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Simple Summary: This study investigated the nationwide real-world outcomes of chemotherapy in
8651 patients with metastatic pancreatic cancer. Overall survival improved from 2012 to 2019 and
was evident after the introduction of gemcitabine plus nab-paclitaxel (GnP) and FOLFIRINOX. Pro-
pensity score matching revealed no difference in overall survival between these two regimens. The
findings demonstrate that advances in chemotherapy have improved survival outcomes nationally,
comparing the effectiveness of GnP and FOLFIRINOX using real-world data.

Abstract: Background/Objectives: This nationwide population-based study investigated the overall
survival (OS) of patients with metastatic pancreatic cancer (mPC) receiving first-line chemotherapy.
Methods: Data from the National Health Insurance Service linked to the Korea Central Cancer Reg-
istry were used. Patients with mPC receiving first-line chemotherapy (2012-2019) were included
and followed up until 2020. The gemcitabine plus nab-paclitaxel (GnP) and FOLFIRINOX groups
were matched according to age, sex, and comorbidities. Results: In total, 8652 patients with mPC
were treated with chemotherapy. GnP and FOLFIRINOX have been administered since 2016 and
2017, respectively. The median OS increased annually from 6 months in 2012-2013 to 10 months in
2018-2019. The median OSs in the GnP and FOLFIRINOX groups were significantly longer than
those in patients receiving gemcitabine + erlotinib. A total of 1134 patients from both the GnP and
FOLFIRINOX groups were selected using propensity score matching. Before matching, the median
OS was longer in the FOLFIRINOX group than in the GnP group (p = 0.0029). After matching, how-
ever, there was no significant difference in the median OS between the two groups (11 vs. 11 months,
respectively, p = 0.2438). Conclusions: Patients with mPC receiving chemotherapy have shown im-
proved OS since the introduction of GnP and FOLFIRINOX. After matching, OS did not differ be-
tween the GnP and FOLFIRINOX groups.

Keywords: metastatic pancreatic cancer; chemotherapy; survival; FOLFIRINOX; gemcitabine plus
nab-paclitaxel
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1. Introduction

Pancreatic cancer (PC) is a lethal disease, with a 5-year survival rate of less than 10%
[1,2]. Surgery is the only chance for cure, but most patients are diagnosed with unresec-
table disease; therefore, palliative chemotherapy remains the mainstay of treatment for
most patients.

In 1997, gemcitabine monotherapy was established as the standard first-line pallia-
tive chemotherapy for PC [3]. Many cytotoxic agents combined with gemcitabine have
been tried; however, they have failed to significantly improve patient overall survival (OS)
[4-6]. In 2011, FOLFIRINOX (fluorouracil, folinic acid, irinotecan, and oxaliplatin)
emerged as the initial treatment regimen, exhibiting superior results when compared to
gemcitabine (median OS: 11.1 vs. 6.8 months, respectively) [7]. Subsequently, the combi-
nation of gemcitabine and nab-paclitaxel (GnP) was shown to improve survival when
compared to gemcitabine monotherapy (median OS: 8.5 vs. 6.7 months, respectively) [8].
These two combination chemotherapies are currently recommended as the first-line treat-
ment for metastatic PC (mPC).

Chemotherapy for PC has advanced; however, large-scale population-based studies
of survival improvements with chemotherapy are limited. Two population-based studies
conducted in Canada have shown improved survival in patients with PC receiving chem-
otherapy [9,10]. Recently, a population-based study in Korea has also reported a gradual
improvement in the survival of these patients [11].

A direct comparison between GnP and FOLFIRINOX in randomized controlled trials
has not been conducted, and the results of retrospective indirect comparative studies are
conflicting. Several retrospective studies from single or multiple centers suggest that these
two regimens have similar effects on survival [12-16]. Contrarily, there are reports that
one regimen, either FOLFIRINOX [17,18] or GnP [19,20], is more effective. Some popula-
tion-based studies have shown that FOLFIRINOX has survival benefits over GnP [21-24],
whereas others have reported that there is no difference [25,26]. A meta-analysis of first-
line chemotherapy for mPC of NALIRIFOX (fluorouracil, leucovorin, liposomal irinotecan
and oxaliplatin), FOLFIRINOX and GnP in seven clinical trials was recently reported, but
it had limitations in terms of adjustment and population heterogeneity [27].

The actual clinical situation is often different from the environment in which the clin-
ical trial was conducted. Therefore, treatment effects proven through clinical trials may
not be equally observed in the general population [28]. Notably, there is a discordance
between clinical trial efficacy and the effectiveness of real-world evidence [29,30]. The ef-
ficacy of a new cancer treatment tested in clinical trials needs to be validated through a
population-based study to determine if the expected results are achievable in the general
population [31]. A nationwide population-based study involving all patients with PC
across the country may provide real-world evidence for treatments that can be applied in
practice. Furthermore, GnP and FOLFIRINOX can be compared by including a sufficient
number of patients and minimizing confounding variables through matching.

Therefore, this nationwide population-based study aimed to analyze the OS in pa-
tients with mPC receiving first-line chemotherapy in Korea. The outcomes of GnP and
FOLFIRINOX were compared using propensity score matching (PSM).

2. Materials and Methods
2.1. Data Sources

This study used data from the National Health Insurance Service (NHIS) linked to
the Korea Central Cancer Registry (KCCR). The NHIS is a mandatory nationwide health
insurance system covering more than 98% of the Korean population. The medical infor-
mation on almost all patients in healthcare institutions is prospectively integrated into the
NHIS claims database. This includes extensive information on diagnoses, procedures,
comorbidity codes, demographic characteristics, admission and ambulatory care, and
medications. The KCCR is a nationwide cancer registry widely used to monitor cancer
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incidence, mortality, and survival. It was established by the Ministry of Health and Wel-
fare and is operated by the National Cancer Center in Korea. The KCCR database contains
cancer information such as Surveillance, Epidemiology, and End Results Program (SEER)
staging and histological diagnosis.

The NHIS claims database does not include cancer-related information (e.g., cancer
staging). The NHIS-KCCR linked database was, therefore, used to ensure the accuracy of
diagnoses and specifically select patients with mPC from all patients. This linked database
classifies age into 5-year increments and displays all dates in months rather than days in
accordance with a policy to prevent personal identification.

2.2. Study Population

This study was conducted among newly diagnosed patients with mPC receiving
chemotherapy between 1 January 2012, and 31 December 2019. Patients with PC were de-
fined as those with a PC diagnosis code (C25) and a rare and intractable disease (RID)
registration code (V193) in the NHIS between January 2012 and December 2019, and reg-
istered with PC in the KCCR between January 2011 and December 2019. The RID registra-
tion process ensures the reliability of the cancer diagnosis [32].

Patients diagnosed with a pancreatic neuroendocrine tumor, as well as those under
20 years of age or with unreliable data were excluded from the study. A pancreatic neu-
roendocrine tumor was defined as a histological diagnosis of a neuroendocrine tumor in
the KCCR or as a case with three or more claims of pancreatic neuroendocrine tumor
(C254) in the NHIS. After exclusion, only patients with mPC were selected based on the
SEER stage recorded in the KCCR. Among these patients, those who underwent pancre-
atic surgery and those who started chemotherapy after 2019 were excluded. Finally, pa-
tients with mPC who received chemotherapy without surgery (2012-2019) were selected
for further analysis.

2.3. Definitions of Conditions

The month of PC diagnosis was defined as the month in which the diagnosis (C25)
was first confirmed. Chemotherapy was defined as a claim for an anticancer drug injection
code (KK151-156) or a claim for anticancer drugs within 6 months of PC diagnosis. Cases
in which the same drug was claimed at least three times were recognized as chemother-
apy. The chemotherapy regimens were classified into gemcitabine monotherapy, gemcita-
bine plus erlotinib, GnP, FOLFIRINOX, and other drugs. The total number of chemother-
apy cycles was calculated by checking the number of times each anticancer drug was pre-
scribed and considering each chemotherapy cycle. The chemotherapy period was defined
as the period from the first to the last month of an anticancer drug claim. Pancreatic sur-
gery was defined as a case in which the procedure code for pancreatic surgery was
claimed.

2.4. Propensity Score Matching between the GnP and FOLFIRINOX Groups

We evaluated the differences in clinical outcomes between patients receiving first-
line chemotherapy with GnP or FOLFIRINOX. PSM was used to correct for the baseline
differences between the GnP and FOLFIRINOX groups. The two groups were matched
(1:1 ratio) based on age, sex, and the Charlson Comorbidity Index (CCI) score. The pres-
ence of comorbidities was classified (<5, 6-9, or 210 points) using the CCI score [33], based
on a diagnosis confirmed from the NHIS database within 1 year of PC diagnosis.

2.5. Study Outcomes

The primary outcome was OS, which was defined as the time from the initial month
of first-line chemotherapy to death or the end of follow-up. The follow-up period was
until December 2020, or the month of death. The survival time was censored for patients
who were alive at the end of the study period.



Cancers 2024, 16, 3173

4 of 16

The secondary outcome was the safety of chemotherapy in patients who received
GnP or FOLFIRINOX, assessed through subgroup analyses. In a study using administra-
tive data, safety outcomes can be evaluated with the following conditions: all-cause emer-
gency center visits, all-cause hospitalizations, and febrile neutropenia [22,34]. These con-
ditions were modified and defined according to the medical environment in Korea as fol-
lows. (1) Emergency visit was defined as a case in which a claim was made for emergency
medical care after the month following chemotherapy initiation. (2) In Korea, patients are
often hospitalized to receive chemotherapy. Therefore, instead of all-cause hospitaliza-
tion, hospitalization (excluding hospitalization for chemotherapy) after the month follow-
ing chemotherapy initiation was used as a safety outcome indicator. (3) Febrile neutro-
penia was defined as hospitalization, claims for short-acting granulocyte colony-stimulat-
ing factor (filgrastim, lenograstim), and claims for intravenous antibiotics [35].

2.6. Statistical Analyses

Descriptive statistics were used to characterize the study cohort. Categorical varia-
bles are presented as number of cases and percentages. Continuous variables are ex-
pressed as means and standard deviations (SD) or medians. Age at diagnosis was classi-
fied into five groups: 21-50, 51-60, 61-70, 71-80, and >81 years. The study was stratified
into four periods based on the year of chemotherapy initiation: 2012-2013, 2014-2015,
2016-2017, and 2018-2019.

OS was assessed using the Kaplan-Meier method. The difference between groups
was calculated using the log-rank test. The median OS and 1-, 2-, and 3-year survival rates
were calculated for each group. The patient death hazard ratios (HRs) were calculated
using the Cox proportional hazards model, adjusting for age, sex, CCI score, the year of
chemotherapy initiation, and chemotherapy regimens.

We compared the survival outcomes between the GnP and FOLFIRINOX groups us-
ing PSM. The X2 test and standardized difference were used to validate significant differ-
ences between matched cohorts. Standardized differences between the adjusted covariates
were calculated, and differences <0.1 were considered to represent an acceptable balance
[36]. In the analysis of safety outcomes, the HR between the groups was estimated by Cox
regression analysis using the time taken for the first safety event to occur. All statistical
tests were two-sided, and statistical significance was set at p <0.05. SAS statistical software
version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all analyses.

3. Results
3.1. Study Population

A flow chart of the study population is shown in Figure 1. In total, 54,396 patients
were registered with PC in the KCCR (2011-2019). Among them, we identified 49,589 pa-
tients newly diagnosed with PC based on NHIS data (2012-2019). Patients aged <20 years
(n=69), those with pancreatic neuroendocrine tumors (n = 1068), and those with unreliable
data (n = 1149) were excluded. Consequently, the PC cohort included 47,303 patients
(2012-2019). Using the SEER stage of KCCR, we extracted the patients with metastasis (1
= 21,899). After excluding 1281 patients who underwent surgery and 69 patients who
started chemotherapy after 2019, 8652 patients receiving chemotherapy for mPC (2012-
2019) were finally included.

The baseline characteristics of the patients are shown in Table 1; 5192 (60.0%) patients
were men and 3460 (40.0%) were women. The age group 61-70 years was the largest with
3169 patients (36.6%), and the age group = 81 years was the smallest with 163 patients
(1.9%). The most common histological diagnosis was adenocarcinoma (88.5%); 6.5% of the
cases were not histologically confirmed. The number of patients in the study period grad-
ually increased over time, with the highest number in 2018-2019. The most common
chemotherapy regimen was GnP (2984 patients; 34.5%), followed by gemcitabine plus er-
lotinib (2099 patients; 24.3%). The median cycle and duration of chemotherapy were 2.3
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and 3 months for gemcitabine monotherapy, 3.0 and 3 months for gemcitabine plus erlo-
tinib, 4.7 and 6 months for GnP, and 9.0 and 8 months for FOLFIRINOX, respectively.

Table 1. Baseline characteristics of patients with metastatic pancreatic cancer receiving chemother-

apy.
Characteristics No. of Patients %
Sex Male 5192 60.0
Female 3460 40.0
Age (years) 21-50 887 10.3
51-60 2388 27.8
61-70 3169 36.6
71-80 2045 23.6
>81 163 1.9
CCI <5 2379 27.5
6-9 2458 28.4
>10 3815 44.1
Pathology Adenocarcinoma 7656 88.5
Unspecified carcinoma 403 4.7
Squamous cell carcinoma 23 0.3
Sarcoma 4 0.0
Not confirmed 566 6.5
Years 2012-2013 1581 18.3
2014-2015 1838 21.2
2016-2017 2372 274
2018-2019 2861 33.1
CTx type Gem mono 1185 13.7
Gem + erlotinib 2099 24.3
GnP 2984 34.5
FOLFIRINOX 1136 13.1
Others 1248 14.4
Gem mono 23(3.7+£3.9)
Median CTx cycle (meanGem + erlotinib 3.0(3.8+£3.3)
+ SD) GnP 47 (5.6 £4.3)
FOLFIRINOX 9.0 (11.2 £ 8.6)
Gem mono 3(4.6+£54)
Median duration of CTx Gem + erlotinib 3(4.8+5.8)
(months) (mean + SD)  GnP 6(84+72)
FOLFIRINOX 8(9.4x71)

Abbreviations: CCI, Charlson comorbidity index; CTx, chemotherapy; SD, standard deviation; Gem,
gemcitabine; Mono, monotherapy; GnP, gemcitabine plus nab-paclitaxel.
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Patients with pancreatic cancer in KCCR (2011-2019)
(n=54,396)

|

Patients with newly diagnosed pancreatic cancer in NHIS (2012-2019)
(n=49,589)

Exclusion: <20 years (n=69)
— Pancreas NET (n=1068)
Unreliable data (n=1149)

Pancreatic cancer patients cohort (2012-2019)
(n=47,303)

SEER
stage [ T T 1
Localized Regional Distant Unknown
(n=5082) (n=15,368) (n=21,899) (n=4954)
_'l Exclusion: Surgery (n=1281) |
No surgery
(n=20,618)
‘ : ]
Chemotherapy No chemotherapy
(n=8721) (n=11,897)
—-| Exclusion: CTx initiation after 2019 (n=69)
Chemotherapy
(2012-2019)
(n=8652)

Figure 1. Flow chart of the study population. Abbreviations: NHIS, National Health Insurance Ser-
vice; KCCR, Korea Central Cancer Registry; NET, neuroendocrine tumor; SEER, the Surveillance,
Epidemiology, and End Results Program.

3.2. Current Status and Survival Outcomes of Chemotherapy for Patients with mPC
3.2.1. Rate of Chemotherapy

The overall chemotherapy rate increased slightly from 40.8% in 2012 to 47.5% in 2019.
Chemotherapy rates varied by age group. Chemotherapy was administered to 66.3%,
64.3%, 55.8%, 30.4%, and 5.5% of patients aged 21-50, 51-60, 61-70, 71-80, and =81 years,
respectively (Table S1). The most notable increase in chemotherapy rates was observed in
patients aged 71-80 years (from 25.5% in 2012 to 40.7% in 2019) (Figure S1).

3.2.2. Types of Chemotherapy

An analysis of the chemotherapy type revealed that gemcitabine plus erlotinib and
gemcitabine monotherapy were the main treatments administered from 2012 to 2015. In
Korea, insurance coverage has been applied to GnP and FOLFIRINOX since 2016 and
2017, respectively. These two regimens became the standard therapies for mPC after 2017.
Among all patients, 85.9% (2018) and 89.0% (2019) received chemotherapy with GnP or
FOLFIRINOX. Although the use of FOLFIRINOX gradually increased from 2017 to 2019,
GnP was selected more frequently than FOLFIRINOX (Figure 2).
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Figure 2. Annual trends of chemotherapy in patients with metastatic pancreatic cancer between 2012
and 2019. Abbreviations: Gem, gemcitabine; Mono, monotherapy.

3.2.3. Overall Survival

The OS of patients receiving chemotherapy improved significantly from 2012-2013
to 2018-2019 (median OS: 6, 7, 9, and 10 months in 2012-2013, 2014-2015, 2016-2017, and
2018-2019, respectively; log-rank p < 0.0001) (Figure 3A). Since the introduction of GnP
and FOLFIRINOX in Korea, OS has improved significantly. Patient OS differences were
dependent on the type of chemotherapy administered. The median OS was shorter for
gemcitabine monotherapy (6 months) and gemcitabine plus erlotinib (6 months), and
longer for GnP (10 months) and FOLFIRINOX (11 months) (log-rank p < 0.0001; Figure
3B). The 1-year survival rate was 18.7% for gemcitabine monotherapy, 18.2% for gemcita-
bine plus erlotinib, 42.3% for GnP, and 48.9% for FOLFIRINOX. The median OS of patients
who did not receive chemotherapy was 2 months for all study periods. This observation
did not change by year (log-rank p = 0.3264; Figure S2A). OS showed differences depend-
ing on age group. It was longer (9 months) in patients aged 21-50 and 51-60 years, and
shorter (6 months) in those aged 281 years (log-rank p < 0.0001; Figure S2B).

B

1.0 1.0 4
2012-2013 Gem mono
— — 20142015 - Gem + erlotinib
S 08 — 2016-2017 S 08 GnP
E — 218-2013 5 FOLFIRINOX
7z 3
7 7
= 06 = 064
S L.l Log-rank P< 0.0001 S a4l Log-rank P< 0.0001
024 0.2 4
00- 001 : : : : ; ;
0 6 12 18 2% 2 = 0 6 12 18 24 30 )
(months) (months)
Median OS (mo) 1 year (%) 2 years (%) 3 years (%) Median OS (mo) 1 year (%) 2 years (%) 3 years (%)
2012-2013 6 202 12 11 Gem mono 6 18.7 4.1 1.1
2014-2015 - 23.0 56 21 Gem + erlotinib 6 18.2 3l 11
2016-2017 9 366 110 a4 Gub 10 A3 i 39
20189015 10 s iy 52 FOLFIRINOX 1 1489 135 36

Figure 3. Overall survival of patients with metastatic pancreatic cancer. (A) Patients who received
chemotherapy by year. (B) Patients who received chemotherapy according to chemotherapy type.
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3.2.4. HR for Overall Mortality

The HR for overall mortality was analyzed using multivariate Cox regression (Table
2). Women had a better prognosis (HR: 0.931, 95% confidence interval (CI): 0.891-0.972)
than did men. When compared with patients aged 21-50 years, there was an increase in
HR for those aged 70-79 years (HR: 1.128, 95% CI: 1.134-1.336) and those aged >81 years
(HR: 1.401, 95% CI: 1.181-1.662). Based on the group with a CCI score <5, the HRs of the
6-9 and >10 points groups were 1.128 (95% CI: 1.060-1.195) and 1.245 (95% CI: 1.182-
1.312), respectively. OS significantly improved in 2018-2019 compared to 2012-2013 (HR:
0.892, 95% CI: 0.815-0.975). Compared to gemcitabine monotherapy, there was an im-
provement in survival when using GnP (HR: 0.633, 95% CI: 0.580-0.691) and FOLFIRI-
NOX (HR: 0.594, 95% CI: 0.530-0.658).

Table 2. Hazard ratio for overall mortality in patients with metastatic pancreatic cancer receiving
chemotherapy.

Characteristics Hazard Ratio 95% CI
Sex Male 1.0 (ref.)
Female 0.931 0.891-0.972
Age (years) 21-50 1.0 (ref.)
51-60 0.989 0.915-1.070
61-70 1.056 0.978-1.140
71-80 1.231 1.134-1.336
>81 1.401 1.181-1.662
CCI <5 1.0 (ref.)
6-9 1.128 1.066-1.195
>10 1.245 1.182-1.312
Years 2012-2013 1.0 (ref.)
2014-2015 0.958 0.895-1.025
2016-2017 0.927 0.854-1.007
2018-2019 0.892 0.815-0.975
CTx type Gem mono 1.0 (ref.)
Gem + erlotinib 1.026 0.955-1.103
GnP 0.633 0.580-0.691
FOLFIRINOX 0.594 0.536-0.658

Abbreviations: CI, confidence interval; ref., reference; CCI, Charlson comorbidity index; CTx, chem-
otherapy; Gem, gemcitabine; Mono, monotherapy; GnP, gemcitabine plus nab-paclitaxel.

3.3. Comparison between GnP and FOLFIRINOX
3.3.1. Propensity Score Matching

To compare the two standard regimens, GnP (n = 2984) and FOLFIRINOX (1 = 1136),
we performed PSM with age, sex, and CCI score. After matching, 1134 patients were se-
lected in both groups and no significant difference in age, sex, or CCI score was observed.
An acceptable balance was maintained between the two groups, with a standardized dif-
ference of <0.1 (Table 3).
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Table 3. Baseline characteristics before and after propensity score matching of patients receiving chemotherapy with gemcitabine + nab-paclitaxel or FOLFIRINOX.

Before PSM After PSM
. .. GnP FOLFIRINOX . GnP FOLFIRINOX .
Characteristics (1 = 2984) (1= 1136) p-Value Std. diff. (n = 1134) (n = 1134) p-Value Std. diff.
N % N % N % N %
Sex Male 1760 59.0 680 59.9 0.0608 0.0179 675 59.5 680 60.0 0.8305 0.009
Female 1224 41.0 456 40.1 459 40.5 454 40.0
21-50 243 8.1 146 12.9 <0.0001 0.2988 144 12.7 144 12.7 1 0
Age 51-60 791 26.5 374 32.9 374 33.0 374 33.0
61-70 1167 39.1 419 36.9 419 37.0 419 37.0
(years) 71-80 746 25.0 192 5.0 192 16.9 192 5.0
>81 37 1.2 5 0.4 5 0.4 5 0.4
CdI <5 864 29.0 424 37.3 <0.0001 0.1801 423 37.3 423 37.3 1 0
6-9 843 28.3 306 26.9 306 27.0 306 27.0
>10 1277 42.8 406 35.7 405 35.7 405 35.7

Abbreviations: PSM, propensity-score matching; Std. diff., standardized differences; GnP, gemcitabine plus nab-paclitaxel; CCI, Charlson comorbidity index.
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Overall survival

3.3.2. Overall Survival after Propensity Score Matching

Before PSM, the median OS significantly differed between the GnP (10 months) and
FOLFIRINOX (11 months) groups (p = 0.0029; Figure 4A). After PSM, no significant differ-
ence was observed between the median OS of the GnP (11 months) and FOLFIRINOX (11
months) groups (p = 0.2438; Figure 4B).

B

1.0 4 1.0 o
e GlP GnP
= FOLFIRINOX _ = FOLFIRINOX

0.8 = 08

>

=

3

7
0.6 = 4

Log-rank P=0.0029 s 06

5 Log-rank P=0.2438

>
0.4 °© 0.4
0.2 0.2
001 : : : : . : 00— - . . . . .

0 6 12 18 4 % 3% 0 6 12 18 2 30 %
(months) (months)
Median OS (mo) 1 year (%) 2 years (%) 3 years (%) Median OS (mo) 1 year (%) 2 years (%) 3 years (%)
GnP 10 123 s 39 GnP 1 15.6 1.7 45
FOLFIRINOX 1 8.9 13.5 3.6 FOLFIRINOX 11 487 13.5 3.5

Figure 4. Kaplan-Meier curves of the gemcitabine plus nab-paclitaxel and FOLFIRINOX groups.
(A) Before propensity score matching. (B) After propensity score matching.

3.3.3. Safety Outcomes

After PSM, we analyzed the safety outcomes based on emergency center visits, febrile
neutropenia, and hospitalization (excluding hospitalization for chemotherapy). To elimi-
nate the time bias, we analyzed the HR of the first safety indicator experience using the
Cox regression method. Compared with the GnP group, the FOLFIRINOX group had a
higher HR for febrile neutropenia (HR: 2.285, 95% CI: 1.864-2.802) and hospitalization
(HR: 1.16, 95% CI: 1.056—-1.274). There were no significant differences in emergency center
visits between the two groups (Table 4).

Table 4. Hazard ratio of developing safety outcome events.

HR of Developing Events (95% CI)

Outcomes GnP FOLFIRINOX Value
(n=1134) (n=1134) P
. 0.944
Emergency center visit 1.0 (ref.) (0.836-1.066) 0.3541
Febrile neutropenia 1.0 (ref.) ( 0.8;2—??066) <0.0001
1.192
Hospitalization * 1.0 (ref.) i 0.0007

(1.076-1.320)
* Excluding hospitalization for chemotherapy. Abbreviations: HR, hazard ratio; CI, confidence in-
terval; GnP, gemcitabine plus nab-paclitaxel; ref., reference.

3.3.4. Subgroup Analysis by Age Groups

As a subgroup analysis, we compared the survival outcomes of the GnP and FOLFI-
RINOX groups by age group after PSM. No significant differences were observed in the
survival curves between the two groups in any age group (Figure S3).
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4. Discussion

This nationwide population-based study analyzed the status of chemotherapy and
survival outcomes in patients with mPC using the NHIS-KCCR linked database. Findings
from a population-based observational study regarding outcome improvements that are
comparable to those of clinical trials may clarify the use of a treatment and support its
effectiveness [31]. Herein, we observed an improvement in OS in patients receiving chem-
otherapy, likely because the standard treatment was changed to GnP and FOLFIRINOX.
The median OS increased from 6 months (2012-2013) to 10 months (2018-2019). To our
knowledge, this is the largest population-based study to examine the real-world compar-
ative effectiveness of GnP and FOLFIRINOX for patients with PC. After PSM, there was
no difference in OS between the two groups. Febrile neutropenia and hospitalization (ex-
cluding hospitalization for chemotherapy) occurred less frequently in the GnP group than
in the FOLFIRINOX group.

The average chemotherapy rate in patients with mPC was 42.3% and only increased
slightly from 40.8% (2012) to 47.5% (2019). This is because the number of elderly patients
abstaining from chemotherapy increased. The proportion of patients aged > 81 years re-
ceiving chemotherapy remained at 6.4% in 2019. Previous population-based studies re-
ported that among patients with PC aged >80 years, 15% in Japan [37] and 21.3% in Can-
ada [10] received chemotherapy. In Spain, only 8% of patients with unresectable PC re-
ceived chemotherapy [38]. As this study included only patients with mPC, the low chem-
otherapy rate in those aged 2 81 years is similar to that in other countries. However, this
study showed that the proportion of patients aged in their 70s who received chemother-
apy is gradually increasing. Older patients have various concerns regarding chemother-
apy. Therefore, further studies are needed to analyze whether chemotherapy in older pa-
tients contributes to improved survival outcomes and to provide clinical evidence.

GnP and FOLFIRINOX have been shown to improve survival outcomes in phase III
studies [7,8]. Real-world clinical outcomes may differ owing to differences in physicians,
patients, and medical environments in each country [28]. In a population-based study in
Ontario, Canada, the median OS of patients who received FOLFIRINOX chemotherapy
(2011-2014) was 8.2 months, higher than that of patients receiving gemcitabine monother-
apy (4.8 months) [9]. Another Canadian study reported that, compared with 2007, the 1-
year survival rate of patients receiving chemotherapy in 2015 improved from 20% to 35%,
and the 2-year survival rate improved from 5% to 9% [10]. Recently, we reported on the
treatment trends and survival outcomes of all patients with PC in Korea using the NHIS
database, and confirmed that the OS in the chemotherapy group gradually improved in
2015-2017 and 2018-2019 [11]. However, because the study had no information regarding
the cancer stage, we could not distinguish between locally advanced PC and mPC in the
chemotherapy group. Recently, a link between NHIS and KCCR was made possible owing
to the policy on the use of healthcare data in Korea, allowing us to obtain cancer stage
data. In this study, by selecting only patients with metastases, we compared the survival
outcomes of patients receiving chemotherapy at the same stage. The median OSs in the
GnP (10 months) and FOLFIRINOX (11 months) groups were similar to those found in
previous studies [13,16,39]. Depending on the year, survival significantly improved grad-
ually from 2012-2013 (median OS: 6 months) to 2018-2019 (median OS: 10 months). GnP
and FOLFIRINOX were administered to 85-89% of patients receiving chemotherapy in
2018-2019. In this study, we demonstrated that GnP and FOLFIRNOX were sufficiently
administered in general patients, resulting in improved survival outcomes for patients
with mPC in Korea. The effectiveness of both regimens was confirmed in the general pop-
ulation.

Although GnP and FOLFIRINOX have been shown to improve OS in clinical trials,
indirect comparisons between the two regimens are limited owing to differences in study
populations and designs. In a retrospective study of patients with mPC in the United
States comparing GnP (n = 337) and FOLFIRINOX (n = 317) groups, the median OS was
12.1 and 13.8 months, respectively, with no difference between the two groups [13]. In a
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similar study in Austria, the median OS of the GnP (n = 297) and FOLFIRINOX (n = 158)
groups for advanced PC was 10.1 and 11.2 months, respectively, and no significant differ-
ence was observed, even when compared by inverse probability of treatment weighting
[16]. In Korea, several retrospective studies comparing GnP and FOLFIRINOX have re-
ported different results [14,15,17,20]. In a systematic review of 34 clinical studies, the me-
dian OS in patients receiving GnP and FOLFIRINOX for advanced PC was 14.4 and 15.9
months, respectively. More studies have reported a slightly longer median OS for FOLFI-
RINOX than for GnP; however, these differences were not statistically significant [40].
Meanwhile, according to a recently reported meta-analysis of seven phase III clinical tri-
als, the OS associated with GnP> administration (n = 1765) was shorter (10.4 months) than
that (11.7 months) associated with FOLFIRINOX administration (n = 433); however, there
was no statistically significant difference (HR: 1.11, (95% CI: 0.88-1.39), p = 0.37). In addi-
tion, the FOLFIRINOX groups included only patients from two trials aged <75 and <76
years, respectively, whereas the GnP groups did not have age restrictions in five trials,
which represents a difference in patient composition [27].

There are several population-based studies comparing the two regimens. In a Cana-
dian population-based study, the median OS of the FOLFIRINOX group (n = 632) was
significantly longer than that of the GnP group (1 =498; 9.6 vs. 6.1 months) [21]. A similar
study in the United States showed that the median OS was approximately 2 months longer
in the FOLFIRINOX group (1 = 566) than in the GnP group (n = 536) [22]. In a Dutch pop-
ulation-based study, the median OS for patients with mPC in the FOLFIRINOX group (n
=1029) was 6.6 months, which was longer than the 4.7 months in the GnP group (n =207)
[24]. Our study included the largest number of patients to date, with 2984 and 1136 pa-
tients in the GnP and FOLFIRINOX groups, respectively. Before PSM, the median OS in
the FOLFIRINOX group was 11 months, which was significantly longer than that in the
GnP group (10 months). After PSM, the median OS in both groups was 11 months, with
no significant difference.

The results of this study are notably different from those of previous population-
based studies. The first reason is that the medical environment and ethnicity of patients
differ from those in western countries. Second, the proportions of patients treated with
the two regimens differed. In Europe, first-line treatment preferences vary by country de-
pending on reimbursement and availability [41]. FOLFIRINOX is more frequently used in
France and the United Kingdom, whereas GnP is more frequently used in Italy and Spain
[41]. In The Netherlands, FOLFIRINOX was most used for mPC (2015-2018) at 64.4%, and
GnP was used in only 8.4% of the cases [42]. In previous population-based studies, the
number of patients using FOLFIRINOX was greater than those using GnP, although a
difference in the degree was noted [21,22,25]. Patients treated with FOLFIRINOX were
reported to be younger and to have a better performance status than those treated with
GnP [16,21,22]. In Korea, GnP was more frequently used than FOLFIRINOX. The possible
reasons include the following. First, few studies comparing GnP and FOLFIRINOX were
published before 2020. Second, since GnP was reimbursed a year earlier, physicians who
were familiar with GnP may have preferred it to FOLFIRINOX, which has higher toxicity.
Third, in Korea, before 2020, most patients were hospitalized to receive FOLFIRINOX;
therefore, some patients may have preferred GnP, which could be administrated as out-
patient chemotherapy. The fact that there were more patients in the GnP group than in
the FOLFIRINOX group suggests the possibility that GnP was used in more patients with
good performance compared with other studies. This might result in more improved OS
in the GnP group compared to previous population-based studies, and no difference in
OS between the two regimens. Nevertheless, we present data comparing two regimens in
clinical practice using nationwide real-world data of 1:1 PSM. Therefore, this study pro-
vides an objective basis for the selection of a first-line standard treatment for mPC. Further
studies considering the healthcare environment of each country are required to compare
the effectiveness of these two standard therapies.
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In this study, febrile neutropenia occurred less frequently in the GnP group than in
the FOLFIRINOX group, consistent with findings from similar studies
[13,14,16,17,21,27,29]. However, more hospitalizations (excluding those for chemother-
apy) were observed in the FOLFIRINOX group, which differs from the findings of other
population-based studies [21,22]. These results should be interpreted considering the
medical environment in Korea, as the convenient access to healthcare and lower cost bur-
den compared with other countries have influenced ER visits and hospitalizations. Nev-
ertheless, when selecting a first-line treatment among two standard regimens, these re-
sults are worth considering along with the patient’s age, performance, and comorbidities.

This study had some limitations. First, NHIS and KCCR data have limitations in clin-
ical research use; therefore, data on the size of the tumor, metastasis location, performance
status, progression-free survival, and adverse effects could not be obtained. The perfor-
mance status of a patient may influence the decision on anticancer treatment and the
choice of anticancer agent, and can, therefore, affect the survival outcome. Second, to pro-
tect personal information, age was provided at 5-year intervals and relevant dates were
provided in months. Survival time could, therefore, only be calculated in months; how-
ever, as the study was conducted among a large number of patients, this is expected to
have little effect on the overall results. Third, because we investigated the survival out-
comes based only on first-line chemotherapy, the influence of subsequent chemotherapy
was not reflected. In Korea, FOLFIRINOX, GnP, and liposomal irinotecan with fluoroura-
cil and leucovorin were only covered by insurance as second-line chemotherapies after
2021. This was after the study period; therefore, an analysis of the impact of second-line
chemotherapy could not be conducted. Population-based studies that consider second-
line chemotherapies are expected in the near future.

Nevertheless, this study has the following strengths. First, to the best of our
knowledge, it included the largest number of patients with mPC who received chemo-
therapy among all studies, and it is the first nationwide population-based study, enabling
the provision of meaningful real-world evidence. This was possible owing to Korea’s
NHIS, in which nearly all Koreans are enrolled. By including all patients with mPC in
Korea, we have obtained real-world results. Second, although there was no cancer staging
information in the NHIS data, patients with mPC could be selected based on cancer stage
by linking the KCCR data. Third, because the number of patients in the GnP group was
more than twice that in the FOLFIRINOX group, the CCI score could be used for PSM
with age and sex. Adjusting comorbidities to match is a strength that differs from that of
other studies. Fourth, although population-based studies evaluating safety outcomes are
rare, this study presented objective results on the safety outcomes of chemotherapy using
an appropriate operational definition.

5. Conclusions

Using the NHIS-KCCR linked database, this nationwide population-based study
demonstrated that OS was improved with GnP and FOLFIRINOX treatments in patients
receiving chemotherapy for mPC. In the PSM comparative analysis between the GnP and
FOLFIRINOX groups, no difference in OS was observed. Febrile neutropenia and hospi-
talization (excluding hospitalization for chemotherapy) were less frequent in the GnP
group than in the FOLFIRINOX group. This real-world evidence may help guide decision-
making regarding first-line chemotherapy regimens for mPC. Further study is required to
reinforce these findings.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/cancers16183173/s1. Figure S1: Annual rates of chemother-
apy in patients with metastatic pancreatic cancer by age group; Figure S2: Overall survival of pa-
tients with metastatic pancreatic cancer. (A) Patients who did not receive chemotherapy. (B) Patients
who received chemotherapy by age group; Figure S3: Overall survival of patients with metastatic
pancreatic cancer receiving chemotherapy with gemcitabine plus nab-paclitaxel or FOLFIRINOX
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after propensity score matching by age group; Table S1: Chemotherapy rate in patients with meta-
static pancreatic cancer by age group.
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