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Abstract. The present study aimed to investigate temporal 
trends in treatment patterns and prognostic factors for overall 
survival (OS) among patients with metastatic pancreatic 
cancer. From the Tokushukai REAl‑world Data project, 
1,093 patients with metastatic pancreatic cancer treated with 
gemcitabine, tegafur/gimeracil/oteracil (S‑1), gemcitabine 
plus S‑1, gemcitabine plus nab‑paclitaxel, or fluorouracil, folic 
acid, oxaliplatin and irinotecan (FOLFIRINOX) between 
April 2010 and March 2020 were identified. Stratified/conven‑
tional Cox regression analyses were conducted to examine 
associations between patient‑ and tumor‑related factors, 
study period, hospital volume, hospital type and first‑line 
chemotherapy regimens. Overall, 846 patients were selected 
(503 male patients; median age, 70 years) after excluding 
ineligible patients. Over a median follow‑up of 5.4 months, 
the median OS was 6.8 months (95% confidence interval, 
6.3‑7.4). The median OS for gemcitabine, S‑1, gemcitabine 
plus S‑1, gemcitabine plus nab‑paclitaxel and FOLFIRINOX 

regimens was 5.9, 5.3, 7.7, 9.0 and 9.5 months, respectively. 
The median OS for 2010‑2013, 2014‑2017 and 2017‑2020 
was 6.2, 7.1 and 7.8 months, respectively. Performance status, 
body mass index and first‑line chemotherapy regimens were 
identified to be significant prognostic factors. In summary, the 
real‑world data indicated that standard care, including chemo‑
therapy, for metastatic pancreatic cancer was widely used in 
hospitals throughout Japan and verified the survival benefits of 
gemcitabine plus nab‑paclitaxel and FOLFIRINOX observed 
in prior clinical trials. This trial has been registered in the 
University Hospital Medical Information Network Clinical 
Trials Registry as UMIN000050590 on April 1, 2023.

Introduction

Pancreatic cancer is one of the most aggressive cancers, 
with an extremely low five‑year survival rate of 10% in the 
US and Japan, and its incidence continues to increase (1,2). 
Diabetes (3), obesity (4,5), smoking (6), heavy drinking (7) 
and chronic pancreatitis (8) are listed as risk factors for the 
development of pancreatic cancer. Although increase in the 
incidence of these lifestyle‑related factors and aging have 
been cited as causes of the increased incidence of pancreatic 
cancer, not all the mechanisms of onset have been elucidated. 
In most cases, pancreatic cancer is detected at an advanced 
stage, representing the fourth leading cause of cancer‑related 
mortality in both the U.S. and Japan (1,2). Surgical resection is 
the only potentially curative treatment, but only 20% of cases 
are resectable at diagnosis, and most patients have unresect‑
able disease (1,2). Furthermore, the recurrence rate is very 
high even in patients who have undergone radical resection, 
and the 5‑year survival rate does not reach 30% (2).

Before 2010, only 5‑fluorouracil (5‑FU), gemcitabine, and 
tegafur/gimeracil/oteracil (S‑1) regimens had been approved 
for use in cases of advanced/recurrent pancreatic cancer in 
Japan. Gemcitabine has been used worldwide for many years 
because of its demonstrated improvement in quality of life 
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and prolongation of overall survival (OS) in a gold‑standard 
phase III trial (vs. 5‑FU) (9) and was approved for use in Japan 
in 2001. S‑1 is an oral 5‑FU derivative developed in Japan and 
was approved for use in 2006 based on the results of phase II 
studies in patients with advanced pancreatic cancer (10,11). In 
2007, the results of a phase III trial examining the efficacy of 
gemcitabine in combination with erlotinib were reported and 
showed a statistically significant improvement in survival, but 
the difference was small and did not have enough impact to 
change actual clinical practice (12).

Recently, some additional regimens for chemotherapy‑naïve 
pancreatic cancer, proven to be effective in gold‑standard 
clinical trials have been approved and are now in widespread 
use, including fluorouracil, folinic acid, oxaliplatin, and irino‑
tecan (FOLFIRINOX) (approved in Japan since 2013) (13‑15) 
and gemcitabine plus nab‑paclitaxel (approved in Japan since 
2014) (16). In addition, a Japanese phase III study in 2013 
demonstrated the non‑inferiority of S‑1, but not the superiority 
of gemcitabine plus S‑1 therapy compared to gemcitabine (17). 
Notably, previous clinical trials have shown that each combi‑
nation therapy prolongs OS when compared with gemcitabine 
alone; NCCN guidelines recommend FOLFIRINOX and 
gemcitabine plus nab‑paclitaxel for metastatic pancreatic 
cancer with good performance status (PS) (18). Japanese 
guidelines for pancreatic cancer also recommend the same two 
regimens (19), and they are widely used as standard treatments 
for metastatic pancreatic cancer. Other approved regimens 
include liposomal irinotecan plus 5‑FU and leucovorin for 
patients who have failed gemcitabine‑based therapy (20) and 
olaparib as maintenance therapy after platinum‑based chemo‑
therapy for BRCA mutation‑positive patients (21) (approved in 
Japan since 2020). The history of approved agents in Japan is 
shown in Fig. 1.

On the other hand, patients enrolled in clinical trials 
are highly selected patients with good general condition 
and organ functions. Therefore, there is often a discrepancy 
between the treatment results shown in clinical trials and 
actual clinical practice due to this selection bias (22). In 
recent years, cohort studies based on large‑scale databases 
have been conducted to fill these gaps (23‑26). Fortunately, 
real‑world data (RWD) regarding the health and treatment 
status of patients receiving daily medical care are collected 
within standard organizational processes (e.g., electronic 
medical records and hospitalization data) (27). To evaluate 
whether the results of clinical trials are carried over to the 
real‑world, we conducted an exploratory cohort study using 
RWD to investigate temporal trends in treatment patterns for 
metastatic pancreatic cancer as well as treatment outcomes 
and prognostic factors that influence OS.

Materials and methods

Study overview. This nationwide retrospective cohort study 
was conducted as part of the TREAD project, the outline of 
which has been described elsewhere (28). This project was 
approved by the Ethics Committee of the Tokushukai Group in 
April 2020 (No. TGE01427‑024) and was conducted following 
the principles of the Declaration of Helsinki, and patients 
were provided with information using opt‑out methods. This 
study was registered in the UMIN Clinical Trial Registry 

(http://www.umin.ac.jp/ctr/index.htm) and clinical trial 
number was UMIN000050590.

Objective patients. We evaluated patients with pathologically 
or radiologically confirmed metastatic pancreatic cancer who 
were started on first‑line chemotherapy at Tokushukai Medical 
Group hospitals, which included 46 hospitals with 14829 beds, 
using the same medical record system (e‑Karte and Newtons2; 
Software Service Inc., Osaka, Japan) and chemotherapy 
protocol system (srvApmDrop; Software Service Inc., Osaka, 
Japan) between April 1, 2010, and March 31, 2020.

All patients were administered gemcitabine, S‑1, 
gemcitabine plus S‑1, gemcitabine plus nab‑paclitaxel, or 
FOLFIRINOX as first‑line treatment. Pathological diagnoses 
including adenocarcinoma, adenosquamous carcinoma, and 
carcinoma/malignant neoplasms were included in the current 
study, but patients with acinar and neuroendocrine carcinoma 
were excluded (see Fig. 2 for more information). Additional key 
exclusion criteria were the presence of active double cancer, 
inadequate treatment history, and missing fundamental patient 
data, such as body weight and height.

Data collection. In the current study, we evaluated eligible 
patients identified from electronic medical records. Patient 
information such as age, sex, body mass index (BMI), the 
latest data on survival confirmation, survival outcomes, and 
diagnosis on medical receipt were extracted from the medical 
record system. Treatment information related to chemotherapy 
regimens, start and end dates of chemotherapy, and PS was 
extracted from the chemotherapy protocol system. The linked 
cancer registry information including diagnostic information 
(site, pathology, stage), treatment details (surgery, endoscopic 
procedure, radiotherapy, chemotherapy), and prognosis (final 
date of survival confirmation, date of death, cause of death) 
was extracted from the National Cancer Registry Data in 
Japan (29). Hospital volume and hospital type (government 
designated cancer hospital, prefectural designated cooperative 
cancer hospital, or non‑designated general hospital) were also 
noted.

The treatment history was organized based on the extracted 
chemotherapy information, and when discrepancies or missing 
information were detected, the missing data were investigated 
by directly checking the medical records at Tokushukai 
Information Inc. (Osaka, Japan). Patients with inadequate 
treatment history (i.e., previous or subsequent cancer treatment 
outside of Tokushukai Medical Group hospitals or no detailed 
treatment information available) were excluded from the study. 
The study was divided into three periods for the elucidation 
of secular trends (A, 2010‑2013; B, 2014‑2016; C, 2017‑2020).

Statistical analysis. The primary endpoint evaluated in the 
current study was OS, which is defined as the time from the 
start date of initial palliative chemotherapy to the date of death 
or final survival confirmation. The secondary endpoint was 
time to treatment failure (TTF), which is defined as the time 
from the start date of the first‑line chemotherapy treatment to 
discontinuation of the treatment for any reason.

Basic statistics (absolute and relative frequencies for 
categorical variables; quartiles, maximum values, minimum 
values, and means for continuous variables; and quartiles 
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and relative frequencies for discrete variables) were obtained 
to summarize the distribution of variables related to patient 
background factors, complications, other prognostic factors, 
and primary and secondary endpoints. Survival analyses were 
performed using OS as the primary endpoint. The start date 
of the study was April 1, 2010, and the study end date was 
March 31, 2020. The time variable represents the number of 
days from the start date of the first‑line chemotherapy treat‑
ment to the date of death. The censored cases included patients 
who were alive at the study end date or who dropped out of the 
study for any reason.

Kaplan‑Meier curves (univariate analyses) and log‑rank test 
were applied for each stratum, defined according to the patient 
background and prognostic factors (age at the start of first‑line 
chemotherapy, sex, PS, BMI, smoking status, pathology, 
primary disease site, study period, hospital volume, hospital 

type, and first‑line chemotherapy regimen) for the occurrence 
of events associated with study endpoints (OS, TTF).

In addition, several hierarchical predictive models were 
constructed by combining explanatory variables that were 
expected to contribute to the evaluated endpoints, and single‑ 
and multi‑tiered proportional hazard models were established 
by incorporating each predictive model. Stratified/conven‑
tional Cox multiple regression analyses were performed. 
Conventional Cox regression was applied when the propor‑
tional hazards hypothesis was valid; otherwise, a stratified 
Cox regression was applied.

The Akaike Information Criterion (AIC), based on partial 
likelihood, was used to explore the optimal model in the 
current study (i.e., when the number of eligible cases differed 
between models, the average AIC per case was substituted). 
Hazard ratios (HRs) and 95% confidence intervals (CIs) were 

Figure 1. Year of approval for multiple agents used to treat pancreatic cancer in Japan. FOLFIRINOX, fluorouracil, folic acid, oxaliplatin and irinotecan; 
MSI‑h, microsatellite instability‑high; mt, mutation; nab, nanoparticle albumin‑bounded; nal, nanoliposomal; S‑1, tegafur/gimeracil/oteracil.

Figure 2. Flow chart of the patient recruitment and selection process in the current survival analysis. FOLFIRINOX, fluorouracil, folic acid, oxaliplatin and 
irinotecan; IPMN, intraductal papillary mucinous neoplasms; nab, nanoparticle albumin‑bounded; S‑1, tegafur/gimeracil/oteracil; SPN, solitary pulmonary 
nodules.
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obtained for each category of OS‑related prognostic factors 
selected in the optimal model, and the impact of prognostic 
factors in the optimal model was examined using likelihood 
tests with associated p‑values for each item. All analyses were 
performed using R, version 4.2.2 (R Foundation for Statistical 
Computing, Vienna, Austria). All statistical analyses were 
two‑sided, and probability values of <0.05 were considered 
statistically significant.

Results

Patient flow. A total of 1,093 patients were detected using the 
procedures described above, and 846 patients were found to be 
eligible according to the study inclusion and exclusion criteria 
specified above, as shown in Fig. 2.

Patient characteristics. Patient medical and demographic 
characteristics were typical for metastatic pancreatic cancer 
(Table I). Approximately 30% of the patients were over 
75 years of age. Over 90% of the included patients had an 
Eastern Cooperative Oncology Group PS of 0 or 1. Most 
patients had pathologically proven disease. Patient character‑
istics by treatment regimen are shown in Table II. There was 
a trend toward fewer patients over 75 years of age and PS 2 
or higher for combination chemotherapy. Patient backgrounds 
were generally similar among the three time periods, but the 
proportion of patients receiving combination therapy increased 
over time to 11.2, 37.8, and 67.8% in study periods A, B, and 
C, respectively (Table III). The patient background between 
hospital volume and type is also presented in Table SI.

Trends in the implementation of chemotherapy regimens. 
Trends in the implementation of first‑line chemotherapy are 
shown in Fig. 3. In 2010, when the study began, gemcitabine 
was the most commonly used drug, but its percentage gradu‑
ally decreased, while that of nab‑paclitaxel increased after 
2014, when nab‑paclitaxel was approved. However, the use 
of FOLFIRINOX remained consistently low during the study 
period, even after its approval in 2013.

Kaplan‑Meier survival curves. The crude (before adjusting 
for background factors) survival curves evaluating OS and 
TTF using the Kaplan–Meier method are shown in Fig. 4. The 
median follow‑up duration was 5.4 months (95% confidence 
interval [CI], 4.8‑6.0). The median OS of all included patients 
was 6.8 months (95% CI, 6.3‑7.4), and the median TTF was 
2.5 months (95% CI, 2.3‑2.7). In addition, crude Kaplan‑Meier 
OS curves according to the first‑line chemotherapy regimen 
and study period are shown in Fig. 5. The median OS for 
gemcitabine, S‑1, gemcitabine plus S‑1, gemcitabine plus 
nab‑paclitaxel, and FOLFIRINOX was 5.9, 5.3, 7.7, 9.0, and 
9.5 months, respectively, and the median OS according to study 
period (A, B, C) was 6.2, 7.1, and 7.8 months, respectively.

Cox regression analyses. Cox regression analyses evaluating 
prognostic factors for OS are presented in Table IV. In a 
univariate analysis, age, PS, BMI, study period, and first‑line 
systemic therapy regimens were found to affect OS. However, 
a multivariate analysis showed that study period did not 
affect OS (P=0.989). Based on first‑line systemic therapy, 

patients who received gemcitabine plus nab‑paclitaxel or 
FOLFIRINOX demonstrated significantly longer survival 
times (with HRs of 0.622 and 0.608, respectively) than those 
who received gemcitabine monotherapy.

The details of treatment regimens with gemcitabine plus 
nab‑paclitaxel and FOLFIRINOX, are shown in Table V. 
Both regimens are recommended as first‑line therapy in 
the Japanese and NCCN guidelines (18,19). In total, 11% 
of patients treated with gemcitabine plus nab‑paclitaxel 
crossed over to FOLFIRINOX, and 46% of patients treated 
with FOLFIRINOX crossed over to a gemcitabine plus 
nab‑paclitaxel regimen. During the study period, erlotinib, 
nal‑irinotecan, pembrolizumab, and olaparib were not used for 
subsequent systemic therapy in this population. The adjusted 
Kaplan‑Meier OS curves for each prognostic factor are shown 
in Fig. 6, based on the results of the stratified Cox regression 
analyses provided in Table IV.

Discussion

In this large retrospective cohort study of patients with 
metastatic pancreatic cancer, we clarified the actual state of 
treatment in clinical practice in a large representative hospital 
system. Although there is concern that treatment outcomes 
for the portion of the patient population that fulfills the eligi‑
bility criteria for clinical trials do not apply to older adults 
or the clinical population of patients experiencing complica‑
tions (22), this RWD study demonstrated that most patients 
could be administered standard treatment and obtained 
survival benefits.

As of 2010, only gemcitabine and S‑1 had been approved 
for use in Japan, and consistent with previous Japanese RWD 
study (30), nearly 80% of our study population received 
gemcitabine. Although FOLFIRINOX became available in 
2013, it was not frequently used in our study population; the 
use of this regimen remained at approximately 10% through 
2020. One of the reasons why FOLFIRINOX therapy is 
not widely used is its serious adverse events, including 
myelosuppression. A phase II study of FOLFIRINOX in 
Japan showed that 77.8% of patients had Grade 3 or higher 
neutropenia and 22.2% of patients had febrile neutropenia, 
which was much higher than the 45.7 and 5.4% in the global 
Phase III study (13). Therefore, it is recommended only 
for selected patients in good general condition (19). On the 
contrary, since less toxic gemcitabine plus nab‑paclitaxel 
regimen became available in 2014, the frequency of its use 
has increased rapidly, and the use of this regimen in our 
study population exceeded 60% as of 2020. According to a 
previous paper published by Terashima et al (31), as of 2015, 
the frequency of the use of gemcitabine plus nab‑paclitaxel 
was approximately 25%. According to the latest clinical prac‑
tice guidelines (18,19), both gemcitabine plus nab‑paclitaxel 
and FOLFIRINOX regimens were recommended as first‑line 
treatments for metastatic pancreatic cancer. However, 
gemcitabine and S‑1 were given weak recommendations; 
these regimens were recommended only for patients who 
are unsuitable for the aforementioned treatment regimens. 
Moreover, gemcitabine plus S‑1 was only recommended in 
the neoadjuvant setting (19). Our work provides a timely 
follow‑up to previously reported data and suggests that the 
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Table I. Patient medical and demographic characteristics (n=846).

Characteristics Value

Age (at start of first‑line treatment) 
  Median age, years (quantile) 70 (36, 64, 70, 76, 90)
  ≥75 years, n (%) 266 (31.4)
Sex, n (%) 
  Male 503 (59.5)
  Female 343 (40.5)
PS, n (%)   
  0 232 (27.4)
  1 290 (34.3)
  ≥2 53 (6.3)
  Not available 271 (32.0)
Median BMI, kg/m2 (quantile) 19.7 (11.2, 17.4, 19.7, 21.9, 35.4)
Smoking status, n (%)  
  Current or former (BI>0) 217 (25.7)
  Never smoked (BI=0) 562 (66.4)
  Not available 67 (7.9)
Diagnosis, n (%) 
  Pathologically confirmed 745 (88.1)
    Adenocarcinoma 418
    Adenosquamous 7
    Carcinoma/malignant neoplasm 320
  Radiological diagnosis only 101 (11.9)
Primary disease site, n (%) 
  Pancreas head 359 (42.4)
  Pancreas body 232 (27.4)
  Pancreas tail 220 (26.0)
  Not evaluable 35 (4.1)
Previous proceduresa, n (%) 
  Surgery 123 (14.5)
  Endoscopic procedure 44 (5.2)
  Radiotherapy 47 (5.6)
  None of the above 678 (80.1)
Study period, n (%) 
  Period A (2010‑2013) 268 (31.7)
  Period B (2014‑2016) 251 (29.7)
  Period C (2017‑2020) 327 (38.7)
Hospital volume, n (%) 
  High volume (n≥50) 509 (60.2)
  Low volume (n<50) 337 (39.8)
Hospital type, n (%) 
  Government designated cancer hospital 218 (25.7)
  Prefectural designated cooperative cancer hospital 316 (37.4)
  General hospital 312 (36.9)
First‑line systemic therapy, n (%) 
  Gemcitabine monotherapy 302 (35.7)
  S‑1 monotherapy 197 (23.3)
  Gemcitabine plus S‑1 66 (7.8)
  Gemcitabine plus nab‑paclitaxel 229 (27.1)
  FOLFIRINOX 52 (6.1)

aThe sum does not equal 100% because certain cases involved two or more procedures. BI, Brinkman index; BMI, body mass index; 
FOLFIRINOX, fluorouracil, folic acid, oxaliplatin and irinotecan; nab, nanoparticle albumin‑bounded; S‑1, tegafur/gimeracil/oteracil; PS, 
performance status.
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Table II. Patient medical and demographic characteristics by regimen.

     FOLFIRINOX 
Characteristics Gem (n=302) S‑1 (n=197) GS (n=66) GnP (n=229) (n=52)

Age (at start of first‑line treatment)     
  Median age, years (quantile) 71 (36, 65, 71 (45, 66, 67 (39, 61, 70 (37, 64, 65 (42, 57,
 71, 77, 89) 71, 78, 90) 67, 73, 84) 70, 75, 86) 65, 69, 82)
  ≥75 years, n (%) 113 (37.4) 75 (38.1) 14 (21.1) 60 (26.2) 4 (6.2)
Sex, n (%)     
  Male 162 (53.6) 122 (61.9) 42 (63.6) 141 (61.6) 36 (69.2)
  Female 140 (46.4) 75 (38.1) 24 (36.4) 88 (38.4) 16 (30.3)
Performance status, n (%)     
  0 100 (33.1) 19 (9.6)) 25 (37.9) 69 (30.1) 19 (36.5)
  1 124 (41.1) 20 (10.2)) 12 (18.2) 112 (48.9) 22 (42.3)
  ≥2 28 (9.2) 8 (4.1)) 1 (1.5) 16 (7.0) 11 (21.2)
  Not available 50 (16.6) 150 (76.1) 28 (42.4) 32 (14.0) 0 (0.0)
Median body mass index, kg/m2 19.7 (12.0, 19.3 (11.6, 19.4 (13.6, 20.1 (11.2, 20.2 (13.3,
(quantile) 17.5, 19.7, 17.3, 19.3, 17.3, 19.4, 17.5, 20.1,  17.4, 20.2,
 22.0, 34.8) 21.5, 35.4) 21.8, 29.9) 22.1, 34.8)  22.6, 34.5)
Smoking status, n (%)     
  Current or former (BI>0) 71 (23.5) 49 (24.9) 17 (25.8) 62 (27.0) 18 (34.6)
  Never smoked (BI=0) 198 (65.6) 132 (67.0) 46 (69.7) 157 (68.6) 29 (55.8)
  Not available 33 (10.9) 16 (8.1) 3 (4.5) 10 (4.4)  5 (9.6)
Diagnosis, n (%)     
  Pathologically confirmed 241 (79.8) 181 (91.9) 55 (83.3) 221 (96.5) 47 (90.4)
  Adenocarcinoma 129 (42.7) 87 (44.2) 22 (33.3) 147 (64.2) 33 (63.5)
  Adenosquamous 1 (0.3) 1 (0.5) 0 (0.0) 4 (1.7) 1 (1.9)
  Carcinoma/malignant neoplasm 111 (36.8) 93 (47.2) 33 (50.0) 70 (30.6) 13 (25.0)
  Radiological diagnosis only 61 (20.2) 16 (8.1) 11 (16.7) 8 (3.5) 5 (9.6)
Primary site of disease, n (%)     
  Pancreas head 130 (43.0) 81 (41.1) 25 (37.9) 100 (43.7) 23 (44.2)
  Pancreas body 84 (27.8) 55 (27.9) 20 (30.3) 59 (25.8) 14 (26.9)
  Pancreas tail 78 (25.8) 54 (27.4) 20 (30.3) 54 (23.5) 14 (26.9)
  Not evaluable 10 (3.3) 7 (3.5) 1 (1.5) 16 (7.0) 1 (1.9)
Previous procedurea, n (%)     
  Surgery 51 (16.9) 39 (19.8) 13 (19.7) 18 (7.9) 2 (3.8)
  Endoscopic procedure 21 (7.0) 13 (6.6) 5 (7.6) 5 (2.2) 0 (0.0)
  Radiotherapy 12 (4.0) 17 (8.6) 6 (9.1) 8 (3.5) 4 (7.7)
  None of the above 240 (79.5) 141 (71.6) 47 (71.2) 203 (88.6) 47 (90.4)
Study period, n (%)     
  Period A (2010‑2013) 179 (59.3) 59 (29.9) 30 (45.5) 0 (0.0) 0 (0.0)
  Period B (2014‑2016) 79 (26.1) 77 (39.1) 22 (33.3) 54 (23.6) 19 (36.5)
  Period C (2017‑2020) 44 (14.6) 61 (31.0) 14 (21.2) 175 (76.4) 33 (63.5)
Hospital volume, n (%)     
  High‑volume hospital (≥50) 184 (60.9) 115 (58.4) 30 (45.5) 156 (68.1) 24 (46.2)
  Low‑volume hospital (<50) 118 (39.1) 82 (41.6) 36 (54.4) 73 (31.9) 28 (53.8)
Hospital type, n (%)     
  Government designated 94 (31.1) 39 (19.8) 0 (0.0) 77 (33.6) 8 (15.4)
  cancer hospital     
  Prefectural designated 102 (33.8) 76 (38.6) 25 (37.9) 94 (41.0) 19 (36.5)
  cooperative cancer hospital     
  General hospital 106 (35.1) 82 (41.6) 41 (62.1) 58 (25.3) 25 (48.1)

aThe sum does not equal 100% because certain cases involved two or more procedures. BI, Brinkman index; FOLFIRINOX, fluorouracil, folic 
acid, oxaliplatin and irinotecan; Gem, gemcitabine; GnP, gemcitabine plus nanoparticle albumin‑bounded‑paclitaxel; GS, gemcitabine + S‑1; 
S‑1, tegafur/gimeracil/oteracil.
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Table III. Patient medical and demographic characteristics by study period.

 Period A (2010‑2013) Period B (2014‑2016) Period C (2017‑2020)
Characteristics (n=268) (n=251) (n=327)

Age (at start of first‑line treatment)   
  Median age, years (quantile) 69 (36, 63, 69, 76, 90) 69 (37, 62, 69, 75, 89) 71 (44, 66, 71, 76, 86)
  ≥75 years, n (%) 80 (29.9) 69 (27.5) 117 (35.8)
Sex, n (%)   
  Male 157 (58.6) 153 (61.0) 193 (59.0)
  Female 111 (41.4) 98 (39.0) 134 (41.0)
PS, n (%)   
  0 89 (33.2) 63 (25.1) 80 (24.5)
  1 83 (30.0) 78 (31.1) 129 (39.4)
  ≥2 19 (7.1) 15 (6.0) 19 (5.8)
  Not available 77 (28.7) 95 (37.8) 99 (30.3)
Median BMI, kg/m2 (quantile) 19.5 (12.0, 17.6, 19.5, 19.7 (11.6, 17.5, 19.7, 19.8 (11.2, 17.2, 19.8,
  21.9, 30.6)  21.9, 35.4)  22.1, 34.8)
Smoking status, n (%)   
  Current or former (BI>0) 63 (23.5) 57 (22.7) 97 (29.7)
  Never smoked (BI=0) 173 (64.6) 173 (68.9) 216 (66.1)
  Not available 32 (11.9) 21 (8.4) 14 (4.2)
Diagnosis, n (%)   
  Pathologically confirmed 204 (76.1) 232 (92.4) 309 (94.5)
   Adenocarcinoma 106 (39.6) 157 (62.5) 174 (53.2)
   Adenosquamous 1 (0.3) 3 (1.2) 3 (0.9)
   Carcinoma/malignant neoplasm 97 (36.2) 72 (28.7) 132 (40.4)
   Radiological diagnosis only 64 (23.9) 19 (7.6) 18 (5.5)
Primary disease site, n (%)   
  Pancreas head 127 (47.4) 89 (35.5) 143 (43.7)
  Pancreas body 61 (22.8) 79 (31.5) 89 (27.2)
  Pancreas tail 68 (25.4) 72 (28.7) 80 (24.5)
  Not evaluable 9 (3.4) 11 (4.3) 15 (4.6)
Previous proceduresa, n (%)   
  Surgery 67 (25.0) 37 (12.0) 19 (5.8)
  Endoscopic procedure 24 (9.0) 18 (7.2) 2 (0.6)
  Radiotherapy 5 (1.9) 22 (8.8) 20 (6.1)
  None of the above 197 (73.5) 192 (76.5) 289 (88.4)
Hospital volume, n (%)   
  High volume (n≥50) 173 (64.6) 149 (59.4) 187 (57.2)
  Low volume (n<50) 95 (35.4) 102 (40.6) 140 (42.8)
Hospital type, n (%)   
  Government designated cancer hospital 63 (23.5) 69 (27.4) 86 (26.3)
  Prefectural designated cooperative cancer hospital 112 (41.8) 89 (35.5) 115 (35.2)
  General hospital 93 (34.7) 93 (37.1) 126 (38.5)
First‑line systemic therapy, n (%)   
  Gemcitabine monotherapy 179 (66.8) 79 (31.5) 44 (13.5)
  S‑1 monotherapy 59 (22.0) 77 (30.7) 61 (18.7)
  Gemcitabine plus S‑1 30 (11.2) 22 (8.8) 14 (4.2)
  Gemcitabine plus nab‑paclitaxel 0 (0.0) 54 (21.5) 175 (53.5)
  FOLFIRINOX 0 (0.0) 19 (7.5) 33 (10.1)

aThe sum does not equal 100% because certain cases involved two or more procedures. BI, Brinkman index; BMI, body mass index; 
FOLFIRINOX, fluorouracil, folic acid, oxaliplatin and irinotecan; nab, nanoparticle albumin‑bounded; S‑1, tegafur/gimeracil/oteracil; PS, 
performance status.
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treatment strategies selected by physicians in actual clinical 
practice adhere closely to these guidelines.

Univariate and multivariate analyses in our study showed 
a greater survival benefit of gemcitabine plus nab‑paclitaxel 
and FOLFIRINOX than that of gemcitabine alone. On the 
other hand, no survival benefits of S‑1 monotherapy or S‑1 
+ gemcitabine over gemcitabine monotherapy was demon‑
strated. These results are consistent with the results of previous 
clinical trials and RWD studies. The results of previous 

clinical trials and RWD studies are shown in Table V. In addi‑
tion, our univariate analyses revealed a prolongation of OS in 
the late study period. However, this effect was not confirmed 
by multivariate analyses after adjusting for other prog‑
nostic factors, such as treatment regimen. Furthermore, our 
univariate analyses did not suggest a hospital volume‑outcome 
relationship, unlike a previous report from the Netherlands 
accounting for patients diagnosed with metastatic pancreatic 
cancer between 2007 and 2011 (30). Indeed, in our study, the 

Figure 3. Trends in the administration of first‑line chemotherapy regimens in Japan during the study follow‑up period. FOLFIRINOX, fluorouracil, folic acid, 
oxaliplatin and irinotecan; Gem, gemcitabine; GnP, gemcitabine plus nanoparticle albumin‑bounded‑paclitaxel; GS, gemcitabine + S‑1; S‑1, tegafur/gimer‑
acil/oteracil.

Figure 4. Crude Kaplan‑Meier curves for (A) OS and (B) TTF. CI, confidence interval; LCB, lower confidence bound; OS, overall survival; TTF, time to 
treatment failure; UCB, upper confidence bound.
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Table IV. Stratified Cox regression analyses evaluating prognostic factors for OS.

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics HR (95% CI) P‑value HR (95% CI) P‑value

Sex    
  Male (Ref.) 1.000 [0.444] 1.000 [0.140]
  Female 0.940 (0.802‑1.102) 0.444 0.883 (0.748‑1.042) 0.140
Age, years    
  <75 (Ref.) 1.000 [0.010] 1.000 [0.249]
  ≥75 1.243 (1.053‑1.466) 0.010 1.109 (0.931‑1.321) 0.249
PS    
  0 (Ref.) 1.000 [<0.001] 1.000 [<0.001]
  1 1.195 (0.976‑1.462) 0.084 1.268 (1.031‑1.559) 0.025
  ≥2 2.154 (1.540‑3.011) <0.001 2.159 (1.526‑3.054) <0.001
  Unknown 1.523 (1.245‑1.862) <0.001 1.527 (1.218‑1.915) <0.001
BMI, kg/m2    
  ≥18.5 and <25.0 (Ref.) 1.000 [0.050] 1.000 [0.018]
  <18.5 0.866 (0.733‑1.024) 0.092 0.839 (0.707‑0.996) 0.045
  ≥25.0 1.205 (0.916‑1.586) 0.182 1.250 (0.942‑1.657) 0.122
Primary disease site    
  Pancreas head (Ref.) 1.000 [0.500] 1.000 [0.736]
  Pancreas body 0.885 (0.731‑1.071) 0.209 0.905 (0.743‑1.101) 0.318
  Pancreas tail 1.032 (0.851‑1.252) 0.747 1.047 (0.859‑1.277) 0.647
  Not evaluable 0.951 (0.626‑1.444) 0.813 0.961 (0.627‑1.472) 0.855
Smoking status    
  Never smoked (Ref.) 1.000 [0.900] 1.000 [0.926]
  Current or former 1.046 (0.875‑1.250) 0.622 1.036 (0.850‑1.261) 0.729
  Unknown 1.046 (0.756‑1.447) 0.786 0.978 (0.704‑1.360) 0.896
Study period    
  Period A (2010‑2013) (Ref.) 1.000 [0.001] 1.000 [0.989]
  Period B (2014‑2016) 0.858 (0.710‑1.037) 0.114 0.928 (0.754‑1.142) 0.482
  Period C (2017‑2020) 0.754 (0.623‑0.912) 0.004 0.948 (0.746‑1.204) 0.659
Hospital volume    
  High volume (n≥50) 1.000 [0.610] 1.000 [0.132]
  Low volume (n<50) 1.040 (0.889‑1.221) 0.610 0.872 (0.729‑1.042) 0.132
Hospital type    
  Government designated 1.000 [0.522] 1.000 [0.187]
  cancer hospital (Ref.)
  Prefectural designated 1.118 (0.915‑1.367) 0.277 1.134 (0.922‑1.394) 0.235
  cooperative cancer hospital    
  General hospital 1.097 (0.897‑1.342) 0.367 0.952 (0.765‑1.185) 0.659
First‑line systemic therapy    
  Gemcitabine (Ref.) 1.000 [<0.001] 1.000 [0.006]
  S‑1 0.929 (0.762‑1.133) 0.466 0.839 (0.669‑1.053) 0.130
  Gemcitabine + S‑1 0.826 (0.613‑1.113) 0.209 0.829 (0.609‑1.128) 0.232
  Gemcitabine + nab‑paclitaxel 0.592 (0.489‑0.729) <0.001 0.622 (0.480‑0.806) <0.001
  FOLFIRINOX 0.556 (0.387‑0.799) 0.002 0.608 (0.410‑0.902) 0.013

The numbers in the square brackets represent the ‘P‑value of the item’, an indicator of the type I error rate for rejecting the null hypothesis 
regarding the evaluated item's effect on OS. BMI, body mass index; CI, confidence interval; FOLFIRINOX, fluorouracil, folic acid, oxaliplatin 
and irinotecan; HR, hazard radio; nab, nanoparticle albumin‑bounded; OS, overall survival; PS, performance status; S‑1, tegafur/gimer‑
acil/oteracil.
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variances in chemotherapy regimens administered categorized 
by hospital volume and type exhibited uniformity, with combi‑
nation therapy consistently accounting for approximately 
40% (Table SI). These results suggested that improvement 
in survival over time may be primarily due to the approval 
of new treatment regimens, even though other factors such 

as advances in diagnostic imaging and supportive care could 
also have improved survival, and the widespread use of more 
effective standard treatments may have reduced differences by 
hospital volume and type.

In two prior pivotal phase III studies, the median 
survival following the administration of FOLFIRINOX 

Table V. Treatment data for first‑line gemcitabine plus nab‑paclitaxel and FOLFIRINOX regimens.

Characteristics Gemcitabine + nab‑paclitaxel (n=229) FOLFIRINOX (n=52)

Duration of chemotherapy  
  Median no. of cycles (range) 4 (1‑28) 6 (1‑22)
  Median duration, days (range) 90 (2‑748) 76 (6‑391)
Sequential surgical procedure, n  
  Yes 2 0
Sequential radiotherapy, n  
  Yes 3 1
Sequential systemic therapy  
  Median no. (range) 0 (0‑4) 1 (0‑6)
  0, n (%) 123 (53.7) 16 (30.8)
  1, n (%) 75 (32.8) 19 (36.5)
  ≥2, n (%) 31 (13.5) 17 (32.7)
Sequential regimens, n (%)  
  Gemcitabine 23 (10.0) 5 (9.6)
  S‑1 46 (20.1) 6 (11.5)
  Gemcitabine + S‑1 12 (5.2) 1 (1.9)
  Gemcitabine + nab‑paclitaxel ‑ 24 (46.2)
  FOLFIRINOX 25 (10.9) ‑

FOLFIRINOX, fluorouracil, folic acid, oxaliplatin and irinotecan; nab, nanoparticle albumin‑bounded; S‑1, tegafur/gimeracil/oteracil.

Figure 5. OS for (A) each first‑line chemotherapy regimen and (B) each study period. CI, confidence interval; FOLFIRINOX, luorouracil, folic acid, oxali‑
platin and irinotecan; Gem, gemcitabine; GnP, gemcitabine plus nanoparticle albumin‑bounded‑paclitaxel; GS, gemcitabine + S‑1; OS, overall survival; S‑1, 
tegafur/gimeracil/oteracil.
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was 11.1 months (13), while the median survival following 
the administration of gemcitabine plus nab‑paclitaxel was 
8.5 months (16). A phase II study on modified FOLFIRINOX, 
in which irinotecan was reduced from 180 to 150 mg/m2 and 
bolus 5‑FU was omitted, showed favorable results with a 
median survival of 11.2 months in 2018, and it is now widely 
used in Japan (15). In the present study, the median survival 
times following the administration of gemcitabine plus 
nab‑paclitaxel and FOLFIRINOX were 9.0 and 9.5 months, 
respectively, which are comparable to the median survival asso‑
ciated with gemcitabine plus nab‑paclitaxel reported in prior 
clinical trials but approximately 1.6 months shorter than that 
associated with FOLFIRINOX (13,16). No data were extracted 
on the dose of FOLFIRINOX in this study; hence, there are 
no data on whether FOLFIRINOX or modified FOLFIRINOX 
was administered or how withdrawal or dose reduction was 
performed. In several recent RWD studies on gemcitabine 
plus nab‑paclitaxel and FOLFIRINOX in metastatic pancre‑
atic cancer, OS varied; moreover, OS tended to be shorter 
with FOLFIRINOX treatment in RWD studies compared to 
that in clinical trials (31‑37) (Table VI). As mentioned above, 
actual analysis of dose intensity is needed, but it is possible 
that FOLFIRINOX dose reduction may have led to the shorter 

OS. We await the results of the trials currently underway in 
Japan comparing gemcitabine plus nab‑paclitaxel, modified 
FOLFIRINOX, and S‑1 plus irinotecan and oxaliplatin for 
final conclusions (38).

The present study had several limitations. First, this study 
had a retrospective design, and hence, the choice of the first‑line 
treatment regimen administered to each patient was left to the 
attending physician, and no clear criteria have been established 
yet. As shown in Table II, the background of each regimen 
differs greatly. Therefore, it is possible that FOLFIRINOX 
was selected by the attending physician for patients with 
large tumors and extensive metastases, resulting in a shorter 
OS. Second, as discussed before, although dose intensity is a 
factor that may contribute significantly to OS, data on dose 
intensity were not extracted in this analysis. Third, several 
prognostic factors, such as metastatic sites, tumor markers, 
prognostic scores based on laboratory data, comorbidities, 
and complications, were not examined. Finally, in the current 
study, treatment data were extracted from the protocol system; 
hence, only data on treatment duration could be extracted, and 
it was not possible to distinguish between treatment discon‑
tinuation due to disease progression or adverse events (28). 
As this is an RWD study, periodic imaging assessment were 

Table VI. Overall survival data from recent clinical trials and RWD investigations evaluating treatment regimens for 
advanced/metastatic pancreatic cancer.

 Overall survival, months
 No. of Disease Study ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
First author/s, year patients status design 5‑FU S‑1 Gem GE GS GnP FOLFIRINOX P‑valuea (Refs.)

Burris et al, 1997 126 laPC; Phase III 4.5 ‑ 5.7 ‑ ‑ ‑ ‑ 0.0025 (9)
  mPC
Ueno et al, 2005 19 mPC Phase II ‑ 5.6 ‑ ‑ ‑ ‑ ‑ ‑ (10)
Moore et al, 2007 569 laPC; Phase III ‑ ‑ 5.9 6.2 ‑ ‑ ‑ 0.038 (12)
  mPC
Okusaka et al, 2008 40 mPC Phase II ‑ 9.2 ‑ ‑ ‑ ‑ ‑ ‑ (11)
Conroy et al, 2011 342 mPC Phase III ‑ ‑ 6.8 ‑ ‑ ‑ 11.1 <0.001 (13)
Ueno et al, 2013 835 laPC; Phase III ‑ 13.8 12.7 ‑ 15.9 ‑ ‑ 0.15b, (17)
  mPC         <0.001c

Von Hoff et al, 2013  861 mPC Phase III ‑ ‑ 6.7 ‑ ‑ 8.5 ‑ <0.001 (16)
Okusaka et al, 2014  36 mPC Phase II ‑ ‑ ‑ ‑ ‑ 10.7 ‑ ‑ (14)
Ozaka et al, 2018  69 mPC Phase II ‑ ‑ ‑ ‑ ‑ 11.2 ‑ ‑ (15)
Terashima et al, 2018  1,085 laPC; RWD ‑ 8.5 7.5 8.2 10.3 9.9 10.3 ‑ (31)
  mPC
Sasaki et al, 2019  321 mPC RWD ‑ ‑ ‑ ‑ ‑ 11.5 17.1 ‑ (32)
Javed et al, 2019  1,056 mPC RWD ‑ ‑ 4.9 ‑ ‑ 7.9 9.9 ‑ (33)
Cho et al, 2020  167 mPC RWD ‑ ‑ ‑ ‑ ‑ 12.1 10.7 0.157 (34)
Chan et al, 2020  1,130 mPC RWD ‑ ‑ ‑ ‑ ‑ 6.1 8.2 <0.0001 (35)
Franco et al, 2021  119 mPC RWD ‑ ‑ ‑ ‑ ‑ 10.2 12.7 0.912 (36)
Pijnappel et al, 2021  1,586 mPC RWD ‑ ‑ 2.9 ‑ ‑ 4.7 6.6 ‑ (37)
Present study 846 mPC RWD ‑ 5.3 5.9 ‑ 7.7 9.0 9.5 ‑ ‑

aThese P‑values were reported in the previous studies. bGS did not demonstrate superiority over Gem. cS‑1 demonstrated non‑inferiority 
compared with Gem. 5‑FU, 5‑fluorouracil; Gem, gemcitabine; GE, gemcitabine + erlotinib; GS, gemcitabine + S‑1; FOLFIRINOX, fluorouracil, 
folic acid, oxaliplatin and irinotecan; GnP, gemcitabine plus nanoparticle albumin‑bounded‑paclitaxel; laPC, locally advanced unresectable 
pancreatic cancer; mPC, metastatic pancreatic cancer; RWD, real‑world data; S‑1, tegafur/gimeracil/oteracil.
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Figure 6. Adjusted OS curves based on stratified Cox multiple regression analyses for patient groups based on (A) sex, (B) age, (C) BMI, (D) PS, (E) study 
period and (F) treatment. BMI, body mass index; FOLFIRINOX, fluorouracil, folic acid, oxaliplatin and irinotecan; Gem, gemcitabine; GnP, gemcitabine 
plus nanoparticle albumin‑bounded‑paclitaxel; GS, gemcitabine + S‑1; N/A, not available; OS, overall survival; PS, performance status; S‑1, tegafur/gimer‑
acil/oteracil.
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not performed, and descriptions of disease progression were 
not mandatory. In addition, it is not possible to extract data on 
subjective adverse events, because physicians are not required 
to state their judgment of intolerance.

Allowing for these limitations, however, the strength of 
this study is that we included a large population and the evalu‑
ation of RWD for many treatment regimens that reflect current 
population trends.

In conclusion, our RWD analyses demonstrated that a 
standard care for metastatic pancreatic cancer was largely 
available in hospitals across Japan and verified the survival 
benefits of gemcitabine plus nab‑paclitaxel and FOLFIRINOX 
regimens observed in previous clinical trials. As such, our 
findings provide important information for future research 
directions, policy initiatives, medical guidelines, and clinical 
decision‑making.
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