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Background/Aims: Recently, patients with pancreatic cancer (PC) who underwent resection 
have exhibited improved survival outcomes, but comprehensive analysis is limited. We analyzed 
the trends of contributing factors.
Methods: Data of patients with resected PC were retrospectively collected from the Korean 
Health Insurance Review and Assessment Service (HIRA) database and separately at our institu-
tion. Cox regression analysis was conducted with the data from our institution a survival predic-
tion score was calculated using the β coefficients.
Results: Comparison between the periods 2013–2015 (n=3,255) and 2016–2018 (n=3,698) re-
vealed a difference in the median overall survival (25.9 months vs not reached, p<0.001) when 
analyzed with the HIRA database which was similar to our single-center data (2013–2015 [n=119] 
vs 2016–2018 [n=148], 20.9 months vs 32.2 months, p=0.003). Multivariable analyses revealed 
six factors significantly associated with better OS, and the scores were as follows: age >70 years, 
1; elevated carbohydrate antigen 19-9 at diagnosis, 1; R1 resection, 1; stage N1 and N2, 1 and 
3, respectively; no adjuvant treatment, 2; FOLFIRINOX or gemcitabine plus nab-paclitaxel after 
recurrence, 4; and other chemotherapy or supportive care only after recurrence, 5. The rate of 
R0 resection (69.7% vs 80.4%), use of adjuvant treatment (63.0% vs 74.3%), and utilization of 
FOLFIRINOX or gemcitabine plus nab-paclitaxel (25.2% vs 47.3%) as palliative chemothera-
peutic regimen, all increased between the two time periods, resulting in decreased total survival 
prediction score (mean: 7.32 vs 6.18, p=0.004).
Conclusions: Strict selection of surgical candidates, more use of adjuvant treatment, and adop-
tion of the latest combination regimens for palliative chemotherapy after recurrence were identi-
fied as factors of recent improvement. (Gut Liver 2024;18:737-746)

Key Words: Pancreatic neoplasms; Adjuvant chemotherapy; Pancreatectomy; Prognosis; Pal-
liative treatment  

INTRODUCTION

Pancreatic cancer (PC) is the fourth leading cause of 
estimated cancer-related death in the United States, and 
the 5-year survival rate was approximately 11% in 2021.1 
Surgical resection is the only curative treatment, and 15% 
to 20% of patients were reported as eligible for surgery at 
diagnosis.2 Several studies recently reported that survival 

in patients with PC who underwent curative resection had 
improved over time.3 Moreover, patients with PC diag-
nosed in the early stage had a remarkable improvement in 
mortality compared with those diagnosed in the advanced 
stage.4

The following management strategies are regarded as 
having led to better outcomes in patients with PC who 
underwent curative resection.5 First, the administration of 
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neoadjuvant therapy (NAT), which has been reported to 
improve the survival rate in patients with borderline re-
sectable PC (BRPC),6,7 is increasingly being utilized in such 
patients.8 Second, the proportion of patients who are treat-
ed with adjuvant therapy has increased.9 Moreover, a mod-
ified FOLFIRINOX (oxaliplatin, irinotecan, fluorouracil, 
and leucovorin) or gemcitabine plus capecitabine regimen 
is recommended and preferred as adjuvant therapy and has 
replaced other regimens.10-12 Third, combination regimens, 
such as FOLFIRINOX or gemcitabine plus nab-paclitaxel 
(GNP), have proven efficacy and are recommended as 
the first-line treatment after recurrence.13,14 Finally, cen-
tralization of pancreatic surgery in high-volume centers 
and intensive perioperative management are regarded as 
additional factors responsible for reducing perioperative 
mortality and complications.15,16

Despite the analysis of the role of each factor, integrative 
analyses are scarce. Thus, this study comprehensively ana-
lyzed those factors contributing to the survival of patients 
with resected PC and assessed changes in trends over time.

MATERIALS AND METHODS

1. Study population and design
1) National health insurance data

Approximately 97% of the Korean population (approxi-
mately 51 million people) is covered by the National Health 
Insurance Service, and the remaining 3% by the Medical 
Aid Program. The Korean Health Insurance Review and 
Assessment Service (HIRA) reviews all medical cost claims 
submitted for reimbursement to the National Health In-
surance Service and Medical Aid Program in Korea. We 
acquired public data from the HIRA database and selected 
patients with PC who underwent curative surgical resec-
tion using claim information between January 1, 2008, and 
December 31, 2019. We defined PC as International Clas-
sification of Diseases, Tenth Revision code C25.x and code 
V193, a unique Korean code for national aid programs 
for critical and rare diseases. Procedural codes (Q7550, 
pancreatic tumor excision; Q7561, total pancreatectomy; 
Q7562, duodenal preserving pancreaticoduodenectomy; 
Q7563, pancreas body resection; Q7564, pancreas seg-
mental resection; Q7565, distal pancreatectomy; Q7566, 
pancreas wedge resection; and Q7572, pylorus-preserving 
pancreaticoduodenectomy) regarding pancreatic surgery 
were collected from the HIRA database. Codes for chemo-
therapy regimens were also collected to exclude patients 
treated with preoperative chemotherapy. Overall survival 
(OS) with event or censoring was defined as the time from 
the diagnosis to death or the last follow-up (December 31, 

2019). The date of diagnosis was defined as the first date on 
which a medical claim was made with the code C25.x. The 
date of death and censoring was defined as the date with 
the last medical claim in those with no more claims over 
the following 6 months and within 6 months, respectively.

2) Single-center data
To analyze the contributions of each clinical factor, we 

retrospectively reviewed electronic medical records of 
patients with PC who underwent curative upfront surgery 
in a single tertiary medical center between 2013 and 2018. 
Patients with the following conditions were included: (1) 
resectable PC or BRPC at the time of diagnosis by National 
Comprehensive Cancer Network guidelines; (2) pancre-
atectomy without NAT; (3) R0 or R1 resection of the surgi-
cal specimen; and (4) no history of other malignancy with-
in the past 5 years. Patients with the following conditions 
were excluded: (1) locally advanced or metastatic PC at 
the time of diagnosis by National Comprehensive Cancer 
Network guidelines; (2) NAT before pancreatectomy; (3) 
macroscopic (R2) resection margin in the surgical speci-
men; and (4) cell types, including intraductal papillary mu-
cinous neoplasm without invasive carcinoma or pancreatic 
neuroendocrine tumor/carcinoma. OS was defined as the 
time from the histological diagnosis of PC to death or last 
follow-up (February 28, 2022). Recurrence-free survival 
(RFS) was defined as the time from the surgery to evidence 
of recurrence by radiological evaluation or last follow-up 
(February 28, 2022). The 8th AJCC system was used for T 
and N staging.17

2. Clinical outcomes
The primary outcome was changes in clinical factors 

for OS. The secondary outcomes were changes in clinical 
factors for RFS and an assessment of the parameters that 
contributed to OS and PFS.

3. Statistical analysis
To compare the baseline characteristics and clinicopath-

ologic factors of the participants between the two periods, 
chi-square and Fisher exact tests were used for categori-
cal variables, and the Mann-Whitney U-test was used for 
continuous variables. OS and RFS were evaluated using 
the Kaplan-Meier method, and the difference in survival 
between the two periods was evaluated using the log-rank 
test. The Cox proportional hazard model was used to eval-
uate the association between time to event and risk factors 
of interest. A survival prediction score for OS and RFS was 
calculated using the β coefficients of clinical factors with a 
statistical significance of 0.05 based on multivariable Cox 
regression analyses.18 To examine the predictive ability of 
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the model, the optimism-corrected c-index was calculated 
with 1,500 bootstrap replications.19 A c-index of >0.7 was 
considered to indicate a reasonable model.20 Data were an-
alyzed using R (version 4.0.1; R Foundation for Statistical 
Computing, Vienna, Austria) and Rstudio (version 1.3.959; 
PBC, Boston, MA, USA) with R packages survAUC and 
survivalROC, respectively. All p-values were two-sided, 
and p<0.05 was considered statistically significant.

4. Ethics statement
This study was conducted according to the guidelines 

of the Declaration of Helsinki and approved by the Institu-
tional Review Board of Seoul National University Bundang 
Hospital, Seongnam, Korea (IRB numbers: X-2101-661-
907 and B-2204-749-103).

RESULTS

1. Recent survival trends
The OS of the 12,146 patients in the HIRA database 

has improved since 2016 (Fig. 1A). Stratifying the patients 
into two periods (2013–2015 [n=3,255] vs 2016–2018 

[n=3,698]) revealed a significant difference in the median 
OS (25.9 months vs not reached, p<0.001) (Fig. 1B). Strati-
fying the 267 patients from the single-center data into 
the same two periods (2013–2015 [n=119] vs 2016–2018 
[n=148]) also showed a significant difference in the me-
dian OS (20.9 months vs 32.2 months, p=0.003). The 1-, 
3-, and 5-year OS rates were increased between the two 
periods (2013–2015 vs 2016–2018: 73.1% vs 83.1%, 31.1% 
vs 44.6%, and 15.1% vs 27.1%, respectively) (Fig. 2A). In 
contrast, the median RFS in the single-center data demon-
strated a different tendency and was not statistically signif-
icantly different between the two periods (2013–2015: 11.3 
months vs 12.2 months, p=0.058). The 1-, 3-, and 5-year 
RFS rates were increased between the two periods (2013–
2015 vs 2016–2018: 47.9% vs 50.7%, 15.1% vs 27.6%, and 
10.9% vs 20.8%, respectively) (Fig. 2B).

2. Clinicopathologic characteristics in the single-
center data
The median age of the patients was 68.7 years, and 141 

were male (52.8%). Of the total 267 patients, 232 (86.9%) 
were diagnosed with resectable PC, and 161 (60.3%) un-
derwent pancreaticoduodenectomy. The median serum 
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Fig. 1.Fig. 1. Kaplan-Meier survival curves. 
Overall survival (OS) of patients in 
the nationwide Health Insurance 
Review and Assessment Service da-
tabase who had pancreatic cancer 
and underwent upfront surgery. (A) 
OS curve in terms of the year of di-
agnosis. (B) OS curve comparing two 
periods (2013–2015 vs 2016–2018).
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carbohydrate antigen 19-9 (CA19-9) at diagnosis was 
111 U/mL. Regarding surgical pathologic outcomes, 202 
(75.7%) showed R0 resection. The T and N stages of the 
patients were as follows: 30 (11.2%) in T1, 168 (62.9%) in 
T2, and 69 (25.8%) in T3; 81 (30.3%) in N0, 114 (42.7%) 
in N1, and 72 (27.0%) in N2. Adenocarcinoma was noted 
in 223 (83.5%) cases, followed by intraductal papillary mu-
cinous neoplasm associated with carcinoma in 22 (8.2%) 
and adenosquamous carcinoma in 18 (6.7%). A total of 
185 patients (69.3%) received adjuvant treatment, and 
203 experienced a recurrence (76.0%). Of these patients 
with recurrence, 100 (49.3%) were treated with palliative 
chemotherapy with FOLFIRINOX or GNP, 16 (7.9%) were 
treated with other regimens, and 87 (42.9%) were treated 
with supportive care only (Table 1).

3. Clinical factors affecting survival outcomes and 
survival prediction scores
In the multivariable Cox regression analysis in single-

center data, an age ≤70 years old, R0 resection, lower N 
stage, adjuvant treatment, and no recurrence followed by 
palliative chemotherapy with FOLFIRINOX or GNP after 
recurrence were significantly associated with a better OS 

(Table 2, Supplementary Table 1). The survival prediction 
scores for OS were calculated using the β coefficients, and 
the weighted scores were calculated by dividing each β co-
efficient by the smallest β coefficient (0.325) and rounded 
to the nearest integer. The weighted scores were as follows: 
>70 years old, 1; elevated serum CA19-9 at diagnosis, 1; R1 
resection, 1; N1, 1; N2, 3; no adjuvant treatment, 2; FOL-
FIRINOX or GNP after recurrence, 4; other chemotherapy 
or supportive care after recurrence, 5. The c-index of this 
model was 0.723. The total score was calculated as indi-
cated in Formula 1 shown below:

Formula 1. Survival prediction score of OS.
Total score for OS=(1×>70 year old) + (1×elevated 

serum CA19-9 at diagnosis) + (1×R1 resection) + 
(1×N1 or 3×N2 stage) + (2×no adjuvant treatment) + 
(4×[FOLFIRINOX or GNP after recurrence] or 5×[oth-
er chemotherapy or supportive care after recurrence])

The median OS progressively decreased with higher 
total survival prediction scores for OS (Supplementary Fig. 
1A).

R0 resection, lower T and N stage, no angiolymphatic 
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Fig. 2.Fig. 2. Kaplan-Meier survival curves. 
Overall survival (OS) and recur-
rence-free survival (RFS) of patients 
in a single-center database who had 
pancreatic cancer and underwent 
upfront surgery. (A) OS curves com-
paring two periods (2013–2015 vs 
2016–2018). The estimating 1-, 3-, 
and 5-year OS rates between the 
two periods (2013–2015 vs 2016–
2018) were 73.1% (95% CI, 65.6% to 
81.5%) versus 83.1% (95% CI, 77.3% 
to 89.4%), 31.1% (95% CI, 23.8% to 
40.6%) versus 44.6% (95% CI, 37.3% 
to 53.4%), and 15.1% (95% CI, 9.9% 
to 23.2%) vs 27.1% (95% CI, 19.9% to 
36.8%), respectively. (B) RFS curves 
comparing two periods (2013–2015 
vs 2016–2018). The estimating 1-, 
3-, and 5-year RFS rates between 
the two periods (2013–2015 vs 2016–
2018) were 47.9% (95% CI, 39.7% to 
57.8%) versus 50.7% (95% CI, 43.2% 
to 59.4%), 15.1% (95% CI, 9.9% to 
23.2%) versus 27.6% (95% CI, 21.3% 
to 35.9%), and 10.9% (95% CI, 6.5% 
to 18.3%) versus 20.8% (95% CI, 
14.8% to 29.2%), respectively.
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invasion, and adjuvant treatment were significantly as-
sociated with better RFS in multivariate analyses (Supple-
mentary Tables 2 and 3). The survival prediction score for 
RFS was calculated using the above methods. The survival 
prediction scores for RFS were calculated using the β coef-
ficients, and the weighted scores were calculated by divid-
ing each β coefficient by the smallest β coefficient (0.477) 

and rounded to the nearest integer. The weighted scores 
were as follows: R1 resection, 1; T1, 1; T2, 2; N1, 1; N2, 2; 
angiolymphatic invasion, 1; and no adjuvant treatment, 1. 

The c-index of this model was 0.709. The total score was 
calculated as indicated in Formula 2 shown below:

Formula 2. Survival prediction score for RFS.
Total score for RFS= (1×R1 resection) + (1×N1 or 

2×N2 stage) + (1×T2 or 2×T3) + (1×angiolymphatic 
invasion) + (1×no adjuvant treatment)

The RFS progressively decreased with higher total sur-
vival prediction scores for RFS (Supplementary Fig. 1B).

4. Changes in clinicopathologic factors between two 
periods
The following clinicopathologic factors were increased 

between the two periods (2013–2015 vs 2016–2018); re-
sectable PC, R0 surgical margin, lower T stage, adjuvant 
treatment, and palliative chemotherapy with FOLFIRINOX 
or GNP. The 90-day mortality (1.7% vs 1.4%, p>0.999) did 
not differ between the two periods. The median length of 
hospital stay after surgery was significantly different be-
tween the two periods (12 days vs 8 days, p<0.001) (Table 
3).

5. Changes in survival prediction score between the 
two periods
The total survival prediction score for OS showed a 

significant decrease between 2013–2015 and 2016–2018 
(mean: 7.32 vs 6.18, p=0.004) (Table 4). Of the six factor 
scores for OS, there was a significant decrease in the sur-
gical margin status score (mean: 0.30 vs 0.20, p=0.044), 
adjuvant treatment score (mean: 0.74 vs 0.51, p=0.047), 
and palliative chemotherapy after recurrence score (mean: 
3.78 vs 3.14, p<0.001) between 2013–2015 and 2016–2018. 
Similarly, the total survival prediction score for RFS signif-
icantly decreased between the two periods (mean: 3.55 vs 
3.09, p=0.028) (Supplementary Table 4). Of the five factor 
scores for RFS, there was a significant decrease in surgical 
margin status score (mean: 0.30 vs 0.20, p=0.044), T stage 
score (mean: 1.24 vs 1.07, p=0.015), and adjuvant treat-
ment score (mean: 0.37 vs 0.26, p=0.047).

DISCUSSION

We analyzed the difference in survival in patients with 
PC who underwent upfront surgery between 2013–2015 
and 2016–2018 and determined which recent changes in 
clinical management were responsible. Our study data 
showed improved survival over time at the national level 
and a similar trend in a single-center dataset. Six clini-
cal factors (age, serum CA19-9 at diagnosis, resection 

Table 1.Table 1. Baseline Characteristics

Characteristic Total (n=267)

Age, yr 68.7 (61.6–74.5)
Sex

Male 141 (52.8)
Female 126 (47.2)

Serum CA19-9 at diagnosis, U/mL 111 (31–335)
Resectability

RPC 232 (86.9)
BRPC 35 (13.1)

Operation type
PD 161 (60.3)
Non-PD 106 (39.7)

Pathologic information
Surgical margins

R0 202 (75.7)
R1 65 (24.3)

T stage*
T1 30 (11.2)
T2 168 (62.9)
T3 69 (25.8)

N stage* 

N0 81 (30.3)
N1 114 (42.7)
N2 72 (27.0)

Angiolymphatic invasion 169 (63.3)
Perineural invasion 239 (89.5)

Pathologic type
Adenocarcinoma 223 (83.5)
IPMN associated with carcinoma 22 (8.2)
Adenosquamous carcinoma 18 (6.7)
Others 4 (1.6)

Adjuvant treatment 185 (69.3)
Palliative chemotherapy after recurrence

No recurrence 64 (24.0)
FOLFIRINOX or GNP 100 (37.5)
Neither FOLFIRINOX nor GNP 16 (6.0)
Supportive care only 87 (32.6)

Data are presented as median (interquartile range) or number (%).
CA19-9, carbohydrate antigen 19-9; RPC, resectable pancreatic can-
cer; BRPC, borderline resectable pancreatic cancer; PD, pancreati-
coduodenectomy; IPMN, intraductal papillary mucinous neoplasm; 
FOLFIRINOX, combination of 5-fluorouracil, leucovorin, irinotecan, 
and oxaliplatin; GNP, gemcitabine plus nab-paclitaxel.
*T and N stages were assessed based on the 8th edition of American 
Joint Committee on Cancer staging system.
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margin, nodal stages, adjuvant treatment, and recurrence 
with palliative chemotherapy) affected survival to varying 
degrees. Of them, the difference in strict selection of surgi-
cal candidates, more use of adjuvant treatment, and recent 
combination palliative chemotherapy after recurrence were 
considered to contribute to the recent improvement.

The 2023 National Comprehensive Cancer Network 
guidelines consider imaging findings, elevated serum 
CA19-9, large primary tumors, large regional lymph 
nodes, excessive weight loss, and extreme pain as high-risk 
features.21 These factors affect the selection of appropriate 
patients for upfront surgery. Since recent studies suggested 
that NAT leads to better survival in patients with BRPC 

based on imaging criteria,6,7 some studies reported that the 
ratio of upfront surgeries has decreased in patients with 
BRPC.8 Similarly, our study revealed that the proportion 
of BRPC decreased, while R0 resection increased between 
the two periods, and these factors were regarded to con-
tribute to the recent improvement in RFS and OS.22,23 
Moreover, serum CA19-9 at diagnosis is associated with 
nodal involvement and margin status positivity after 
surgery.24 However, our results revealed that the level of 
serum CA19-9 at diagnosis did not differ between the two 
periods. In terms of tumor size, stage T3 (>4 cm) was de-
creased over the periods in our study. It has been reported 
that tumor size is a reliable predictor of early recurrence, 

Table 2.Table 2. Multivariate Cox Regression Analysis for Overall Survival

Clinical value
No. of  

patients

Multivariate analysis Survival prediction score†

HR (95% CI) p-value β coefficient Score‡

Age
≤70 yr (Ref) 144 0
>70 yr 123 1.57 (1.17–2.12) 0.003 0.455 1

Serum CA19-9 at diagnosis
<37 U/mL (Ref)   79 0
≥37 U/mL 188 1.50 (1.07–2.11) 0.019 0.404 1

Resectability
RPC (Ref) 232
BRPC   35 1.25 (0.84–1.85) 0.274

Surgical margins
R0 (Ref) 202 0
R1   65 1.41 (1.02–1.95) 0.039 0.419 1

T stage*
T1 (Ref)   30
T2 168 1.06 (0.57–1.96) 0.858
T3   69 1.44 (0.75–2.76) 0.277

N stage†

N0 (Ref)   81 0
N1 114 1.36 (0.92–2.02) 0.126 0.325§ 1
N2   72 2.35 (1.50–3.70) <0.001 0.953 3

Angiolymphatic invasion
No (Ref)   98
Yes 169 1.14 (0.81–1.61) 0.443

Perineural invasion
No (Ref)   28
Yes 239 0.96 (0.54–1.72) 0.894

Adjuvant treatment
Yes (Ref) 185 0
No   82 1.69 (1.21–2.35) 0.002 0.629 2

Palliative chemotherapy after recurrence
No recurrence (Ref)   64 0
FOLFIRNOX or GNP 100 2.78 (1.63–4.76) <0.001 1.150 4
Neither FOLFIRINOX nor GNP   16 4.79 (2.33–9.88) <0.001 1.620 5
Supportive care only   87 4.96 (2.89–8.52) <0.001 1.690 5

HR, hazard ratio; CI, confidence interval; CA19-9, carbohydrate antigen 19-9; RPC, resectable pancreatic cancer; BRPC, borderline resectable 
pancreatic cancer; FOLFIRINOX, combination of 5-fluorouracil, leucovorin, irinotecan, and oxaliplatin; GNP, gemcitabine plus nab-paclitaxel.
*T and N stages were assessed based on the 8th edition of American Joint Committee on Cancer staging system; †Harrell’s c-index by bootstrap 
validation (resampling, n=1,500)=0.723; ‡The weighted scores were calculated by dividing each β coefficient by the smallest §β coefficient (0.325) 

and rounding to the nearest integer.
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and our study showed similar results.25 However, T stage 
was not significant in multivariate OS analysis but only in 
univariate OS analysis. This finding was compatible with 

the previous study which reported the limitation of the 
current T-stage protocol.26 Since the ESPAC-1 trial, adju-
vant treatment after curative resection has been the stan-

Table 3.Table 3. Changes in Clinicopathologic Factors between Two Periods

Clinical value 2013–2015 (n=119) 2016–2018 (n=148) Total (n=267) p-value

Age 0.965
≤70 yr 64 (53.8) 80 (54.1) 144 (53.9)
>70 yr 55 (46.2) 68 (45.9) 123 (46.1)

Serum CA19-9 at diagnosis 0.955
<37 U/mL 35 (29.4) 44 (29.7) 79 (29.6)
≥37 U/mL 84 (70.6) 104 (70.3) 148 (70.4)

Resectability <0.001
RPC 93 (78.2) 139 (93.9) 232 (86.9)
BRPC 26 (21.8) 9 (6.1) 35 (13.1)

Surgical margins 0.044
R0 83 (69.7) 119 (80.4) 202 (75.7)
R1 36 (30.3) 29 (19.6) 65 (24.3)

T stage* 0.047
T0 10 (8.4) 20 (13.5) 30 (11.2)
T1 70 (58.8) 98 (66.2) 168 (62.9)
T2 39 (32.8) 30 (20.3) 69 (25.8)

N stage* 0.161
N0 37 (31.1) 44 (29.7) 81 (30.3)
N1 44 (37.0) 70 (47.3) 114 (42.7)
N2 38 (31.9) 34 (23.0) 72 (27.0)

Angiolymphatic invasion 0.736
Yes 74 (62.2) 95 (64.2) 169 (63.3)
No 45 (37.8) 53 (35.8) 98 (36.7)

Adjuvant treatment 0.047
Yes 75 (63.0) 110 (74.3) 185 (69.3)
No 44 (37.0) 38 (27.5) 82 (30.7)

Palliative chemotherapy after recurrence <0.001
No recurrence 23 (19.3) 41 (27.7) 64 (24.0)
FOLFIRINOX 22 (18.5) 48 (32.4) 70 (26.2)
GNP 8 (6.7) 22 (14.9) 30 (11.2)
Neither FOLFIRINOX nor GNP 13 (10.9) 3 (2.0) 16 (6.0)
Supportive care only 53 (44.5) 34 (23.0) 87 (32.6)

Follow-up period, mo 20.9 (11.3–42.7) 32.2 (15.6–44.5) 26.6 (13.9–44.0) 0.055
Length of hospital stay after surgery 12.0 (9.5–17.0) 8.0 (7.0–11.0) 10.0 (8.0–14.0) <0.001
90-day mortality rate after surgery 2 (1.7) 2 (1.4) 4 (1.5) 1.000

Data are presented as number (%) or median (interquartile range).
CA19-9, carbohydrate antigen 19-9; RPC, resectable pancreatic cancer; BRPC, borderline pancreatic cancer; FOLFIRINOX, combination of 5-fluo-
rouracil, leucovorin, irinotecan, and oxaliplatin; GNP, gemcitabine with nab-paclitaxel regimen.
*T and N stages were assessed based on the 8th edition of American Joint Committee on Cancer staging system.

Table 4.Table 4. Changes in the Score of the Survival Prediction Score for Overall Survival between Two Periods

Survival prediction score 2013–2015 (n=119) 2016–2018 (n=148) Total (n=267) p-value

Age group 0.46±0.50 0.46±0.50 0.46±0.50 0.965
Serum CA19-9 at diagnosis 0.71±0.46 0.70±0.46 0.70±0.46 0.955
Surgical margins 0.30±0.46 0.20±0.40 0.24±0.43 0.044
N stage* 1.33±1.22 1.16±1.09 1.24±1.15 0.431
Adjuvant treatment 0.74±1.91 0.51±0.88 0.61±0.92 0.047
Palliative chemotherapy after recurrence 3.78±1.91 3.14±1.99 3.43±1.98 <0.001
Total score 7.32±2.95 6.18±3.08 6.69±3.07 0.004

Data are presented as mean±SD.
CA19-9, carbohydrate antigen 19-9.
*N stage was assessed based on the 8th edition of American Joint Committee on Cancer staging system.
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dard of care for decades.27 In the Netherlands national co-
hort, the adjuvant chemotherapy ratio gradually increased 
(2001–2004 vs 2005–2008 vs 2009–2012 vs 2013–2016; 
6.8% vs 21.1% vs 49.5% vs 56.2%).28 A recent cohort study 
in China reported similar trends (2012–2015 vs 2016–2017 
vs 2018–2019; 41.2% vs 55.3% vs 58.1%),9 which were 
compatible with our results (2013–2015 vs 2016–2018; 
63.0% vs 74.3%). Regarding the adjuvant treatment regi-
men, most patients in the present study received gem-
citabine adjuvant chemotherapy. Only 14 patients received 
the gemcitabine plus capecitabine regimen as an adjuvant 
treatment because it was approved in 2017.12 Furthermore, 
no patient received the modified FOLFIRINOX regimen as 
it was approved in Korea in 2019.11

In the present study, patients treated with FOLFIRI-
NOX or GNP after recurrence exhibited better survival 
than those treated with other regimens or supportive care 
only, and the proportion of these patients increased. This 
finding is consistent with the longer median survival in the 
control group (gemcitabine group) in the recent PRODIGE 
24 and APACT trials (median OS: 35.5 and 37.7 months) 
than in patients treated with gemcitabine in the CONKO-1 
trial (median OS: 20.2 months).10,29,30 Based on the findings 
of our study and recent studies, recent palliative combina-
tion chemotherapy may also contribute to improved sur-
vival in patients with recurrence.

Some studies have analyzed survival trends and their 
contributing factors.31,32 These investigations presented 
each factor’s change and its degree of risk separately but 
did not perform a comprehensive, integrative analysis of all 
factors. Furthermore, despite the role of palliative chemo-
therapy as an essential factor in OS, it was often neglected. 
Thus, our study comprehensively analyzed the changes 
in factors contributing to improving survival, including 
palliative chemotherapy after recurrence. Then, an intui-
tive survival prediction scoring model was developed, and 
the survival contribution of each factor was quantitatively 
evaluated.

This study has several limitations. First, the HIRA data 
did not include detailed clinicopathologic information. 
Therefore, we could not compare the clinicopathologic 
changes in this nationwide database. Second, the follow-up 
period was not sufficient to estimate OS in the HIRA da-
taset from 2016 to 2018, and the median OS in this dataset 
was not reached. In addition, the median OS in the HIRA 
data may have been overestimated owing to the operation-
al definitions instead of actual data. However, the compari-
son of two datasets was possible because it was analyzed by 
the log-rank test which eliminated the censored data, and 
the difference of OS in the HIRA data was compatible with 
that in single-center data. Consequently, very similar sur-

vival trends were identified in the two datasets in our study 
(HIRA database and data from a single center). Third, a 
retrospective study using single-center tertiary data may 
show selection bias due to an absence of external valida-
tion. However, we attempted to compensate for this limita-
tion using bootstrap resampling methods. Fourth, none of 
the patients in the single-center dataset received modified 
FOLFIRINOX as an adjuvant treatment. Therefore, we 
could not observe the effect of a recent adjuvant chemo-
therapy regimen, and further study is warranted to reflect 
recent changes.

Regarding the survival trends in patients with resected 
PC, we presented the recent improvement over time at the 
national level and suggested weighting several clinical fac-
tors to predict OS and RFS. Additionally, we showed the 
changes in clinicopathologic parameters and risk scores 
over time. Our study could provide insight into the man-
agement strategies of early-stage PC.
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