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Table S1. Single-institution studies. 

First 
Author 

Affiliation 
Year 
of 
pub. 

Age c-
o 

N (above 
c-o/total) 

Entities Procedures 

Postoperative 
Morbidity 
(Elderly or 
Elderly vs. 
Younger) 

P 

Postoperativ
e Mortality 
(Older/Older 
vs. Younger) 

P Survival P Ref. 

Kairaluoma 
Oulu Univ., 
Oulu, 
Finland 

1987 ≥70 21/68 

Periampu
llary/ 
pancreatic 
cancer 

PD, DP, TP, 
local 
excision 

48% vs. 30% n.a. 10% vs. 9% n.a. Median: 11 m vs. 11 m NS [29] 

Spencer 
Mayo Clinic, 
Rochester, 
USA 

1990 ≥70 
42 (≥70 
only) 

PC PD, DP, TP 

Surgical: 28%  
Medical: 12%  
(slightly > 
younger) 

n.a. 
9%  
(slightly > 
younger) 

n.a. 
Median: 19 m 
5-year: 4% 

n.a. [30] 

Delcore 

Univ. of 
Kansas, 
Kansas City, 
USA 

1991 
≥70 
>80 

42 (≥70 
only) 

PC; Ca of 
Ampulla, 
Bile duct, 
Duodenu
m, Islets 

PD, TP 
Major 
complic.: 14% 

n.a. 5% n.a. 
≥70: mean 42 m;  
>80: mean 35 m 

n.a. [31] 

Hannoun 
Hopital St. 
Antoine, 
Paris, France 

1993 ≥70 44/223 

Pancreatic 
and 
periampu
llary 
tumors 

PD 
Surgical: 36% 
vs. 36% 

n.a. 4.5% vs. 10% n.a. 
5-year:  
PC:17% vs. 19%; 
Amp.Ca: 38% vs. 45% 

n.a. [32] 

Kayahara 

Kanazawa 
Univ., 
Kanazawa, 
Japan 

1994 ≥70 28/130 
Periampu
llary Ca 

PD 
Respir.: 21% 
vs. 9%; other: 

<0.05  
NS 

18% vs. 7% NS 5-year: 23% vs. 31% NS [33] 

Fong 
MSKCC, 
New York 
City, USA 

1995 ≥70 138/488 
Pancreatic 
malignan
cies 

PD, DP, TP Overall: 45% NS 6% NS 5-year: 21% vs. 29% 0.03 [34] 

DiCarlo 
SanRaffaele 
Hosp., 
Milan, Italy 

1998 ≥70 33/118 PDAC PD, DP, TP 39% vs. 33% NS 6% vs. 4% NS 
Median: 14 m vs. 16 m; 
3-year: 0% vs. 14% NS [35] 



 

Sohn 

Johns 
Hopkins, 
Baltimore, 
USA 

1998 ≥80 46/727 

PDAC, Ca 
of 
Ampulla, 
Bile duct, 
Duodenu
m; 
Cystaden
oma/-Ca; 
CP 

PD 57% vs. 41% 0.05 4.3% vs. 1.6% NS 
Periamp.Ca (n = 41): 
median 32 m vs. 20 m;  
5-year: 19% vs. 27% 

NS [36] 

Al-Sharaf 

Univ. 
Hospital, 
Lund, 
Sweden 

1999 ≥70 27/74 

PC, Ca of 
Ampulla, 
Bile duct, 
Duodenu
m; 
Cystaden
oCa; mal. 
Glucagon
oma 

PD 
Overall: 45% 
vs 46% 

NS 7% vs. 4% NS 

All: median: 318d vs. 
294d; PC: median: 291d 
vs. 248d; PC: 5-year: 0 
vs. 11% 

NS [37] 

Bottger 

Univ. 
Hospital, 
Mainz, 
Germany 

1999 >70 300 (total) 
Benign 
and 
malignant 

PD, DP 

PD/DP: 
Surgical: 
30/21% vs. 
22/29%; 
General: 
28/29% vs. 
16/10% 

<0.001 

PD/DP:  
30d: 
2.3/14.2% vs. 
3.2/1.7% 

NS n.a. n.a. [38] 

Bathe 

Sylvester 
Cancer 
Center, 
Miami, USA 

2000 ≥75 16/70 (≥65) 
Periampu
llary 
tumors 

PD, DP 

Major: 63% 
vs. 31%; 
Overall: 69% 
vs. 52% 

0.036 25% vs. 3.7% NS 
Median 9m vs. 24 m; 5-
year: 31% vs. 23% 

NS [39] 

Hodul 

Loyola 
Univ., 
Maywood, 
USA 

2001 >70 48/122 
Various, 
PAC most 
frequent 

PD 60% vs. 65% NS 0% vs. 1.4% NS n.a. n.a. [40] 

Bathe 
Univ. of 
Miami, 
Miami, USA 

2001 
≥65 
>74 

19/104 
47/104 

Noncystic 
epithelial 
Ca of the 
pancreatic 
head 

PD, TP 

Major: >74 
higher; 
Overall: 
similar 

0.05 
NS 

n.a. n.a. 
Median: 11.4 m(>74) vs. 
25.1 m (65–74) 

0.02 [41] 

Richter 

Univ. 
Mannheim-
Heidelberg, 
Germany 

2002 >70 93/519 
Ca of the 
pancreatic 
head 

PD, TP 

Anastomotic 
leak: 12% vs. 
5% 
Overall: 24% 
vs. 22% 

0.02 
NS 

30d: 3% vs. 
3% 

NS 

Median: 
PDAC/Amp./Bile duct 
Ca: 23/57/16.5 m vs. 
14/46/16 m 

NS [42] 



 

Chen 

Taipei Vet. 
Gen. Hosp., 
Taipei, 
Taiwan 

2003 
>70 
>80 

82/276 
16/276 

Periampu
llary 
lesions 

PD 
Surgical: 51% 
(>80) vs. 56% 
(>70) 

 
13% (>80) vs. 
12% (>70) 

NS 
Median: 17.6% (>80) vs. 
16% (>70) 

NS [43] 

Lightner 
UCSF, San 
Francisco, 
USA 

2004 ≥75 30/218 Neoplasia PD, DP, TP 

Overall: 70% 
vs. 56% 
Major cardiac 
event: 13% vs. 
0.5% 

NS 
<0.005 

3% vs. 3% NS n.a. n.a. [44] 

Brozzetti 
Univ. of 
Rome, Rome, 
Italy 

2006 ≥70 57/166 PAC PD 

Overall: 49% 
vs. 46% 
Surgical: 30% 
vs. 29% 

NS 
NS 

10.5% vs. 
3.7%;  
Re-OP: 83% 
vs. 13% 

0.09 
0.02 

n.a. n.a. [45] 

Makary 

Johns 
Hopkins, 
Baltimore, 
USA 

2006 ≥80 
≥90 

197/2698 
10/2698 

Benign 
and 
malignant 

PD, TP 
50% (≥90) vs. 
53% (≥80) vs. 
42% 

<0.05 
0% (≥90) vs. 
4.1% (≥80) vs. 
1.7% 

<0.05 
1-year: 60% (≥90) vs. 
59% (≥80); 5-year: 0% 
vs. 24% vs. 43% 

≤0.00
2 

[46] 

Scurtu 

Hop. Univ. 
de 
Strasbourg, 
France 

2006 
≥70 
≥75 

38/70 
32/70 
(≥70 only) 

Cancer PD 
Overall: 50% 
(≥75) vs. 37% 
(≥70)  

NS 
6.2% (≥75) vs. 
0% (≥70)  

NS 
3-year: 28% (≥75) vs. 
33% (≥70) 

NS [47] 

Casadei 

Univ. di 
Bologna, 
Bologna, 
Italy 

2006 ≥70 35/88 

Periampu
llary/ 
pancreatic 
tumors 

PD, DP, TP 
Overall: 40% 
vs. 26.4% 

NS 8.6% vs. 3.8% NS PDAC NS [48] 

Kang 
Yonsei 
University, 
Seoul, Korea 

2007 ≥70 11/77 PAC PD 
Overall: 73% 
vs. 38% 

0.049 0% vs. 0.02% NS n.a. NS [49] 

Ballarin 

Univ. of 
Modena, 
Modena, 
Italy 

2009 ≥75 23/98 
Benign 
and 
malignant 

PD, DP, TP 
Overall: 83% 
vs. 56% 

0.04 4.3% vs. 1.3% NS 
Malignancies: 3-year: 
51% vs. 44% 

NS [50] 

Sperti 
Univ. of 
Padua, 
Padova, Italy 

2009 ≥75 52/317 
Benign 
and 
malignant 

PD, DP, TP, 
central 
resect. 

33% vs. 31% NS 5.7% vs. 3% NS PC: equal NS [51] 

Tani 

Wakayama 
Medical 
Univ., 
Wakayama, 
Japan 

2009 
≥70 
≥80 

126/335 
25/335 

Benign 
and 
malignant 

PD 

Surgical 
Complications 
and 
Myocardial 
Infarction 

NS 
0% (≥80) vs.  
1.6% (≥70) 
vs. 3.3% 

NS n.a. n.a. [52] 

Hardacre 
Case Medical 
Center, 
Miami, USA 

2009 ≥80 
32 (≥80 
only) 

Benign 
and 
malignant 

PD, DP, TP 66% n.a. 0% n.a. 
Med: All: 14.4 m; Ca: 12 
m; Benign: 103 m 

n.a. [53] 



 

Pratt 

Harvard 
Medical 
School, 
Boston, USA 

2009 ≥75 76/412 
Benign 
and 
malignant  

PD, DP, TP, 
central 
resect. 

72% vs. 48% <0.001 1% vs. 1% NS n.a. n.a. [54] 

Oliverius 

Inst. 
Clin./Exp. 
Med., 
Prague, 
Czech Rep.  

2010 ≥65 
60 (≥65 
only) 

PC PD, DP, TP 

Overall: 28%; 
Serious 
surgical 
complications: 
18% 

n.a. 30d: 6.6% n.a. 1-year: 63% n.a. [55] 

Khan 
Mayo Clinic, 
Rochester, 
USA 

2010 ≥80 53/617 PAC PD 51% vs. 37% 0.004 2% vs. 1% NS 
Median: 13.5 m vs. 18.9 
m 

NS [56] 

Lee 

Columbia 
Univ., New 
York City, 
USA 

2010 ≥80 74/777 
Benign 
and 
malignant 

PD 

Overall: 47% 
vs. 51%; 
Major: 19% 
vs. 25% 

NS 
NS 

5.4% vs. 3.8% NS 
PDAC: Median: 11.6 m 
vs. 18.1 m 

<0.01 [57] 

Ito 

Saiseikai 
Hospital, 
Kanagawa, 
Japan 

2011 ≥75 31/98 
Benign 
and 
malignant 

PD 51% vs. 46% NS 3.2% vs. 0% NS 3-year: 50.5% vs. 65.9% NS [58] 

Lahat 

Sourasky 
Medical, 
TelAviv, 
Israel 

2011 
≥70 
 166/460 

Pancreatic 
neoplasm 

PD, DP, TP, 
Enucleation 

41% vs. 29% 0.01 5.4% vs. 1.4% 0.01 Median: 15 m vs. 20 m 0.05 [59] 

Stauffer 
Mayo Clinic, 
Jacksonville, 
USA 

2011 ≥80 32/466 
Benign 
and 
malignant 

PD, DP, TP 50% n.a. 0% n.a. PAC: 3-year: 21% n.a. [60] 

Hatzaras 

Ohio State 
Univ., 
Columbus, 
USA 

2011 ≥80 27/517 Cancer PD, DP, TP 52% vs. 59% NS 3.7% vs. 3.7% NS 33 m vs. 22 m NS [61] 

Barbas 

Duke Univ. 
Medical 
Center, 
Durham, 
USA 

2012 ≥65≥75 
74/203 
32/203 

PAC PD 
69% (≥75) vs. 
68% (≥65) vs. 
78% 

NS 
9% (≥75) vs. 
1% (≥65) vs. 
3% 

NS 
Median: 23.7 m (≥75) 
vs. 17.8 m (≥65) vs. 21.6 
m 

NS [62] 

Melis 
NYU, New 
York City, 
USA 

2012 ≥80 25/200 PAC PD 68% vs. 44% 0.03 
30d: 4% vs. 
0.6% 

NS 
Median: 17.3 m vs. 13.1 
m 

NS [63] 

Yamada 
Univ. of 
Tokushima, 
Japan 

2012 ≥75 28/84 
Benign 
and 
malignant 

PD 

Overall: 59% 
vs. 57%; 
pulmonary: 
14% vs. 2% 

NS 
<0.05 

0% vs. 0% n.a. No difference NS [64] 



 

Oliveira-
Cunha 

St. James 
Univ. Hosp., 
Leeds, UK 

2013 ≥70 119/428 
Benign 
and 
malignant 

All 13% vs. 21% NS 3.4% vs. 2.6% NS 
PDAC: elderly worse 
than younger 

<0.05 [65] 

Belyaev 

Univ. of 
Bochum, 
Bochum, 
Germany 

2013 ≥80 76/1705 
Benign 
and 
malignant 

Non-
resective 
and 
resective 

Overall: 72% 
vs. 42% (all 
patients) 

<0.001 
11.8% vs. 
2.5% (all 
patients) 

<0.00
1 

Ca: Median: 18 m n.a. [66] 

Oguro 
Ntl. Cancer 
Center, 
Tokyo, Japan 

2013 ≥80 22/561 
Benign 
and 
malignant 

PD 
Major 
complications: 
27.3% vs. 9.6% 

0.008 4.5% vs. 0.9% NS 
PC: Median: 13 m vs. 
29 m 

NS [67] 

Yamashita 

Kyushu 
Univ., 
Kyushu, 
Japan 

2013 ≥75 21/65 

Periampu
llary 
tumors 
(90% 
malignant
) 

PD 
Overall: 33% 
vs. 32%; SSI: 
19% vs. 0% 

NS 
<0.01 

0% vs. 2% NS 3-year: 42% vs. 61% NS [68] 

Adham 
Lyon Fac. of 
Medicine, 
Lyon, France 

2014 ≥70 116/344 
Benign 
and 
malignant 

All 

Overall: 72% 
vs. 68%; 
POPF: 19% vs. 
9% 

NS 
0.009 

12.9% vs. 
3.9% 

0.003 All: 5-year: 41% vs. 
55%; Ca: equal 

0.003
; NS 

[69] 

Gangl 
Elisabethinen 
Hospital 
Linz, Austria 

2014 ≥80 9/108 PAC PD/DP 
Overall: 33.3% 
vs. 28.3% 

NS 0% vs. 5.1% NS 
Median: 10.5 m vs. 12.1 
m 

NS [70] 

Kinoshita 
Nara Med. 
Univ., Nara, 
Japan 

2015 ≥80 
26 (≥80 
only) 

PC PD, DP, TP 
Major 
complications: 
8% 

n.a. 0% n.a. Median: 12.4 m n.a. [71] 

Beltrame 
Univ. of 
Padua, 
Padua, Italy 

2015 ≥80 23/385 
Benign 
and 
malignant 

PD 43% vs. 40% NS 0% vs. 4% NS 
PC: Median: 19 m vs. 
21 m 

NS [72] 

Frakes 

Moffitt 
Cancer 
Center, 
Florida, USA 

2015 
≥70 
≥75 
≥80 

193 PC PD  NS  NS 
Median: 18.7 m vs. 16.1 
m vs. 23 m vs. 23.4 m 

NS [73] 

Shirai Jikei Univ., 
Tokyo, Japan 

2016 ≥70≥80 
97/114 
17/114 

Pancreatic 
or biliary 
cancer 

All n.a. NS 
0% (≥80) vs. 
2% (≥70) 

n.a. n.a. NS [74] 

Renz 

Univ. of 
Munich 
(LMU), 
Germany 

2016 ≥75 59/300 PDAC PD, TP 

Surgical: 12% 
vs. 18%; non-
surg.: 37% vs. 
17% 

NS 
0.002 

30d: 5% vs. 
3% 

NS 
Median: 18.4 m vs. 19.2 
m 

NS [75] 

Ansari 
Lund/Skane 
Univ., Lund, 
Sweden 

2016 ≥75 78/556 
Benign 
and 
malignant 

PD, DP, TP, 
Enucleation 

59% vs. 65% NS 
30d: 1.3% vs. 
0.8% 

NS n.a. n.a. [76] 



 

Di Franco 
University of 
Pisa, Pisa, 
Italy 

2019 
≥65 
≥75 

345 
Benign 
and 
malignant 

All 
Overall 
Surgical 

<0.01 
NS 

n.a. NS 
Overall 
Cancer-related 

<0.0
1 

NS 
[23] 

Kondo 

Hiroshima 
University, 
Hiroshima, 
Japan 

2020 ≥80 56/414 PDAC All 
Major 
complic.: 12% 
vs. 16% 

NS n.a. n.a. 
Resectable 
Borderline/unresectable 

NS 
<0.01 

[25] 

c-o: cut-off; n.a.: not available or not applicable; Ca: carcinoma; PC: pancreatic cancer; PDAC: pancreatic ductal adenocarcinoma; PAC: pancreatic adenocarcinoma; 
CP: chronic pancreatitis; PD: pancreatoduodenectomy; DP: distal pancreatectomy; TP: total pancreatectomy; POPF: postoperative pancreatic fistula; SSI: surgical 
site infection; NS: not significant. 

Table S2. Population-based/multi-institutional studies. 

First 
author 

Affiliation 
Year 
of 
pub. 

Age 
c-o 

N 
(above 
c-
o/total) 

Population Entities Procedures 

Postoperative 
Morbidity 
(Elderly or 
Elderly vs. 
Younger) 

P 

Postoperative 
Mortality 
(Elderly or 
Elderly vs. 
Younger) 

P Survival P Ref. 

Lightner 
UCSF, San 
Francisco, 
USA 

2004 ≥75 
515/ 
3113 

State of 
California 

Malignant and 
benign 

PD, DP, TP n.a. n.a. 10% vs. 7% <0.05 n.a. n.a. [44] 

Finlayson 

Univ. of 
Michigan, 
Ann Arbor, 
USA 

2007 

≥80  
70–
79  
65–
69 

2915 
13478 
7125 

United States 
(NIS + SEER) 

Malignant All n.a. n.a. 

15.5% (≥80) vs.  
9.3% (70–79) 
vs. 6.7% (65–
69) 

<0.0001 

5-y.: 11% 
(≥80) vs. 
16% (70–
79) vs. 
16% (65–
69) 

NS [77] 

Riall 

Univ. of 
Texas, 
Galveston, 
USA 

2008 

≥80  
70–
79  
60–
69 
<60 

214 
855 
887 
1780 

State of 
Texas 

Malignant and 
benign 

All n.a. n.a. 

11.4% (≥80) vs.  
7.4% (70–79) 
vs.  
5.8% (60–69) 
vs.  
2.4% (<60) 

<0.001 n.a. n.a. [78] 

Riall 

Univ. of 
Texas, 
Galveston, 
USA 

2011 

≥85 
80–
84  
75–
79 
70–
74 
<70 

61 
309 
655 
779 
589 

United States 
(SEER) Pancreatic cancer All n.a. n.a. 

11.5% (≥85) vs.  
6.8% (80–84) 
vs.  
8.1% (75–79) 
vs.  
6.9% (70–74) 
vs.  
7.0% (<70) 

NS 

2-y.: 33% 
(≥85) vs.  
31% (80–
84) vs. 
33% (75–
79) vs. 
35% (70–
74) vs. 
38% (<70) 

NS [79] 



 

Dela 
Funente 

H. Lee 
Moffitt 
Cancer 
Center, 
Tampa, USA 

2011 
≥80 
 

591/ 
6293 

United States 
(NSQIP) 

Any cause PD 
Surgical and 
non-surgical 

<0.05 6.3% vs. 2.7% <0.05 n.a. n.a. [80] 

Turrini 

French Surg. 
Assoc., 
Marseille, 
France 

2013 

≥80  
70–
79  
<70 

64 
288 
580 

37 
institutions 
(France, 
Belgium, 
Switzerland, 
Monaco) 

PAC PD, DP, TP 
56% vs. 
63% vs. 
56% 

NS 
4.7% vs. 
2.8% vs. 
3.3% 

NS 

Median: 
30 m vs. 
35.3 m vs. 
24 m 

NS [81] 

Lee 

St. Luke’s 
Roosevelt 
Hospital, 
NYC, USA 

2014 
≥80  
 

475/ 
4577 

United States 
(NSQIP) 

Malignant PD 
Surgical and 
non-surgical 

<0.05 6% vs. 2% 0.0001 n.a. n.a. [82] 

Sho 
Nara Med. 
Univ., Nara, 
Japan 

2016 
≥80  
 

99/ 
1401 

7 centers 
(Japan) 

Pancreatic cancer All Surgical NS 1% vs. 2% NS 
Median: 
16.6 m vs. 
23.2 m 

0.006 [83] 

van der 
Geest 

IKNL, 
Utrecht, 
Netherlands 

2016 

≥80 
75–
79 
70–
74 
<70 

181 
510 
781 
2373 

Netherlands 
Cancer 
Registry 

Periamp./pancreatic 
cancer 

All n.a. n.a. 

7.7% (≥80) vs.  
7.1% (75–79) 
vs.  
5.4% (70–74) 
vs.  
3.6% (<70) 

0.001 

5-y.: 21% 
(≥80) vs.  
17% (75–
79) vs. 
22% (70–
74) vs. 
27% (<70) 

<0.001 [84] 

Shaib 

Emory 
University, 
Altlanta, 
USA 

2019 
≥76 
 

1291/ 
6149 

United States 
(NIS) 

Any cause PD n.a. n.a. 
4.11% vs. 
2.77% 

0.016 
(OR) 

n.a. n.a. [85] 

c-o: cut-off; n.a.: not available or not applicable; PD: pancreatoduodenectomy; DP: distal pancreatectomy; TP: total pancreatectomy; PAC: pancreatic 
adenocarcinoma; NS: not significant; NIS: Nationwide Inpatient Sample (US); SEER: Surveillance Epidemiology and End Results database; NSQIP: National Surgical 
Quality Improvement Program of the American College of Surgeon. 
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