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A B S T R A C T   

Pancreatic cancer is a highly aggressive malignancy with a poor prognosis. Over the past decade, significant 
therapeutic advancements have improved the survival rates of patients with pancreatic cancer. One of the pri-
mary factors contributing to these positive outcomes is the evolution of chemotherapy, from monotherapy to 
doublet or triplet regimens, and the integration of multimodal approaches. Additionally, targeted agents tailored 
to patients with specific genetic alterations and the development of cell therapies show promise in benefiting 
certain subpopulations. This article focuses on examining pivotal studies that explore the role of chemotherapy in 
neoadjuvant, adjuvant, maintenance, and salvage settings; highlights interesting findings related to cell therapy; 
and provides an overview of ongoing trials concerning metastatic settings. This review primarily aimed to offer 
recommendations based on therapeutic evidence, recent advancements in new treatment combinations, and the 
most innovative approaches. A unique aspect of this review is the inclusion of published papers on clinical trials 
and real-world data in Taiwan, thus adding a valuable perspective to the overall analysis.   
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1. Introduction 

Pancreatic cancer is a malignant tumor, with the worst prognosis 
among cancers. Taiwan Cancer Registry Annual Report 2020 found that 
the number of new cases of pancreatic cancer was approximately 3012, 
accounting for 4.88 % of all new cancer cases (13th). The incidence 
ranks 12th among males and 13th among females; however, the mor-
tality ranks 8th among males and 5th among females [1]. The poor 
prognosis of pancreatic cancer is attributed to late diagnosis and low 
sensitivity to systemic chemotherapy. 

Gemcitabine alone has become a standard treatment since 1997, 
which has better clinical benefits but with a low objective response rate 
(ORR) and a median overall survival (OS) of 6 months only [2]. 
Currently, irinotecan, oxaliplatin, fluorouracil, and leucovorin (LV) 
(FOLFIRINOX) or gemcitabine plus nab-paclitaxel (gem/nab-P) is the 
first-line therapy for metastatic pancreatic cancer worldwide [3,4]. Oral 
S-1 is an alternative treatment regimen for late-stage pancreatic cancer 
in East Asia and Taiwan [5]. In recent years, second-line treatment with 
liposomal irinotecan (nal-IRI) plus fluorouracil and LV (5-FU/LV) has 
been recommended by the National Comprehensive Cancer Network 
(NCCN) guidelines and approved by the Taiwan National Health In-
surance [6]. 

Postoperative adjuvant chemotherapy demonstrates better survival 
benefits compared with placebo in resectable cases [7]. Induction 
chemotherapy for local/resectable pancreatic cancer followed by che-
moradiation or conversion surgery has also been investigated [8]. 
Chemotherapy has become an important modality in multidisciplinary 
approaches for each stage of pancreatic cancer. 

In recent years, advancements in next-generation sequencing (NGS) 
have significantly improved tumor genomic profiling, enabling the 
exploration of therapeutic targets in a tumor-agnostic manner [9]. 
Basket trials targeting driver mutations across organs, including those in 
HER2, BRAF, BRCA1/2, and mismatch repair genes, are currently 
ongoing. Additionally, rapid advancements in cancer studies have yiel-
ded novel agents for the treatment of various cancer types worldwide, 
offering hope to patients with advanced pancreatic cancer. Owing to the 
numerous treatment options available, clinical oncologists must choose 
wisely to treat this fatal cancer. The Taiwan Pancreas Society aims to 
unite experts to create a consensus to guide clinical oncologists in 
Taiwan regarding the treatment of patients with pancreatic cancer. 

2. Patient selection and initial assessment 

Evaluation of the baseline performance status (PS) and comorbidity 
profiles of patients is crucial. Although old age is generally associated 
with a poorer prognosis in pancreatic cancer, elderly patients with 
adequate PS can still benefit from therapy [10]. 

Evolution of multidisciplinary approaches has improved the survival 
of patients with pancreatic cancer. Furthermore, chemotherapy en-
hances quality of life, despite its associated toxicities [3,6,11]. Consid-
ering the specific adverse effects associated with each chemotherapy 
regimen is essential as they can significantly affect patients’ quality of 
life [12]. Thus, informing patients about the potential benefits and 
limitations of treatment choices is imperative for effectively managing 
their expectations. 

Germline and somatic genetic mutations may affect treatment 
choices. Despite the relatively high cost of genetic testing, it is necessary 
for physicians to engage in discussions with patients regarding this 
aspect. Selecting an appropriate tissue sampling method to obtain an 
adequate amount of tissue is necessary to identify somatic mutations. 
However, patient safety and facility experience should be considered 
before proceeding with tissue sampling. 

Overall, considering these factors and engaging in comprehensive 
evaluations, discussions, and informed decision-making processes are 
vital for providing optimal care and treatment outcomes for patients 
with pancreatic cancer. 

3. Neoadjuvant therapy for resectable pancreatic cancer 

3.1. Rationale of neoadjuvant therapy 

According to the NCCN guidelines for resectable pancreatic cancer, 
treatment choices include upfront surgery or neoadjuvant therapy. The 
rationale for neoadjuvant therapy is the high R1 resection rate and 
lymph node positivity in adjuvant therapy clinical trials [13,14], and up 
to 60 % of patients omit adjuvant therapy owing to postoperative 
complications [15]. Neoadjuvant therapy may eradicate micro-
metastases, increase R0 resection rate, select unfavorable biology, and 
demonstrate in vivo chemosensitivity. However, physicians face risks of 
tumor progression and chemotherapy toxicity and the requirement for 
tissue confirmation before treatment. Therefore, the NCCN guidelines 
suggest considering neoadjuvant therapy only for patients with high-risk 
features, including markedly elevated cancer antigen 19-9 level, large 
primary tumors, large regional lymph nodes, excessive weight loss, and 
extreme pain; however, there is no clear definition regarding the above 
factors. 

3.2. The regimen of neoadjuvant therapy 

A large meta-analysis compared neoadjuvant therapy with upfront 
surgery in resectable or borderline resectable cases [16], including 38 
studies involving 3484 patients from 2000 to 2016. This study showed 
increased OS and higher R0 resection rates in patients who received 
neoadjuvant therapy. The phase III PREOPANC-1 study [17] was the 
first randomized controlled trial to demonstrate that neoadjuvant 
gemcitabine-based chemoradiotherapy had better OS, compared with 
upfront surgery, in resectable and borderline resectable pancreatic 
cancer. However, in the resectable subgroup, which represented 53 % of 
the cases, there was no significant difference in median OS (14.6 vs. 15.6 
months) or R0 resection rate (66 % vs. 59 %). Other phase II trials using 
mFOLFIRINOX [18], gem/nab-P [19], gemcitabine plus S-1 [20], or a 
real-world study [21] showed different benefits in terms of OS or R0 
resection rate. However, the sample size was small, and the results were 
inconclusive. 

Therefore, neoadjuvant therapy for resectable pancreatic cancer may 
increase the R0 resection rate and prolong OS; however, it is still not a 
standard of care in clinical practice owing to the lack of large, ran-
domized studies. The optimal regimen and duration of neoadjuvant 
therapy also remain unknown. Multidisciplinary discussions are neces-
sary before initiating neoadjuvant therapy for resectable pancreatic 
cancer. 

3.3. Recommendations  

● Neoadjuvant therapy for resectable pancreatic cancer can be 
considered in patients with high-risk features. 

● Multidisciplinary discussions and a definitive diagnosis before initi-
ating neoadjuvant therapy for resectable pancreatic cancer are 
mandatory.  

● There is no standard neoadjuvant regimen for resectable pancreatic 
cancer, and the choices include chemoradiation with gemcitabine or 
combination chemotherapy. Therefore, the participation of well- 
designed clinical trials is recommended. 

4. Adjuvant treatment after surgical resection 

Considering the poor results of surgery alone in pancreatic cancer, 
several efforts involving chemotherapy, radiotherapy, or both have been 
made to improve the 5-year survival of these patients. 

4.1. Adjuvant chemotherapy 

Postoperative adjuvant chemotherapy has been evaluated in several 
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randomized trials. The reference trials are as follows. 

4.1.1. 5-FU/LV 
The role of adjuvant chemotherapy was established in a multicenter 

2 × 2 factorial randomized trial, in which 289 patients were treated with 
one of four therapeutic modalities: adjuvant chemotherapy (5-FU/LV), 
chemoradiation only (split course 40 Gy plus 5-FU), or chemoradiation 
followed by chemotherapy or surveillance alone [22]. Patients who 
received chemotherapy had a longer median survival (20.1 vs. 15.5 
months; hazard ratio [HR], 0.71; 95 % confidence interval [95 % CI], 
0.55–0.92; P = 0.009), compared with patients who did not. 

4.1.2. Gemcitabine 
The CONKO-001 trial, comparing gemcitabine to observations, 

confirmed the benefits of adjuvant chemotherapy [23]. Gemcitabine 
administered for 24 weeks improved recurrence-free survival (RFS) 
(13.4 vs. 6.7 months; HR, 0.55; 95 % CI, 0.44–0.69; P < 0.001) and 
median OS (22.8 vs. 20.2 months; HR, 0.76; 95 % CI, 0.61–0.95; P =
0.005). 

4.1.3. Gemcitabine or 5-FU/LV 
The ESPAC-3 trial compared the administration of adjuvant 

chemotherapy with six cycles of 5-FU/LV or gemcitabine [24]. No sig-
nificant differences were observed in terms of OS, RFS, or quality of life. 
Recently, 5-FU/LV and gemcitabine are considered the standard of care 
for fragile patients. 

4.1.4. Gemcitabine plus capecitabine 
In the ESPAC-4 study, gemcitabine plus capecitabine demonstrated 

superior survival over gemcitabine monotherapy in resected pancreatic 
cancer with a median OS periods of 28.0 months and 25.5 months, 
respectively (HR, 0.82; 95 % CI, 0.68–0.98; P = 0.032) [13]. 

4.1.5. FOLFIRINOX 
The PRODIGE 24-ACCORD trial demonstrated that adjuvant 

modified-FOLFIRINOX was superior to gemcitabine, with median RFS 
periods of 21.6 and 12.8 months (HR, 0.58; 95 % CI, 0.46–0.73; P <
0.001) and median OS periods of 54.4 months and 35.0 months (HR, 
0.64; 95 % CI, 0.48–0.86; P = 0.003), respectively [14]. Adjuvant 
modified FOLFIRINOX regimen led to significantly longer survival but 
was associated with a higher incidence of grade 3–4 toxicities (76.9 % 
vs. 52.9 %). 

4.1.6. S-1 
In the JSPAC-01 study, S-1 was superior to gemcitabine (HR, 0.57; 

95 % CI, 0.44–0.72; P < 0.0001 for noninferiority, P < 0.0001 for su-
periority) with 5-year OS rates of 24.4 % (95 % CI, 18.6–30.8) and 44.1 
% (95 % CI, 36.9–51.1) in the gemcitabine and S-1 groups, respectively 
[25]. Grade 3–4 stomatitis and diarrhea were more frequently experi-
enced in the S-1 group than in the gemcitabine group. 

4.2. Adjuvant chemoradiation 

Three randomized trials compared the benefits of adjuvant chemo-
radiation with surveillance alone, and two studies (EORTC [26] and 
ESPAC-1 trial [22] trials) failed to demonstrate survival benefits. Only 
one study showed a favorable outcome in chemoradiation, but this study 
was prematurely stopped owing to low patient accrual after enrolling 43 
patients [27]. 

4.3. Timing of postoperative chemotherapy 

A meta-analysis showed no conclusive evidence suggesting improved 
survival in patients starting treatment at various time cut-offs [28]. 
Based on our understanding of the natural history and biology of 
pancreatic cancer, time-to-treatment should be optimized to deliver 

treatment as soon as the patient has recovered from surgery and is able 
to tolerate chemotherapy. The initiation of adjuvant therapy within 12 
weeks postoperatively is recommended. 

4.4. Recommendations  

● A multidisciplinary team is necessary. 
● Adjuvant treatment with modified FOLFIRINOX, S-1, and gemcita-

bine plus capecitabine is recommended for fit patients, and gemci-
tabine monotherapy or 5-FU/LV is reserved for less fit patients. 

● Routine chemoradiation is not recommended to patients after sur-
gery, except in clinical trials. 

5. Treatment of borderline resectable and locally advanced 
unresectable diseases 

Only approximately 20–25 % of tumors are radiologically resectable 
upon diagnosis. Approximately 30–40 % of patients whose tumors are 
localized in the pancreatic region remain unsuitable for curative resec-
tion and are divided into borderline resectable and locally advanced 
diseases based on the severity of vessel invasion [29]. 

5.1. Borderline resectable disease 

Previous studies showed that a short course of neoadjuvant therapy 
(usually for 2 months) before curative surgery resulted in higher R0/R1 
resection rate at 64–85 %, and 12-month OS rate at 77 %, compared with 
only 40 % in the upfront surgery group. A longer course of neoadjuvant 
chemotherapy (usually up to 4 months) had an 18-month survival rate of 
67 % [30]. In the PREOPANC-1 clinical trial, the subgroup analysis 
revealed improved OS in patients with borderline resectable disease who 
received neoadjuvant chemoradiotherapy compared with upfront sur-
gery (17.6 vs. 13.2 months; HR, 0.62; 95 % CI, 0.40–0.95; P = 0.029) 
[31]. The R0 resection rate was also higher in the chemoradiotherapy 
group than in the upfront surgery group (71 % vs. 40 %, P < 0.01). The 
5-year OS rate was 20.5 % in the neoadjuvant chemoradiotherapy group 
compared with 6.5 % in the upfront surgery group, with a longer median 
OS (15.7 vs. 14.3 months; HR, 0.73; 95 % CI, 0.56–0.96; P = 0.025) [17]. 
In another ESPAC-5 study, either short-course (2 months) neoadjuvant 
chemotherapy with gemcitabine plus capecitabine, FOLFIRINOX, or 
gemcitabine-based chemoradiotherapy resulted in better 1-year OS, 
compared with immediate surgery, in patients with borderline resect-
able disease (78 %, 84 %, 60 %, and 39 % respectively; P = 0.0028) [32]. 
It also improved the 1-year RFS in the short-course neoadjuvant treat-
ment group, regardless of the treatment type, compared with immediate 
surgery. Yamaguchi et al. found that neoadjuvant chemotherapy with 
FOLFIRINOX or gem/nab-P followed by curative surgery was feasible 
and well-tolerated, with an R0 resection rate improving to 67.4 %, and 
the 3-year survival rate was 54.7 % [33]. However, the role of chemo-
radiation remains undetermined as the add-on of stereotactic body ra-
diation therapy (SBRT) seemed to have a deleterious effect, compared 
with mFOLFIRINOX alone, in the A021501 trial (18-month OS rate 47.3 
% vs. 66.7 %; median OS, 17.1 vs. 29.8 months) [34]. 

5.2. Recommendations  

● Short courses of neoadjuvant therapy, including chemotherapy alone 
or gemcitabine-based chemoradiotherapy, are recommended for 
borderline resectable disease. 

● Neoadjuvant chemotherapy may be more preferred than neo-
adjuvant chemoradiotherapy based on current evidence. 

● No definite preference for chemotherapy regimens has been sug-
gested. FOLFIRINOX and gem/nab-P are reasonable choices to get 
borderline tumor downsizing of the tumor is therapeutic goal, but 
this is not achieved by gemcitabine alone with a RR of 9 %. 
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Therefore, we may consider combination chemotherapy in this sit-
uation. FOLFIRINOX or gemcitabine/nab-P are reasonable choices. 

5.3. Locally advanced disease 

Resection of apparently unresectable pancreatic cancer following 
induction therapy, although relatively controversial, is an important 
development for selected patients based on remarkable advancements in 
surgical techniques and the more confident use of combination 
chemotherapy regimens and chemoradiotherapy. The NCCN guidelines 
recommend 4–6 months of induction combination chemotherapy fol-
lowed by conventional chemoradiotherapy or SBRT for selected patients 
without systemic metastases, followed by surgical resection [35]. 
Gem/nab-P is similarly active and safe as sequential gem/nab-P, fol-
lowed by FOLFIRINOX as multidrug induction chemotherapy regimen, 
with a relatively similar surgical conversion rate (35.9 % and 43.9 % 
respectively; P = 0.38) [36]. In the CONKO-007 trial, additional 
radiotherapy after induction chemotherapy with gemcitabine or FOL-
FIRINOX did not affect progression-free survival (PFS) or OS [37]. Su 
et al. found that induction chemotherapy with GOFL and mFOLFIRINOX 
followed by chemoradiotherapy provided similar clinical outcomes in 
patients with locally advanced pancreatic cancer [38,39]. 

5.4. Recommendations 

● Up to 4–6 months of induction chemotherapy combined with che-
moradiotherapy is recommended for locally advanced disease.  

● Surgical exploration should be considered if the disease is under 
control after induction therapy.  

● Both FOLFIRINOX and gem/nab-P, or sequential therapy, are safe 
and tolerable for locally advanced disease. No preference suggestions 
can be made based on the current evidence.  

● Some new radiotherapy treatment choices, including proton and 
carbon, may be considered. 

6. First-line chemotherapy for patients with metastatic 
pancreatic cancer 

Combination chemotherapy demonstrates significantly better sur-
vival, compared with monotherapy. Therefore, gemcitabine- or 
fluorouracil-based combination chemotherapy is recommended as the 
first-line regimen, whereas monotherapy is recommended for fragile 
patients. 

6.1. Monotherapy 

6.1.1. Gemcitabine monotherapy 
Gemcitabine monotherapy became the standard of care in advanced 

pancreatic cancer in 1997 based on the randomized phase III trial with 
median OS periods of 5.65 and 4.41 months for the gemcitabine and 5- 
FU arms, respectively (P = 0.0025) [2]. Combination chemotherapy is 
recommended for fit patients, whereas gemcitabine monotherapy re-
mains an option for fragile patients. 

6.1.2. S-1 monotherapy 
In the large randomized phase III GEST study that recruited 834 

patients with advanced pancreatic cancer, S-1 was comparable to 
gemcitabine in terms of ORR (21.0 % vs. 13.3 %) and OS (9.7 vs. 8.8 
months; HR, 0.96; 97.5 % CI, 0.78–1.18; P < 0.001 for noninferiority) 
[5]. 

6.2. Combination chemotherapy 

6.2.1. Gemcitabine plus erlotinib 
The add-on of erlotinib to gemcitabine achieved a modest improve-

ment of OS, compared with gemcitabine monotherapy (HR, 0.82; 95 % 

CI, 0.69–0.99; P = 0.038), in nonselective patients [40]. 

6.2.2. FOLFIRINOX 
FOLFIRINOX is recommended as a first-line regimen only for fit 

patients (Eastern Cooperative Oncology Group [ECOG] PS 0–1). The 
PRODIGE 4/ACCORD 11 study demonstrated that FOLFIRINOX was 
superior to gemcitabine monotherapy as a first-line therapy for 
advanced pancreatic cancer, with median OS periods of 11.1 and 6.8 
months, respectively (HR, 0.57; 95 % CI, 0.45–0.73; P < 0.001) [3]. 
However, FOLFIRINOX was highly toxic and intolerable in Asian pa-
tients [41], and modified FOLFIRINOX (omit bolus 5-FU and dose 
reduction of irinotecan to 150 mg/m2) should be considered in Asian 
patients [42]. 

6.2.3. Nab-paclitaxel plus gemcitabine 
The MPACT study demonstrated that gem/nab-P resulted in a better 

ORR and survival than gemcitabine alone; however, significant toxic-
ities remained a concern. The median OS period was 8.5 months in the 
gem/nab-P group compared with 6.7 months in the gemcitabine group 
(HR, 0.72; 95 % CI, 0.62–0.83; P < 0.001) [4]. 

6.2.4. NALIRIFOX 
NALIRIFOX (5-FU/LV, nal-IRI, and oxaliplatin) demonstrated supe-

rior survival benefit over gem/nab-P, with median OS periods of 11.1 
and 9.2 months, respectively (HR, 0.83; 95 % CI, 0.70–0.99; P = 0.0355) 
in the randomized phase III NAPOLI-3 trial [43]. 

6.3. Recommendations  

● Chemotherapy remains the standard of care in metastatic pancreatic 
cancer.  

● Gemcitabine- or fluorouracil-based combination chemotherapy is 
recommended for fit patients, whereas monotherapy is recom-
mended for fragile patients. 

7. Taiwan experience of first-line treatment 

Owing to the delayed reimbursement of the approved FOLFIRINOX 
and gem/nab-P in advanced pancreatic cancer, some phase I/II clinical 
trials and real-world data were developed in Taiwan. 

7.1. GOFL 

Biweekly GOFL is a triplet regimen consisting of gemcitabine, oxa-
liplatin, fluorouracil, and LV. In the phase II trial, the ORR was 33.3 %, 
with significant grade 3–4 toxicities of neutropenia (28.9 %) and diar-
rhea (6.7 %) [44]. 

7.2. SLOG 

Biweekly SLOG was derived from the GOFL regimen using oral S-1/ 
LV instead of infusion of 5-FU/LV. A phase I/II trial in patients with 
metastatic pancreatic cancer showed an ORR of 40.7 %, median PFS 
period of 7.6 months, and median OS period of 11.4 months. The 
common grade 3–4 toxicities included neutropenia (40.7 %), diarrhea 
(7.4 %), and oral mucositis (5.6 %) [12]. 

7.3. Modified GSL 

In a phase II trial in elderly patients aged ≥70 years and ECOG PS ≤2, 
the results showed an ORR of 26.5 %, median PFS period of 6.6 months, 
and median OS period of 12.5 months. The common grade 3–4 toxicities 
were neutropenia (18.4 %) and mucositis (12.2 %), with improved 
quality of life, indicating that a modified GSL regimen is valuable for 
Asian elderly patients with advanced pancreatic cancer [10]. 
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7.4. S-1 based regimens 

The reimbursement of S-1 since June 2014 has changed treatment 
patterns and improved survival in a multi-institute cohort study [45]. 
Real-world data showed that gemcitabine plus S-1 as a first-line treat-
ment was acceptable for patients with advanced pancreatic cancer [46]. 

7.5. Gemcitabine plus erlotinib 

A randomized phase II trial was conducted to compare gemcitabine 
plus erlotinib with gemcitabine alone in patients with metastatic 
pancreatic cancer. The treatment efficacy was significantly better in the 
combination group than in the monotherapy group. Epidermal growth 
factor receptor mutations in exons 18–21, but not Kirsten rat sarcoma 
viral oncogene homologue (KRAS) mutations, were independent pre-
dictors of erlotinib benefit [47]. 

7.6. Recommendations  

● The above regimens can serve as alternative first-line treatments for 
Taiwanese patients with pancreatic cancer, depending on physicians’ 
choices, patient requests, reimbursement policies, and the balance 
between efficacy and toxicities. 

8. Second-line treatment for advanced and metastatic 
pancreatic cancer 

As patients progress from the first-line chemotherapy, they usually 
receive different second-line treatment regimens. However, the options 
for second-line treatments are limited because only a few successful 
trials significantly improve survival [48]. A systematic review of clinical 
trials that evaluated the effectiveness of subsequent chemotherapy after 
gemcitabine failure in pancreatic cancer showed survival benefits, 
compared with the best supportive care [49]. The choice of second-line 
chemotherapy depends on the chemotherapy used in the first-line 
regimen, adverse effects, PS, age, and comorbidities. 

Currently, there are two main combination chemotherapy regimens 
in the first-line setting. After first-line treatment with gemcitabine-based 
chemotherapy, the advice is to select 5-FU-based chemotherapy; in the 
case of front-line therapy with 5-FU-based treatment, the indication is 
gemcitabine-based chemotherapy. 

8.1. Second-line chemotherapy after treatment with gemcitabine-based 
combination therapy 

Currently, international cancer treatment guidelines recommend 5- 
FU-based therapies, including FOLFIRI, nal-IRI + 5-FU, oxaliplatin 
plus 5-FU/LV (OFF), FOLFOX or capecitabine plus oxaliplatin, and 
monotherapy with 5-FU, capecitabine, or S-1 for patients previously 
treated with gemcitabine-based chemotherapy. 

8.1.1. Nal-IRI + 5-FU/LV 
In the NAPOLI-1 phase III randomized trial, patients with metastatic 

pancreatic cancer who previously received gemcitabine-based therapy 
were randomized to receive nal-IRI monotherapy, 5-FU/LV, or both [6]. 
Median PFS (3.1 vs. 1.5 months; HR, 0.56; 95 % CI, 0.41–0.75; P <
0.001) and median OS (6.1 vs. 4.2 months; HR, 0.67; P = 0.012) were 
significantly greater in patients who received nal-IRI with 5-FU/LV 
compared with those who received 5-FU/LV alone. The most frequent 
grade 3–4 side effects of combination therapy were neutropenia, diar-
rhea, emesis, and fatigue [50]. Nal-IRI combined with 5-FU/LV was later 
approved by the FDA as a treatment option after gemcitabine-based 
therapy in patients with metastatic disease. 

Some retrospective studies in Korea and Taiwan have confirmed 
these data [51–54]. In Taiwan, real-world data support the use of the 
NAPOLI-1 nomogram for risk stratification to predict the OS with 

metastatic pancreatic cancer [55]. Moreover, the starting dose [56], 
pre-emptive dose [52], dose pattern, early cumulative dose [57], pre-
operative albumin combined with neutrophil-to-lymphocyte ratio [58], 
spleen volume [59], and previous conventional irinotecan treatment 
[60] also affect the treatment results of nal-IRI in real-world practice. 

8.1.2. Fluoropyrimidine and oxaliplatin-based regimens 
Another option in the second-line setting is an OFF regimen con-

sisting of 5-FU/LV and oxaliplatin. In the CONKO-003 trial, compared 
with 5-FU/LV, oxaliplatin/5-FU/LV had significantly higher median OS 
(5.9 vs. 3.3 months) and median PFS (2.9 vs. 2 months) [61]. The 
PANCREOX trial compared the modified FOLFOX6 (mFOLFOX6) pro-
tocol with 5-FU/LV. The combination did not improve PFS, and the 
median OS was shorter in the mFOLFOX6 arm than in the 5-FU/LV arm 
[62]. 

8.1.3. Irinotecan- and 5-FU-based regimens 
A prospective multicenter study evaluated the use of second-line 5- 

FU + LV + irinotecan (FOLFIRI) in patients who progressed to first-line 
therapy with gemcitabine and platinum (cisplatin or oxaliplatin) [63]. 
Among the 50 enrolled patients, four partial responses (8 %) were 
observed, with disease stability in 28 %, whereas PFS and OS were 3.2 
and 5.0 months, respectively. 

In the single-arm, multicenter phase II study conducted by Chung 
et al., in 48 patients receiving modified FOLFIRINOX, the ORR, disease 
control rate, median PFS period, and OS period were 18.8 %, 62.5 %, 5.8 
months, and 9.0 months, respectively, with significant toxicity (neu-
tropenia grade 3–4 rate, 64.6 %; febrile neutropenia, 16.7 %) [64]. 
Highly toxic triplet therapy is unsuitable as second-line palliative 
treatment in patients with a nonoptimal PS and is reserved for only a few 
patients. 

8.2. Second-line chemotherapy after FOLFIRINOX treatment 

There is no consensus on the second-line treatment after progression 
to FOLFIRINOX because no prospective randomized trials have been 
conducted in this setting. The choice is generally a gemcitabine-based 
treatment, which can include gemcitabine monotherapy or 
gemcitabine-based combination therapy. 

8.2.1. Gemcitabine monotherapy 
Only a series of retrospective studies have evaluated the efficacy of 

gemcitabine as second-line monotherapy after FOLFIRINOX failure [65, 
66]. Gemcitabine as second-line chemotherapy after FOLFIRINOX fail-
ure in advanced pancreatic cancer showed a median OS period of 3.7 
months, a median PFS period of 2.1 months, and a disease control rate of 
40 % [67]. Evaluation of gemcitabine efficacy after the FOLFIRINOX 
regimen in patients with advanced pancreatic adenocarcinoma also 
found an ORR of 11 % and a clinical benefit of 44 %, regardless of their 
previous response to the first-line treatment [68]. 

8.2.2. Gemcitabine-based treatment 
Although guidelines recommend gemcitabine-based regimens after 

FOLFIRINOX failure, the evidence is significantly limited [35,69]. In the 
randomized phase III GEMPAX UNICANCER study, paclitaxel plus 
gemcitabine failed to demonstrate an OS benefit over gemcitabine 
monotherapy (6.4 vs. 5.9 months) [70]. The randomized phase III 
CT-4006 study, which compared cationic liposomes embedded with 
paclitaxel plus gemcitabine versus gemcitabine monotherapy, had 
completed patient accrual and the results are expected to come out soon 
[71]. 

8.3. Recommendations  

● In patients with preserved PS (ECOG PS 0–1) without relevant 
comorbidities, proposing second-line treatment with a 5-FU- or 
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gemcitabine-based treatment is reasonable, depending on the first- 
line chemotherapy used.  

● Within 5-FU-based regimens, any residual toxicities of the first-line 
treatment can lead to the choice of another chemotherapy regimen. 

9. Treatment beyond second-line regimens 

Currently, there is no standard chemotherapy regimen for patients 
with metastatic adenocarcinoma after disease progression on nal-IRI 
plus 5-FU/LV. Patients are encouraged to participate in clinical trials 
if their performance is good (see below). Palliative and hospice care is 
important for unfit patients. 

With advancements in NGS technology, several pancreatic cancers 
harbor various genetic alterations. The number of druggable alterations 
in the modern pharmaceutical industry is increasing because of high- 
throughput drug screening. Moreover, the price of NGS has dropped 
rapidly and has become more affordable for the general population, 
compared with that from 5 years ago. For a disease with unsatisfactory 
treatment results, it is worthwhile to have cancer tissue sequenced either 
in newly diagnosed or chemotherapy-failed patients with advanced 
pancreatic cancer (see below). 

In recent years, immunotherapy has become an important part of the 
anticancer therapies for several types of cancers. Although several trials 
using single immune checkpoint inhibitors (ICIs) have failed to 
demonstrate efficacy in patients with pancreatic cancer, there is a trend 

toward testing the efficacy of combination therapy with ICIs and 
chemotherapy in clinical trials (see below). Cell therapy, another type of 
immunotherapy, is gaining increasing attention for pancreatic cancer, 
which has a poor prognosis (see below). 

9.1. Recommendations  

● In addition to hospice care, fit patients should be encouraged to 
participate in clinical trials after disease progression on nal-IRI plus 
5-FU/LV.  

● NGS, immunotherapy, and other emerging reports may provide 
treatment choices for certain populations. 

9.2. NGS, targeted therapy, and immune therapy 

9.2.1. NGS 
NGS is a powerful technology used in cancer studies and clinical 

practice. In pancreatic cancer, NGS may help guide treatment. Most 
pancreatic carcinomas (>80 %) result from sporadic mutations that 
randomly occur. Only a small percentage (<10 %) are attributed to 
inherited germline mutations. Certain germline mutations in genes are 
associated with varying levels of increased risk for pancreatic carci-
noma. Familial pancreatic cancers, defined as cases which at least two 
first-degree relatives have pancreatic cancer, represent only 5–10 % of 
all pancreatic cancer cases. BRCA2 mutations are the most common 

Table 1 
Landmark ongoing clinical trials for pancreatic cancer.  

Trial ID Date of 
start 

Trial stage Phase N Stage of disease Line of 
treatment 

Therapeutic intervention Strategy 

NCT04935359 
[87] 

June 23, 
2021 

Recruiting III 490 Metastatic 1 NIS793 + gemcitabine + nab-paclitaxel vs 
placebo + gemcitabine + nab-paclitaxel 

Blockade of transforming 
growth factor β (TGFβ) 

NCT03816163 
[88] 

January 25, 
2019 

Recruiting II 369 Metastatic, 
claudin-18.2- 
positive 

1 Zolbetuximab + gemcitabine + nab- 
paclitaxel vs gemcitabine + nab- 
paclitaxel 

Targeting claudin-18 
isoform 2 (CLDN18.2) 

NCT05254171 
[89] 

February 
24, 2022 

Recruiting II/III 150 Metastatic 1 SBP-101 + gemcitabine + nab-paclitaxel 
vs placebo + gemcitabine + nab- 
paclitaxel 

A small molecule 
polyamine metabolic 
inhibitor 

NCT03310632 October 16, 
2017 

Active, not 
recruiting 

I/II 52 Metastatic 1 Antroquinonol + gemcitabine + nab- 
paclitaxel 

A cyclohexenone 
compound purified from an 
extract of Antrodia 
camphorata 

NCT05026905 August 30, 
2021 

Recruiting II 86 Metastatic 1 S-1 + leucovorin + gemcitabine + nab- 
paclitaxel vs oxaliplatin (GASL) +
gemcitabine + nab-paclitaxel (GAP) 

Combination with other 
chemotherapeutic agents 

NCT04338763 April 8, 
2020 

Recruiting I 48 Advanced 1 RP72 monotherapy vs RP72 +
gemcitabine 

Blockade of CXCR1 and 
CXCR2 

NCT04659603 December 
9, 2020 

Recruiting II 94 Advanced, 
CEACAM5- 
positive 

2 or 3 Tusamitamab monotherapy vs. 
Tusamitamab + gemcitabine 

Blockade of CEACAM5 

NCT05512377 
[90] 

August 23, 
2022 

Recruiting II 155 Advanced Any BI 907828 Inhibiting the interaction 
between p53 and MDM2 

NCT04185883 
[91] 

December 
4, 2019 

Recruiting Ib/II 1143 Advanced, KRAS 
G12C mutation 

Any Sotorasib + trametinib + panitumumab 
vs sotorasib + AMG 404 vs sotorasib +
RMC-4630 vs sotorasib + afatinib vs 
sotorasib + panitumumab ± FOLFIRI vs 
sotorasib + atezolizumab vs sotorasib +
carboplatin, pemetrexed, docetaxel, 
paclitaxel, pembrolizumab vs sotorasib 
monotherapy vs sotorasib + palbociclib vs 
sotorasib + everolimus vs sotorasib +
pembrolizumab vs sotorasib + MVASI® 
(bevacizumab-awwb) + FOLFIRI or 
FOLFOX vs sotorasib + TNO155 vs 
sotorasib + BI 1701963 

KRAS G12C inhibitor 

NCT05737706 February 
21, 2023 

Recruiting I/II 304 Advanced, KRAS 
G12D mutation 

Any MRTX1133 KRAS G12D inhibitor 

NCT05242822 February 
16, 2022 

Recruiting I 120 Advanced, 
FGFR2 and/or 
FGFR3 gene 
alterations 

Any KIN-3248 Pan-fibroblast growth 
factor receptor inhibitor 

ID, identification; N = number. 
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inherited disorders in familial pancreatic cancer. Other familial syn-
dromes associated with pancreatic cancer include hereditary pancrea-
titis, hereditary nonpolyposis colorectal cancer, hereditary breast and 
ovarian cancers, Peutz–Jeghers syndrome, ataxia telangiectasia, familial 
atypical multiple mole melanoma syndrome, and Li–Fraumeni 
syndrome. 

9.2.2. Targeted therapy 
Although targeted therapies have shown significant success in the 

treatment of various types of cancers, their effectiveness in pancreatic 
cancer is limited [40,72]. Despite the identification of KRAS oncogene in 
the 1960s, KRAS was thought to be "undruggable.” In 2013, the Shokat 
laboratory revealed a novel switch II pocket that directly inhibited the 
activated KRAS isozyme caused by the G12C mutation. In the combined 

population of phases I and II, 38 patients received sotorasib, and the 
confirmed ORR was 21 % [73]. The median PFS and OS periods were 4.0 
months (95 % CI, 2.8–5.6) and 6.9 months (95 % CI, 5.0–9.1), 
respectively. 

Some driver alterations have been identified in 5.4 % of patients with 
wild-type KRAS, including fusion of neuregulin 1 (NRG1) [74], fibro-
blast growth factor receptor 2 [75], neurotrophin tyrosine kinase re-
ceptor 3, and ROS proto-oncogene 1 (ROS1). Good responses to 
entrectinib and larotrectinib therapy in patients with pancreatic cancer 
with NTRK and ROS1 fusions have been reported [76–78], although they 
occur in a remarkably low percentage of cases, approximately 0.34 % 
[72]. 

Another promising subgroup for targeted therapy in pancreatic 
cancer, accounting for up to 24 % of patients, are those with defects in 
DNA damage response mechanisms, including germline or somatic 
mutations in BRCA1/2 and PALB2 or a mutational signature indicative 
of “BRCAness.” Several studies are currently investigating the use of 
poly-(ADP-ribose)-polymerase inhibitors as monotherapy or in combi-
nation with chemotherapy in patients with pancreatic cancer with DNA 
damage response defects. Regarding maintenance therapy, olaparib was 
approved based on the phase III POLO study, with olaparib having 
significantly better PFS than the placebo (HR, 0.53; 95 % CI, 0.35–0.82; 
P = 0.004) in patients with germline BRCA1/BRCA2 mutation who had 
not progressed during first-line platinum-based chemotherapy at least 
16 weeks [79]. 

9.2.3. Immunotherapy 
ICIs have revolutionized the treatment of various cancers but have 

shown limited effectiveness in pancreatic cancer owing to their poor 
immunogenicity and immunosuppressive tumor microenvironment. 
Combination approaches involving ICIs, chemotherapy, vaccines, radi-
ation, and cytokine antagonists have been explored in clinical studies. 
Pembrolizumab has received FDA approval for the treatment of micro-
satellite instability high (MSI-H) cancers [80]. However, the prevalence 
of MSI-H in pancreatic cancer is approximately <1 % [81]. 

9.3. Clinical trials for metastatic pancreatic cancer 

Participation in a clinical trial for metastatic pancreatic cancer may 
offer patients the opportunity to access new treatments that are not yet 
available to the public. By volunteering for a clinical trial, patients can 
help themselves and others face the disease. Patients should be aware of 
the possible risks and uncertainties associated with clinical trials. Pa-
tients may not benefit from new treatments or may experience serious 
adverse effects. Patients may also have to follow strict protocols and 
procedures that affect their daily lives. Clinical trials for pancreatic 
cancer are listed on clinicaltrials.gov ([Table 1]. 

9.4. Cell therapy 

Autologous non-genetically engineered immune cell therapy is well- 
tolerated but has limited clinical antitumor activity when used alone 
[Table 2]. The additional benefits of a combination of standard therapies 
in palliative or adjuvant settings still need confirmation in randomized 
trials. However, the efficacy of tumor-infiltrating lymphocytes in the 
treatment of pancreatic cancer remains unclear. Chimeric antigen 
receptor-modified T-cell therapy with cell surface targets remains under 
investigation [82–86]. Therefore, additional data are required to clarify 
the safety and efficacy of genetically engineered cell therapies for 
pancreatic cancer. 

9.5. Recommendations  

● Maintenance of olaparib is an option for germline BRCA1/BRCA2 
mutations, especially for patients who prefer chemotherapy 
holidays. 

Table 2 
Non-genetically engineered immune cell therapy in pancreatic cancer.   

N Cell Other 
modality 

Disease Outcome 

Stift A 
et al. 
(2003) 
[92] 

9 DC + tumor 
lysate  

Metastatic No responder 

Bauer C 
et al. 
(2011) 
[93] 

12 DC + tumor 
lysate 

Gem ±
Oxa 

Inoperable PR in 1, SD in 2 

Rong Y 
et al. 
(2012) 
[94] 

7 DC + MUC1 
peptide 

95 Inoperable No responder 

Koido S 
et al. 
(2014) 
[95] 

11 DC + WT-1 
peptide 

Gem Metastatic SD in 6 

Chung MJ 
et al. 
(2014) 
[96] 

20 CIK  Metastatic 
refractory to 
Gem 

SD in 4 
Median PFS 
11.0 weeks 
Median OS 26.6 
weeks 

Jian N 
et al. 
(2017) 
[97] 

4 
11 
25 

None 
DC + CIK 
DC + CIK 

S-1 
None 
S-1 

Inoperable SD in 2 (S-1), 5 
(doublet), and 
20 (triplet) 
6M-PFS: 0 % (S- 
1), 9.09 % 
(doublet), 41.6 
% (triplet) 
6M-OS: 25 % (S- 
1), 18.2 % 
(doublet), 62.2 
% (triplet) 

Lin M 
et al. 
(2017) 
[98] 

37 
30 

NK, 
allogeneic 
None 

IRE 
IRE 

Inoperable CR in 3 (IRE), 5 
(doublet) 
PR in 8 (IRE), 12 
(doublet) 
SD in 7 (IRE), 10 
(doublet) 

Lin M 
et al. 
(2020) 
[99] 

30 
32 

Vγ9Vδ2, 
allogeneic 
None 

IRE 
IRE 

Locally 
advanced 

Median PFS 
(month): 11 
(doublet), 8.5 
(IRE) 
Median OS 
(month): 14.5 
(doublet), 11 
(IRE) 

Aoki T 
et al. 
(2017) 
[100] 

28 
20 

Vγ9Vδ2, 
autologous 
None 

Gem 
Gem 

Curatively 
resected 

Median RFS 
(month): 26 
(both) 

Abbreviations: CIK, cytokine-induced killer cell; CR, complete response; DC, 
dendritic cell; Gem, gemcitabine; IRE, irreversible electroporation therapy; N, 
number; NK, natural killer cell; OS, overall survival; Oxa, oxaliplatin; PFS, 
progression-free survival; PR, partial response; RFS, recurrence-free survival; 
SD, stable disease. 
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● Currently, there is no standard treatment beyond second-line regi-
mens, and enrollment in clinical trials is recommended. 

● NGS testing may be considered for the potential detection of drug-
gable mutations, despite their rarity. Genetic counseling should be 
considered in patients with familial pancreatic cancer.  

● ICIs are not recommended for routine use alone or in combination 
with standard treatments for pancreatic cancer, except in patients 
with MSI-H. 

● Cell therapy using autologous immune cells may be optional in pa-
tients with pancreatic cancer with stage IV or refractory stage I–III 
disease under the regulation of the “Regulations Governing the 
Application or Use of Specific Medical Techniques or Examinations, 
or Medical Devices” in Taiwan. 

10. Conclusion 

This review provides an overview of the medical treatment for 
pancreatic cancer, covering various disease stages and therapeutic ap-
proaches. It emphasizes the importance of patient selection and initial 
assessment. Postoperative adjuvant chemotherapy is recommended for 
resectable diseases, whereas neoadjuvant therapy is recommended for 
borderline resectable diseases. Induction chemotherapy and concurrent 
chemoradiotherapy have been used to treat locally advanced tumors. 

Systemic therapies are pivotal for improving patient outcomes in 
metastatic diseases. It incorporates data from international and Taiwan- 
specific studies to guide first- and second-line treatment choices. Addi-
tionally, it explores treatment options beyond second-line treatment and 
highlights the potential role of NGS in identifying targeted immuno-
therapies. Furthermore, novel treatments, including clinical trials and 
cell therapy, offer promising avenues for future advancements in 
pancreatic cancer management. 
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FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer. N Engl J Med 
2011;364(19):1817–25. 

[4] Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore M, et al. Increased 
survival in pancreatic cancer with nab-paclitaxel plus gemcitabine. N Engl J Med 
2013;369(18):1691–703. 

[5] Ueno H, Ioka T, Ikeda M, Ohkawa S, Yanagimoto H, Boku N, et al. Randomized 
phase III study of gemcitabine plus S-1, S-1 alone, or gemcitabine alone in 
patients with locally advanced and metastatic pancreatic cancer in Japan and 
Taiwan: GEST study. J Clin Oncol 2013;31(13):1640–8. 

[6] Wang-Gillam A, Li CP, Bodoky G, Dean A, Shan YS, Jameson G, et al. 
Nanoliposomal irinotecan with fluorouracil and folinic acid in metastatic 
pancreatic cancer after previous gemcitabine-based therapy (NAPOLI-1): a 
global, randomised, open-label, phase 3 trial. Lancet 2016;387(10018):545–57. 

[7] Oettle H, Post S, Neuhaus P, Gellert K, Langrehr J, Ridwelski K, et al. Adjuvant 
chemotherapy with gemcitabine vs observation in patients undergoing curative- 
intent resection of pancreatic cancer: a randomized controlled trial. JAMA 2007; 
297(3):267–77. 

[8] Assifi MM, Lu X, Eibl G, Reber HA, Li G, Hines OJ. Neoadjuvant therapy in 
pancreatic adenocarcinoma: a meta-analysis of phase II trials. Surgery 2011;150 
(3):466–73. 

[9] Bailey P, Chang DK, Nones K, Johns AL, Patch AM. Gingras MC, et al. Genomic 
analyses identify molecular subtypes of pancreatic cancer. Nature 2016;531 
(7592):47–52. 

[10] Bai LY, Li CP, Shan YS, Chuang SC, Chen JS. Chiang NJ, et al. A prospective phase 
II study of biweekly S-1, leucovorin, and gemcitabine in elderly patients with 
locally advanced or metastatic pancreatic adenocarcinoma - the Taiwan 
Cooperative Oncology Group T1217 study. Eur J Cancer 2022;173:123–32. 

[11] Al-Batran SE, Hofheinz RD, Reichart A, et al. Quality of life and outcome of 
patients with metastatic pancreatic cancer receiving first-line chemotherapy with 
nab-paclitaxel and gemcitabine: real-life results from the prospective QOLIXANE 
trial of the Platform for Outcome, Quality of Life and Translational Research on 
Pancreatic Cancer registry. Int J Cancer 2021;148(6):1478–88. 

[12] Chiang NJ, Tsai K, Hsiao CF, Yang SH, Hsiao HH, Shen WC, et al. A multicenter, 
phase I/II trial of biweekly S-1, leucovorin, oxaliplatin and gemcitabine in 
metastatic pancreatic adenocarcinoma-TCOG T1211 study. Eur J Cancer 2020; 
124:123–30. 

[13] Neoptolemos JP, Palmer DH, Ghaneh P, Psarelli EE, Valle JW, Halloran CM, et al. 
Comparison of adjuvant gemcitabine and capecitabine with gemcitabine 
monotherapy in patients with resected pancreatic cancer (ESPAC-4): a 
multicentre, open-label, randomised, phase 3 trial. Lancet 2017;389(10073): 
1011–24. 

[14] Conroy T, Hammel P, Hebbar M, Ben Abdelghani M, Wei AC, Raoul JL, et al. 
FOLFIRINOX or gemcitabine as adjuvant therapy for pancreatic cancer. N Engl J 
Med 2018;379(25):2395–406. 

[15] Merkow RP, Bilimoria KY, Tomlinson JS, Paruch JL, Fleming JB. Talamonti MS, 
et al. Postoperative complications reduce adjuvant chemotherapy use in 
resectable pancreatic cancer. Annals of surgery 2014;260(2):372–7. 

[16] Versteijne E, Vogel JA, Besselink MG, Busch ORC, Wilmink JW, Daams JG, et al. 
Meta-analysis comparing upfront surgery with neoadjuvant treatment in patients 
with resectable or borderline resectable pancreatic cancer. Br J Surg 2018;105(8): 
946–58. 

[17] Versteijne E, van Dam JL, Suker M, et al. Neoadjuvant chemoradiotherapy versus 
upfront surgery for resectable and borderline resectable pancreatic cancer: long- 
term results of the Dutch randomized PREOPANC trial. J Clin Oncol 2022;40(11): 
1220–30. 

[18] Ahmad SA, Duong M, Sohal DPS, Gandhi NS, Beg MS, Wang-Gillam A, et al. 
Surgical outcome results from SWOG S1505: a randomized clinical trial of 
mFOLFIRINOX versus gemcitabine/nab-paclitaxel for Perioperative treatment of 
resectable pancreatic ductal adenocarcinoma. Annals of surgery 2020;272(3): 
481–6. 

[19] Seufferlein T, Uhl W, Kornmann M, Algül H, Friess H, König A, et al. Perioperative 
or only adjuvant gemcitabine plus nab-paclitaxel for resectable pancreatic cancer 
(NEONAX)-a randomized phase II trial of the AIO pancreatic cancer group. Ann 
Oncol: Off J Europ Soc Med Oncol 2023;34(1):91–100. 

[20] Satoi S, Unno M, Motoi F, et al. The effect of neoadjuvant chemotherapy with 
gemcitabine and S-1 for resectable pancreatic cancer (randomized phase II/III 
trial; Prep-02/JSAP-05). J Clin Oncol 2019;37(suppl 15):4126. 

[21] Su YY, Chao YJ, Wang CJ, Liao TK, Su PJ, Huang CJ, et al. The experience of 
neoadjuvant chemotherapy versus upfront surgery in resectable pancreatic 
cancer. a cross sectional study. Int J Surg 2023 Jun 8;109(9):2614-23. 

[22] Neoptolemos JP, Stocken DD, Friess H, et al. A randomized trial of 
chemoradiotherapy and chemotherapy after resection of pancreatic cancer. 
N Engl J Med 2004;350(12):1200–10. 

[23] Oettle H, Neuhaus P, Hochhaus A, Hartmann JT, Gellert K. Ridwelski K,et al. 
Adjuvant chemotherapy with gemcitabine and long-term outcomes among 
patients with resected pancreatic cancer: the CONKO-001 randomized trial. 
JAMA 2013;310(14):1473–81. 

[24] Neoptolemos JP, Stocken DD, Bassi C, et al. Adjuvant chemotherapy with 
fluorouracil plus folinic acid vs gemcitabine following pancreatic cancer 
resection: a randomized controlled trial. JAMA 2010;304(10):1073–81. 

[25] Uesaka K, Boku N, Fukutomi A, Okamura Y, Konishi M, Matsumoto I, et al. 
Adjuvant chemotherapy of S-1 versus gemcitabine for resected pancreatic cancer: 
a phase 3, open-label, randomised, non-inferiority trial (JASPAC 01). Lancet 
2016;388(10041):248–57. 

[26] Smeenk HG, van Eijck CH, Hop WC, Erdmann J, Tran KC, Debois M, et al. Long- 
term survival and metastatic pattern of pancreatic and periampullary cancer after 
adjuvant chemoradiation or observation: long-term results of EORTC trial 40891. 
Ann Surg 2007;246(5):734–40. 

[27] Kalser MH, Ellenberg SS. Pancreatic cancer. Adjuvant combined radiation and 
chemotherapy following curative resection. Arch Surg 1985;120(8):899–903. 

Y.-Y. Su et al.                                                                                                                                                                                                                                   

https://www.hpa.gov.tw/Pages/List.aspx?nodeid=269
https://www.hpa.gov.tw/Pages/List.aspx?nodeid=269
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref2
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref2
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref2
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref2
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref3
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref3
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref3
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref4
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref4
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref4
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref5
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref5
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref5
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref5
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref6
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref6
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref6
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref6
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref7
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref7
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref7
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref7
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref8
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref8
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref8
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref9
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref9
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref9
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref10
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref10
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref10
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref10
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref11
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref11
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref11
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref11
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref11
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref12
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref12
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref12
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref12
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref13
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref13
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref13
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref13
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref13
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref14
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref14
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref14
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref15
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref15
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref15
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref16
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref16
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref16
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref16
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref17
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref17
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref17
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref17
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref18
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref18
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref18
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref18
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref18
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref19
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref19
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref19
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref19
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref20
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref20
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref20
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref22
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref22
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref22
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref23
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref23
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref23
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref23
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref24
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref24
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref24
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref25
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref25
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref25
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref25
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref26
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref26
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref26
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref26
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref27
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref27


Biomedical Journal xxx (xxxx) xxx

9

[28] Sugumar K, Hue JJ, De La Serna S, et al. The importance of time-to-adjuvant 
treatment on survival with pancreatic cancer: a systematic review and meta- 
analysis. Cancer Rep (Hoboken) 2021;4(5):e1390. 

[29] Ducreux M, Cuhna AS, Caramella C, et al. Cancer of the pancreas: ESMO Clinical 
Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol : Off J 
Europ Soc Med Oncol 2015;26(Suppl 5):v56–68. 

[30] Springfeld C, Ferrone CR, Katz MHG, et al. Neoadjuvant therapy for pancreatic 
cancer. Nat Rev Clin Oncol 2023;20(5):318–37. 

[31] Versteijne E, Suker M, Groothuis K, et al. Preoperative chemoradiotherapy versus 
immediate surgery for resectable and borderline resectable pancreatic cancer: 
results of the Dutch randomized phase III PREOPANC trial. J Clin Oncol 2020;38 
(16):1763–73. 

[32] Ghaneh P, Palmer D, Cicconi S, Jackson R, Halloran CM, Rawcliffe C, et al. 
Immediate surgery compared with short-course neoadjuvant gemcitabine plus 
capecitabine, FOLFIRINOX, or chemoradiotherapy in patients with borderline 
resectable pancreatic cancer (ESPAC5): a four-arm, multicentre, randomised, 
phase 2 trial. Lancet Gastroenterol Hepatol 2023;8(2):157–68. 

[33] Yamaguchi J, Yokoyama Y, Fujii T, et al. Results of a phase II study on the Use of 
neoadjuvant chemotherapy (FOLFIRINOX or GEM/nab-PTX) for borderline- 
resectable pancreatic cancer (NUPAT-01). Ann Surg 2022;275(6):1043–9. 

[34] Katz MHG, Shi Q, Meyers J, et al. Efficacy of preoperative mFOLFIRINOX vs 
mFOLFIRINOX plus Hypofractionated radiotherapy for borderline resectable 
adenocarcinoma of the pancreas: the A021501 phase 2 randomized clinical trial. 
JAMA Oncol 2022;8(9):1263–70. 

[35] Tempero MA, Malafa MP, Al-Hawary M, Behrman SW, Benson AB, Cardin DB, 
et al. Pancreatic adenocarcinoma, version 2.2021, NCCN clinical practice 
guidelines in Oncology. J Natl Compr Canc Netw 2021;19(4):439–57. 

[36] Kunzmann V, Siveke JT, Algül H, Goekkurt E, Siegler G, Martens U, et al. Nab- 
paclitaxel plus gemcitabine versus nab-paclitaxel plus gemcitabine followed by 
FOLFIRINOX induction chemotherapy in locally advanced pancreatic cancer 
(NEOLAP-AIO-PAK-0113): a multicentre, randomised, phase 2 trial. Lancet 
Gastroenterol Hepatol 2021;6(2):128–38. 

[37] Fietkau R, Ghadimi M, Grützmann R, Wittel UA , Jacobasch L, Uhl W, et al. 
Randomized phase III trial of induction chemotherapy followed by 
chemoradiotherapy or chemotherapy alone for nonresectable locally advanced 
pancreatic cancer: first results of the CONKO-007 trial. J Clin Oncol 2022;40(16_ 
suppl):4008. 

[38] Su YY, Chiu YF, Li CP, Yang SH, Lin J, Lin SJ, et al. A phase II randomised trial of 
induction chemotherapy followed by concurrent chemoradiotherapy in locally 
advanced pancreatic cancer: the Taiwan Cooperative Oncology Group T2212 
study. Br J Cancer 2022;126(7):1018–26. 

[39] Su YY, Ting YL, Wang CJ, et al. Improved survival with induction chemotherapy 
and conversion surgery in locally advanced unresectable pancreatic cancer: a 
single institution experience. Am J Cancer Res 2022;12(5):2189–202. 

[40] Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR. Gallinger S,et al. Erlotinib 
plus gemcitabine compared with gemcitabine alone in patients with advanced 
pancreatic cancer: a phase III trial of the National Cancer Institute of Canada 
Clinical Trials Group. J Clin Oncol 2007;25(15):1960–6. 

[41] Okusaka T, Ikeda M, Fukutomi A, et al. Phase II study of FOLFIRINOX for 
chemotherapy-naive Japanese patients with metastatic pancreatic cancer. Cancer 
Sci 2014;105(10):1321–6. 

[42] Ozaka M, Ishii H, Sato T, et al. A phase II study of modified FOLFIRINOX for 
chemotherapy-naive patients with metastatic pancreatic cancer. Cancer 
Chemother Pharmacol 2018;81(6):1017–23. 

[43] Wainberg ZA, Melisi D, Macarulla T, Pazo-Cid R, Chandana SR, Fouchardiere 
CDL, et al. NAPOLI-3: a randomized, open-label phase 3 study of liposomal 
irinotecan + 5-fluorouracil/leucovorin + oxaliplatin (NALIRIFOX) versus nab- 
paclitaxel + gemcitabine in treatment-naïve patients with metastatic pancreatic 
ductal adenocarcinoma (mPDAC). J Clin Oncol 2023;41(4_suppl):LBA661. 
-LBA661. 

[44] Ch’ang HJ, Huang CL, Wang HP, Shiah HS, Chang MC. Jan CM,et al. Phase II 
study of biweekly gemcitabine followed by oxaliplatin and simplified 48-h 
infusion of 5-fluorouracil/leucovorin (GOFL) in advanced pancreatic cancer. 
Cancer Chemother Pharmacol 2009;64(6):1173–9. 

[45] Chou WC, Chen YY, Hung CY, Chen JS, Lu CH, Chang PH. Evolution of the 
chemotherapeutic landscape and survival outcome in patients with metastatic 
pancreatic cancer: a four-institute cohort study in Taiwan, 2010-2016. Cancer 
Manag Res 2019;11:2119–27. 

[46] Chang CF, Huang PW, Chen JS, et al. Prognostic factors for advanced pancreatic 
cancer treated with gemcitabine plus S-1: retrospective analysis and development 
of a prognostic model. Cancers 2019;11(1):57. 

[47] Wang JP, Wu CY, Yeh YC, Shyr YM, Wu YY. Kuo CY,et al. Erlotinib is effective in 
pancreatic cancer with epidermal growth factor receptor mutations: a 
randomized, open-label, prospective trial. Oncotarget 2015;6(20):18162–73. 

[48] Paluri RK, Kasi A, Young C, Posey JA. Second-line treatment for metastatic 
pancreatic cancer. Clin Adv Hematol Oncol 2020;18(2):106–15. 

[49] Rahma OE, Duffy A, Liewehr DJ, Steinberg SM, Greten TF. Second-line treatment 
in advanced pancreatic cancer: a comprehensive analysis of published clinical 
trials. Ann Oncol : official journal of the European Society for Medical Oncology 
2013;24(8):1972–9. 

[50] Hubner RA, Cubillo A, Blanc JF, Melisi D, Von Hoff DD, Wang-Gillam A, et al. 
Quality of life in metastatic pancreatic cancer patients receiving liposomal 
irinotecan plus 5-fluorouracil and leucovorin. Eur J Cancer 2019;106:24–33. 

[51] Yoo C, Im HS, Kim KP, Oh DY, Lee KH, Chon HJ, et al. Real-world efficacy and 
safety of liposomal irinotecan plus fluorouracil/leucovorin in patients with 

metastatic pancreatic adenocarcinoma: a study by the Korean Cancer Study 
Group. Ther Adv Med Oncol 2019;11. 1758835919871126. 

[52] Chiu TJ, Su YY, Yang SH, Li CP, Bai LY, Chiang NJ, et al. Liposomal irinotecan 
pre-emptive dose reduction in patients with pancreatic ductal adenocarcinoma: 
667 patients’ experience within a population-based study. Ther Adv Med Oncol 
2021;13. 17588359211058255. 

[53] Su YY, Chiang NJ, Tsai HJ, Yen CJ, Shan YS, Chen LT. The impact of liposomal 
irinotecan on the treatment of advanced pancreatic adenocarcinoma: real-world 
experience in a Taiwanese cohort. Sci Rep 2020;10(1):7420. 

[54] Bang YJ, Li CP, Lee KH, Chiu CF, Park JO, Shan YS, et al. Liposomal irinotecan in 
metastatic pancreatic adenocarcinoma in Asian patients: subgroup analysis of the 
NAPOLI-1 study. Cancer Sci 2020;111(2):513–27. 

[55] Su YY, Chiang NJ, Yang YH, et al. Real-world data validation of NAPOLI-1 
nomogram for the prediction of overall survival in metastatic pancreatic cancer. 
Cancers 2023;15(4). 

[56] Chiang NJ, Shan YS, Li CP, et al. The impact of starting dose with or without 
subsequent dose escalation of liposomal irinotecan on treatment outcomes in 
patients with metastatic pancreatic ductal adenocarcinoma. Am J Cancer Res 
2022;12(11):5062–73. 

[57] Su YY, Chiang NJ, Li CP, Yen CJ, Yang SH. Chou WC,et al. Dosing pattern and 
early cumulative dose of liposomal irinotecan in metastatic pancreatic cancer: a 
real-world multicenter study. Front Oncol 2022;12:800842. 

[58] Chen YY, Hsueh SW, Yang SH, et al. Predictive value of albumin combined with 
neutrophil-to-lymphocyte ratio for efficacy and safety profiles in patients with 
pancreatic ductal adenocarcinoma receiving liposomal irinotecan plus 5-fluoro-
uracil and leucovorin. Am J Cancer Res 2022;12(9):4267–78. 

[59] Yang SH, Chiang NJ, Chiu SC, et al. The impact of spleen volume on the survival 
of metastatic pancreatic adenocarcinoma patients receiving nanoliposomal 
irinotecan. Am J Cancer Res 2022;12(4):1884–98. 

[60] Chiu TJ, Yang SH, Chiu SC, Hsueh SW, Chiang NJ, Li CP, Bai LY, et al. Effect of 
previous conventional irinotecan treatment in patients with pancreatic cancer 
being treated with liposomal irinotecan plus 5-fluorouracil and leucovorin. 
J Hepatobiliary Pancreat Sci 2022;29(6):670–81. 

[61] Oettle H, Riess H, Stieler JM, Heil G, Schwaner I, Seraphin J, Görner M, et al. 
Second-line oxaliplatin, folinic acid, and fluorouracil versus folinic acid and 
fluorouracil alone for gemcitabine-refractory pancreatic cancer: outcomes from 
the CONKO-003 trial. J Clin Oncol 2014;32(23):2423–9. 

[62] Gill S, Ko YJ, Cripps C, Beaudoin A, Dhesy-Thind S. Zulfiqar M,et al. PANCREOX: 
a randomized phase III study of fluorouracil/leucovorin with or without 
oxaliplatin for second-line advanced pancreatic cancer in patients who have 
received gemcitabine-based chemotherapy. J Clin Oncol 2016;34(32):3914–20. 

[63] Zaniboni A, Aitini E, Barni S, et al. FOLFIRI as second-line chemotherapy for 
advanced pancreatic cancer: a GISCAD multicenter phase II study. Cancer 
Chemother Pharmacol 2012;69(6):1641–5. 

[64] Chung MJ, Kang H, Kim HG, Hyun JJ, Lee JK, Lee KH, et al. Multicenter phase II 
trial of modified FOLFIRINOX in gemcitabine-refractory pancreatic cancer. World 
J Gastrointest Oncol 2018;10(12):505–15. 

[65] Sarabi M, Mais L, Oussaid N, Desseigne F, Guibert P, De La Fouchardiere C. Use of 
gemcitabine as a second-line treatment following chemotherapy with folfirinox 
for metastatic pancreatic adenocarcinoma. Oncol Lett 2017;13(6):4917–24. 

[66] da Rocha Lino A, Abrahao CM, Brandao RM, Gomes JR, Ferrian AM, 
Machado MC, et al. Role of gemcitabine as second-line therapy after progression 
on FOLFIRINOX in advanced pancreatic cancer: a retrospective analysis. 
J Gastrointest Oncol 2015;6(5):511–5. 

[67] Viaud J, Brac C, Artru P, et al. Gemcitabine as second-line chemotherapy after 
Folfirinox failure in advanced pancreatic adenocarcinoma: a retrospective study. 
Dig Liver Dis 2017;49(6):692–6. 

[68] Gilabert M, Chanez B, Rho YS, Giovanini M, Turrini O. Batist G,et al. Evaluation 
of gemcitabine efficacy after the FOLFIRINOX regimen in patients with advanced 
pancreatic adenocarcinoma. Medicine (Baltim) 2017;96(16):e6544. 

[69] Sohal DPS, Kennedy EB, Cinar P, Conroy T, Copur MS. Crane CH,et al. Metastatic 
pancreatic cancer: ASCO guideline update. J Clin Oncol 2020;38(27):3217–30. 

[70] de la Fouchardiere Dm C, Chabaud S, Raimbourg J, Botsen D, Launay S, 
Evesque L, Vienot A, Perrier H, Jary M, Rinaldi Y, Coutzac Bergouignan C, 
Bachet J, Neuzillet C, Williet N, Desgrippes R, Brard G, Lachaux N, Bouche O, 
Ghiringhelli F. Evaluation of gemcitabine and paclitaxel versus gemcitabine alone 
after FOLFIRINOX failure or intolerance in metastatic pancreatic ductal 
adenocarcinoma: results of the randomized phase III PRODIGE 65 - UCGI 36 - 
GEMPAX UNICANCER study. Ann Oncol 2022;33:S808–69. 

[71] Chen L-T, Su M-H. EndoTAG-1 plus gemcitabine versus gemcitabine alone in 
patients with measurable locally advanced and/or metastatic adenocarcinoma of 
the pancreas failed on FOLFIRINOX treatment (NCT03126435). J Clin Oncol 
2020;38(15_suppl):TPS4669. 

[72] Vaishnavi A, Le AT, Doebele RC. TRKing down an old oncogene in a new era of 
targeted therapy. Cancer Discov 2015;5(1):25–34. 

[73] Strickler JH, Satake H, George TJ, et al. Sotorasib in KRAS p.G12C-mutated 
advanced pancreatic cancer. N Engl J Med 2023;388(1):33–43. 

[74] Heining C, Horak P, Uhrig S, et al. NRG1 fusions in KRAS wild-type pancreatic 
cancer. Cancer Discov 2018;8(9):1087–95. 

[75] Subbiah V, Iannotti NO, Gutierrez M, et al. FIGHT-101, a first-in-human study of 
potent and selective FGFR 1-3 inhibitor pemigatinib in pan-cancer patients with 
FGF/FGFR alterations and advanced malignancies. Ann Oncol : Off J Europ Soc 
Med Oncol 2022;33(5):522–33. 

[76] Doebele RC, Drilon A, Paz-Ares L, Siena S, Shaw AT, Farago AF, et al. Entrectinib 
in patients with advanced or metastatic NTRK fusion-positive solid tumours: 
integrated analysis of three phase 1-2 trials. Lancet Oncol 2020;21(2):271–82. 

Y.-Y. Su et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S2319-4170(23)00133-6/sref28
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref28
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref28
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref29
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref29
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref29
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref30
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref30
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref31
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref31
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref31
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref31
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref32
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref32
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref32
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref32
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref32
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref33
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref33
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref33
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref34
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref34
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref34
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref34
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref35
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref35
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref35
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref36
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref36
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref36
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref36
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref36
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref38
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref38
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref38
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref38
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref39
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref39
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref39
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref40
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref40
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref40
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref40
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref41
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref41
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref41
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref42
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref42
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref42
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref44
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref44
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref44
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref44
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref45
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref45
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref45
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref45
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref46
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref46
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref46
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref47
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref47
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref47
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref48
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref48
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref49
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref49
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref49
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref49
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref50
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref50
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref50
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref51
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref51
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref51
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref51
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref52
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref52
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref52
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref52
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref53
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref53
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref53
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref54
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref54
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref54
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref55
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref55
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref55
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref56
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref56
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref56
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref56
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref57
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref57
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref57
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref58
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref58
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref58
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref58
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref59
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref59
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref59
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref60
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref60
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref60
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref60
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref61
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref61
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref61
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref61
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref62
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref62
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref62
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref62
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref63
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref63
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref63
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref64
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref64
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref64
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref65
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref65
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref65
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref66
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref66
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref66
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref66
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref67
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref67
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref67
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref68
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref68
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref68
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref69
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref69
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref70
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref70
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref70
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref70
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref70
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref70
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref70
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref71
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref71
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref71
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref71
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref72
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref72
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref73
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref73
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref74
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref74
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref75
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref75
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref75
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref75
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref76
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref76
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref76


Biomedical Journal xxx (xxxx) xxx

10

[77] Drilon A, Siena S, Ou SI, Patel M, Ahn MJ, Lee. J,et al.Safety and antitumor 
activity of the multitargeted pan-TRK, ROS1, and ALK inhibitor entrectinib: 
combined results from two phase I trials (ALKA-372-001 and STARTRK-1). 
Cancer Discov 2017;7(4):400–9. 

[78] Hong DS, DuBois SG, Kummar S, et al. Larotrectinib in patients with TRK fusion- 
positive solid tumours: a pooled analysis of three phase 1/2 clinical trials. Lancet 
Oncol 2020;21(4):531–40. 

[79] Golan T, Hammel P, Reni M, Van Cutsem E, Macarulla T, Hall MJ, et al. 
Maintenance olaparib for germline BRCA-mutated metastatic pancreatic cancer. 
N Engl J Med 2019;381(4):317–27. 

[80] Boyiadzis MM, Kirkwood JM, Marshall JL, Pritchard CC, Azad NS, Gulley JL. 
Significance and implications of FDA approval of pembrolizumab for biomarker- 
defined disease. J ImmunoTherap Cancer 2018;6(1):35. 

[81] Ghidini M, Lampis A, Mirchev MB, et al. Immune-based therapies and the role of 
microsatellite instability in pancreatic cancer. Genes 2020;12(1):33. 

[82] Beatty GL, O’Hara MH, Lacey SF, et al. Activity of mesothelin-specific chimeric 
antigen receptor T cells against pancreatic carcinoma metastases in a phase 1 
trial. Gastroenterology 2018;155(1):29–32. 

[83] Feng K, Liu Y, Guo Y, Qiu J, Wu Z. Dai H,et al. Phase I study of chimeric antigen 
receptor modified T cells in treating HER2-positive advanced biliary tract cancers 
and pancreatic cancers. Protein Cell 2018;9(10):838–47. 

[84] Haas AR, Tanyi JL, O’Hara MH, et al. Phase I study of lentiviral-transduced 
chimeric antigen receptor-modified T cells recognizing mesothelin in advanced 
solid cancers. Mol Ther 2019;27(11):1919–29. 

[85] Liu Y, Guo Y, Wu Z, Feng K, Tong C, Wang Y, et al. Anti-EGFR chimeric antigen 
receptor-modified T cells in metastatic pancreatic carcinoma: A phase I clinical 
trial. Cytotherapy 2020;22(10):573–80. 

[86] Qi C, Gong J, Li J, Liu D, Qin Y. Ge S,et al. Claudin18.2-specific CAR T cells in 
gastrointestinal cancers: phase 1 trial interim results. Nat Med 2022;28(6): 
1189–98. 

[87] O’Reilly EM, Golan T, Ikeda M, et al. Phase III study (daNIS-2) of the anti–TGF-β 
monoclonal antibody (mAb) NIS793 with nab-paclitaxel/gemcitabine (NG) 
versus NG alone in patients (pts) with first-line metastatic pancreatic ductal 
adenocarcinoma (mPDAC). J Clin Oncol 2022;40(16_suppl):TPS4193. 

[88] Park W, O’Reilly EM, Furuse J, et al. Zolbetuximab plus gemcitabine and nab- 
paclitaxel (GN) in first-line treatment of claudin 18.2-positive metastatic 
pancreatic cancer (mPC): phase 2, open-label, randomized study. J Clin Oncol 
2022;40(16_suppl):TPS4186. 

[89] Singhal N, Sigal D, Tebbutt NC, et al. SBP-101, a polyamine metabolic inhibitor, 
administered in combination with gemcitabine and nab-paclitaxel, shows signals 

of efficacy as first-line treatment for subjects with metastatic pancreatic ductal 
adenocarcinoma. J Clin Oncol 2021;39(15_suppl):4127. 

[90] Harding JJ, Ueno M, Lamarca A, et al. A phase IIa/IIb, open-label trial of BI 
907828, an MDM2–p53 antagonist, in patients with locally advanced/metastatic 
biliary tract carcinoma or pancreatic ductal adenocarcinoma: Brightline-2. J Clin 
Oncol 2023;41(16_suppl):TPS4179. 

[91] Hong DS, Yaeger R, Kuboki Y, et al. A phase 1b study of sotorasib, a specific and 
irreversible KRASG12C inhibitor, in combination with other anticancer therapies 
in advanced colorectal cancer (CRC) and other solid tumors (CodeBreaK 101). 
J Clin Oncol 2022;40(4_suppl):TPS214. 

[92] Stift A, Friedl J, Dubsky P, Bachleitner-Hofmann T, Schueller G, Zontsich T, et al. 
Dendritic cell-based vaccination in solid cancer. J Clin Oncol 2003;21(1):135–42. 

[93] Bauer C, Dauer M, Saraj S, Schnurr M, Bauernfeind F, Sterzik A, et al. Dendritic 
cell-based vaccination of patients with advanced pancreatic carcinoma: results of 
a pilot study. Cancer Immunol Immunother 2011;60(8):1097–107. 

[94] Rong Y, Qin X, Jin D, Lou W, Wu L. Wang D,et al. A phase I pilot trial of MUC1- 
peptide-pulsed dendritic cells in the treatment of advanced pancreatic cancer. 
Clin Exp Med 2012;12(3):173–80. 

[95] Koido S, Homma S, Okamoto M, Takakura K, Mori M. Yoshizaki S,et al. Treatment 
with chemotherapy and dendritic cells pulsed with multiple Wilms’ tumor 1 
(WT1)-specific MHC class I/II-restricted epitopes for pancreatic cancer. Clin 
Cancer Res 2014;20(16):4228–39. 

[96] Chung MJ, Park JY, Bang S, Park SW, Song SY. Phase II clinical trial of ex vivo- 
expanded cytokine-induced killer cells therapy in advanced pancreatic cancer. 
Cancer Immunol Immunother 2014;63(9):939–46. 

[97] Jiang N, Qiao G, Wang X, Morse MA, Gwin WR, Zhou L, et al. Dendritic cell/ 
cytokine-induced killer cell immunotherapy combined with S-1 in patients with 
advanced pancreatic cancer: a prospective study. Clin Cancer Res 2017;23(17): 
5066–73. 

[98] Lin M, Liang S, Wang X, Liang Y, Zhang M, Chen J, et al. Percutaneous 
irreversible electroporation combined with allogeneic natural killer cell 
immunotherapy for patients with unresectable (stage III/IV) pancreatic cancer: a 
promising treatment. J Cancer Res Clin Oncol 2017;143(12):2607–18. 

[99] Lin M, Zhang X, Liang S, Luo H, Alnaggar M, Liu A, et al. Irreversible 
electroporation plus allogenic Vγ9Vδ2 T cells enhances antitumor effect for 
locally advanced pancreatic cancer patients. Signal Transduct Targeted Ther 
2020;5(1):215. 

[100] Aoki T, Matsushita H, Hoshikawa M, Hasegawa K, Kokudo N, Kakimi K. Adjuvant 
combination therapy with gemcitabine and autologous γδ T-cell transfer in 
patients with curatively resected pancreatic cancer. Cytotherapy 2017;19(4): 
473–85. 

Y.-Y. Su et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S2319-4170(23)00133-6/sref77
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref77
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref77
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref77
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref78
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref78
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref78
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref79
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref79
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref79
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref80
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref80
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref80
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref81
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref81
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref82
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref82
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref82
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref83
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref83
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref83
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref84
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref84
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref84
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref85
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref85
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref85
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref86
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref86
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref86
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref87
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref87
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref87
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref87
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref88
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref88
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref88
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref88
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref89
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref89
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref89
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref89
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref90
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref90
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref90
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref90
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref91
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref91
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref91
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref91
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref92
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref92
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref93
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref93
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref93
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref94
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref94
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref94
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref95
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref95
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref95
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref95
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref96
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref96
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref96
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref97
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref97
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref97
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref97
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref98
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref98
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref98
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref98
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref99
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref99
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref99
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref99
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref100
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref100
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref100
http://refhub.elsevier.com/S2319-4170(23)00133-6/sref100

	Systemic treatments in pancreatic cancer: Taiwan pancreas society recommendation
	1 Introduction
	2 Patient selection and initial assessment
	3 Neoadjuvant therapy for resectable pancreatic cancer
	3.1 Rationale of neoadjuvant therapy
	3.2 The regimen of neoadjuvant therapy
	3.3 Recommendations

	4 Adjuvant treatment after surgical resection
	4.1 Adjuvant chemotherapy
	4.1.1 5-FU/LV
	4.1.2 Gemcitabine
	4.1.3 Gemcitabine or 5-FU/LV
	4.1.4 Gemcitabine plus capecitabine
	4.1.5 FOLFIRINOX
	4.1.6 S-1

	4.2 Adjuvant chemoradiation
	4.3 Timing of postoperative chemotherapy
	4.4 Recommendations

	5 Treatment of borderline resectable and locally advanced unresectable diseases
	5.1 Borderline resectable disease
	5.2 Recommendations
	5.3 Locally advanced disease
	5.4 Recommendations

	6 First-line chemotherapy for patients with metastatic pancreatic cancer
	6.1 Monotherapy
	6.1.1 Gemcitabine monotherapy
	6.1.2 S-1 monotherapy

	6.2 Combination chemotherapy
	6.2.1 Gemcitabine plus erlotinib
	6.2.2 FOLFIRINOX
	6.2.3 Nab-paclitaxel plus gemcitabine
	6.2.4 NALIRIFOX

	6.3 Recommendations

	7 Taiwan experience of first-line treatment
	7.1 GOFL
	7.2 SLOG
	7.3 Modified GSL
	7.4 S-1 based regimens
	7.5 Gemcitabine plus erlotinib
	7.6 Recommendations

	8 Second-line treatment for advanced and metastatic pancreatic cancer
	8.1 Second-line chemotherapy after treatment with gemcitabine-based combination therapy
	8.1.1 Nal-IRI + 5-FU/LV
	8.1.2 Fluoropyrimidine and oxaliplatin-based regimens
	8.1.3 Irinotecan- and 5-FU-based regimens

	8.2 Second-line chemotherapy after FOLFIRINOX treatment
	8.2.1 Gemcitabine monotherapy
	8.2.2 Gemcitabine-based treatment

	8.3 Recommendations

	9 Treatment beyond second-line regimens
	9.1 Recommendations
	9.2 NGS, targeted therapy, and immune therapy
	9.2.1 NGS
	9.2.2 Targeted therapy
	9.2.3 Immunotherapy

	9.3 Clinical trials for metastatic pancreatic cancer
	9.4 Cell therapy
	9.5 Recommendations

	10 Conclusion
	Funding
	Data availability statement
	Declaration of competing interest
	Acknowledgement
	References


