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Abstract. Background/Aim: Pancreatic cancer has a very
poor prognosis, though outcomes based on age are not well
characterized. The aim of current study was to analyze the
survival of patients with pancreatic cancer based on age.
Patients and Methods: Using National Cancer Data Base
(NCDB), we determined survival outcome based on age
among patients with pancreatic cancer. Results: A total of
423,482 patients between 2004 and 2017 were included in
the study. Patients aged between 18 and 40-years-old had
the worst 3-year survival rate among stage 1 disease.
Conversely, patients over 65-years-old had the worst 3-year
survival rate and presented with more advanced disease
(clinical stages 3 and 4). Conclusion: Older patients with
more advanced disease had worse survival.

Despite recent advances in the diagnosis and treatment of
pancreatic cancer, this malignancy still has a very poor
prognosis (1). Currently, it is the 4th leading cause of
cancer-related death in the US and is predicted to become
the second leading cause of cancer death by 2030. The
incidence of pancreatic cancer is 12.9 per 100,000 people,
with an estimated 60,430 new cases in 2021 (1, 2).
Important factors in predicting survival for patients with
pancreatic cancer include stage and response to multimodal
intervention, consisting of chemotherapy, radiation and/or
surgery. Accordingly, the 5-year survival of patients who are
candidates to undergo treatment for pancreatic cancer can
substantially increase (3-5). However, not all patients can
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complete multimodal therapy because of older age or
complications/recovery from surgery. In some cases,
neoadjuvant chemotherapy may be better tolerated, can
potentially decrease surgery-related complications, and may
be effective in converting unresectable tumors into
resectable ones (6). Other important factors related to
socioeconomic sociodemographic
disparities among patients with pancreatic cancer. Many

survival are and

studies have demonstrated that not only the incidence of
pancreatic cancer among African-American patients is
higher than whites, but also the mortality is higher (7-9). In
addition, some studies have demonstrated that in both
genders, mortality of older patients with pancreatic cancer
is significantly higher than that of younger peers (9, 10). To
further investigate the relationship between age and
pancreatic cancer, we utilized National Cancer Data Base
(NCDB) to study patients with pancreatic carcinoma and
characterize age-based outcomes.

Patients and Methods

Patients. We conducted a retrospective study between 2004 and
2017 using the National Cancer Data Base (NCDB). The NCDB is
a hospital-based cancer registry and joint project of the Commission
on Cancer sponsored by both the American College of Surgeons and
the American Cancer Society, which represents 70% of all newly
diagnosed cancer cases in the US annually. Institutional Review
Board approval was not required for the study.

The histology codes for adenocarcinoma (81403), duct cell
carcinoma (85003), and islet cell carcinoma (81503) were based on
the ICD-03/WHO 2008 classification. The primary site code for
head of pancreas (C25.0), body of pancreas (C25.1), tail of pancreas
(C25.2), pancreatic duct (C25.3), islets of Langerhans (C25.4), and
other lesions of pancreas (C25.7, C25.8, and C25.9) were also based
on the ICD-03/WHO 2008 classification.

Patients with pancreatic cancer from all stages, as per the
American Joint Committee on Cancer (AJCC 6th and 7th edition)
guidelines, were included. Patients with unknown stage were
excluded from the analysis. Additional variables included treatment
facility type, patients socioeconomical and demographic status,
Charlson-Deyo Comorbidity (CDC) score, characteristics of tumor,
history of radiotherapy and systemic therapies, surgical intervention,
and survival.
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Table 1. Summary of demographic and clinical characteristics by age group within clinical stage 1.

Variable

Overall

18-40

40-65

>65

p-Value

Gender

Race

Hispanic origin

Insurance status

Income ($)

Facility type

Urban/Rural

Grade of tumor

Primary site of tumor

Radiotherapy

Systemic therapy

Type of surgery on

primary site of tumor

CDCC Score

Male

Female

White

Black

Native American
Asian

Other

Unknown
Non-Hispanic
Hispanic

Not insured

Private

Government
Unknown

<63,000

>63,000

Community
Comprehensive
Academic

Other

Metro

Urban

Rural

Well differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated
Adenocarcinoma in situ
Head

Body

Tail

Other

None

Neoadjuvant
Adjuvant
Neoadjuvant and adjuvant
Intraoperative
Unknown

Positive

Unknown

No

Neoadjuvant
Adjuvant

Both neoadjuvant and adjuvant
Intraoperative
Unknown

No surgery

Partial surgeries
Distal surgeries
Whipple/extended surgeries
Total pancreatectomy
Other

Score 0

Score 1

Score 2

Score 3 and more

27,127 (48.2%)
29,106 (51.8%)
47 A17 (84.3%)
6,074 (10.8%)
161 (0.3%)
1,501 (2.7%)
507 (0.9%)
573 (1.0%)
51477 (91.5%)
4,756 (8.5%)
1,054 (1.9%)
17,052 (30.3%)
37,218 (66.2%)
909 (1.6%)
34,676 (66.6%)
17,365 (33.4%)
2,798 (5.1%)
17,924 (32.6%)
26,882 (48.9%)
7381 (13.4%)
45 685 (84.3%)
7,565 (14.0%)
969 (1.8%)
9,592 (17.1%)
12,981 (23.1%)
8.271 (14.7%)
473 (0.8%)
24916 (44.3%)
34,413 (61.2%)
6,282 (11.2%)
8.277 (14.7%)
7261 (12.9%)
48,928 (88.3%)
1,284 (2.3%)
5,166 (9.3%)
11 (0.0%)
5 (0.0%)

5 (0.0%)
27.939 (49.7%)
955 (1.7%)
37,670 (71.7%)
1,919 (3.7%)
11,834 (22.5%)
1,139 (2.2%)
3 (0.0%)

3 (0.0%)
25,883 (46.0%)
5,425 (9.6%)
8.425 (15.0%)
12,167 (21.6%)
3,185 (5.7%)
1,148 (2.0%)
36,197 (64.4%)
13,817 (24.6%)
3,999 (7.1%)
2,220 (3.9%)

478 (33.9%)
931 (66.1%)
1,041 (73.9%)
250 (17.7%)
4 (0.3%)
63 (4.5%)
35 (2.5%)
16 (1.1%)
1,186 (84.2%)
223 (15.8%)
90 (6.4%)
994 (70.5%)
303 (21.5%)
22 (1.6%)
808 (64.6%)
442 (35.4%)
9 (5.6%)
30 (18.6%)
93 (57.8%)
29 (18.0%)
1,198 (89.4%)
129 (9.6%)
13 (1.0%)
640 (45.4%)
235 (16.7%)
55 (3.9%)

5 (0.4%)
474 (33.6%)
487 (34.6%)
198 (14.1%)
473 (33.6%)
251 (17.8%)
1,326 (95.0%)
12 (0.9%)
58 (4.2%)

0 (0%)

0 (0%)

0 (0%)
980 (69.6%)
14 (1.0%)
1,199 (88.5%)
22 (1.6%)
123 (9.1%)
11 (0.8%)

0 (0%)

0 (0%)
218 (15.5%)
229 (16.3%)
543 (38.5%)
274 (19.4%)
109 (7.7%)
36 (2.6%)
1,194 (84.7%)
182 (12.9%)
25 (1.8%)

8 (0.6%)

9,856 (51.3%)
9,346 (48.7%)
15,512 (80.8%)
2,678 (13.9%)
74 (0.4%)
527 (2.7%)
218 (1.1%)
193 (1.0%)
17,545 (91.4%)
1,657 (8.6%)
762 (4.0%)
12,301 (64.1%)
5,795 (30.2%)
344 (1.8%)
11,769 (67.1%)
5,758 (32.9%)
793 (4.1%)
5,306 (27.6%)
10,690 (55.7%)
2413 (12.6%)
15,532 (84.1%)
2,613 (14.1%)
322 (1.7%)
4,633 (24.1%)
5,088 (26.5%)
3,048 (15.9%)
176 (0.9%)
6,257 (32.6%)
10,932 (56.9%)
2,281 (11.9%)
3,492 (18.2%)
2,497 (13.0%)
15,752 (83.1%)
631 (3.3%)
2,561 (13.5%)

5(0.0%)

1 (0.0%)

4 (0.0%)
12,159 (63.3%)
279 (1.5%)
11,529 (63.6%)
886 (4.9%)
5,110 (28.2%)
599 (3.3%)
2 (0.0%)

1 (0.0%)
5,817 (30.3%)
2417 (12.6%)
3,947 (20.6%)
5,189 (27.0%)
1,362 (7.1%)
470 (2.4%)
13,157 (68.5%)
4414 (23.0%)
1,052 (5.5%)
579 (3.0%)

16,793 (47.1%)
18.829 (52.9%)
30,864 (86.6%)
3,146 (3.8%)
83 (0.2%)
911 (2.6%)
254 (0.7%)
364 (1.0%)
32,746 (91.9%)
2,876 (8.1%)
202 (0.6%)
3,757 (10.5%)
31,120 (87.4%)
543 (1.5%)
22,099 (66.4%)
11,165 (33.6%)
1,996 (5.6%)
12,588 (35.3%)
16,099 (45.2%)
4,939 (13.9%)
28,955 (84.1%)
4,823 (14.0%)
634 (1.8%)
4319 (12.1%)
7,658 (21.5%)
5,168 (14.5%)
292 (0.8%)
18,185 (51.0%)
22994 (64.5%)
3,803 (10.7%)
4312 (12.1%)
4513 (12.7%)
31,850 (90.9%)
641 (1.8%)
2,547 (7.3%)
6 (0.0%)
4 (0.0%)

1 (0.0%)
14,800 (41.5%)
662 (1.9%)
24,942 (75.4%)
1,011 (3.1%)
6,601 (20.0%)
529 (1.6%)

1 (0.0%)

2 (0.0%)
19,848 (55.7%)
2,779 (7.8%)
3,935 (11.0%)
6,704 (18.8%)
1,714 (4.8%)
642 (1.8%)
21,846 (61.3%)
9221 (25.9%)
2,922 (8.2%)
1,633 (4.6%)

<0.001

<0.001

<0.001

<0.001

0.086

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Table II. Summary of demographic and clinical characteristics by age group within clinical stage 2.

Variable

Overall

18-40

40-65

>65

p-Value

Gender

Race

Hispanic origin

Insurance status

Income ($)

Facility type

Urban/Rural

Grade of tumor

Primary site of tumor

Radiotherapy

Systemic therapy

Type of surgery on
primary site of tumor

CDCC Score

Male

Female

White

Black

Native American
Asian

Other

Unknown
Non-Hispanic
Hispanic

Not insured

Private

Government
Unknown

<63,000

>63,000

Community
Comprehensive
Academic

Other

Metro

Urban

Rural

Well differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated
Adenocarcinoma in situ
Head

Body

Tail

Other

None

Neoadjuvant
Adjuvant
Neoadjuvant and adjuvant
Intraoperative
Unknown

None

Neoadjuvant
Adjuvant

Both neoadjuvant and adjuvant
Intraoperative
Unknown

No surgery

Partial surgeries
Distal surgeries
Whipple/extended surgeries
Total pancreatectomy
Other

Score 0

Score 1

Score 2

Score 3 and more

35,512 (50.5%)

34,802 (49.5%)

58,940 (83.8%)
8,039 (11.4%)

204 (0.3%)
1,751 (2.5%)
576 (0.8%)
804 (1.1%)

63,809 (90.7%)
6,505 (9.3%)
1,704 (2.4%)

21,568 (30.7%)

45557 (64.8%)
1485 (2.1%)

44,720 (67.5%)

21,569 (32.5%)
3,357 (4.8%)

21,417 (30.7%)

35,963 (51.6%)
8,966 (12.9%)

56,540 (83.2%)

10,152 (14.9%)
1281 (1.9%)
4344 (6.2%)

14913 (21.2%)

12,153 (17.3%)

647 (0.9%)

38,257 (54.4%)

50,828 (72.3%)
5,870 (8.3%)
4714 (6.7%)
8,902 (12.7%)

58,928 (85.3%)
3,199 (4.6%)
6,881 (10.0%)

36 (0.1%)
5 (0.0%)

30 (0.0%)
45319 (70.4%)
4,416 (6.9%)
12,348 (19.2%)
2,270 (3.5%)
3 (0.0%)

8 (0.0%)

42 414 (60.3%)
4,901 (7.0%)
3,835 (5.5%)
14318 (20.4%)
3457 (4.9%)
1,389 (2.0%)
45,764 (65.1%)
17 441 (24.8%)
4,684 (6.7%)
2,425 (3.4%)

403 (53.7%)
348 (46.3%)
575 (76.6%)
113 (15.0%)
7 (0.9%)
29 (3.9%)
15 (2.0%)
12 (1.6%)
633 (84.3%)
118 (15.7%)
59 (7.9%)
483 (64.3%)
178 (23.7%)
31 (4.1%)
453 (66.3%)
230 (33.7%)
4 (2.9%)
27 (19.3%)
96 (68.6%)
13 (9.3%)
619 (85.3%)
97 (13.4%)
10 (1.4%)
151 (20.1%)
174 (23.2%)
120 (16.0%)
12 (1.6%)
294 (39.1%)
471 (62.7%)
54 (7.2%)
96 (12.8%)
130 (17.3%)
594 (80.3%)
40 (5.4%)
106 (14.3%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
459 (65.9%)
48 (6.9%)
156 (22.4%)
33 (4.7%)
0 (0.0%)
0 (0.0%)
245 (32.6%)
86 (11.5%)
95 (12.6%)
237 (31.6%)
58 (7.7%)
30 (4.0%)
628 (83.6%)
95 (12.6%)
15 (2.0%)
13 (1.7%)

14,301 (54.8%)
11,776 (45.2%)
21,111 (81.0%)
3,733 (14.3%)
103 (0.4%)
594 (2.3%)
240 (0.9%)
296 (1.1%)
23,559 (90.3%)
2,518 (9.7%)
1,328 (5.1%)
16,123 (61.8%)
7,967 (30.6%)
659 (2.5%)
16,847 (68.9%)
7,587 (31.1%)
1,179 (4.5%)
7,080 (27.2%)
14,606 (56.0%)
3212 (12.3%)
20,925 (83.2%)
3,766 (15.0%)
445 (1.8%)
1,906 (7.3%)
6,417 (24.6%)
4,934 (18.9%)
249 (1.0%)
12,571 (48.2%)
18,753 (71.9%)
2,190 (8.4%)
1,886 (7.2%)
3,248 (12.5%)
20,207 (78.7%)
1,741 (6.8%)
3,682 (14.3%)
22 (0.1%)
4 (0.0%)

17 (0.1%)
14,487 (60.3%)
2,303 (9.6%)
6,002 (25.0%)
1,240 (5.2%)
0 (0.0%)

3 (0.0%)
13,175 (50.5%)
2231 (8.6%)
1,697 (6.5%)
6,761 (25.9%)
1,619 (6.2%)
594 (2.3%)
17,926 (68.7%)
6,083 (23.3%)
1,344 (5.2%)
724 (2.8%)

20,808 (47.8%)
22,678 (52.2%)
37,254 (85.7%)
4,193 (9.6%)
94 (0.2%)
1,128 (2.6%)
321 (0.7%)
496 (1.1%)
39,617 (91.1%)
3,869 (8.9%)
317 (0.7%)
4,962 (11.4%)
37,412 (86.0%)
795 (1.8%)
27,420 (66.6%)
13,752 (33.4%)
2,174 (5.0%)
14310 (32.9%)
21,261 (48.9%)
5,741 (13.2%)
34,996 (83.1%)
6,289 (14.9%)
826 (2.0%)
2,287 (5.3%)
8,322 (19.1%)
7,099 (16.3%)
386 (0.9%)
25,392 (58.4%)
31,604 (72.7%)
3,626 (8.3%)
2,732 (6.3%)
5,524 (12.7%)
38,127 (89.4%)
1,418 (3.3%)
3.093 (7.2%)
14 (0.0%)
1 (0.0%)

13 (0.0%)
30,373 (76.6%)
2,065 (5.2%)
6,190 (15.6%)
997 (2.5%)

3 (0.0%)
5(0.0%)
28,994 (66.7%)
2,584 (5.9%)
2,043 (4.7%)
7,320 (16.8%)
1,780 (4.1%)
765 (1.8%)
27,210 (62.6%)
11,263 (25.9%)
3,325 (7.6%)
1,688 (3.9%)

<0.001

<0.001

<0.001

<0.001

0.086

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Table III. Summary of demographic and clinical characteristics, short-term outcomes by age group within clinical stage 3.

Variable Overall 18-40 40-65 >65 p-Value
Gender Male 20,178 (49.3%) 223 (57.0%) 8,709 (53.1%) 11,246 (46.6%) <0.001
Female 20,739 (50.7%) 168 (43.0%) 7,680 (46.9%) 12,891 (53.4%)
Race White 33,307 (81.4%) 280 (71.6%) 12,902 (78.7%) 20,125 (83.4%) <0.001
Black 5,446 (13.3%) 63 (16.1%) 2,626 (16.0%) 2,757 (11.4%)
Native American 111 (0.3%) 4 (1.0%) 54 (0.3%) 53 (0.2%)
Asian 1,254 (3.1%) 29 (7.4%) 483 (2.9%) 742 (3.1%)
Other 336 (0.8%) 7 (1.8%) 146 (0.9%) 183 (0.8%)
Unknown 463 (1.1%) 8 (2.0%) 178 (1.1%) 277 (1.1%)
Hispanic origin Non-Hispanic 36,786 (89.9%) 314 (80.3%) 14,680 (89.6%) 21,792 (90.3%) <0.001
Hispanic 4,131 (10.1%) 77 (19.7%) 1,709 (10.4%) 2,345 (9.7%)
Insurance status Not insured 1,157 (2.8%) 36 (9.2%) 923 (5.6%) 198 (0.8%) <0.001
Private 13,226 (32.3%) 228 (58.3%) 10,101 (61.6%) 2,897 (12.0%)
Government 25,542 (62.4%) 103 (26.3%) 4,899 (29.9%) 20,540 (85.1%)
Unknown 992 (2.4%) 24 (6.1%) 466 (2.8%) 502 (2.1%)
Income ($) <63,000 26,495 (67.8%) 261 (69.4%) 10,794 (69.3%) 15,440 (66.7%) <0.001
>63,000 12,597 (32.2%) 115 (30.6%) 4,785 (30.7%) 7,697 (33.3%)
Facility type Community 2,360 (5.8%) 4 (5.3%) 910 (5.6%) 1,446 (6.0%) <0.001
Comprehensive 13,501 (33.3%) 20 (26.7%) 4,966 (30.3%) 8,515 (35.3%)
Academic 19,703 (48.5%) 49 (65.3%) 8,595 (52.4%) 11,059 (45.8%)
Other 5,037 (12.4%) 2 (2.7%) 1,918 (11.7%) 3,117 (12.9%)
Urban/Rural Metro 33,150 (83.7%) 315 (82.5%) 13,159 (83.3%) 19,676 (84.0%) 0.303
Urban 5,673 (14.3%) 57 (14.9%) 2,310 (14.6%) 3,306 (14.1%)
Rural 766 (1.9%) 10 (2.6%) 321 (2.0%) 435 (1.9%)
Grade of tumor Well differentiated 1,842 (4.5%) 27 (6.9%) 788 (4.8%) 1,027 (4.3%) <0.001
Moderately differentiated 4,463 (10.9%) 42 (10.7%) 1,994 (12.2%) 2,427 (10.1%)
Poorly differentiated 4,659 (11.4%) 61 (15.6%) 1,981 (12.1%) 2,617 (10.8%)
Undifferentiated 261 (0.6%) 6 (1.5%) 115 (0.7%) 140 (0.6%)
Adenocarcinoma in situ 29,692 (72.6%) 255 (65.2%) 11,511 (70.2%) 17,926 (74.3%)
Primary site of tumor  Head 22,908 (56.0%) 218 (55.8%) 9,048 (55.2%) 13,642 (56.5%) <0.001
Body 7,316 (17.9%) 61 (15.6%) 3,014 (18.4%) 4241 (17.6%)
Tail 1,886 (4.6%) 24 (6.1%) 787 (4.8%) 1,075 (4.5%)
Other 8,807 (21.5%) 88 (22.5%) 3,540 (21.6%) 5,179 (21.5%)
Radiotherapy None 38,221 (94.9%) 348 (89.7%) 14,939 (92.5%) 22,934 (96.6%) <0.001
systemic therapy Neoadjuvant 1,181 (2.9%) 20 (5.2%) 703 (4.4%) 458 (1.9%)
Adjuvant 840 (2.1%) 18 (4.6%) 480 (3.0%) 342 (1.4%)
Neoadjuvant and adjuvant 17 (0.0%) 0 (0.0%) 12 (0.1%) 5(0.0%)
Intraoperative 10 (0.0%) 0 (0.0%) 6 (0.0%) 4 (0.0%)
Unknown 15 (0.0%) 2 (0.5%) 8 (0.0%) 5(0.0%)
Systemic therapy 32,946 (91.7%) 289 (83.0%) 12,670 (88.3%) 19,987 (94.1%) 32,946 (91.7%) <0.001
1,413 (3.9%) 31 (8.9%) 798 (5.6%) 584 (2.7%) 1,413 (3.9%)
1,041 (2.9%) 20 (5.7%) 535 (3.7%) 486 (2.3%) 1,041 (2.9%)
538 (1.5%) 8 (2.3%) 338 (2.4%) 192 (0.9%) 538 (1.5%)
1 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.0%) 1 (0.0%)
3 (0.0%) 0 (0.0%) 2 (0.0%) 1 (0.0%) 3 (0.0%)
Type of surgery on No surgery 37,486 (91.6%) 323 (82.6%) 14,569 (88.9%) 22,594 (93.6%) <0.001
primary site of tumor  Partial surgeries 552 (1.3%) 9 (2.3%) 276 (1.7%) 267 (1.1%)
Distal surgeries 526 (1.3%) 7 (1.8%) 301 (1.8%) 218 (0.9%)
Whipple/extended surgeries 1,472 (3.6%) 37 (9.5%) 793 (4.8%) 642 (2.7%)
Total pancreatectomy 381 (0.9%) 8 (2.0%) 216 (1.3%) 157 (0.7%)
Other 500 (1.2%) 7 (1.8%) 234 (1.4%) 259 (1.1%)
CDCC Score Score 0 27941 (68.3%) 345 (88.2%) 11,806 (72.0%) 15,790 (65.4%) <0.001
Score 1 9,526 (23.3%) 37 (9.5%) 3,513 (21.4%) 5,976 (24.8%)
Score 2 2,283 (5.6%) 6 (1.5%) 701 (4.3%) 1,576 (6.5%)
Score 3 and more 1,167 (2.9%) 3 (0.8%) 369 (2.3%) 795 (3.3%)
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Table IV. Summary of demographic and clinical characteristics, short-term outcomes by age group within clinical stage 4.

Variable Overall 18-40 40-65 >65 p-Value
Gender Male 94,233 (52.8%) 1,327 (57.0%) 41,089 (58.3%) 51,817 (49.1%) <0.001
Female 84,179 (47.2%) 1,000 (43.0%) 29,356 (41.7%) 53,823 (50.9%)
Race White 147,393 (82.6%) 1,721 (74.0%) 56,031 (79.5%) 89,641 (84.9%) <0.001
Black 22,789 (12.8%) 413 (17.7%) 11,043 (15.7%) 11,333 (10.7%)
Native American 493 (0.3%) 18 (0.8%) 260 (0.4%) 215 (0.2%)
Asian 4,563 (2.6%) 97 (4.2%) 1,749 (2.5%) 2,717 (2.6%)
Other 1,380 (0.8%) 48 (2.1%) 637 (0.9%) 695 (0.7%)
Unknown 1,794 (1.0%) 30 (1.3%) 725 (1.0%) 1,039 (1.0%)
Hispanic origin Non-Hispanic 159,987 (89.7%) 1,911 (82.1%) 62,730 (89.0%) 95,346 (90.3%) <0.001
Hispanic 18,425 (10.3%) 416 (17.9%) 7,715 (11.0%) 10,294 (9.7%)
Insurance status Not insured 5,825 (3.3%) 247 (10.6%) 4,755 (6.7%) 823 (0.8%) <0.001
Private 55,726 (31.2%) 1,345 (57.8%) 42,655 (60.6%) 11,726 (11.1%)
Government 113,080 (63.4%) 641 (27.5%) 21,209 (30.1%) 91,230 (86.4%)
Unknown 3,781 (2.1%) 94 (4.0%) 1,826 (2.6%) 1,861 (1.8%)
Income ($) <63,000 114,839 (67.2%) 1,581 (71.2%) 46,316 (68.9%) 66,942 (66.1%) <0.001
>63,000 55,970 (32.8%) 640 (28.8%) 20,926 (31.1%) 34,404 (33.9%)
Facility type Community 16,354 (9.3%) 29 (7.7%) 6,289 (8.9%) 10,036 (9.5%) <0.001
Comprehensive 71,101 (40.3%) 128 (34.1%) 25,908 (36.8%) 45,065 (42.7%)
Academic 64,774 (36.7%) 179 (47.7%) 28,932 (41.1%) 35,663 (33.8%)
Other 24231 (13.7%) 39 (10.4%) 9,316 (13.2%) 14,876 (14.1%)
Urban/Rural Metro 147,390 (85.0%) 1,920 (85.8%) 57,507 (84.3%) 87,963 (85.5%) <0.001
Urban 22,840 (13.2%) 287 (12.8%) 9,514 (13.9%) 13,039 (12.7%)
Rural 3,080 (1.8%) 32 (1.4%) 1,228 (1.8%) 1,820 (1.8%)
Grade of tumor Well differentiated 4,677 (2.6%) 179 (7.7%) 2,076 (2.9%) 2,422 (2.3%) <0.001
Moderately differentiated 13,801 (7.7%) 229 (9.8%) 5,948 (8.4%) 7,624 (7.2%)
Poorly differentiated 22,334 (12.5%) 346 (14.9%) 9,670 (13.7%) 12,318 (11.7%)
Undifferentiated 1,400 (0.8%) 22 (0.9%) 631 (0.9%) 747 (0.7%)
Adenocarcinoma in situ 136,200 (76.3%) 1,551 (66.7%) 52,120 (74.0%) 82,529 (78.1%)
Primary site of tumor  Head 62,948 (35.3%) 805 (34.6%) 24,704 (35.1%) 37439 (35.4%) <0.001
Body 26,802 (15.0%) 293 (12.6%) 10,288 (14.6%) 16,221 (15.4%)
Tail 35,409 (19.8%) 485 (20.8%) 14,842 (21.1%) 20,082 (19.0%)
Other 53,253 (29.8%) 744 (32.0%) 20,611 (29.3%) 31,898 (30.2%)
Radiotherapy None 175,273 (99.5%) 2,273 (98.5%) 69,023 (99.2%) 103,977 (99.7%) <0.001
systemic therapy Neoadjuvant 192 (0.1%) 7 (0.3%) 125 (0.2%) 60 (0.1%)
Adjuvant 663 (0.4%) 27 (1.2%) 393 (0.6%) 243 (0.2%)
Neoadjuvant and adjuvant 3 (0.0%) 2 (0.0%) 1 (0.0%)
Intraoperative 9 (0.0%) 1 (0.0%) 5 (0.0%) 3 (0.0%)
Systemic therapy None 154,926 (97.0%) 1,896 (91.9%) 60,428 (95.8%) 92,602 (97.9%) <0.001
Neoadjuvant 687 (0.4%) 40 (1.9%) 438 (0.7%) 209 (0.2%)
Adjuvant 3915 (2.5%) 116 (5.6%) 2,060 (3.3%) 1,739 (1.8%)
Both neoadjuvant and adjuvant 233 (0.1%) 11 (0.5%) 150 (0.2%) 72 (0.1%)
Intraoperative 12 (0.0%) 6 (0.0%) 6 (0.0%)
Unknown 13 (0.0%) 11 (0.0%) 2 (0.0%)
Type of surgery on No surgery 174267 (97.7%) 2,134 (91.7%) 68,242 (96.9%) 103,891 (98.3%) <0.001
primary site of tumor  Partial surgeries 609 (0.3%) 33 (1.4%) 309 (0.4%) 267 (0.3%)
Distal surgeries 943 (0.5%) 62 (2.7%) 565 (0.8%) 316 (0.3%)
Whipple/extended surgeries 1,147 (0.6%) 52 (2.2%) 626 (0.9%) 469 (0.4%)
Total pancreatectomy 332 (0.2%) 17 (0.7%) 185 (0.3%) 130 (0.1%)
Other 1,114 (0.6%) 29 (1.2%) 518 (0.7%) 567 (0.5%)
CDCC Score Score 0 116,483 (65.3%) 1,978 (85.0%) 49,231 (69.9%) 65274 (61.8%) <0.001
Score 1 42,732 (24.0%) 267 (11.5%) 15,230 (21.6%) 27,235 (25.8%)
Score 2 11,743 (6.6%) 40 (1.7%) 3,502 (5.0%) 8,201 (7.8%)
Score 3 and more 7,454 (4.2%) 42 (1.8%) 2,482 (3.5%) 4,930 (4.7%)
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Table V. Summary of overall survival outcomes by age group.

Stage Survival Total 18-40 40-65 >65 p-Value

1 1-year survival rate 0.95 (0.95,0.95) 0.93 (091, 0.94) 0.95 (0.95,0.95) 0.95 (0.94, 0.95) <0.001
3-year survival rate 0.72 (0.71,0.72) 0.66 (0.63, 0.69) 0.72 (0.72,0.73) 0.71 (0.70, 0.72)

2 1-year survival rate 0.96 (0.95, 0.96) 0.95 (0.93, 0.96) 0.96 (0.96, 0.96) 0.95 (0.95, 0.96) 0.005
3-year survival rate 0.77 (0.76, 0.78) 0.77 (0.73, 0.81) 0.77 (0.76, 0.78) 0.77 (0.76, 0.77)

3 1-year survival rate 0.96 (0.95,0.96) 0.95 (0.91,0.97) 0.96 (0.95, 0.96) 0.95 (0.95, 0.96) 0.001
3-year survival rate 0.76 (0.75,0.77) 0.82 (0.74,0.87) 0.77 (0.76, 0.79) 0.74 (0.72, 0.76)

4 1-year survival rate 0.94 (0.93,0.94) 0.93 (0.92,0.94) 0.94 (0.94, 0.94) 0.93 (0.93,0.94) <0.001

3-year survival rate

0.71 (0.70, 0.72)

0.77 (0.74, 0.80)

0.72 (0.71,0.73)

0.68 (0.67, 0.69)

Statistical analysis. To evaluate age-related survival outcomes, we
divided patients into 3 groups based on their age (group I: 18-40
years, group II: 40-65 yeas, and group III: >65 years). Patient
demographic & clinical characteristics were summarized by age
group within each clinical stage using frequencies and relative
frequencies. Associations were evaluated using the Chi-square test.
Overall survival was summarized by age group within each clinical
stage using the Kaplan—-Meier method. Associations were evaluated
using log-rank test. One- and 3-year survival rates with 95%
confidence interval (CI) were calculated.

Results

A total of 423482 patients between 2004 and 2017 were
included in the study after application of inclusion and
exclusion criteria. Patient demographic and clinical
characteristics were summarized by age group within each
clinical stage, and the results are shown in Table I, Table II,
Table III and Table IV. Among younger patients, this group
tended to have higher proportions of Black or Hispanic
patients, and uninsured individuals with lower income. Table
V reports the 1-year, 3-year, and median survival rate for each
age group within each clinical stage. Patients aged between 18
and 40 had the worst 3-year survival rate among stage 1
disease. However, patients aged over 65 had the worst 3-year
survival rate within the more advanced clinical stages 3 and 4.

Discussion

Age is an established factor for cancer prognosis (11-14). In
this study examining pancreatic cancer, the youngest age group
with early-stage disease displayed the 3-year survival rate. This
finding was significant as many studies generally state that
younger age leads to higher rates of survival. However, many
of these studies did not account for clinical stage at which these
patients were diagnosed. Furthermore, the oldest age group
over 65 years had the worst prognosis for advanced clinical
stage 3 and 4. This is consistent with a study performed in the
UK that found younger patients aged between 20 and 40 had
the best survival rate when diagnosed with a lower pathological
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grade and at an earlier stage. Furthermore, they also found that
patients older than 80 years had the worst survival rate (15-17).
Another study observed that patients older than 70 had lower
survival rate than their younger counterparts (18).

Regarding younger age groups, early onset pancreatic
cancer generally is associated with more aggressive disease
but not necessarily a worse outcome (18). Conversely, older
patients’ overall survival may be influenced by comorbid
conditions and more years of tobacco use. Clinical stage can
alter approach to treatment, as operability and fitness for
chemotherapy may vary accordingly. Surgical, medical, and
radiation oncologists could also be more reluctant to pursue
aggressive treatment in the elderly, whereas work harder to
treat younger patients as stated by a study that analyzed the
SEER Medicare database (18, 19).

Pancreatic cancer incidence continues to rise in the
developing world. Age is an important indicator of
prognosis. There remains a gap in how risk factors,
socioeconomic backgrounds, and treatment modalities
stratified by age affect prognosis. In our study, younger
patients tended to be black or Hispanic, have lower income
and have no insurance. Further study is needed to determine
whether these differences are associated with poorer
outcomes among patients with early-onset disease.
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