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ABSTRACT

Aim: This study aimed to investigate the efficacy of radical resection and postoperative adjuvant chemotherapy on the survival ben-
efit in patients with pancreatic ductal adenocarcinoma (PDAC), stratified by age, frailty, and other factors in actual clinical practice.
Methods: We retrospectively analyzed the clinicopathological and follow-up data of 414 patients with PDAC who underwent
surgical resection at nine institutions under the Yamaguchi Pancreat/Biliary Disease Study Group, between January 1997 and
December 2016. Recurrence-free survival (RFS) and overall survival (OS) were calculated using the Kaplan-Meier method.
Associations between survival and prognostic factors were evaluated by univariate and multivariate analyses.

Results: There were 30.5% of patients with PDAC who were aged <65years, 37.9% aged 65-74years, 17.6% aged 75-79years,
and 14.0% aged >80years. Notably, RFS declined with increasing age (median RFS: 12.9, 10.2, 9.4, and 7.4 months, respectively),
although the differences were not significant (p=0.223). OS significantly decreased with age (median OS: 21.6, 21.2, 17.0, and
13.9months, respectively; p=0.005). In patients aged <75years, independent prognostic factors identified by univariate and
multivariate analyses included lymph node metastasis (hazard ratio [HR], 1.598; p=0.007), tumor size (HR, 1.489; p=0.043), R
status (HR, 1.536; p=0.011), and serum albumin levels (HR, 1.526; p=0.031). In patients aged > 75years, a high modified frailty
index (HR, 2.446; p=0.012) emerged as an independent prognostic factor, along with lymph node metastasis, CA19-9 level (HR,
1.897; p=0.017), and R status (HR, 2.087; p=0.007).

Conclusion: The prognosis for older patients with PDAC was shorter than that of younger patients. Frailty may contribute to
their poorer prognosis in older age.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
© 2025 The Author(s). Cancer Medicine published by John Wiley & Sons Ltd.
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1 | Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a common gastro-
intestinal malignancy. PDAC is the 4th leading cause of cancer-
related mortality in both men and women, and its incidence
continues to increase at an alarming rate. While surgical resec-
tion remains the only potentially curative option, the prognosis
after surgery alone, even for T1 PDAC, remains poor [1]. Hence,
many clinical trials have been conducted, and adjuvant chemo-
therapy has been shown to improve the prognosis after radical
resection of PDAC [2-5]. Although clinical trials evaluating the
effects of adjuvant chemotherapy tend to favor younger and fit
patients, actual clinical practice often involves older and more
vulnerable patients. Therefore, it is sometimes difficult to di-
rectly apply the results of research in clinical practice.

Yamaguchi, a rural prefecture in western Japan, has a popula-
tion of approximately 1.3 million spread across 6112km?2. While
the average aging rate in Japan in 2020 was 28.5%, the aging rate
in Yamaguchi Prefecture was 34.3%, which is the third highest
in Japan [6]. The aging rate in the Yamaguchi Prefecture may
show the situation in Japan 20years from now. Additionally,
rural areas such as Yamaguchi Prefecture are likely to have
more vulnerable patients than urban areas [7]. As these vulner-
able patients remain underrepresented in clinical trials, the im-
pact of resection and adjuvant chemotherapy for PDAC on this
specific population remains unclear.

The goal of this study was to investigate the efficacy of radical
resection and postoperative adjuvant chemotherapy on the sur-
vival benefit in patients with PDAC stratified by age, frailty, and
other factors in Yamaguchi Prefecture.

2 | Methods

This study was a retrospective data analysis of patients who un-
derwent radical resection for PDAC at nine institutions belong-
ing to the Yamaguchi Pancreat/Biliary Disease Study Group,
including two academic centers and seven general hospitals,
between January 1997 and December 2016 (Table S1).

2.1 | Data Collection

Electronic case report forms (eCRFs) were used to collect ano-
nymized demographic and clinical data from the patient charts.
Each patient was assigned a unique number as an identifier for
the eCRFs. Data related to the demographic profile, tumor de-
tails, pathological assessments, treatment, and follow-up infor-
mation were collected.

The Eastern Cooperative Oncology Group (ECOG) scale was
used to assess performance status at the index date. PDAC was
staged according to the 8th Edition of the Union for International
Cancer Control (UICC) TNM staging system for PDAC, and
cases lacking survival data in the eCRFs were excluded from our
analysis. Preoperative blood biochemical test results were col-
lected from the date closest to the surgery within 1 month prior
to the procedure. Relative dose intensity (RDI) was calculated
using the Hryniuk method [8].

The modified frailty index (mFI) was calculated using 11
distinct elements, as detailed in Table S2. Each element was
weighted equally, contributing one point to the index calcu-
lation. The mFI was determined by dividing the number of
elements present in a patient by the total number of elements
[9, 10].

2.2 | Eligibility Criteria and Exclusion Criteria

Eligibility criteria included patients who had invasive pancre-
atic cancer and had undergone curative resection. The exclusion
criteria encompassed primary pancreatic malignancies other
than invasive ductal adenocarcinoma and cases in which spe-
cific dates of recurrence, survival, or death were not entered into
the eCRFs. For the analysis of risk factors for overall survival
(OS) using univariate and multivariate methods, cases with
“unknown” data were treated as having missing data and were
excluded from the analysis. Figure 1 presents a flowchart outlin-
ing the patient selection process.

2.3 | Statistical Analysis

The demographic and tumor characteristics of the patients were
summarized using descriptive statistics. Categorical variables
were analyzed using Pearson's chi-square test, and continuous
variables were analyzed using a two-sample t-test. OS was de-
fined as the time from surgery to death from any cause. Survival
curves were estimated using the Kaplan-Meier method, and
between-group differences were analyzed using the log-rank
test. A Cox proportional hazards model was used for univari-
ate and multivariate analyses to determine variables associated
with OS. The proportional hazards assumptions of the Cox
model were assessed using Schoenfeld residual tests.

Data were analyzed using the JMP version 15 software (SAS
Institute, Cary, NC, USA). Statistical significance was set at
p<0.05. Schoenfeld residuals were analyzed using EZR statisti-
cal software, version 1.66 [11, 12].

Assessed for eligibility (n=447) |

Excluded

Cases in which specific dates of recurrence. survival,
or death were not entered into the eCRFs.(n=28)
Diagnosed with acinar cell carcinoma (n=2)
Diagnosed with IPMC (n=3)

Included
(n=414)

—-l Excluded due to missing values (n=86)

Included in univariate and multivariate
analysis
N=328

FIGURE 1 | Flow diagram. The flow of study participants through
the study.
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TABLE1 | Patient characteristics by age group.

All cases Young Pre-old old Octogenarians p
Number of patients (%) 414 126 (30.5%) 157 (37.9%) 73 (17.6%) 58 (14.0%)
Age, median (range), years 71 (40-88) 60 (40-64) 70 (65-74) 77 (75-79) 82 (80-88) <0.0001*
Gender
Male 220 (53.1%) 69 (54.8%) 80 (51.0%) 41 (56.2%) 30 (51.7%) 0.862
Female 194 (46.9%) 57 (45.2%) 77 (49.0%) 32 (43.8%) 28 (48.3%)
Performance status
0 249 (60.2%) 91 (72.2%) 103 (65.6%) 32 (43.8%) 23 (39.7%) 0.0002*
1 138 (33.3%) 27 (21.4%) 44 (28.0%) 36 (49.3%) 31(53.5%)
2 7(1.7%) 2(1.6%) 2(1.3%) 1(1.4%) 2 (3.4%)
Unknown 20 (4.8%) 6 (4.8%) 8 (5.1%) 4(5.5%) 2 (3.4%)
Body mass index in kg/m?, n (%)
<18.5 72 (17.4%) 17 (13.5%) 26 (16.6%) 19 (26.0%) 10 (17.2%) 0.420
18.5-24.9 269 (65.0%) 82 (65.1%) 105 (66.9%) 40 (54.8%) 42 (72.4%)
>25 47 (11.3%) 18 (14.3%) 16 (10.2%) 9(12.3%) 4(6.9%)
Unknown 26 (6.3%) 9 (7.1%) 10 (6.4%) 5(6.9%) 2(3.5%)
Preoperative albumin level (g/dL)
<3.5 91 (22.0%) 23 (18.3%) 29 (18.5%) 22 (30.1%) 17 (29.3%) 0.213
>3.5 322 (77.8%) 103 (81.7%) 127 (80.9%) 51 (69.9%) 41 (70.7%)
Unknown 1(0.2%) 0(0%) 1 (0.6%) 0(0%) 0 (0%)
Creatinine clearance (Cockcroft-Gault Formula) (mL/min)
<60 134 (32.4%%) 11 (8.7%) 38 (24.2%) 38 (52.1%) 47 (81.0%) <0.0001
>60 260 (62.8%) 110 (87.3%) 110 (70.1%) 31 (42.5%) 9 (15.5%)
Unknown 20 (4.8%) 5(4.0%) 9 (5.7%) 4(5.4%) 2(3.5%)
Modified frailty index
<0.25 319 (77.0%) 102 (81.0%) 121 (77.1%) 52(71.2%) 44 (75.8%) 0.111
>0.25 21 (5.1%) 1(0.8%) 9(5.7%) 8 (11.0%)) 3(5.2%)
Unknown 74 (17.9%) 23 (18.2%) 27 (17.2%) 13 (17.8%) 11 (19.0%)
Modified glasgow prognostic score
0 270 (65.2%) 85 (67.5%) 106 (67.5%) 46 (63.0%) 33(56.9%) 0.627
1,2 143 (34.6%) 41 (32.5%) 50 (31.9%) 27 (37.0%) 25 (43.1%)
Unknown 1(0.2%) 0(0%) 1(0.6%) 0(0%) 0(0%)
Neutrophil-lymphocyte ratio
<5 383 (92.5%) 118 (93.7%) 144 (91.7%) 68 (93.1%) 53 (91.4%) 0.831
>5 29 (7.0%) 8 (6.3%) 12 (7.7%) 4(5.5%) 5 (8.6%)
Unknown 2(0.5%) 0(0%) 1(0.6%) 1(1.4%) 0 (0%
Preoperative CA19-9 (units/mL)
<37 118 (28.5%) 35 (27.8%) 45 (28.7%) 21 (28.8%) 17 (29.3%) 0.917
>37 289 (69.8%) 89 (70.6%) 108 (68.8%) 52 (71.2%) 40 (69.0%)
Unknown 7(1.7%) 2 (1.6%) 4(2.5%) 0(0%) 1(1.7%)
Neoadjuvant chemotherapy
No 400 (96.6%) 124 (98.4%) 147 (93.6%) 71 (97.3%) 58 (100%) 0.054
(Continues)
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TABLE1 | (Continued)

All cases Young Pre-old old Octogenarians p

Yes 14 (33.8%) 2(1.6%) 10 (6.4%) 2(2.7%) 0(0%)

Surgical procedure
PD 278 (67.2%) 88 (69.8%) 107 (68.2%) 45 (61.6%) 38 (65.5%) 0.518
DpP 125 (30.2%) 33(26.2%) 47 (29.9%) 25(34.3%) 20 (34.5%)
TP 11 (26.6%) 5(4.0%) 3(1.9%) 3 (4.1%) 0 (0%)

T status
T1/T2 324 (78.3%) 98 (77.8%) 123 (78.3%) 60 (82.2%) 43 (74.1%) 0.739
T3/T4 90 (21.7%) 28 (22.2%) 34 (21.7%) 13 (17.8%) 15 (25.9%)

N status
Negative 181 (43.7%) 44 (34.9%) 76 (48.4%) 34 (46.6%) 27 (46.6%) 0.122
Positive 233 (56.3%) 82 (65.1%) 81 (51.6%) 39 (53.4%) 31 (53.5%)

Stage (UICC)
IA 48 (11.6%) 10 (7.9%) 16 (10.1%) 10 (13.9%) 12 (20.7%)
IB 95 (22.9%) 22 (17.5%) 42 (26.6%) 21 (29.2%) 10 (17.2%)
1A 19 (4.6%) 5(4.0%) 11 (7.0%) 1(1.4%) 2(3.5%) 0.089
1B 154 (37.2%) 53 (42.1%) 53 (33.5%) 28 (38.8%) 20 (34.5%)
I 98 (23.7%) 36 (28.5%) 36 (22.8%) 12 (16.7%) 14 (24.1%)

Residual tumor
RO 294 (71.0%9%) 85 (67.5%) 116 (73.9%) 49 (67.1%) 44 (75.9%)
R1 99 (23.9%) 33 (26.1%) 33 (21.0%) 21 (28.8%) 12 (20.7%)
R2 9(2.2%) 4(3.2%) 5(3.2%) 0(0%) 0(0%) 0.318
RX 12 (2.9%) 4(3.2%) 3(1.9%) 3 (4.1%) 2(3.5%)
Unknown 0(0%) 0 (0%) 0(0%) 0(0%) 0(0%)

Surgical complication
CD<III 345 (83.3%) 111 (88.1%) 127 (80.9%) 60 (82.2%) 47 (81.0%)
CD> =III 53 (12.8%) 12 (9.5%) 23 (14.6%) 9 (12.3%) 9 (15.5%) 0.716
Unknown 16 (3.9%) 3(2.4%) 7 (4.5%) 4(5.5%) 2(3.5%)

In-hospital mortality
No 405 (97.8%) 123 (97.6%) 156 (99.4%) 72 (98.6%) 54(93.1%) 0.045
Yes 9(2.2%) 3(2.4%) 1 (0.6%) 1(1.4%) 4(6.9%)

Adjuvant chemotherapy
No 143 (34.5%) 35 (27.8%) 42 (26.8%) 33 (45.2%) 33(56.9%)
Yes 258 (62.3% 87 (69.1%) 110 (70.0%) 39 (53.4%) 22 (37.9%) 0.0003
Unknown 13 (3.2%) 4(3.1%) 5(3.2%) (1.4%) 3(5.2%)

Discontinuation of adjuvant chemotherapy (n=258)

No 110 (42.6%) 42 (48.3%) 46 (41.8%) 15 (38.4%) 7 (31.8%)
Yes 130 (50.4%) 41 (47.1%) 56 (50.9%) 20 (51.3%) 13 (59.1%) 0.755
Unknown 18 (7.0)% 4(4.6%) 8 (7.3%) 4(10.3%) 2(9.1%)

Relative dose intensity of adjuvant chemotherapy, median (range), %

65.8 (9.0-100) 77.4(37.3-100)  65.2(15.9-100)  55.6 (16.2-100) 63.0 (9.0-100) 0.0025

Abbreviations: CA19-9, carbohydrate antigen 19-9; CD, Clavien-Dindo classification; DP, distal pancreatectomy; PD, pancreatoduodenectomy; TP, total
pancreatectomy.
*p<0.05.
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3 | Results
3.1 | Clinicopathological Characteristics

A total of 414 patients who underwent radical resection of
PDAC between 1997 and 2016 were included in this study.
The overall median follow-up was 18.4 months (interquartile
range, 9.4-40.5months). Among the participants, 220 (53.1%)
were male, and 194 (46.9%) were female, with a median
age of 71years (range: 40-88years) (Table 1). In terms of age,
30.5% of patients with PDAC were aged <65years (young
group), 37.9% aged 65-74years (pre-old group), 17.6% aged
75-79years (old group), and 14.0% aged >80years (octogenar-
ians group).

A Recurrence-free survival

100
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o O
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(=)
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(=)
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75<, <80 73 17 10 3 3 1
>80 58 14 7 2 1

Performance status significantly worsened with increasing
age. Creatinine clearance decreased with increasing age. No
differences in the mFI [13], modified Glasgow prognostic score
(mGPS) [14], or neutrophil-lymphocyte (NL) ratio [15] were ob-
served among the four age groups. No differences were found
among the four groups with regard to tumor factors, such as
CA19-9 level, T factor, and N factor. There were no differences
in the surgical procedure, RO ratio, or grade 3 or higher com-
plications, but in-hospital mortality was significantly higher in
octogenarians.

Of all the patients, 62.3% received adjuvant chemotherapy with
gemcitabine or S-1. The proportion of patients who underwent
adjuvant chemotherapy decreased with age (young group:

B Overall survival

100
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(=]
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S S

[\
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0
0 2 4 6 8 10

No. at Risk
414 159 91 43 20 12

D Overall survival

— <65 (n=126)

100
IR N — 65>, <75 (n=157)
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T 40 1
8
20 7 W L .y
0 . . 1'-"_:!--' . . 1 :
0 2 4 6 8 10
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655, <75 157 159 61 35 6 3
75<,<80 73 28 15 4 4
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FIGURE2 | Kaplan-Meier estimates of recurrence-free survival (RFS) and overall survival (OS). Kaplan-Meier estimates of RFS and OS. (A) RFS
in all patients. (B) OS in all patients. (C) RFS according to age. (D) OS by age.
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TABLE 2 | Univariate and multivariate analysis of factors independently associated with overall survival.

No. patients (%) Univariate Multivariate
Factors (n=328) HR 95% CI D HR 95% CI D
Sex (female) 0.120
Male 176 (53.7) 1.000 —
Female 152 (46.3) 1.217 0.950-1.559
Age 0.0061 0.075
<75 222 (67.7) 1.000 — 1.000 —
>75 106 (32.3) 1.439 1.109-1.867 1.321 0.972-1.796
ECOG performance status 0.067
0 207 (63.1) 1.000 —
1/2 121 (36.9) 1.269 0.983-1.639
Modified Frailty Index 0.056
<0.25 307 (93.6) 1.000 —
>0.25 21 (6.4) 1.598 0.987-2.587
Albumin 0.005 0.765
>3.5g/dL 259 (79.0) 1.000 — 1.000 —
<3.5g/dL 69 (21.0) 1.519 1.134-2.034 1.064 0.708-1.598
Creatinine clearance 0.0047 0.330
>60mL/min 221 (67.4) 1.000 — 1.000 —
<60mL/min 107 (32.6) 1.458 1.123-1.893 1.164 0.858-1.578
Modified glasgow prognostic score 0.037 0.607
0/1 293 (89.3) 1.000 — 1.000
2 35(10.7) 1.485 0.206-2.050 1.145 0.683-1.920
Neutrophil-lymphocyte ratio 0.646
<5 308 (93.9) 1.000 —
>5 20 (6.1) 1.126 0.678-1.871
Tumor size 0093
<20mm 80 (24.5) 1.000 — 0.0093 1.000
>20mm 246 (75.5) 1.494 1.104-2.020 1.304 0.957-1.779
T stage 0.071
T1-T2 255 (77.7) 1.000 —
T3-T4 73 (22.3) 1.307 0.977-1.747
N factor <0.0001 <0.0001
Negative 144 (43.9) 1.000 — 1.000 —
Positive 184 (56.1) 2.018 1.557-2.615 1.916 1.467-2.504
Pretreatment CA19-9 0.0152 0.103
<37U/mL 92 (28.0) 1.000 — 1.000
>37U/mL 236 (72.0) 1.425 1.071-1.897 1.276 0.952-1.711
R status 0.0002 0.0002
(Continues)
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TABLE 2 | (Continued)
No. patients (%) Univariate Multivariate

Factors (n=328) HR 95% CI D HR 95% CI D

RO 224 (68.3) 1.000 — 1.000

R1/R2 104 (31.7) 1.659 1.276-2.157 1.671 1.274-2.190
Adjuvant chemotherapy 0.0082 0.0017

Yes 209 (63.7) 1.000 — 1.000

No 119 (36.3) 1.415 1.094-1.829 1.560 1.181-2.062
Neoadjuvant chemotherapy 0.409

Yes 14 (4.3) 1.000 —

No 314 (95.7) 1.373 0.647-2.912

Abbreviations: CA19-9, carbohydrate antigen 19-9; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio.

87cases (69.1%), pre-old group: 110 cases (70.0%), old group:
39 cases (53.4%), octogenerians: 22 cases (37.9%), p=0.0003,
Table 1). Table S3 illustrates the distribution of postoperative
adjuvant chemotherapy across the four age groups at vari-
ous time points. From January 1997 to December 2006, of 54
patients, 8 (14.8%) received gemcitabine, none received S-1, 4
(7.4%) received other adjuvant chemotherapies, and 42 (77.8%)
did not receive any adjuvant chemotherapy. Between January
2007 and December 2012, out of 133 patients, 81 (60.9%) re-
ceived gemcitabine, 15 (11.3%) received S-1, 4 (3.0%) received
other adjuvant chemotherapies, and 33 (24.8%) did not receive
adjuvant chemotherapy. From January 2013 to December 2016,
among 227 patients, 32 (14.1%) received gemcitabine, 108 (47.6%)
received S-1, 9 (4.0%) received other adjuvant chemotherapies,
and 78 (34.4%) did not undergo adjuvant chemotherapy. From
1997 to 2006, most patients across all age groups did not receive
adjuvant chemotherapy. From 2007 to 2012, the proportion of
patients receiving adjuvant chemotherapy decreased with age,
with gemcitabine being the most commonly administered regi-
men. However, there were no statistically significant differences
in regimen use by age. Similarly, between 2013 and 2016, the
number of patients receiving adjuvant chemotherapy decreased
as they aged, with S-1 being the most commonly administered
regimen. Completion rates did not differ among the four groups
of patients receiving adjuvant chemotherapy; however, the rela-
tive dose intensities were significantly lower in the older group.

3.2 | Survival Analysis

The median recurrence-free survival (RFS) and OS for all 414
patients were 10.2 and 20.0 months, respectively (Figure 2A,B).
The 3-year RFS and OS rates were 20.5% and 30.8%, respec-
tively; the 5-year RFS and OS rates were 16.8% and 21.2%, re-
spectively; and the 10-year RFS and OS rates were 10.2% and
13.6%, respectively. When stratified by age, the median RFS for
126 young patients, 157 pre-old patients, 73 old patients, and 58
octogenarians was 12.9, 10.2, 9.4, and 7.4 months, respectively.
Although there was a trend of decreasing RFS with advanc-
ing age, the difference was not significant (p =0.223). In con-
trast, the median OS for these groups was 21.6, 21.2, 17.0, and

13.9months, respectively, with a significant decrease observed
with advancing age (p =0.005, Figure 2D).

3.3 | Univariate and Multivariate Survival
Analyses

Using the Cox proportional hazards model, we examined the
prognostic factors in all patients. A list-wise deletion approach
was used to handle the missing data. Some older patients were
censored owing to difficulties in attending hospital visits; how-
ever, these cases were retained to ensure the integrity of the OS
analysis. A total of 328 patients were included in both univar-
iate and multivariate analyses. Independent prognostic factors
identified included R1/R2 resection (hazard ratio [HR]: 1.671,
p=0.0002), absence of adjuvant chemotherapy (HR: 1.560,
p=0.0017), and lymph node metastasis (HR: 1.918, p<0.0001)
(Table 2). Additionally, age >75years may be a potential prog-
nostic factor, although there is not a significant difference
(HR: 1.321, p=0.075). Schoenfeld residual tests indicated pos-
sible violations of the proportional hazards assumption for
creatinine clearance, R status, and adjuvant chemotherapy
(p<0.05) (Figure S1). However, visual inspection of log-log
and Schoenfeld residual plots did not reveal any substantial
violations, allowing the analysis to proceed as planned. In ad-
dition, because of the lack of difference in oncological back-
ground by age, we considered the possibility of differences in
prognostic factors between patients over and under 75years of
age. Therefore, we examined the prognostic factors in patients
aged > 75years.

Specifically, in patients aged <75years, independent prognos-
tic factors included lymph node metastasis, tumor size, serum
albumin levels, and R status (Table 3), with no violations of the
proportional hazards assumption confirmed by Schoenfeld re-
sidual tests (Figure S2). By contrast, for patients aged > 75years,
a high mFI and no adjuvant chemotherapy were identified as
additional independent prognostic factors, alongside lymph
node metastasis, CA19-9 levels, and R status (Table 4), with no
violations of the proportional hazards assumption according to
Schoenfeld residual test results (Figure S3).
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TABLE 3 | Univariate and multivariate analysis of factors independently associated with overall survival in PDAC patients under 75years of age.

No. patients (%) Univariate Multivariate
Factors (n=222) HR 95% CI P HR 95% CI p
Sex (female) 0.050 0.240
Male 117 (52.7) 1.000 — 1.000
Female 105 (47.3) 1.359 1.000-1.849 1.212 0.879-1.671
ECOG performance status 0.753
0 162 (73.0) 1.000 —
1/2 60 (27.0) 1.058 0.746-1.500
Modified frailty index 0.056
<0.25 212 (95.5) 1.000 —
>0.25 10 (4.5) 1.598 0.987-2.587
Albumin 0.0006 0.031
>3.5g/dL 182 (82.0) 1.000 — 1.000 —
<3.5g/dL 40 (18.0) 1.912 1.321-2.768 1.526 1.041-2.238
Creatinine clearance 0.0313 0.058
>60mL/min 183 (82.4) 1.000 — 1.000 —
<60mL/min 39 (17.6) 1.531 1.039-2.257 1.459 0.987-2.155
Modified glasgow prognostic score 0.0037 0.322
0/1 201 (90.5) 1.000 — 1.000
2 21(9.5) 2.009 1.253-3.219 1.449 0.696-3.017
Neutrophil-lymphocyte ratio 0.893
<5 208 (93.7) 1.000 —
>5 14 (6.3) 1.045 0.550-1.983
Tumor size 0.043
<20mm 56 (25.2) 1.000 — 0.0055 1.000
>20mm 166 (74.8) 1.669 1.142-2.439 1.489 1.013-2.190
T stage? 0.421
T1-T2 175 (78.8) 1.000 —
T3-T4 47 (21.2) 1.164 0.804-1.685
N factor <0.0001 0.007
Negative 96 (43.2) 1.000 — 1.000 —
Positive 126 (56.8) 1.881 1.365-2.593 1.598 1.140-2.240
Pretreatment CA19-9 0.147
<37U/mL 59 (26.6) 1.000 —
>37U/mL 163 (73.4) 1.308 0.910-1.881
R status 0.0063 0.011
RO 151 (68.0) 1.000 — 1.000
R1/R2 71 (32.0) 1.567 1.136-2.163 1.536 1.105-2.135
Adjuvant chemotherapy 0.3807
(Continues)
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TABLE 3 | (Continued)
No. patients (%) Univariate Multivariate
Factors (n=222) HR 95% CI P HR 95% CI p
Yes 162 (73.3) 1.000 —
No 60 (36.7) 1.171 0.826-1.660
Neoadjuvant chemotherapy 0.6775
Yes 12 (5.4) 1.000 —
No 210 (94.6) 1.184  0.523-2.680

Abbreviations: CA19-9, carbohydrate antigen 19-9; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; PDAC, pancreatic ductal

adenocarcinoma.

2According to the eighth Union for International Cancer Control TNM classification.

3.4 | Influence of Age and Frailty on Prognosis

The Kaplan-Meier curves, which were divided into four groups
according to age and mFI, are shown in Figure 3. The group
aged 75years with a high mFI had significantly poorer OS
(p=0.0032, log-rank test). Figure S4 presents Kaplan-Meier
curves for 323 cases, excluding surgery-related mortality, to mit-
igate the impact of surgery-related deaths. These curves simi-
larly indicated that patients >75years with higher mFI had a
significantly poorer OS prognosis (p =0.003, log-rank test).

Table S4 presents the background and clinical characteristics of
the four groups stratified by age and mFI. In patients aged >75
with high mFI, there was a significantly higher proportion with
a performance status of 1, lower creatinine clearance, a reduced
rate of postoperative adjuvant chemotherapy, and among those
who received it, a significantly lower RDI.

3.5 | Survival Outcomes by Adjuvant
Chemotherapy and the Impact of Frailty and Age

We employed the Kaplan-Meier method to analyze RFS and
OS based on adjuvant chemotherapy administration. The me-
dian RFS was 12.6 months in the adjuvant chemotherapy group
compared to 9.0months in the non-chemotherapy group; how-
ever, this difference was not statistically significant (p=0.330)
(Figure 4A). By contrast, the median OS was significantly
longer in the adjuvant chemotherapy group than in the non-
chemotherapy group (22.6months vs. 13.8months, p=0.008)
(Figure 4B). Among patients aged < 75years, the median RFS was
12.5months for the adjuvant chemotherapy group vs. 9.4 months
for the non-chemotherapy group (p=0.687), and the median OS
was 22.5months versus 20.0 months, respectively, with no signif-
icant difference (p=0.374) (Figure 4C,D). Conversely, in patients
aged >75years, the median RFS tended to be longer in the ad-
juvant chemotherapy group compared to the non-chemotherapy
group (14.1months vs. 8.7months, p=0.056) (Figure 4E).
Similarly, the median OS was significantly longer in the adjuvant
chemotherapy group compared to the non-chemotherapy group
(22.4months vs. 10.4 months, p=0.039) (Figure 4F).

To further evaluate the impact of adjuvant chemotherapy,
we stratified patients into four groups based on age and mFI.

The initiation rates of adjuvant chemotherapy were 73%, 60%,
46%, and 28% for the low and high mFI groups <75years and
> 75years, respectively, with a significantly lower initiation rate
in the high mFI group aged >75years (p<0.001). No signifi-
cant differences in median RFS were observed among the four
groups (Age <75, mFI <0.25:12.7 months; Age <75, mFI >0.25:
6.4months; Age >75, mFI <0.25: 11.7months; Age >75, mFI
>0.25: 21.8 months; p=0.584) (Figure 5A). The 3-year and 5-
year RFS rates were 22.1% and 18.4% in the <75years, low mFI
group; 20.8% and 0% in the <75years, high mFI group; 31.6%
and 28.7% in the >75years, low mFI group; and 0% for both in
the > 75years, high mFI group. Similarly, median OS did not dif-
fer significantly among the four groups (Age <75, mFI <0.25:
22.6months; Age <75, mFI >0.25: 11.3months; Age >75, mFI
<0.25:24.4months; Age > 75, mFI>0.25:17.7 months; p=0.263)
(Figure 5B). The 3-year and 5-year OS rates were 36.5% and
27.2% for the <75years, low mFI group; 16.7% and not assess-
able for the <75years, high mFI group; 39.6% and 18.0% for the
>75years, low mFI group; and 0% for both in the >75years,
high mFI group.

4 | Discussion

As in previous reports [16, 17], our retrospective observational
study showed that older patients who underwent surgical resec-
tion for PDAC had a worse prognosis than younger patients. In
addition, our study revealed that prognostic factors differed be-
tween older and younger patients, and mFI was identified as a
prognostic factor in older patients.

It was also observed that OS worsened with age. Because the cur-
rent study was retrospective, disease-specific survival rates could
not be verified owing to the lack of details on the cause of death
in some cases. Furthermore, no differences in oncologic factors
such as T factor, lymph node metastasis, and CA19-9 levels were
observed according to age. In terms of perioperative outcomes,
octogenarians showed a significantly higher rate of in-hospital
mortality than other age groups. However, the proportion of
in-hospital deaths among octogenarians was small in relation
to the total number of cases, which may have had little impact
on the RFS and OS. In contrast, no differences were observed
in surgical procedures, RO rates, or grade 3 or higher complica-
tions. Therefore, it is unlikely that perioperative factors had a
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TABLE 4 | Univariate and multivariate analysis of factors independently associated with overall survival in PDAC patients aged 75years and

over.

No. patients (%) Univariate Multivariate
Factors (n=106) HR 95% CI D HR 95% CI D
Sex (female) 0.734
Male 59 (55.7) 1.000 —
Female 47 (44.3) 0.929 0.607-1.421
ECOG performance status 0.090
0 45 (42.5) 1.000 —
1/2 61 (57.5) 1.453 0.943-2.241
Modified frailty index 0.029 0.040
<0.25 95 (89.6) 1.000 — 1.000 —
>0.25 11 (10.4) 2.115 1.079-4.144 2.259 1.036-4.924
Albumin 0.736
>3.5g/dL 77 (72.6) 1.000 —
<3.5g/dL 29 (27.4) 0.920 0.566-1.495
Creatinine clearance 0.973
>60mL/min 38(35.8) 1.000 —
<60mL/min 68 (64.2) 0.993 0.641-1.536
Modified glasgow prognostic score 0.766
0/1 92 (86.8) 1.000 —
2 14 (13.2) 0.911 0.495-1.680
Neutrophil-lymphocyte ratio 0.495
<5 100 (94.3) 1.000 —
>5 6(5.7) 1.337 0.580-3.079
Tumor size
<20mm 25(23.6) 1.000 — 0.668
>20mm 81 (76.4) 1.116 0.676-1.842
T stage 0.096
T1-T2 80 (75.5) 1.000 —
T3-T4 26 (24.5) 1.507 0.930-2.442
N factor <0.0001 <0.0001
Negative 48 (45.3) 1.000 — 1.000 —
Positive 58 (54.7) 2.619 1.665-4.119 2.905 1.765-4.779
Pretreatment CA19-9 0.0034 0.017
<37U/mL 33(31.1) 1.000 — 1.000
>37U/mL 73 (68.9) 2.052 1.268-3.319 1.897 1.120-3.214
R status 0.0010 0.007
RO 73 (68.9) 1.000 — 1.000
R1/R2 33(31.1) 2.194 1.373-3.507 2.087 1.227-3.549
(Continues)
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TABLE 4 | (Continued)
No. patients (%) Univariate Multivariate

Factors (n=106) HR 95% CI D HR 95% CI P
Adjuvant chemotherapy 0.036 0.002

Yes 47 (44.3) 1.000 — 1.000

No 59 (55.7) 1.577 1.031-2.413 2.089 1.309-3.333
Neoadjuvant 0.460
chemotherapy

Yes 2(1.9) 1.000 —

No 104 (98.1) 2.109 0.523-2.680

Abbreviations: CA19-9, carbohydrate antigen 19-9; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; PDAC, pancreatic ductal

adenocarcinoma.
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significant impact on the differences in RFS and OS according
to age.

It has been reported that OS worsens with age in cases of
gastric and colon cancer [18-20], and is more pronounced in
advanced stages of the disease. One reason for this may be
that elderly patients are less likely to receive adjuvant che-
motherapy after surgery compared to younger patients, and
even when they do receive adjuvant chemotherapy, they may
not achieve an effective RDI. As shown in Table 1, the induc-
tion rate of adjuvant chemotherapy decreased with increasing
age. Older patients who received adjuvant chemotherapy had
a MST comparable to that of younger patients, while the MST
of older patients who did not receive chemotherapy was about
half of that. This may have led to a poorer prognosis for the
elderly as a whole. PDAC is considered to have strong systemic
disease characteristics, even when it is resectable. As previous
clinical trials have shown [2, 3], surgery alone results in a poor
prognosis, whereas postoperative adjuvant chemotherapy is
expected to improve the prognosis. However, despite postop-
erative adjuvant chemotherapy, patients receiving a low RDI

have a poor prognosis [21]. With increasing age, there were
more cases in which postoperative adjuvant chemotherapy
was not administered (Table 1). Even in cases that underwent
chemotherapy, there was a lower RDI in older patients than in
younger patients.

From January 1997 to December 2016, significant changes
occurred in adjuvant chemotherapy practices, reflecting ad-
vancements in this therapeutic approach following pivotal
studies [2, 3]. Despite these advancements, a consistent trend
was observed in this study where the administration of ad-
juvant chemotherapy decreased with increasing patient age.
Both OS and RFS were significantly longer in patients who
received adjuvant chemotherapy than in those who did not
(Figure 4). However, owing to the non-randomized nature
of this study, we speculate that considerable selection bias
might have likely influenced the group that did not receive
adjuvant chemotherapy. While improvements in adjuvant che-
motherapy have yielded some prognostic benefits, these gains
diminish with age, resulting in limited enhancements for
older patients. This persistent phenomenon underscores the
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FIGURE4 |
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FIGURE4 | Kaplan-Meier estimates of recurrence-free survival and overall survival with adjuvant chemotherapy or without chemotherapy. (A)
RFS in all patients. (B) OS in all patients. (C) RFS among patients aged < 75years. (D) OS among patients aged < 75years. (E) RFS among patients

aged >75years. (F) OS RFS among patients aged > 75years.
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challenge of achieving significant prognostic improvements
in older patients despite the potential efficacy of adjuvant
chemotherapy.

Previous studies have reported on prognostic factors after resec-
tion of pancreatic cancer [22-27]. We conducted both univari-
ate and multivariate analyses to examine clinicopathological
factors associated with prognosis. Our findings confirmed that
lymph node metastasis, R1/R2 resection, and absence of adju-
vant chemotherapy were significant prognostic indicators. Age
also demonstrated a tendency to affect prognosis, indicating
that prognostic factors may vary among patients of different age
groups owing to biological differences. For instance, in patients
<75years, independent prognostic factors included serum al-
bumin levels <3.5g/dL, lymph node metastasis, tumor size,
and R1/R2 resection, whereas for patients >75years, signifi-
cant factors included lymph node metastasis, elevated CA19-9
levels, R1/R2 resection, and a high mFI. Similarly, it has been
previously reported that lymph node metastasis and CA19-9
levels are important prognostic factors after radical resection
of PDAC [28-33].

Several studies have reported that frailty affects prognosis after
radical resection of PDAC [34, 35]; thus, we considered frailty as
an important factor in this study. However, only a small number of
cases were evaluated for frailty at the beginning of the treatment
intervention. The mFI consists of 11 comorbidities, which are all
included in the American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) [13] and can be as-
sessed retrospectively from clinical records. Moreover, a relation-
ship between the mFI and prognosis after radical resection has
been reported for some malignancies, although few studies have
reported such an association in PDAC [36, 37]. Therefore, we used
the mF1I to assess frailty.

As reported in previous studies, frailty is defined as a clinical
state of increased vulnerability, which is induced by an aging-
associated decline in function and reserve across multiple physi-
ological systems [38]. In this study, younger patients might have
had fewer differences in organ capacity, such as renal function.
As a result, in the perioperative period and postoperative adju-
vant chemotherapy, there might have been few differences, and
only lymph node metastasis might have been an independent
prognostic factor. However, there may be large inter-individual
differences in organ capacity among older individuals. These
differences may have an impact on the perioperative course
and RDI of postoperative adjuvant chemotherapy. Notably, a
substantial proportion of older patients in the high mFI group
had a PS of 1 and poorer renal function. These patients were
less likely to receive postoperative adjuvant chemotherapy, and
when they did, it was administered at a lower RDI. This suggests
that reduced renal function and PS influenced both the postop-
erative adjuvant chemotherapy administration rate and RDI.
Although there were no differences in chemotherapy discontin-
uation rates, this could be attributed to selection bias, as many
older patients with high mFI scores did not receive chemother-
apy, resulting in a cohort of older chemotherapy recipients who
were generally fitter with lower mFI scores. This selection bias
may explain the similar discontinuation rates observed across
age groups (Table S4). These effects may be reflected in mFI;
therefore, mFI may also be an independent prognostic factor in
older patients. Notably, the prognosis for patients over 75 years of
age with a high mFI score was extremely poor, with an MST of
10.6 months and death occurring within approximately 3years
in all cases. Under current utilization practices, the clinical
effectiveness of surgery and adjuvant chemotherapy is limited
to patients with PDAC aged 75years or older with a high mFI.
However, patients over 75years of age with a low mFI might
have a similar prognosis as younger patients (Figure 5). These
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findings suggest that the mFI could indeed be a valuable prog-
nostic indicator for patients with PDAC aged 75years.

Our study has some limitations. First, this was a retrospective
study; thus, to confirm our findings, a multicenter prospective val-
idation study is necessary. Second, the study period was relatively
long, and only a few patients received neoadjuvant chemother-
apy, which is now considered the standard treatment. However,
older patients with high mFI may not have received a sufficient
RDI of neoadjuvant chemotherapy, which is more intensive than
postoperative adjuvant chemotherapy, if they have received it.
The effectiveness of neoadjuvant chemotherapy in older patients
with a high mFI should also be assessed in prospective studies.
Third, frailty was evaluated retrospectively using the mFI be-
cause only a small number of cases were assessed for frailty at the
start of the treatment intervention. A prospective comprehensive
geriatric assessment is required to further investigate the relation-
ship between frailty and PDAC prognosis. Lastly, the study had
a relatively high number of censored cases, primarily owing to
incomplete follow-up data, particularly among older patients who
faced challenges in attending hospital visits. Consequently, some
patients were lost to follow-up or transferred to other healthcare
facilities, resulting in censoring at their last known follow-up
date. While this was accounted for in the statistical analysis, it
may have affected the robustness of our survival estimates.

5 | Conclusions

In conclusion, this retrospective study revealed that, unlike in
younger patients, frailty may be strongly related to the prognosis
of PDAC patients after radical resection in older patients.

The mFI can serve as a convenient tool to screen frailty in pa-
tients with PDAC before treatment, similar to its use in other
cancers. Given PDAC's higher malignancy compared to other
cancers, it often requires multidisciplinary treatment, and the
mFI may play a key role in tailoring chemotherapy intensity and
optimizing individualized patient care.
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