [1.3–6.8] 0.009 
III-IV 37 (62.7) 22 (37.3) 

Resectability 
Resectable 95 (76.6) 29 (23.4) 0.49   
Borderline 11 (68.8) 5 (31.2)   

NAD 
Yes 16 (80) 4 [20] 0.63   
No 90 (75) 30 [25]   

Biliary stent 
Yes 51 (71.8) 20 (28.2) 0.27   
No 55 (79.7) 14 (20.3)    

Surgical approach 
Open 100 (75.8) 32 (24.2) 0.96   
Laparoscopic/robot- 
assisted 

6 (75) 2 [25]   

Vascular resection 
Yes 9 (75) 3 [25] 0.95   
No 97 (75.8) 31 (24.2)   

Malignancy 
Yes 101 (75.4) 33 (24.6) 0.65   
No 5 (83.3) 1 (16.7)   

ICU admission 
Yes 44 (78.6) 12 (21.4) 0.52   
No 88 (84.6) 16 (15.4)   

T staging 
1-2 81 (75.7) 26 (24.3) 0.52   
3-4 22 (81.5) 5 (18.5)   

N staging 
N- 25 (75.8) 8 (24.2) 0.95   
N+ 76 (75.2) 25 (24.8)   

Tumor grading 
G1-2 70 (77.8) 20 (22.2) 0.31   
G3 30 (69.8) 13 (30.2)   

Lymph nodes harvesteda 

≤31 59 (77.6) 17 (22.4) 0.56   
>31 47 (73.4) 17 (26.6)    

a The mean number of lymph nodes retrieved was used as cut-off for the univariate and multivariate analyses. ASA: American Society of Anesthesiologists; NAD: 
neoadjuvant treatment; ICU: intensive care unit. 
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