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Background: Only 5-fluorouracil (5-FU), cisplatin, and gemcitabine have been reimbursed 

for metastatic pancreatic cancer (mPC) treatment in Taiwan since 2003. It is uncertain whether 

the reimbursement of S-1 in June 2014 might change the treatment pattern and improve the 

survival of mPC patients in Taiwan.

Patients and methods: A total of 645 patients with newly diagnosed mPC who received 

palliative chemotherapy between 2010 and 2016 in Taiwan were analyzed retrospectively. 

Patients were stratified according to year at diagnosis of mPC for analysis of chemotherapeutic 

treatment pattern and survival.

Results: Overall, the most common chemotherapeutic agents used for the treatment of mPC 

were gemcitabine (94.8%), followed by cisplatin (52.4%), S-1 (38.1%), and 5-FU (29.7%). 

The percentage of patients treated with S-1 between 2010 and 2016 increased from 2.6% to 

74.0% (P<0.001), while the percentage of patients treated with 5-FU decreased from 31.6% to 

21.2% (P<0.001). The percentage of patients treated with gemcitabine, cisplatin, etc. remained 

consistent. An increase in the number of lines of treatment was observed throughout the study 

period, with 27.6% of patients receiving two or more lines of treatment in 2010, compared 

with 50.0% of patients in 2016 (P=0.013). The 12-month survival rate increased from 11.8% in 

2010 to 41.4% in 2016, corresponding to an adjusted average annual percent change of 13.6% 

(0.3–28.7, P<0.05).

Conclusion: Based on this multi-institute cohort study in Taiwan, the reimbursement of S-1 

changed the clinical practice and is associated with an improvement in survival outcome of 

mPC patients.
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Introduction
Pancreatic cancer (PC) was the twelfth most common cancer and the seventh leading 

cause of cancer-related death in the US in 2015.1 In Taiwan, PC is the twelfth most 

common cancer, with a steady increase in the incidence rate from 3.7 per 100,000 

population in 1999 to 5.0 per 100,000 population in 2015, and an increase in mortality 

rate from 3.5 per 100,000 population in 1999 to 5.3 per 100,000 population in 2015.2 

PC is the most lethal malignancy, with a 5-year survival rate of 8.5% in the US1 and 

6.7% in Taiwan.2

Systemic chemotherapy is the standard treatment of choice for patients with meta-

static PC (mPC). The active chemotherapeutic agents used for mPC treatment include 
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5-fluorouracil (5-FU),3 gemcitabine,4,5 cisplatin,6 oxaliplatin,7 

irinotecan,8 nab-paclitaxel,9 and S-1.10 S-1 is an oral 5-FU 

derivative which has been widely used in Japan for various 

types of solid cancer since it was approved in 1999.11 Sev-

eral phase II studies have showed that S-1 monotherapy is 

effective in the treatment of unresectable PC;12,13 in addition, 

combination S-1 with other agents, including gemcitabine,14 

oxaliplatin plus irinotecan,15 or nab-paclitaxel,16 demon-

strated better antitumor activity in mPC. The Gemcitabine 

and S-1 Trial (GEST) was a phase III study conducted in 

Japan and Taiwan to compare the clinical efficacy of S-1 

vs gemcitabine vs gemcitabine and S-1 (GS) combination 

therapy as first-line treatment of unresectable PC.10 Although 

the result showed an insignificant difference in overall sur-

vival among the three treatment groups, the response rate 

was significantly higher in the S-1 group (21%) and GS 

group (29.3%) than in the gemcitabine group (13%), and 

progression-free survival was significantly increased in the 

GS group (5.7 months) compared with the gemcitabine group 

(4.1 months). More importantly, S-1 demonstrated a generally 

well-tolerated toxicity profile compared with gemcitabine in 

the GEST study.

In Taiwan, 5-FU, cisplatin, and gemcitabine have been 

widely used in mPC treatment for several decades. After 

the approval of gemcitabine in 2003, there were no other 

novel agents reimbursed for mPC in Taiwan until June 2014 

when S-1 was reimbursed based on the result of the GEST 

study.10 Because of the easy administration as oral medica-

tion and good toxicity profile, reimbursement of S-1 might 

significantly change the chemotherapeutic treatment pattern 

of mPC in clinical practice in Taiwan. However, whether the 

availability of S-1 might improve the survival outcome of 

patients with mPC remains unknown. Therefore, this study 

aims to analyze the evolution of the chemotherapeutic land-

scape and its association with survival outcome in patients 

with mPC before and after S-1 reimbursement in Taiwan.

Patients and methods
Patient selection
A total of 645 consecutive patients with newly diagnosed 

mPC who received palliative chemotherapy between 2010 

and 2016 at four institutes of Chang Gung Memorial Hos-

pital (CGMH) in Taiwan were analyzed retrospectively. 

All patients had either pathologically or radiographically 

diagnosed metastatic disease. Patients were excluded from 

the study if they had other concurrent active malignancies 

or had previously received adjuvant chemotherapy for 

resected PC. All patients were categorized according to 

year at diagnosis of mPC for comparison of the chemo-

therapeutic treatment pattern and survival outcome. This 

study was approved by the institutional review boards 

of all the CGMH branches at November 22, 2017 (ethic 

code: 201701796B0), and was conducted in compliance 

with the Declaration of Helsinki (1996). The requirement 

of informed consent from participants was waived by the 

IRB because no protected health information was included 

in this retrospective study.

Data collection
The patient’s demographic data, including age, sex, body 

mass index, Eastern Cooperative Oncology Group perfor-

mance status (ECOG PS), smoking history, pre-existing 

comorbidities by modified Charlson comorbidity index 

(CCI),17 anatomic location of the primary cancer, clinical 

T- and N- classification according to the seventh edition of 

the American Joint Committee on Cancer (AJCC),18 meta-

static organ, and chemotherapeutic agents for mPC were 

recorded by the primary care physician using a prospectively 

formulated electronic data form from our previous study.19 

Distant lymph nodes were defined as those other than the 

regional lymph nodes according to the AJCC staging system 

for the exocrine pancreatic cancer.18 The chemotherapeutic 

agent, dosage, and treatment schedule were determined by 

the primary care physician. Line of treatment was defined 

as the number of different chemotherapeutic regimens 

used in sequence to treat the patient. A break in the origi-

nal treatment or the adoption of a new chemotherapeutic 

agent was defined as a different line of treatment. Overall 

survival (OS) was calculated from the time of initiation 

of chemotherapy to the date of death from any cause. All 

included patients were followed until death or December 

31, 2017. All dates of death were obtained from either the 

Institutional Cancer Registry or the National Registry of 

Death in Taiwan.

Statistical analysis
Basic demographic data were summarized as n (%) for 

categorical variables and median with range for continuous 

variables. All patients were stratified by year of diagnosis of 

mPC for survival comparison. Survival time was analyzed 

using the Kaplan–Meier method. Log-rank tests were used 

to determine the significance of differences between the 

survival curves. Statistically significant changes in the use 

of chemotherapeutic agents among patients throughout 

the study period (P for trend) were examined using the 

Cochran-Armitage test.20 Annual percent change (APC) 
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was calculated by joinpoint analysis to characterize trends 

in survival rates over time.21 We adjusted for sex, age, CCI, 

ECOG PS, metastatic organ, smoking history, and Institute 

of treatment to calculate trends in survival rate between 2010 

and 2016. SPSS 17.0 software (SPSS Inc., Chicago, IL, 

USA) was used for statistical analysis. All statistical assess-

ments were two-sided, and a P-value <0.05 was considered 

statistically significant.

Results
Basic patient characteristics
The patient characteristics are summarized in Table 1. Of 

the 654 patients, the median age was 62 years (range=25–88 

years), and 60.1% were men. The majority of patients 

(68.8%) had a good performance status with an ECOG PS 

of 0–1, and 27.1% of the patients had no comorbidities. 

Overall, the three most common metastatic sites were the 

liver (67.0%), peritoneum (36.5%), and distant lymph nodes 

(22.9%). The most common antitumor agent received by 

our patient cohort was gemcitabine (94.8%), followed by 

cisplatin (52.4%), S-1 (38.1%), and 5-FU (29.7%). Less 

than 3% of our patients had been treated with erlotinib, 

irinotecan, or nab-paclitaxel for mPC because of a lack of 

insurance support.

Survival outcome
The median survival time in the overall cohort was 6.5 

months (range=5.9–7.2), and 607 patients (92.8%) had died 

by the end of study. The Kaplan–Meier survival time of mPC 

patients based on the different years of diagnosis is shown 

in Figure 1. The median survival time was 5.8 months (95% 

CI=3.7–7.8) among patients diagnosed with mPC in 2010, 

and increased gradually to 7.9 months (95% CI=5.9–10.0) 

in 2016. Only patients diagnosed with mPC in 2016 had a 

statistically significant difference in survival time compared 

with patients diagnosed with mPC in 2010 (adjusted hazard 

ratio=0.62, 95% CI=0.44–0.87, P=0.006), while patients 

diagnosed with mPC in 2011–2015 did not have a significant 

survival difference compared with patients diagnosed with 

mPC in 2010 using log-rank tests.

Figure 2 shows observed crude survival rates of mPC 

patients in 2010–2016. The 6- and 12-month survival rates 

were 48.7% and 11.8% in 2010, respectively, and increased 

gradually to 62.5% and 41.4% in 2016, respectively; this 

corresponded to an adjusted average annual percent change 

(AAPC) of 5.5% (95% CI=1.2–9.9, P<0.05) for the 6-month 

survival rate, and 13.6% (95% CI=0.3–28.7, P<0.05) for the 

12-month survival rate using joinpoint analysis from 2010 to 

2016 (defined as trend 1) (Table 2). Similarly, the 24-month 

survival rate also increased gradually with an adjusted AAPC 

of 25.1% (95% CI, 6.1–42.3, P<0.05) from 2010 to 2015. 

The joinpoint analysis of the trend for the survival rate was 

further stratified into 2010–2013 (defined as trend 2) and 

Table 1 Baseline characteristics of pancreatic cancer patients 
(n=654)

Characteristics Value (%)

Median age, year (range) 62 (25–88)
Sex  

Male 393 (60.1)
Female 261 (39.9)

Body mass index, Kg/m2 (range) 22.4 (13.0–36.2)
Smoking history 249 (38.1)
ECOG performance scale

0–1 450 (68.8)
2 174 (26.6)
3 30 (4.6)

Charlson comorbidity index
0 177 (27.1)
1 227 (34.7)
2 148 (22.6)
3 79 (12.1)
4 18 (2.8)
5 5 (0.8)

Tumor size, cm (range) 4.5 (1.4–14.0)
Primary tumor site

Head 224 (34.3)
Body 121 (18.5)
Tail 162 (24.8)

Overlapping 147 (22.5)
T-classification

1 13 (2)
2 82 (12.5)
3 188 (28.7)
4 371 (56.7)

N-classification
0 134 (20.5)
1 520 (79.5)

Site of metastases  
Liver 438 (67.0)
Peritoneum 239 (36.5)
Distant lymph nodes 150 (22.9)
Lung 98 (15.0)
Others 51 (7.8)

Chemotherapy agent
Gemcitabine 620 (94.8)
Cisplatin 343 (52.4)
S-1 249 (38.1)
5-FU 194 (29.7)
Irinotecan 15 (2.3)
Erlotinib 12 (1.8)
Nab-paclitaxel 9 (1.4)
Others 72 (12.8)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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2013–2016 (defined as trend 3), which represented the time 

period before and after the introduction of S-1 (June 2014) 

in Taiwan. Increases of the adjusted AAPC in the 6-, 12-, 

and 24-month survival rates of the trend 2 and trend 3 study 

periods were observed; however, the changes in the AAPC 

did not reach statistical significance.

Chemotherapeutic landscape according 
to year of diagnosis of mPC
The use of chemotherapeutic agents for patients with mPC 

according to the year of diagnosis is presented in Figure 3. 

Gemcitabine was the most commonly used chemotherapy 

agent and the backbone in the first-line setting throughout 

1.0
Year Median survival, months (95% CI) HR (95% CI) P-value
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Figure 1 Survival outcome of patients with metastatic pancreatic cancer according to year of diagnosis.
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the study periods. Cisplatin was the second most common 

agent used for treating mPC patients in 2010–2013, and it 

was replaced by S-1 as the second most commonly used 

agent in 2014–2016. The percentage of patients treated 

with gemcitabine remained steady from 97.4% to 95.2% 

between 2010 and 2016 (P for trend=0.40). The percent-

age of patients treated with S-1 between 2010 and 2016 

increased from 2.6% to 74.0% (P for trend<0.001), while 

the percentage of patients treated with 5-FU decreased 

from 31.6% to 21.2% (P for trend<0.001) in the same time 

period. The percentage of patients treated with cisplatin 

(52.6–51.0%, P for trend=0.16), and the other agents 

(19.7–18.3%, P for trend=0.38) between 2010 and 2016 

remained constant.

The percentage of patients treated with different lines 

of chemotherapy according to year at diagnosis is shown in 

Figure S1. An increase in the number of lines of treatment 

was observed throughout the study period, with 27.6% of 

patients receiving two or more lines of treatment in 2010, 

compared with 50.0% of patients in 2016 (P for trend=0.013). 

We summarized different regimens that patients received as 

first-line treatment at different periods in Figure S2. Gem-

citabine monotherapy or gemcitabine+platinum were the 

most commonly used regimens to treat mPC patients between 

2010 and 2015. Beginning in 2016, they were replaced by 

gemcitabine+S-1. The number of patients who received 

gemcitabine+S-1 increased significantly from 2.6% in 2010 

to 35.6% in 2016 (P for trend<0.001). At the same time, 
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Figure 3 Chemotherapy agents received according to year of diagnosis. 
Note: The subtraction of each single agent with different colors, blue, orange, and gray, indicating each used in the first, second, or third and above line of treatment settings, 
respectively.

Table 2 Joinpoint analysis of trend for pancreatic cancer survival rate, 2010–2016

Survival 
rate

Trend 1 Trend 2 Trend 3

Years Adjusted AAPCa 
(95% CI)

Years Adjusted AAPCa 
(95% CI)

Years Adjusted AAPCa 
(95% CI)

6 months 2010–2016 5.5% (1.2–9.9)* 2010–2013 2.6% (−11.9–19.5) 2013–2016 4.8% (−12.2–25.1)
12 months 2010–2016 13.6% (0.3–28.7)* 2010–2013 7.0% (−46.6–114.2) 2013–2016 27.6% (−12.8–86.9)
24 months 2010–2015 25.1% (6.1–42.3)* 2010–2013 12.5% (−44.4–127.8) 2013–2015 5.5% (−2.6–24.6)

Notes: aAdjusted for sex, age, Charlson comorbidity, ECOG PS, site of metastatic organ, smoking history, and institute of treatment. *P<0.05. 
Abbreviations: AAPC, average annual percent change; ECOG PS, European Cooperative Oncology Group Performance Status.
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the number of patients who received gemcitabine+platinum 

dropped from 40% to 23.1% (P for trend<0.001).

Impact of chemotherapeutic agent on 
survival outcome
The impact of each chemotherapeutic agent on survival 

outcome is presented in Table 3. In univariate analysis, OS 

was significantly better in patients treated with gemcitabine 

(vs never treated with gemcitabine: median survival=6.7 

months vs 3.3 months; HR=0.40; 95% CI=0.28–0.57, 

P<0.001), treated with S-1 (vs never treated with S-1: 

median survival=8.6 months vs 5.2 months; HR=0.55; 95% 

CI=0.46–0.65, P<0.001), treated with cisplatin (vs never 

treated with cisplatin: median survival=8.2 months vs 4.5 

months; HR=0.50; 95% CI=0.43–0.59, P<0.001), treated 

with 5-FU (vs never treated with 5-FU: median survival=9.0 

months vs 5.5 months; HR=0.58; 95% CI=0.49–0.69, 

P<0.001), and treated with the others agents (vs never treated 

with the other agents: median survival=10.3 months vs 5.7 

months; HR=0.58; 95% CI=0.43–0.75, P<0.001). After 

adjusting for other variables, being treated with any one of 

the chemotherapeutic agents, including gemcitabine,  S-1, 

cisplatin, 5-FU, or the other agents, remained as a significant 

predictive factor for a better survival outcome.

Discussion
Our study demonstrated the evolving therapeutic landscape 

of mPC in Taiwan between the period of 2010–2016. The 

most common antitumor agent used for the treatment of mPC 

was gemcitabine (94.8%), followed by cisplatin (52.4%), 

S-1 (38.1%), and 5-FU (29.7%). The percentage of patients 

treated with S-1 between 2010 and 2016 significantly 

increased, while the percentage of patients treated with 5-FU 

dramatically decreased, whereas the percentage of patients 

treated with gemcitabine, cisplatin, and the other agents 

remained constant. An increase in the number of lines of 

treatment was observed throughout the study period, with 

<30% of patients receiving two or more lines of treatment 

in 2010 compared with 50% of patients receiving two or 

more lines of treatments in 2016. The absolute difference in 

median survival time was 2.1 months from 2010 (5.8 months) 

to 2016 (7.9 months) in our study. We observed increases in 

the 6-, 12-, and 24-months survival rates with an adjusted 

average annual percent change of 5.5%, 13.6%, and 25.1% 

throughout the study period, respectively.

Systemic chemotherapy with gemcitabine+Nab-paclitaxel 

or the FOLFIRINOX (folinic acid, 5-fluorouracil, irinotecan, 

oxaliplatin) is the standard treatment for mPC in Western 

Countries. However, the median survival time under these 

regimens remains 8–11 months.8–10 The reasons for under-using 

these regimens in Taiwan were partly related to their toxicity 

profile as well as the cost-benefit concerns.8,9 Before the reim-

bursement of S-1 in 2014, gemcitabine, cisplatin, and 5-FU 

were the backbone of chemotherapeutic agents in the treatment 

of mPC in Taiwan. Both 5-FU and gemcitabine showed their 

efficacy to improve survival outcome compared with best 

supportive care in mPC in a meta-analysis.22 However, 5-FU 

alone offered a very limited response rate of roughly 0–9% 

and a median survival time of approximately 3–6 months in 

patients with mPC.3,4,23,24 Although gemcitabine provided a bet-

ter survival outcome than 5-FU in a phase III study,4 the tumor 

response rate slightly increased to 6–11% and the median OS 

to 5.6–8.8 months.8–10 Gemcitabine in combination with either 

5-FU25–27 or cisplatin6 has been reported to be more effective 

Table 3 Survival outcome of pancreatic cancer patients according to chemotherapy agents

Chemotherapy agents N Median survival time, 
months (95% CI)

HR (95% CI) P-value Adjusted HRa 
(95% CI)

P-value

Gemcitabine-treated No 34 3.3 (1.8–4.8) 1 1
  Yes 620 6.7 (6.1–7.4) 0.40 (0.28–0.57) <0.001 0.63 (0.43–0.91) 0.014
S-1-treated No 405 5.2 (4.8–5.7) 1 1
  Yes 249 8.6 (7.6–9.6) 0.55 (0.46–0.65) <0.001 0.56 (0.480.67) <0.001
Cisplatin-treated No 311 4.5 (4.0–5.1) 1 1
  Yes 343 8.2 (7.6–8.7) 0.50 (0.43–0.59) <0.001 0.61 (0.51–0.73) <0.001
5-FU-treated No 460 5.5 (5.0–6.0) 1 1

Yes 194 9.0 (7.6–10.5) 0.58 (0.49–0.69) <0.001 0.65 (0.54–0.78) <0.001
Other agents-treatedb No 546 5.7 (5.1–6.3) 1 1

Yes 108 10.3 (9.2–11.4) 0.58 (0.43–0.75) <0.001 0.64 (0.51–0.80) <0.001

Notes: aAdjusted for sex, age, Charlson comorbidity, ECOG PS, site of metastatic organ, and smoking history. bOther agents included chemotherapeutic agents with 
irinotecan, oxaliplatin, nab-paclitaxel, and erlotinib.
Abbreviation: ECOG PS, European Cooperative Oncology Group performance status.
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than gemcitabine monotherapy in prolonging progression-free 

survival; however, all randomized trials failed to demonstrate 

a significant survival difference with combination treatment 

compared with gemcitabine alone.6,25–29 The survival outcome 

observed in our patient cohort in 2010–2013 (ranging from 

5.3–6.0 months) was consistent with those observed in patients 

receiving 5-FU, gemcitabine, or cisplatin in previous stud-

ies.4,6–9 Our results indicated the clinical limitations of 5-FU, 

gemcitabine, and cisplatin treatments, irrespective of whether 

they were administered as monotherapy or combination treat-

ment, for mPC in daily practice.

Our study observed a significant improvement in the 

survival outcome of patients with mPC in 2010–2016, and 

several reasons may have contributed to the result. First, the 

subsequent treatment after first-line chemotherapy might 

impact on survival as the number of patients receiving two 

or more lines of treatments increased substantially during the 

study period. A meta-analysis study reported that second-line 

chemotherapy significantly improved OS in pancreatic cancer 

refractory to gemcitabine-based therapy.30 More than 70% of 

the patients in the gemcitabine group received S-1 as second-

line chemotherapy in the GEST study.10 Subsequent treatment 

with S-1 might partially explain the longer median survival 

time of the gemcitabine arm (8.8 months) in the GEST study10 

than patients in the gemcitabine arm (ranging from 5.6–6.8 

months) in other phase III studies from the Western coun-

tries.4,8,9 Second, it is speculated that the efficacy of S-1 in 

mPC might contribute the improvement of OS in our patient 

cohort. Because S-1 had moderate efficacy and a tolerable 

toxicity profile,10 it is widely used in combination with gem-

citabine in first-line treatment or as subsequent treatment in 

gemcitabine-refractory patients in clinical studies,31–33 as well 

as in our clinical practice in Taiwan. Accordingly, the survival 

outcome in mPC improved gradually because more patients 

received S-1 treatment in our patient cohort.

For the first time, our study showed that the reimbursement 

of S-1 significantly changed the chemotherapeutic treatment 

pattern in clinical practice, and demonstrated a significant 

trend for improvement in the survival outcome of patients with 

mPC in 2010–2016 based on four institutes across Taiwan. 

Limitations
However, this study had some limitations. First, this retro-

spective study was subject to patient selection bias favoring 

patients who were fit and eligible for the systemic treatment. 

Second, the decision of which chemotherapy regimen to 

administer to the patient might be confounded by different 

variables, including consideration of the patient’s perfor-

mance status,8 different toxicity profiles of chemotherapy 

regimens,8–10 and physician’s preference; this study was 

unable to address the significance of all these factors. The 

follow-up duration was too short to represent the survival dif-

ference by joinpoint analysis,21 which might contribute to the 

lack of statistical difference in the survival rates of the trend 

2 and trend 3 study periods in our study. Third, S-1 mono-

therapy or gemcitabine+S-1 is promising in Japan and Taiwan 

based on the GEST study. A phase II study (NCT00429858) 

to evaluate the efficacy of gemcitabine+S-1 treating mPC 

in Western populations was early terminated because of 

the low accrual rate.34 While gemcitabine+Nab-paclitaxel, 

or the FOLFIRINOX regimens are the standard first-line 

regimens in other countries, our healthcare coverage limited 

the use of them, resulting in <3% of the patients receiving 

Nab-paclitaxel or FOLFIRINOX regimen. Therefore, the 

use of S-1 in different ethnicity group remains to be further 

studied. Last, but not least, the change in survival outcome 

across the 7-year study period was multifactorial rather than 

because of the different chemotherapy regimens. Therefore, 

we adjusted for other important prognostic factors, including 

age, sex, performance status, comorbidity, metastatic organ, 

smoking history, and Institute of treatment, with the aim of 

minimizing the bias for survival analysis.

Conclusion
Our study demonstrated the evolution of the therapeutic 

landscape, including an upward trend in S-1 and a downward 

trend in 5-FU utilization, and an increased percentage of 

mPC patients who received multiple lines of chemotherapy 

in Taiwan in 2010–2016. Based on this multi-institute cohort 

study in Taiwan, the reimbursement of S-1 changed the clini-

cal practice and is associated with an improvement in survival 

outcome of mPC patients.
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Figure S1 Lines of chemotherapy treatment received by patients according to year of diagnosis.

Figure S2 Chemotherapy regimens that patients received as first-line treatment in 2010–2016.
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