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Introduction
Pancreatic cancer has been considered a deadly 
disease with a very small probability of long term 
survival.1 Despite slow progress, long term survival 
rates have greatly improved, especially for resected 
patients. From 1975 to 2011, the five year survival 
for resected pancreatic cancer improved from 1.5% 
to 17.4%.2 However, more recent data show that 
five year survival for all pancreatic cancers between 
2012-18 reached only 11.5% in the United States.3

As a systemic disease, the changes in the survival 
of patients with pancreatic cancer have been affected 
most by the improvements in systemic treatments.4 

5 Consequently, the anatomical factors influencing 
the resectability of pancreatic cancer, which are 
defined in the National Comprehensive Cancer 
Network (NCCN) clinical practice guidelines,6 have 
diminished in importance owing to better local and 
systemic control with higher response rates.

This review summarizes and contextualizes recent 
studies on the management of pancreatic cancer, 
and discusses potential treatments that are on the 
horizon. A detailed discussion of the preclinical or 
translational studies of diagnosis tools, drugs, and 
procedures is outside the scope of this review.

Sources and selection criteria
We searched Pubmed, the Cochrane database, and 
the Central Register of Controlled Trials (clinicaltrials.
gov) between January 2000 and December 2022 for 
English language literature. We used the following 
keywords and keywords combinations: “pancreatic 
cancer”, “molecular characteristics”, “biology”, 
“resectability”, “metastatic”, “treatment”, 
“surgery”, “chemotherapy”, “radiation therapy”, 
“immunotherapy”, “prevention”, “precursor”, 
and “risk factor”. We also included the NCCN 
clinical practice guidelines,6 the European Society 
for Medical Oncology (ESMO) clinical practice 

guidelines,7 and the clinical practice guidelines from 
the Japan Pancreas Society.8 We included studies 
based on the level of evidence; randomized controlled 
trials, meta-analyses, systematic reviews, and large 
retrospective cohort studies were prioritized. Meta-
analyses included retrospective and prospective 
studies unless otherwise specified. We prioritized the 
most recent studies and excluded narrative reviews, 
case series, and case reports. We included additional 
landmark studies published before January 2000, as 
well as after December 2022.

Epidemiology
Pancreatic cancer is reported to account for 495 
773 new cases and 466 003 deaths worldwide as 
of 2020, with the incidence and mortality rates 
stable or slightly increased in many countries.9 In 
the US, the estimated incidence of pancreatic cancer 
is increasing, with more than 50 000 new cases in 
2020. Mortality rates have also increased moderately 
in men, to 12.7 per 100 000 men in 2020; but have 
remained stable in women, ranging from 9.3 to 9.6 
per 100 000 women. Accordingly, pancreatic cancer 
is the third most common cause of cancer related 
death in 2023, and is predicted to become the second 
leading cause of cancer mortality by 2040.3 10

Clinical presentation/features
Symptoms of pancreatic cancer are mostly non-
specific, and generally manifest after the tumor has 
grown and metastasized. In a multicenter prospective 
study of 391 patients who were referred for suspicion 
of pancreatic cancer (119 had pancreatic cancer), 
the most common initial symptoms were decreased 
appetite (28%), indigestion (27%), and change in 
bowel habits (27%).11 The initial symptoms were 
similar between the pancreatic cancer group and 
the non-cancer group, though several subsequent 
symptoms were associated with pancreatic cancer: 

Abstract

Pancreatic cancer remains among the malignancies with the worst outcomes. 
Survival has been improving, but at a slower rate than other cancers. Multimodal 
treatment, including chemotherapy, surgical resection, and radiotherapy, has been 
under investigation for many years. Because of the anatomical characteristics of the 
pancreas, more emphasis on treatment selection has been placed on local extension 
into major vessels. Recently, the development of more effective treatment regimens 
has opened up new treatment strategies, but urgent research questions have also 
become apparent. This review outlines the current management of pancreatic 
cancer, and the recent advances in its treatment. The review discusses future 
treatment pathways aimed at integrating novel findings of translational and clinical 
research.
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jaundice (49% v 12%), fatigue (51% v 26%), 
decreased appetite (48% v 26%), weight loss (55% 
v 22%), and change in bowel habits (41% v 16%).

Risk factors
Box 1 summarizes the risk factors for pancreatic 
cancer. Research is continuing into subtypes and 
modifiers of familial syndromes.

Precancerous lesion
Molecular research has proposed two evolutionary 
models of pancreatic cancer: the classic “stepwise” 
model, with gradual accumulation of driver gene 
mutations, and the novel “punctuated” model,24 in 
which driver gene mutation occurs simultaneously by 
chromosomal rearrangements. The stepwise model is 
characterized by tumor evolution from a precancerous 
lesion (low grade or high grade dysplasia) to invasive 
cancer, and is believed to be the main evolutionary 
pattern. Pancreatic intraepithelial neoplasia (PanIN) 
and intraductal papillary mucinous neoplasms 
(IPMNs) are well known precancerous lesions. By 
contrast to PanIN, which is a microscopic neoplastic 
lesion, IPMNs can be detected and followed by 
imaging studies. Consequently, extensive studies 
have been conducted to evaluate the association 
between imaging findings and pathological findings 
of IPMNs. Branch duct IPMNs have been reported to 
have a low malignant nature (1.0% patient years),25 
but harbor a risk of concomitant pancreatic cancer 
(0.8%).26 Main duct IPMNs have been reported to be 

a high risk factor for pancreatic cancer (odds ratio 
5.66).27

Screening and early detection
Because early stage (ie, stage I, T1N0M0) disease or 
precancerous lesions are more likely to be curable, 
the goal of screening or surveillance for pancreatic 
cancer is to detect lesions of 2 cm or smaller, or 
patients with high grade dysplasia.28 Several studies 
have estimated an interval of several years between 
a high grade dysplasia lesion (high grade PanIN 
and IPMN) and invasive cancer, which can give 
opportunities for early detection and intervention: 
2.3-11 years for high grade PanIN,29 30 and more than 
three years for high grade IPMN.31 The International 
Cancer of the Pancreas Screening (CAPS) consortium 
has published consensus guidelines about screening 
for high risk patients who have high risk germline 
mutations or relatives with pancreatic cancer, or 
both.28 A recent prospective cohort study (CAPS5) 
from the CAPS group including 1461 high risk 
patients showed positive results of surveillance25; 
seven of nine patients (77.8%) who developed 
pancreatic cancer had stage I cancer. However, only 
three of the eight patients (37.5%) who had IPMNs 
with worrisome features had high grade dysplasia 
(five had low grade dysplasia). A multicenter 
retrospective study (n=2552) of the CAPS consortium 
showed that 13 of the 28 patients (46.4%) who 
developed high grade dysplasia or cancer developed 
the new lesion during the scheduled examination 
interval.32 Regarding IPMNs in the general 
population, a recent retrospective study showed 
that only 177 of 1439 patients with resected IPMN 
(12.3%) had high grade dysplasia, and 497 (34.5%) 
had a diagnosis of invasive cancer.33 These results 
suggest that a novel strategy distinct from current 
guidelines34 35 is needed for IPMN lesions, and new 
diagnostic tests are needed to detect tiny tumors.

The United States Preventive Services Task Force 
(USPSTF)36 recommends avoiding pancreatic cancer 
screening in asymptomatic adults with average risk, 
considering the relatively low prevalence (estimated 
64 050 new cases in 2023).36 However, the USPSTF 
does not discuss screening in patients with risk 
factors of age and lifestyle, and neither do the 
consensus guidelines of the CAPS consortium. A risk 
assessment model including all known risk factors 
(box 1) could help to identify good candidates for 
pancreatic cancer screening.

Carbohydrate antigen 19-9 (CA19-9) is a cell 
surface tetrasaccharide often elevated in pancreatic 
cancer, as well as in other cancers and some benign 
diseases. Historically, CA19-9 has not been used for 
early detection, owing to its insufficient sensitivity 
for early stage pancreatic cancer.37 We also know 
that 5-10% of the population does not synthesize 
CA19-9, owing to a deficiency of a fucosyltransferase 
enzyme. However, a recent large retrospective cohort 
study showed that CA19-9 levels increase from two 
years before diagnosis of pancreatic cancer, with a 
sensitivity of 50% and specificity of 99% within 0-6 

Box 1: Factors that increase the risk of pancreatic cancer

Family history
•	Up to 10% of all pancreatic cancers are estimated to be familial (meaning that at 

least two first degree relatives have pancreatic cancer)
•	Patients who have two first degree relatives with pancreatic cancer have a 

standardized incidence ratio of 6.4 (lifetime risk 8-12%)12

•	Patients who have three first degree relatives with pancreatic cancer have a 
standardized incidence ratio of 32.0 (lifetime risk 40%)12

•	Approximately 20% of these families have a germline mutation that is already 
reported and known

Germline mutation and hereditary syndrome
•	LKB1/STK11: Peutz-Jeghers syndrome; relative risk 13213

•	CDKN2A/p16: familial atypical multiple mole melanoma syndrome; relative risk 
13-2214

•	PRSS1/CPA1/CTRC/SPINK1: hereditary pancreatitis; relative risk 53-8715

•	BRCA1 and BRCA2: hereditary breast ovarian cancer syndrome; relative risk 2 and 
10, respectively16

•	MLH1/MSH2/MSH6/PMS2: Lynch syndrome; relative risk up to 8.617

•	PALB2/ATM: relative risk unknown
Lifestyle factors
•	Smoking: current smoker relative risk 1.8; former smoker relative risk 1.218

•	Obesity: five unit increment in body mass index relative risk 1.1019

•	Diabetes mellitus*: relative risk 1.9420

•	Chronic pancreatitis: relative risk 16.1621

*Diabetes mellitus is also a symptom of pancreatic cancer; new onset diabetes in older people 
could be an early sign of pancreatic cancer and can lead to early diagnosis.22 The association 
between diabetes and pancreatic cancer is currently undergoing further research.23
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months before diagnosis in early stage disease. In 
addition, in cases with CA19-9 levels below the cut-
off value, the combination of LRG1 and TIMP1 could 
complement CA19-9, leading to the identification 
of cases missed by CA19-9 alone.38 Novel tests (ie, 
cytology39 and DNA alterations40) using pancreatic 
juice and cystic fluid have been reported to play a 
promising role in identifying high grade dysplasia 
and invasive cancer with high specificity. However, 
the sensitivity of these tests is low (<50%). Extensive 
studies have investigated the role of liquid biopsy 
in pancreatic cancer: circulating tumor cells,41 
circulating tumor DNA,42 43 microRNA,44 exosomes,45 
and methylation signatures of cell free DNA.46 
Although these new biomarkers show promise, 
many problems remain unsolved with regard to 
standardization of testing techniques and cut-off 
values (table 1). However, advances in this field 
could increase survival drastically. 

Diagnosis and evaluation
The performance of diagnosis tools is summarized in 
box 2.

Imaging study for evaluation
CT (computed tomography) is the standard tool 
to evaluate the extent of the primary tumor and 
determine its anatomical resectability. Two meta-
analyses showed similar performance of CT 
(sensitivity 70%, specificity 95%) and MRI (magnetic 
resonance imaging) (sensitivity 65%, specificity 
95%) in the diagnosis of vascular involvement.50 51 
A meta-analysis showed that endoscopic ultrasound 
performed similarly to CT in evaluating vascular 

invasion.52 A multimodal approach (ie, CT plus 
MRI plus endoscopic ultrasound) provides a better 
assessment of resectability. Several studies have 
attempted to evaluate the response to chemotherapy 
with imaging studies to determine the course of 
treatment (ie, proceeding to surgery or continuing 
chemotherapy). However, the currently used 
response evaluation criteria in solid tumors (RECIST) 
are not sufficient to reassess local response after 
chemotherapy in pancreatic cancer, especially 
regarding the involvement of vessels. Distinguishing 
scar areas with fibrosis that occur with treatment 
from cancer cell death from viable tumor associated 
desmoplasia is challenging; both are common in 
pancreatic cancer. A meta-analysis including six 
studies with 217 patients showed the difficulty of 
using CT scans to predict margin negative resection 
after preoperative treatment; the sensitivity was 
81% and specificity was as low as 42%.53 MRI54 55 
and fluorodeoxyglucose PET (positron emission 
tomography)/CT or PET/MRI56 have been reported 
to be associated with the pathological response 
to preoperative treatment, though the ability to 
evaluate the vessel involvement and resectability is 
unclear. However, it should also be noted that even 
in the setting of histological response assessment, 
moderate inter-rater reliability differences have been 
reported between pathologists.57

Biomarker for evaluation
CA19-9 has been used to assess response to treatment 
and predict prognosis. A meta-analysis showed that 
CA19-9 was associated with the effect of preoperative 
treatment, and suggested that either normalization 

Table 1 | Summary of novel techniques for diagnosis and early detection of pancreatic cancer

Technique
Identification 
target Feature Usage

Data in pancreatic cancer
Areas needing 
improvement

Outcome Results (95% CI)  
Circulating tumor 
cell

EpCAM+, CD45-, 
CK+, DAPI+, MUC1

•  Tumor cells that shed from        
tumors into circulation

•  Associated with metastasis

•  Prognosis evaluation
• Early detection
• Drug response

Detection rate (%) 
Overall/FDA approved*

65 (55 to 75)/ 
26 (14 to 38)

• Detection rate 
• Molecular tests of 
circulating tumor cells

· · OS of CTC+ HR 1.82 (1.61 to 2.05) ·
ctDNA, cfDNA Somatic mutations† •  Short chain DNA 

from tumor cells 
(micrometastasis)

• Up to 1% of cfDNA

• Early detection 
• Residual disease 
• Drug response

Detection in RPC (%) 8.3 to 68.6 • Detection rate 
• Using multigene panelsOS/RFS of ctDNA+ 

in localized cancer
HR 2.04 (1.29 to 
3.21)/ 
HR 2.27 (1.59 to 3.24)

miRNA miRNA‡ • Regulates gene expression
•  Has oncogenic or tumor 

suppressive functions

• Early detection
•  Prognosis evaluation
• Drug response

Diagnosis of PC AUC 0.81 • Validated panel 
•  Number/quality of 

studies
Prognostic value Under investigation

Exosomes 
(produced by 
tumor cells)

Size, density, 
surface protein§

• Contain protein and nucleic 
acids 
• Produced continuously 
by tumors from a very early 
stage

• Early detection
•  Prognosis evaluation
• Drug response

Early detection Under investigation • Detection rate 
•  Studies on nucleic 

acids
Progression HR 3.33 (2.33 to 4.77)

Mortality in RPC
HR 5.55 (3.24 to 9.49)

Methylation 
(nucleic acids 
in blood or 
exosome)

DNA¶, 
(miRNA)

• Related to carcinogenesis 
• Organ specific, tissue 
specific, and/or tumor 
specific

• Early detection
•  Prognosis evaluation
• Drug response

Diagnosis of PC (%) 
Sensitivity/specificity

Range 50.9-100/ 
75-93.5 • Validated panel 

•  Number/quality of 
studiesPrognosis Under investigation

AUC=area under curve; CK=cytokeratin; cfDNA=cell free DNA; ctDNA=circulating tumor DNA; DAPI= 4′,6-diamidino-2-phenylindole; EpCAM= epithelial cell adhesion molecule; FDA= Food and 
Drug Administration; HR=hazard ratio; miDNA=micro DNA; MUC1=mucin 1; OS=overall survival; PC=pancreatic cancer; RFS=recurrence free survival; RPC: resectable pancreatic cancer.
*Combination of EpCAM+, CD45-, and CK+.41

†RAS, TP53, CDKN2A, SMAD4, KIT, PDGFR, MET, BRAF, PIK3CA, etc.
‡Dozens of miRNAs are under investigation.
§Tetraspanins (ie, CD9, CD63, and CD81), etc.
¶ADAMTS1, ADAMTS2, ALX4, BNC1, CDKN2B, DACT-2, HIC1, HOXA1, HYAL2, LRFN5, MLH1, NEUROG1, NPTX2, PCDH10, PENK, PXDN,
RUNX3, SEMA5A, SEPT9v2, SPARC, SPSB4, SST, UCHL1, etc.
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of CA19-9 or a decrease of more than 50% from the 
baseline level are positive predictors of survival.58 A 
recent retrospective study analyzing the combination 
of CT and CA19-9 showed a good predictive 
performance of survival after chemoradiotherapy.59 
However, the optimal evaluation of response to 
treatment remains unclear. The ability of liquid 
biopsy (table 1) to detect minimal residual disease 
following all planned treatment could identify a new 
subset of patients who require further treatment, and 
would lead to a true precision medicine approach, as 
has been achieved with other cancer types.60

Cancer cell intrinsic and tumor microenvironment 
factor
Transcriptional studies have proposed several 
classifications of pancreatic cancer. A recent 
bioinformatic study61 from The Cancer Genome 
Atlas research network supported the two subgroup 
model62: the basal-like subtype, which has low levels 
of GATA6 expression, and the classic subtype. In a 
prospective translational trial, the basal-like subtype 
was reported to be associated with a poor response 
to chemotherapy with FOLFIRINOX (combined 
leucovorin calcium (folinic acid), fluorouracil, 
irinotecan, and oxaliplatin) for patients with 
advanced cancer.63 However, a more recent study 
using single cell analysis suggested that pancreatic 
cancer consists of a mixture of tumor cells with both 
molecular subtypes, and the composition is plastic 
and unstable.64

In addition to the cancer cells themselves, the 
tumor microenvironment has been identified as 
being an essential factor associated with tumor 
progressions and tumor immunity. Pancreatic 
cancer is notorious for poor tumor cellularity and an 
abundant, fibrotic extracellular matrix. Although the 
dense extracellular matrix has been known to impair 
drug delivery and immune cell migration, it appears 
to have an essential role in maintaining the tumor 
microenvironment and supporting the progression 
of tumor cells.65 Therefore, the efficacy of controlling 
the extracellular matrix by targeting its components 
(ie, collagen, cancer associated fibroblasts, and 
hyaluronan) and cytokines (ie, transforming growth 
factor β and sonic hedgehog) has been evaluated.

Treatment
Figure 1 outlines the current management for 
pancreatic cancer based on the anatomic resectability 
of the tumor, with the first consensus statement defined 
in 2009,66 before the advent of more effective systemic 
treatments. In primary resectable disease, upfront 
surgery followed by adjuvant chemotherapy has 
been considered the standard of care. By contrast, for 
borderline resectable and locally advanced diseases, 
preoperative treatment is generally proposed, because 
of the high likelihood of micrometastasis and the 
low likelihood of margin negative resection in these 
tumors.67 However, the improvement of medical 
treatment is challenging this concept; neoadjuvant 
treatment for resectable diseases is under investigation. 
At present, the recommendation is that the decision 
for treatment should be made at a multidisciplinary 
conference at a high volume center.

Systemic treatment
The standard drug treatment for systemic treatment 
is still cytotoxic chemotherapy, and the efficacy 
of targeted treatment or immunotherapy remains 
unproven. Table 2 summarizes the clinical trials of 
medical treatment.

Systemic treatment for metastatic disease
Gemcitabine became the standard chemotherapy 
drug for pancreatic cancer more than 20 years ago. 
In 1997, gemcitabine showed clinical benefit and 
marginally improved overall survival compared with 
fluorouracil (median survival 5.65 v 4.41 months) 
in a small randomized controlled trial that included 
63 patients in each arm.68 Consequently, several 
trials were performed investigating combinations 
with gemcitabine.69-71 However, most studies did not 
show a significant improvement in overall survival; 
the combinations tested included fluorouracil,72 
irinotecan,73 oxaliplatin,74 75 cisplatin,76 77 and 
capecitabine.78-80 Unfortunately, the addition 
of targeted treatment to gemcitabine based 
chemotherapy also did not show a survival benefit, 
with any of tipifarnib,81 cetuximab,82 bevacizumab,83 

84 axitinib,85 and vandetanib.86 In 2011, a landmark 
randomized phase 2/3 trial (PRODIGE 4/ACCORD 11) 
defined a new standard chemotherapy for metastatic 
pancreatic cancer.71 This multicenter trial enrolled 
171 patients in each arm and showed a significant 
improvement in survival, with a median overall 
survival of 11.1 months in the FOLFIRINOX group, 
compared with 6.8 months in the gemcitabine group 
(hazard ratio 0.57; 95% confidence interval 0.45 to 
0.73). FOLFIRINOX also had a higher response rate 
(31.6%) than gemcitabine (9.4%). Subsequently, 
the MPACT trial, a large randomized phase 3 
study, showed another cytotoxic combination 
option (gemcitabine/nab-paclitaxel) for metastatic 
pancreatic cancer.87 This study included 861 patients, 
and showed that gemcitabine/nab-paclitaxel 
improved survival compared with gemcitabine alone 
(median survival 8.5 v 6.7 months; hazard ratio 0.72; 
95% confidence interval 0.62 to 0.83). FOLFIRINOX 

Box 2: Imaging study and biomarker for diagnosis of pancreatic cancer
•	CT (computed tomography) is the standard modality; accuracy 89% (95% 

confidence interval 85 to 93)47

•	MRI (magnetic resonance imaging) has a similar performance to CT; accuracy 90% 
(95% confidence interval 86 to 94)47

•	PET (positron emission tomography) has a worse performance; accuracy 84% (95% 
confidence interval 79 to 89)47

•	Endoscopic ultrasound has a similar performance to CT; accuracy 89% (95% 
confidence interval 87 to 92)47

•	Endoscopic ultrasound can identify masses that are indeterminate by CT; accuracy 
75% (95% confidence interval 67 to 82)48

•	CA19-9 is the most widely used and validated biomarker; area under curve 0.83-0.9 

149
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and gemcitabine/nab-paclitaxel have formed the 
cytotoxic “backbones” for multiple clinical trials.

Nanoliposomal irinotecan is a drug encapsulating 
irinotecan sucrosofate salt payload in tiny pegylated 
liposomal particles, which theoretically can enhance 
the exposure of irinotecan to tumor cells. A recent 
randomized phase 3 trial (NAPOLI-3) enrolled 
770 patients with metastatic pancreatic cancer 
and compared NALIRIFOX (combined liposomal 
irinotecan, fluorouracil, folinic acid, and oxaliplatin) 
(n=383) to gemcitabine/nab-paclitaxel (n=387) as 
the first line treatment.88 Preliminary results showed 
an improved overall survival (median 11.1 v 9.2 
months; hazard ratio 0.84; 95% confidence interval 
0.71 to 0.99), which was the primary endpoint, and 
an improved progression free survival (7.4 v 5.6 
months; 0.70; 0.59 to 0.84). For Asian populations, 
S-1 (an oral fluoropyrimidine derivative) is another 
treatment option, after it showed non-inferiority 
to gemcitabine for advanced pancreatic cancer in a 
randomized phase 3 study (GEST).89

Second line systemic treatment for advanced disease
Second line regimens after gemcitabine based 
chemotherapy for advanced pancreatic cancer have 
been studied in several trials. The CONKO-003 
randomized phase 3 trial showed that the addition 

of oxaliplatin to folinic acid and fluorouracil 
(5FU/LV) significantly improved overall survival 
(median 5.9 v 3.3 months, hazard ratio 0.66; 95% 
confidence interval 0.48 to 0.91).90 By contrast, 
another randomized phase 3 trial (PANCREOX) 
found a deleterious effect on survival of oxaliplatin 
(mFOLFOX6) over infusional fluorouracil/leucovorin 
(hazard ratio 1.78; 95% confidence interval 1.08 to 
2.93) in the second line setting.91

A large randomized phase 3 trial (NAPOLI-1) 
investigated the efficacy of nanoliposomal irinotecan 
to 5FU/LV for metastatic disease after gemcitabine 
based treatment.92 The results showed that 
nanoliposomal irinotecan plus 5FU/LV incrementally 
improved survival compared with 5FU/LV (6.1 v 
4.2 months, hazard ratio 0.67; 95% confidence 
interval 0.49 to 0.92). Patients who received 
nanoliposomal irinotecan monotherapy, however, 
had similar survival to those who received 5FU/
LV (4.9 v 4.2 months, 0.99; 0.77 to 1.28). Further 
studies on second line regimens after FOLFIRINOX or 
gemcitabine/nab-paclitaxel are warranted.

Maintenance systemic treatment for advanced 
disease
A poly adenosine diphosphate ribose polymerase 
(PARP) inhibitor was investigated as the maintenance 

Fig 1 | Current management for pancreatic cancer. CA19-9=carbohydrate antigen 19-9
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treatment in patients who had germline loss-
of-function mutations in BRCA1 or BRCA2, and 
platinum sensitive advanced disease. A randomized 
double blind phase 3 trial (POLO) showed no survival 
benefit of olaparib (n=62) compared with placebo 
(n=92) (median overall survival 19.0 v 19.2 months; 
hazard ratio 0.83; 95% confidence interval 0.56 to 
1.22), but did show an improvement in progression 
free survival, which resulted in US Food and 
Drug Administration approval.93 94 Another PARP 
inhibitor, niraparib, combined with an anti-CTLA-4 
(ipilimumab) drug, showed a median overall survival 
of 17.3 months (95% confidence interval 12.8 to 
21.9 months) in a phase 1b/2 trial.95 Maintenance 
treatment for non-BRCA mutated patients with 
metastatic diseases following FOLFIRINOX was 
evaluated in the PANOPTIMOX-PRODIGE 35 
phase 2 trial.96 This study randomly assigned 273 
patients to six month FOLFIRINOX (n=91), four 
month FOLFIRINOX followed by leucovorin/5-FU 
maintenance (n=92), or a sequential treatment 
alternating gemcitabine and FOLFIRI.3 every two 
months (n=90). The results showed a comparable 
six month progression free survival rate and median 
progression free survival in the maintenance arm 
eliminating oxaliplatin (44%, 5.7 months), and the 

worst survival in the gemcitabine/FOLFIRI approach 
(34%, 4.5 months) compared with the six month 
FOLFIRINOX arm (47%, 6.3 months).

Adjuvant systemic treatment
Adjuvant systemic treatment is recommended 
for all eligible resected patients. The first large 
randomized phase 3 trial that showed the survival 
benefit of adjuvant chemotherapy was the ESPAC-1 
trial, which assigned resected patients (n=289) to 
5-FU/LV versus control.4 97 Adjuvant chemotherapy 
prolonged the median overall survival by 4.6 months 
(hazard ratio 0.71; 95% confidence interval 0.55 to 
0.92).4 The CONKO-001 randomized phase 3 trial 
showed that adjuvant gemcitabine (n=179) improved 
overall survival compared with observation (n=172) 
(median 22.8 v 20.2 months; hazard ratio 0.76; 
95% confidence interval 0.61 to 0.95).98 When 
5FU/LV and gemcitabine were compared head-to-
head, no difference in overall survival was found, 
but gemcitabine had less toxicity in the ESPAC-3 
randomized phase 3 trial.99 Subsequently, multiple 
trials tried to find a new effective combination 
treatment with gemcitabine. A randomized phase 
3 trial combining erlotinib with gemcitabine was 
negative,100 but the addition of capecitabine had a 

Table 2 | Summary of key studies of medical treatment of pancreatic cancer

Study setting Study Study type Arm (N)
Primary 
end point

Overall survival Secondary 
end point

DFS/RFS/PFS ORR 
(%)Months HR (95% CI) Months HR (95% CI)

Metastatic PRODIGE 
(2011)

RCT, phase 
2/3

FFX (171) OS 11.1 0.57 
(0.45 to 0.73)

PFS 6.4 0.47 
(0.37 to 0.59)

31.6
Gemcitabine (171) 6.8 3.3 9.4

Metastatic MPACT 
(2013)

RCT, phase 
3

GnP (431) OS 8.5 0.72 
(0.62 to 0.83)

PFS 5.5 0.69 
(0.58 to 0.82)

23.0
Gemcitabine (430) 6.7 3.7 7.2

Metastatic, second 
line*

NAPOLI-1 
(2016)

RCT, phase 
3

Nal-IRI + 5-FU/LV 
(117)

OS 6.1 0.67 
(0.49 to 0.92)

PFS 3.1 0.56 
(0.41 to 0.75)

16.2

5-FU/LV (119) 4.2 1.5 0.8
Metastatic 
maintenance†

POLO 
(2019, 2022)

RCT, phase 
3

Olaparib (92) PFS 19.0 0.83 
(0.56 to 1.22)

OS 7.4 0.53 
(0.35 to 0.82)

23.1
Placebo (62) 19.2 3.8 11.5

                     
Adjuvant CONKO-001 

(2007)
RCT, phase 
3

Gemcitabine (179) DFS 22.1 18.4 to 25.8‡ OS 13.4 11.4 to 15.3‡ —
Observation (175) 20.2 17.0 to 23.4‡ 6.9 6.1 to 7.8† —

Adjuvant ESPAC-4 
(2017)

RCT, phase 
3

GemCap (364) OS 28.0 0.82 
(0.68 to 0.98)

RFS 13.9 0.86 
(0.73 to 1.02)

—
Gemcitabine (366) 25.5 13.1 —

Adjuvant PRODIGE-24 
(2018, 2022)

RCT, phase 
3

mFFX (247) DFS 53.5 0.68 
(0.54 to 0.85)

OS 21.4 0.66 
(0.54 to 0.82)

—
Gemcitabine (246) 35.5 12.8 —

Adjuvant APACT 
(2022)

RCT, phase 
3

GnP (432) DFS 40.5 0.82 
(0.68 to 0.996)

OS 19.4 0.88 
(0.73 to 1.06)

—
Gemcitabine (434) 36.2 18.8 —

Neoadjuvant§ PREOPANC-1 
(2020, 2022)

RCT, phase 
3

Gemcitabine plus 
RT (119)

OS 15.7 0.73 
(0.56 to 0.96)

DFS 8.1 0.69 
(0.53 to 0.91)

—

Upfront surgery 
(127)

14.3 7.7 —

Locally advanced Suker et al 
(2016)

Meta-
analysis

FFX ± RT (315) OS 24.2 21.7 to 26.8‡ PFS 15.0 13.8 to 16.2‡ 25.9 
(78.4)¶

Locally advanced LAPACT 
(2020)

RCT, phase 
2

GnP (107) Treatment 
failure**

18.8 — OS 10.9 — 15.9 
(41.2)¶

DFS=disease free survival; 5-FU/LV=fluorouracil and folinic acid; FFX=folinic acid, fluorouracil, irinotecan hydrochloride, and oxaliplatin; GemCap=gemcitabine and capecitabine; 
GnP=gemcitabine and nab-paclitaxel; HR=hazard ratio; mFOLFIRINOX=modified FOLFIRINOX; nal-IRI=nanoliposomal irinotecan; ORR=objective response rate; OS=overall survival; 
PFS=progression free survival; RCT=randomized controlled trial; RT=radiotherapy.
*Patients with distant metastases who had progression after previous gemcitabine based treatment given for localized, locally advanced, or metastatic cancer.
†Patients with germline mutations in BRCA1 or BRCA2, who had received at least 16 weeks of continuous platinum based chemotherapy as the first line treatment for metastatic pancreatic 
cancer, were enrolled.
‡95% confidence interval of survival time is shown.
§Patients with resectable or borderline resectable cancers were enrolled.
¶Resection rate (margin negative rate) is shown.
**Defined as the time after the first dose of gemcitabine and nab-paclitaxel until disease progression (assessed by the investigator), death by any cause, or the start of a non-protocol defined 
treatment.
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survival benefit over gemcitabine alone (28.0 v 25.5 
months; 0.82; 0.68 to 0.98) in the ESPAC-4 phase 
3 trial.101 However, this combination treatment was 
short lived; FOLFIRINOX drastically changed the 
survival of patients and became the new standard 
regimen for adjuvant treatment. The PRODIGE 24/
CCTG PA6 phase 3 trial randomly assigned 493 
resected patients to receive adjuvant modified 
(dose reduced) FOLFIRINOX (mFOLFIRINOX) or 
gemcitabine for 24 weeks. The mFOLFIRINOX group 
(n=247) showed a significantly improved median 
overall survival (53.5 v 35.5 months; 0.68; 0.54 to 
0.85).5 102 By contrast, gemcitabine/nab-paclitaxel 
failed to show a survival benefit over gemcitabine 
alone in a randomized phase 3 trial (APACT).103 
It did not meet the primary endpoint of disease 
free survival by central review,103 although overall 
survival improved marginally in the gemcitabine/
nab-paclitaxel group (40.5 v 36.2 months; 0.82; 
0.680 to 0.996). In Asia, S-1 is the standard regimen, 

based on the results of a randomized phase 3 trial.104 
The role of adjuvant treatment after neoadjuvant 
chemotherapy and surgical resection is still 
debatable. A recent large retrospective study showed 
a potential benefit in survival for patients able to 
receive adjuvant chemotherapy after neoadjuvant 
and surgery.105

Neoadjuvant systemic treatment
One of the underpinnings of neoadjuvant treatment 
is that 36% of patients with pancreatic cancer are 
unable to receive adjuvant chemotherapy after 
resection,106 and surgical resection alone does not 
achieve long term survival for most patients. The 
rationale for neoadjuvant treatment is to increase 
the dose intensity and tolerance of planned systemic 
treatment before patients are weakened by surgery, 
and to avoid delayed treatment of micrometastatic 
disease, which is the main cause of mortality.107 Two 
prospective single arm phase 2 studies showed the 
safety of neoadjuvant gemcitabine plus a platinum 
based drug.108 109

The only published phase 3 trial of neoadjuvant 
systemic treatment (PREOPANC-1) randomly 
assigned 246 patients with resectable (54.1%) 
or borderline resectable disease (45.9%) to 
neoadjuvant chemoradiotherapy (n=119) or 
upfront surgery (n=127).110 111 The neoadjuvant 
chemoradiotherapy arm received three cycles of 
neoadjuvant gemcitabine with 36 Gy radiotherapy in 
15 fractions and four cycles of adjuvant gemcitabine, 
whereas the upfront surgery arm received six cycles 
of adjuvant gemcitabine. Long term results showed a 
consistent survival benefit of neoadjuvant treatment 
regardless of the resectability of the primary tumors, 
for borderline resectable diseases (hazard ratio 
0.67; 95% confidence interval 0.45 to 0.99) and 
resectable diseases (0.79; 0.54 to 1.16). However, 
the chemotherapy regimen (gemcitabine alone) 
was outdated. The recent ESPAC-5 phase 2 trial112 
randomly assigned 90 patients with borderline 
resectable diseases to neoadjuvant treatment 
(n=56), which included multiagent neoadjuvant 
chemotherapy and single agent chemoradiotherapy, 
or upfront surgery (n=33). It showed a better one year 
overall survival in the neoadjuvant treatment groups 
compared with the upfront surgery group (76% v 
39%; hazard ratio 0.29; 95% confidence interval 
0.14 to 0.60), although it did not provide evidence of 
the optimal regimen owing to the small sample size.

Regarding resectable diseases, one concern of 
neoadjuvant treatment is the possibility of disease 
progression during neoadjuvant treatment, which 
could cause patients to miss the opportunity for 
surgical resection. Indeed, the role of neoadjuvant 
treatment for resectable disease is still under 
investigation. A randomized phase 2 trial (PACT-15) 
showed that neoadjuvant chemotherapy with the 
PEFG regimen (cisplatin, epirubicin, fluorouracil, 
and gemcitabine) improved overall survival 
compared with adjuvant gemcitabine and adjuvant 
PEFG regimen for resectable disease.113 The Prep-02/

Box 3: Comparison between robotic pancreaticoduodenectomy and open 
pancreatoduodenectomy or laparoscopic pancreatoduodenectomy

Robotic pancreatoduodenectomy (v open pancreatoduodenectomy )134-136 | Robotic 
pancreatoduodenectomy (v laparoscopic pancreatoduodenectomy )135 137 138

•	R0 resection: Comparable135 136 or higher134 | Comparable135

•	Lymph nodes harvested: Comparable135 136 or more134 | Comparable135 or more137 138

•	Operating time: Longer134-136 | Comparable135 137 138

•	Estimated blood loss: Less134-136 | Comparable138 or less135 137

•	Conversion rate: Not applicable | Lower137 138

•	Overall mortality rate: Comparable134 or lower136 | Comparable138

•	Overall morbidity rate: Comparable134 135 or lower136 | Comparable135 137 138

•	Surgical site infection: Less134 135 | Comparable135 138

•	Pancreatic fistula: Comparable134 135 or less136 | Comparable135 137 138

•	Hemorrhage: Comparable135 | Comparable135

•	Delayed gastric emptying: Comparable134 136 or less135 | Comparable135 137 138

•	Length of stay: Comparable134 135 or longer136 | Comparable135 137 or shorter138

Box 4: Characteristics of radiotherapy for pancreatic cancer by types and doses

3
dimensional conformal radiation therapy (3D-CRT)
•	Using multiple beams shaped to conform to a tumor that is identified its size, shape, 

and location by 3D imaging (ie, CT, MRI)
•	Generally used dose:* 45.0-56.0 Gy in 1.75-2.20 Gy fractions
Image guided radiation therapy (IGRT)
•	An adjunctive technique to adjust the tumor location difference by using 3D imaging 

(ie, CT, MRI) performed immediately before each radiation treatment
Intensity modulated radiation therapy (IMRT)
•	Possible to adjust the irradiation intensity within a target volume
•	Possible to deliver a concentrated dose to a tumor and better spare the normal tissue
•	Generally used dose:* 45.0-56.0 Gy in 1.75-2.20 Gy fractions
Stereotactic body radiotherapy (SBRT)
•	Accurately irradiate a tumor with high dose radiation in three dimensions from 

multiple directions
•	High local control rate, comparable toxicity141

•	Generally used dose:* 30.0-40.0 Gy in 6.00-8.00 Gy fractions

*Based on the ASTRO clinical practice guideline.142
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JSAP-05 phase 2/3 trial randomly assigned patients 
with resectable (about 80%) or borderline resectable 
diseases to one month neoadjuvant gemcitabine plus 
S-1 (n=182), or upfront surgery (n=180). Both arms 
received six month S-1 as the adjuvant treatment.114 
The results showed improved overall survival in the 
neoadjuvant chemotherapy arm (36.7 v 26.6 months; 
hazard ratio 0.72; 95% confidence interval 0.55 to 
0.94). Conversely, studies of FOLFIRINOX have not 
shown positive results.115 116 The SWOG S1505 phase 
2 study showed equivalent efficacy of neoadjuvant 
mFOLFIRINOX versus nab-paclitaxel/gemcitabine for 
three months for resectable disease.115 The median 
overall survival in both arms (23.2 and 23.6 months) 
did not show improvement compared with previous 
trials of adjuvant treatment.

A recent phase 2 trial (NORPACT-1) randomly 
assigned 140 patients with resectable diseases to 
the neoadjuvant FOLFIRINOX arm (n=77) or the 
upfront surgery arm (n=63), and found no survival 
benefit of neoadjuvant FOLFIRINOX. However, the 
results have several problems. While not significant, 
the median survival was 13.4 months shorter (25.1 v 
38.5 months) in the neoadjuvant FOLFIRINOX arm, 
despite the higher rates of node negative (N0) and 
margin negative (R0) resection in that arm. Given 
the high resection rate (n=63, 82%) despite the 
low completion rate of neoadjuvant chemotherapy 
(n=40, 52%), and the high rate of adjuvant 
chemotherapy other than FOLFIRINOX (75%) in the 
neoadjuvant group, it seems that the neoadjuvant 

group did not receive sufficient FOLFIRINOX 
chemotherapy. In addition, whether two months 
is sufficient for neoadjuvant FOLFIRINOX is 
unclear. Three ongoing large randomized phase 3 
trials might provide some insight into the optimal 
sequence and the number of cycles of FOLFIRINOX; 
two are recruiting patients (ALLIANCE-A021806 
and PREOPANC-3), and one recently opened 
(NCT05529940). The first two trials plan to enrol 
more than 300 patients with resectable disease 
to assess the overall survival of perioperative 
FOLFIRINOX (eight cycles of neoadjuvant and 
four cycles of adjuvant) compared with adjuvant 
FOLFIRINOX (12 cycles). The NCT05529940 trial 
plans to enrol more than 600 patients and evaluate 
the two year survival of perioperative FOLFIRINOX 
(six cycles of neoadjuvant and six cycles of adjuvant) 
compared with adjuvant FOLFIRINOX (12 cycles).

Systemic treatment for locally advanced disease
After the positive results of FOLFIRINOX and 
gemcitabine/nab-paclitaxel for metastatic disease, 
several studies have investigated its efficacy in 
locally advanced diseases. A systematic review 
that analyzed 315 patients with locally advanced 
diseases from 11 studies between 1994 and 2015 
showed that FOLFIRINOX was associated with a 
longer median overall survival of 24.2 months 
(95% confidence interval 21.7 to 26.8 months).117 
The proportion of patients who underwent surgical 
resection after FOLFIRINOX ranged from 0-43%. A 

Table 3 | Summary of key studies of radiotherapy for pancreatic cancer

Study
Study type, 
study setting Arm (N)

Primary 
end point

Overall survival Secondary end 
point

DFS/RFS/EFS/PFS
ORR (%)Months 95% CI Months 95% CI

ESPAC-1* 
(2001, 2004)

RCT, phase 3 
Adjuvant

CRT, 20 Gy (145) 2 year 
survival

15.9 1.47 
(1.10 to 1.95)†

DFS 10.7 8.8 to 15.5 —
No RT (144) 17.9 15.2 9.8 to 22.2 —

Van Laethem 
et al 
(2010)

RCT, phase 2 
Adjuvant

Gem + RT, 50.4 Gy 
(45)

Feasibility, 
tolerability

24.3 20.5 to NR OS, DFS 11.8 10.1 to 19.3 —

Gemcitabine (45) 24.4 21.5 to NR 10.9 8.3 to 16.0 —
Ma et al 
(2022)

RCT, phase 2 
Adjuvant, stage 2

Gem + SBRT, 25 Gy 
(18)

RFS 15.0 0.56 
(0.23 to 1.36)†

OS 5.3 0.80 
(0.40 to 1.60)†

—

Gemcitabine (20) 28.0 9.7 —
Murphy et al 
(2018)

Phase 2 
Neoadjuvant, borderline 
resectable

FFX + SBRT, 25 Gy 
(48)

R0 resection 37.7 19.4 to NR OS, PFS 14.7 10.5 to NR 32.0 
(96.9)‡

Janssen et al 
(2021)

Meta-analysis 
Neoadjuvant, resectable/
borderline resectable

FFX + RT (161) OS 22.4 11.0 to 37.7 PFS 28.4 18.0 to 48.6 63.1 
(97.6)‡

FFX (351) 21.6 18.4 to 34.0 22.1 13.7 to 28.0 71.9 
(88.0)‡

A021501 
(2022)

RCT, phase 2 
Neoadjuvant, borderline 
resectable

mFFX + SBRT (55) 1.5 year 
survival

17.1 12.8 to 24.4 EFS§ 10.2 6.7 to 17.3 —
mFFX (65) 29.8 21.1 to 36.6 15.0 11.2 to 21.9 —

LAP07 
(2016)

RCT, phase 2 
Locally advanced*

Gem based¶ + RT, 
54 Gy (133)

OS by 
regimen

15.2 1.03 
(0.79 to 1.34)†

OS/PFS by 
RT

9.9 0.78 
(0.61 to 1.01)†

4.1 (61.1)‡

Gem based¶ (136) 16.5 8.4
LAPC-1 
(2019)

Phase 2 
Locally advanced

FFX + SBRT, 40 Gy 
(50)

1 year 
survival

15 11 to 18 1 year 
PFS

9 8 to 10 12.0‡

CRT=chemoradiotherapy; DFS=disease free survival; EFS=event free survival; FFX=folinic acid, fluorouracil, irinotecan hydrochloride, and oxaliplatin; Gem=gemcitabine; HR=hazard ratio; 
mFFX=modified FFX; NR=not reached; ORR=objective response rate; OS=overall survival; PFS=progression free survival; R0=margin negative; RCT=randomized controlled trial; RFS= recurrence 
free survival; RT=radiotherapy; SBRT=stereotactic body radiation therapy.
*The chemoradiotherapy group included patients who received chemoradiotherapy with or without chemotherapy (fluorouracil and folinic acid), and the no radiotherapy group included patients 
who received chemotherapy or observation only.
†Hazard ratio (95% confidence interval) of mortality is shown.
‡Resection rate (margin negative rate) is shown.
§Events were defined as disease progression, surgery with R2 resection, recurrent disease following surgery, or death from any cause.
¶Gemcitabine with or without erlotinib.
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phase 2 study (LAPACT) investigated gemcitabine/
nab-paclitaxel for 106 patients118; the median overall 
survival was 18.8 months (90% confidence interval 
15.0 to 24.0 months). In total, 62 patients (58%) 
completed induction gemcitabine/nab-paclitaxel, 
and 17 patients (16%) underwent surgical resection. 
Another randomized phase 2 study (NEOLAP-AIO-
PAK-0113) showed high surgical conversion rates 
of gemcitabine/nab-paclitaxel (23/64, 35.9%) and 
gemcitabine/nab-paclitaxel followed by FOLFIRINOX 
(29/66, 43.9%).119 No survival differences were 
observed between the two arms (hazard ratio 0.86; 
95% confidence interval 0.55 to 1.36). These results 
suggest a new potential treatment strategy for surgical 
conversion of locally advanced disease, which could 
achieve longer survival in selected patients.

Surgical treatment
Pancreatectomy, especially pancreaticoduodenectomy, 
has been considered a high risk surgery. The 
centralization of pancreatectomy has played an 
essential role in the improvement of perioperative 
outcomes. The 90 day mortality is reported to be under 
5-10% in experienced high volume centers.120  121 
A recent meta-analysis including 46 retrospective 
studies (2015-2021) showed a significantly lower 
postoperative morbidity rate in high volume centers 
compared with low volume centers (47.1% v 56.2%; 
odds ratio 0.75; 95% confidence interval 0.65 to 
0.88).121

Surgery for locally advanced and borderline disease
Some experts have pushed for more aggressive 
operations for patients with borderline resectable 
and locally advanced diseases with the advent 
of more effective systemic drugs. Resection after 
neoadjuvant treatment was reported to have 

similar short term outcomes compared with 
upfront resection in a meta-analysis122 including 
randomized controlled trials and a subgroup report 
of a randomized phase 3 trial.123 However, data 
on arterial resection and reconstruction are more 
controversial, and depend on the resected artery 
and the technical approach; the mortality rates 
were reported as 5.7% for resection of the superior 
mesenteric artery,124 and 1.7% for resection of the 
celiac axis.125 More recently, arterial divestment 
has been proposed as an alternative to arterial 
resection in selected patients. A retrospective 
study of a high volume center reported a mortality 
rate of 7.0% for arterial resections and 2.3% for 
arterial divestment from 2015 to 2019, although the 
breakdown of resected arteries was not shown by 
periods.126 To be clear, these aggressive procedures 
should be performed only when long term survival 
is expected. A previous meta-analysis including 
13 studies (2005-2015) with 355 locally advanced 
tumors showed no significant association between 
the resection rate after chemotherapy and overall 
survival.117 However, large, retrospective studies 
recently showed that conversion surgery for locally 
advanced diseases after FOLFIRINOX was associated 
with improved survival in a selected subgroup.127 128 
Further studies are expected.

Surgery for patients with metastatic disease
Macroscopic distant metastasis is a contraindication 
to surgical resection in general. However, several 
studies have reported a potential role of resection 
in highly selected patients with limited metastatic 
diseases. A meta-analysis including three retrospective 
studies (2016-2019) showed a longer overall 
survival (23-56 months v 11-16 months) in patients 
with synchronous liver metastasis who underwent 

Table 4 | Summary of studies on supportive/palliative care for pancreatic cancer
Study 
Study type Treatment Aim Results
NURIMAS Pancreas 
(2021)164 (n=116) 
Prospective

NA To find a nutritional score that can identify patients 
with malnutrition related to worse survival after 
surgical resection

●  Malnutrition classified by the Subjective Global 
Assessment score was associated with worse 
overall survival (HR 2.16; 95% CI 1.34 to 3.47)

Hamauchi et al (2019)165 
(n=50) 
Prospective, single arm

Anamorelin,166 
selective ghrelin receptor agonist, 
appetite enhancing, anabolic 
activity

To evaluate the efficacy and safety of anamorelin for 
patients with gastrointestinal cancers by the change 
of LBM (five patients had pancreatic cancer)

●  The response rate was 63.3%, with an increase in 
LBM and body weight from baseline. The scores of 
appetite related questions showed improvements

Solheim et al (2017)167 
(n=46) 
RCT, phase 2

Nutritional and exercise 
intervention* for cachexia

To assess the feasibility and efficacy of a multimodal 
intervention for cachexia in patients with advanced 
lung and pancreatic cancer

●  10 of 25 patients in the treatment arm and 10 
of 21 patients in the control arm had pancreatic 
cancer

●  The intervention was feasible and safe, but did not 
affect physical activity and muscle strength

Koulouris et al (2021)168 
(n=727) 
Meta-analysis

EUS-CPN To assess the efficacy of the EUS-CPN and to compare 
the differences in efficacy by techniques†

●  Overall response rate was 68% (95% CI 61% to 
74%) after two weeks and 53% (95% CI 45% to 
62%) after four weeks

●  No difference in the response rates between the 
three techniques†

IMPERATIVE study 
(2023)169 (n=40) 
Case crossover study

Early palliative care‡ To assess the effect of early palliative care (for 16 
weeks) on QOL, symptom burden, anxiety, and 
depression

●  Early palliative care was associated with the 
improvement of QOL and symptoms in patients 
with metastatic disease

● No difference in depression and anxiety
EUS-CPN=endoscopic ultrasound guided celiac plexus neurolysis; LBM=lean body mass; NA=not applicable; QOL=quality of life; HR=hazard ratio; RCT=randomized controlled trial.
*Intervention: celecoxib 300 mg once daily, nutrition with eicosapentaenoic acid 2 g per day, nutrition counseling, and exercise program.
†Technique: central injection, bilateral injection, and celiac ganglia neurolysis.
‡Palliative care: assessment, symptom management, discussion and education about the disease and goals of care, advance care planning, and follow-up assessment.
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resection after chemotherapy (n=44) compared with 
those who did not (n=166).129 In another review, lung 
metastasectomy was associated with a longer survival 
with a median overall survival after resection ranging 
from 18.6 to 38.3 months.130 A large retrospective 
study suggested that only patients who achieved a 
complete pathological response of metastasis could 

derive a survival benefit from resection.131 Further 
studies are expected to provide data on patient 
selection criteria and metastatic sites. A single arm 
phase 2 study (NCT04617457) and a randomized 
phase 3 trial (NCT03398291) are recruiting patients 
with oligometastasis in liver from pancreatic cancer to 
evaluate the efficacy of resection after chemotherapy.

Fig 2 | Precision medicine for pancreatic cancer. PanIN=pancreatic intraepithelial neoplasm
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Minimally invasive surgery
Minimally invasive surgery for pancreatic cancer 
had until recently been lagging behind that for 
other cancers. Results of a recent randomized 
trial132 (n=656) and a meta-analysis of three 
randomized controlled trials133 (n=224) showed 
that laparoscopic pancreatoduodenectomy was 
associated with a shorter hospital stay, but a similar 
postoperative morbidity rate. Box 3 summarizes the 
studies comparing robotic pancreatoduodenectomy 
with open or laparoscopic pancreatoduodenectomy. 
Notably, all studies on pancreatoduodenectomy 
to date have included patients with diseases other 
than pancreatic cancer. Another meta-analysis 
including 12 randomized or matched studies 
(n=4346) showed a similar morbidity rate, but a 
higher margin negative resection rate (odds ratio 
1.46) and shorter time to adjuvant treatment, in 
the laparoscopic distal pancreatectomy group.139 
Most recently, an international randomized trial 
(DIPLOMA)140 including 117 patients with resectable 
pancreatic cancer in the minimally invasive distal 
pancreatectomy group and 114 patients in the 
open distal pancreatectomy group showed the non-
inferiority of the oncological safety of minimally 
invasive distal pancreatectomy: a higher margin 
negative resection rate (73% v 69%) and comparable 
lymph node yield and intraperitoneal recurrence.

Radiotherapy
Radiotherapy is used as a part of local treatment 
for pancreatic cancer, generally combined with 
chemotherapy. Since the gold standard for this 
disease remains surgical resection,67 the role 
of radiotherapy has been logically examined in 
both the adjuvant setting and in locally advanced 
inoperable patients. The neoadjuvant application of 
radiotherapy has also been investigated in several 
studies. In this setting, however, high level evidence 
comparing the role of radiotherapy in a head-to-head 
design to neoadjuvant chemotherapy is lacking. The 
true efficacy of radiotherapy on long term survival 
remains unclear, especially when combined with 
modern multiagent systemic treatments and surgical 
resection. Another concern in many radiotherapy 
studies is the heterogeneity of the treatment technique 
and dose used. For example, the techniques have 
evolved from conventional treatments to intensity 
modulated radiation therapy (IMRT) and stereotactic 
body radiation therapy (SBRT), more ablative 
approaches with adaptive planning platforms. Box 
4 summarizes the characteristics of radiotherapy 
by types and doses. Table 3 summarizes the clinical 
studies of radiotherapy.

Adjuvant radiotherapy
In theory, the purpose of adjuvant radiotherapy is to 
reduce the risk of local recurrence. NCCN guidelines 
recommend considering adjuvant chemoradiation 
treatment for patients with positive surgical 
margins.67 However, prospective studies that support 
adjuvant radiotherapy are lacking, regardless of 

the surgical margin status. The aforementioned 
large randomized phase 3 trial (ESPAC-1) included 
289 resected patients: 51 (17.6%) had positive 
resection margins. The results showed worse 
survival in the chemoradiotherapy arm (n=145) 
than in the non-radiotherapy arm (n=144) (median 
overall survival 15.9 v 17.9 months; hazard ratio 
1.28; 95% confidence interval 0.99 to 1.66).4 This 
study has discouraged further studies of adjuvant 
radiotherapy in Europe. However, the study had two 
major drawbacks. Firstly, the chemotherapy regimen 
was different in the chemotherapy arm (fluorouracil/
leucovorin) and the chemoradiotherapy arm 
(fluorouracil). Secondly, the total dose of radiotherapy 
(20 Gy) did not reach 45 Gy, which represents the 
treatment dose of conventional, fractionated external 
beam radiotherapy.67 Two randomized phase 2 
studies investigated adjuvant gemcitabine plus 
radiotherapy for patients with negative resection 
margins. The first study administered 50.4 Gy in 28 
fractions of radiotherapy, and found a lower local 
alone recurrence rate (11% v 24%), but did not 
show a difference in overall survival or disease free 
survival between the two arms (45 patients each).143 
The other small study (n=38) used a modern SBRT 
technique (25 Gy in five fractions), but showed 
no difference in any of the survival endpoints 
(recurrence free survival, locoregional recurrence 
free survival, or overall survival), even in the node 
positive subgroup.144 An older systematic review 
included five randomized controlled trials (1985-
2005) of adjuvant chemoradiotherapy consisting of 
fluorouracil based chemotherapy plus conventional 
radiotherapy, and showed no survival benefit of 
chemoradiation (pooled hazard ratio 1.09; 95% 
confidence interval 0.89 to 1.32).145 The subgroup 
analysis in this study showed a possible efficacy 
of adjuvant chemoradiotherapy in patients with 
positive resection margins.

The RTOG0848 trial is a randomized phase 2/3 
study that enrolled 322 resected patients. The 
ongoing phase 3 of this trial assesses the survival 
benefit of added radiotherapy (50.4 Gy) after six 
cycles of adjuvant gemcitabine based chemotherapy. 
However, because the standard of care regimen of 
adjuvant chemotherapy has changed to FOLFIRINOX, 
the results of this study might have a limited impact 
on clinical practice. Ultimately, the role of adjuvant 
radiotherapy is still ambiguous.

Neoadjuvant radiotherapy
One of the primary goals of neoadjuvant radiotherapy 
is to reduce the rate of positive margin resection, 
which is a risk factor for local recurrence. Two single 
arm phase 2 studies showed the tolerability and 
feasibility of concurrent radiotherapy combined with 
fluorouracil plus cisplatin146 (n=41) and gemcitabine 
(n=41).147 However, the evidence on the efficacy of 
neoadjuvant radiotherapy is inconsistent. A meta-
analysis of three randomized controlled trials (n=189) 
that investigated chemoradiotherapy (fluorouracil 
based chemotherapy with a radiotherapy dose of 
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45-50.4 Gy) did not show any difference in overall 
survival between neoadjuvant chemoradiotherapy 
and adjuvant chemoradiotherapy (hazard ratio 
0.93; 95% confidence interval 0.69 to 1.25).148 
The aforementioned PREOPANC-1 phase 3 trial, 
which showed a survival benefit of neoadjuvant 
chemoradiation for borderline resectable disease, did 
not evaluate effects with and without radiation.110 
Regarding neoadjuvant chemoradiotherapy with 
FOLFIRINOX, a phase 2 trial (n=48) showed that 
neoadjuvant FOLFIRINOX plus chemoradiotherapy 
in borderline resectable disease showed a high rate 
of margin negative resection, and prolonged median 
progression free survival and even median overall 
survival.149 By contrast, a randomized phase 2 trial 
(ALLIANCE-A021501) showed worse survival in the 
patients with borderline resectable disease who were 
allocated to the neoadjuvant mFOLFIRINOX plus 
radiotherapy (SBRT or hypofractionated image guided 
radiotherapy) arm (n=56) compared with those who 
allocated to the neoadjuvant mFOLFIRINOX alone 
arm (n=70) (median overall survival 17.1 v 29.8 
months; median event free survival 10.2 v 15.0 
months).150 However, the number of patients was 
modest, and the dropout rates were high in both the 
chemotherapy arm (71.4%) and the chemoradiation 
arm (82.1%). A meta-analysis comprising 15 studies 
(512 patients) of neoadjuvant FOLFIRINOX with or 
without radiotherapy for resectable and borderline 
resectable disease showed a better rate of margin 
negative resection in the chemoradiotherapy group 
(97.6% v 88.0%).151 No differences were observed 
in resection rate, overall survival, or pathological 
outcomes. The PANDAS-PRODIGE 44 study, a 
randomized phase 2 study, assigned 130 patients 
with borderline resectable diseases to mFOLFIRINOX 
or mFOLFIRINOX plus conformal external radiation 
(50.4 Gy). This ongoing study aims to evaluate the 
histological negative margin resection rate as the 
primary endpoint.

Radiation for locally advanced disease
For locally advanced pancreatic cancer, radiation is 
used as the primary modality for local control and, on 
rare occasions, to facilitate margin negative resection 
in select patients who achieve good responses to 
treatment.67 Trials for locally advanced diseases have 
reported various levels of efficacy. A randomized trial 
assigned 37 patients to receive chemoradiotherapy 
(gemcitabine, 50.4 Gy) and 34 patients to receive 
gemcitabine alone. The trial showed improved 
overall survival in the chemoradiotherapy group 
(11.1 v 9.2 months).152 Progression free survival 
was not different, but the sample size was notably 
small. The LAP07 trial was a large randomized phase 
3 trial that aimed to investigate the survival benefit 
of adding radiotherapy to chemotherapy (54 Gy 
plus capecitabine) compared with chemotherapy 
(gemcitabine or gemcitabine plus erlotinib) after 
four months of gemcitabine based induction 
chemotherapy.153 The results showed no differences 
in overall (median 15.2 v 16.5 months; hazard ratio 

1.03; 95% confidence interval 0.79 to 1.34) or 
progression free survival (9.9 v 8.4 months; 0.78; 
0.61 to 1.01) between the chemoradiotherapy group 
(n=133) and the chemotherapy group (n=136). An 
older randomized phase 3 trial (2000-01 FFCD/
SFRO) also compared gemcitabine chemotherapy 
(n=60) to chemoradiotherapy with fluorouracil and 
cisplatin (60 Gy) (n=59),154 and showed worse overall 
survival (median 8.6 v 13.0 months) and progression 
free survival in the chemoradiotherapy group.154 The 
study, however, suffered from major inconsistencies 
in the proportion of patients who received at least 
75% of the planned dose of induction chemotherapy, 
being only 42.4% in the chemoradiotherapy group 
compared with 73.3% in the chemotherapy group.

Given that conventional fractionated radiotherapy 
techniques combined with gemcitabine based 
chemotherapy have failed to show a significant 
survival advantage, the focus of research has moved 
to SBRT and FOLFIRINOX. A meta-analysis of 1147 
patients from 21 studies including randomized 
controlled trials (2002-2014) compared conventional 
external beam techniques to SBRT.141 The estimated 
two year overall survival was higher in the SBRT group 
(26.9% v 13.7%), with less acute grade 3/4 toxicity 
(5.6% v 37.7%) and similar late grade 3/4 toxicity 
(9.0% v 10.1%). A phase 2 trial (LAPC-1) enrolled 
50 patients to receive eight cycles of FOLFIRINOX 
followed by SBRT (40 Gy in five fractions).155 In total, 
39 patients underwent SBRT (78.0%) and seven 
(14.0%) patients underwent surgical resection; all 
had negative margins and pathological N0 stage. 
The overall survival in the resected patients was 
longer than in the unresected patients (median 24 v 
15 months; three year survival rate 43% v 6.5%). A 
systematic review including 2446 patients from 28 
phase 2/3 studies also showed a similar resection 
rate of 12.1% (95% confidence interval 10.0% to 
14.5%). Therefore, this newest chemoradiotherapy 
approach could give the best chance of curative 
intent surgery, and achieve long term survival in a 
highly selected subgroup of patients.

Four phase 2/3 trials are ongoing. The CONKO-007 
trial is a large randomized phase 3 trial enrolling 
525 patients to evaluate chemoradiotherapy (50.4 
Gy with gemcitabine) after induction chemotherapy 
with FOLFIRINOX (n=402) or gemcitabine (n=93) 
for three months; the primary endpoint was margin 
negative resection rate. The first results came out in 
2022, and showed a higher rate of margin negative 
resection (resection and circumferential resection 
margin) (9.0% v 19.6%) in the chemoradiation 
arm (n=168, 61 underwent surgery) compared 
with the chemotherapy arm, which was continuing 
FOLFIRINOX or gemcitabine (n=167, 60 underwent 
surgery).156 However, the total surgical resection 
margin negativity rate and survival did not reach 
statistical significance. The publication is pending. 
The other three trials are phase 2 trials and are still 
recruiting patients (SCALOP-2,157 MASTERPLAN,158 
and GABRINOX-ART159). These studies could provide 
more data about gemcitabine/nab-paclitaxel and 
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SBRT for locally advanced pancreatic cancer. 
However, we are unable to draw a conclusion 
without well designed phase 3 trials using the latest 
technology and chemotherapy regimen.

Supportive care and palliative care
Weight loss is seen in more than half of patients at 
diagnosis of pancreatic cancer11; as a result, the rates 
of malnutrition160 161 (33.7-70.6%) and sarcopenia162 
(up to 74%) are high. Malnutrition and sarcopenia 
have been reported to be associated with poor 
outcomes of surgical resection and chemotherapy.163 
Given that the majority of patients suffer from 
metastatic diseases, palliative care, including pain 
management and nutrition support, is essential 
to their quality of life, and even prognosis. Table 4 
highlights major studies on these topics.

Emerging diagnostic tools and treatments
Diagnostic tools
Fibrosis, both chemoradiotherapy induced 
and cancer associated, has been reported to be 
associated with overall survival. An MRI probe 
targeting chemoradiotherapy induced collagen 
(type I collagen) can detect this change in fibrosis.170 
Radiolabeled fibroblast activation protein inhibitors 
(FAPI) can target the expression of fibroblast 
activation protein in cancer associated fibroblasts, 
which is abundant in pancreatic cancer.171 A meta-
analysis showed superior performance of FAPI 
PET over FDG PET/CT/MRI for the determination 
of tumor, node, metastases (TNM) classification 
and peritoneal carcinomatosis.172 A phase 2 trial is 
recruiting patients to evaluate the efficacy of FAPI 
PET/CT in patients with locally advanced disease 
(NCT05518903).

Radiomics using machine learning or deep 
learning (artificial intelligence) is a new field of 
research, driven by advances in computer systems. 
Theoretically, a computer can learn and identify 
features and differences that a human cannot. A 
systematic review showed that radiomics models 
of the primary tumors had good performance in 
predicting patient prognosis.173 Further studies 
with larger sample sizes for training and validating 
models with risk factors, images, and biomarkers 
will yield more conclusive results in this regard.

Systemic treatment
In the era of neoadjuvant chemotherapy, a new 
question has emerged of how to manage patients 
who have tumor progression during neoadjuvant 
treatment. A phase 2 trial (NCT03322995) is 
recruiting patients (n=125) with resectable and 
borderline resectable disease to evaluate the efficacy 
of adaptive modification of neoadjuvant treatment 
(four months). Based on the results of restaging after 
four cycles of FOLFIRINOX, a decision will be made 
to either continue the same regimen, or switch to a 
gemcitabine based regimen and chemoradiotherapy. 
For locally advanced pancreatic cancer, the NEOPAN 
phase 3 trial successfully enrolled 171 patients with 

locally advanced pancreatic cancer to compare the 
progression free survival of FOLFIRINOX (12 cycles) 
with gemcitabine (four cycles), with preliminary 
results expected soon. Few data exist on the 
comparison of FOLFIRINOX with gemcitabine/nab-
paclitaxel for both localized and advanced cancer. 
A randomized phase 2 study (PASS-01) is recruiting 
patients (planned n=150) with metastatic disease to 
investigate the difference in progression free survival 
between the two regimens. Moreover, genomic factors 
and putative biomarkers will be explored using 
whole genome sequencing and RNA sequencing, and 
patient derived organoids.

Immunotherapy has been largely ineffective in 
pancreatic cancer, potentially owing to both tumor 
cell intrinsic and tumor microenvironment factors. 
Recent trials have taken a combined approach. 
CISPD3, a randomized phase 3 trial (n=110), showed 
an improved objective response rate (50.0% v 23.9%; 
P=0.010) by adding sintilimab (a monoclonal 
antibody against programmed cell death protein 
1) to FOLFIRINOX for metastatic patients,174 albeit 
without superior overall survival and progression 
free survival. The same group is conducting a phase 
3 trial to evaluate the same regimen in patients 
with borderline resectable and locally advanced 
diseases (NCT03983057). Given the results of basic 
research in pancreatic cancer showing that the 
extracellular matrix plays an essential role in the 
tumor microenvironment and progression, several 
new agents have been introduced. A phase 2 trial 
(NCT03336216) combining an immune checkpoint 
inhibitor with chemotherapy (FOLFIRINOX or 
gemcitabine based regimen) and cabiralizumab 
(a colony stimulating factor 1 receptor inhibitor 
that suppresses the activities of tumor associated 
macrophages) has been conducted. However, a 2020 
press release175 176 announced that this study missed 
the primary endpoint of progression free survival.

Pamrevlumab, a recombinant human monoclonal 
antibody against connective tissue growth factor, 
has been investigated in a randomized phase 3 trial 
(LAPIS) combined with FOLFIRINOX or gemcitabine/
nab-paclitaxel (up to six cycles) for locally advanced 
tumors. The study has completed recruitment 
(n=284) and is continuing to evaluate the primary 
endpoint of overall survival. Most recently, a phase 
1 trial proposed a notable approach to stimulating 
cancer immunity in pancreatic cancer, with promising 
results.177 The study adopted the messenger RNA 
(mRNA) vaccine technique to make a personalized 
mRNA vaccine encoding five or more neoantigens, 
which were bioinformatically predicted from the 
resected primary tumor. This adjuvant treatment 
consisted of one dose of atezolizumab (anti-PDL1 
(programmed death ligand 1) antibody) and eight 
doses (one week) of mRNA neoantigen vaccines, 
followed by 12 cycles of mFOLFIRINOX. In total, 16 of 
28 resected patients received personalized vaccines, 
and eight patients responded to the vaccines, with no 
recurrence among responders after a median follow-
up of 18.0 months. Larger studies will help establish 
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whether this is a breakthrough in immunotherapy for 
pancreatic cancer.

Treatment strategies targeting specific genomic 
alterations have been explored in various molecularly 
defined patient subsets. Given the positive results 
for metastatic cancer in the POLO trial,93 olaparib 
is being studied in a randomized phase 2 trial 
(APOLLO) to evaluate the additional benefit of one 
year of treatment on recurrence free survival in 
patients with a pathogenic BRCA1, BRCA2, or PALB2 
mutation, who have received at least three months of 
multi-agent chemotherapy after curative resection. 
KRAS is an attractive target owing to its high rate of 
mutation (90%) in pancreatic cancer.178 Although 
KRAS G12C mutations are rare (1.6% of pancreatic 
ductal adenocarcinoma (PDAC) cases), the ability to 
create covalent G12C inhibitors led to FDA approval 
in non-small cell lung cancer, and promising initial 
results in PDAC. Sotorasib, a KRAS G12C inhibitor, 
showed a median progression free survival of four 
months, and an objective response rate of 21% in 
metastatic patients with KRAS G12C mutations who 
received at least two lines of chemotherapy in a phase 
1/2 trial.179 Another KRAS G12C inhibitor, adagrasib, 
showed a median progression free survival of 6.6 
months, and an objective response rate of 50% (5/10 
patients), in patients with advanced pancreatic 
cancer in a phase 1/2 trial (KRYSTAL).180

By contrast to the low mutation rate in BRCA1 
(1.08%), BRCA2 (1.48%), PALB2 (0.54%), and 
KRAS G12C (1-2%), other KRAS mutations are 
quite common, and pan-KRAS inhibitors are under 
investigation. Two phase 1 studies of pan-RAS 
inhibitors are recruiting patients (NCT04678648 
and NCT05379985). Further studies on other KRAS 
targeting approaches are expected.

Radiotherapy
Radiotherapy has been suggested to have 
synergistic effects on local and even distant tumors 
when combined with immunotherapy.181  182 
A large randomized phase 3 trial showed that 
chemoradiotherapy followed by durvalumab (PDL1 
inhibitor) had significantly longer overall survival 
than placebo in locally advanced, non-small cell 
lung cancer.183 Recently, a phase 2 trial (CheckPAC) 
assigned 84 patients with refractory metastatic 
pancreatic cancer to receive SBRT/nivolumab (n=41) 
or SBRT/nivolumab/ipilimumab (n=43).184 The SBRT/
nivolumab/ipilimumab arm had a higher disease 
control rate (37.2% v 17.1%). Further studies with 
an immunotherapy–SBRT backbone are anticipated 
in locally advanced and metastatic disease settings.

Figure 2 summarizes all the data discussed 
above, and gives perspective on the future of the 
management of pancreatic cancer.

Guidelines
Several national and international guidelines for 
the management of pancreatic cancer have been 
published. Recommendations of those guidelines 
are proposed considering the evidence and the 

healthcare system of each country. We reviewed 
two major guidelines of the US and Europe, and 
also included the recent 2022 updated Japanese 
guideline.6-8 All recommendations of these 
guidelines are made based on the metastatic status 
and the anatomical resectability of the primary 
tumors. Regarding treatments for resectable 
diseases, the NCCN guidelines list neoadjuvant 
chemotherapy as an option for high risk patients, and 
the Japan Pancreas Society guidelines recommend 
neoadjuvant for all patients. The ESMO guidelines 
recommend only upfront surgery. The NCCN and 
ESMO guidelines recommend mFOLFIRINOX as the 
first option of adjuvant chemotherapy, although S-1 
monotherapy is recommended by the Japan Pancreas 
Society guidelines. Conversion surgery for locally 
advanced disease is an option in the NCCN and Japan 
Pancreas Society guidelines. No recommendation is 
made for conversion surgery for metastatic disease 
in any of the three sets of guidelines. Radiotherapy 
is listed as an option for non-metastatic diseases in 
the NCCN guidelines, while the other guidelines do 
not recommend it for resectable diseases. The NCCN 

ReSeARCh queSTIoNS
•	In patients treated with upfront systemic treatment, 

what is the optimal duration of systemic treatment 
and patient selection for surgical resection?

•	How can immuno-oncology and targeted treatment 
be made effective?

•	What is the optimal combination and sequence of 
radiotherapy, and who are the ideal targets?

•	What is the specific population that needs routine 
screening and what is an effective combination of 
tests to detect precancerous lesions?

GLoSSARy oF ABBRevIATIoNS
•	NCCN: National Comprehensive Cancer Network
•	ESMO: European Society for Medical Oncology
•	PanIN: pancreatic intraepithelial neoplasia
•	IPMN: intraductal papillary mucinous neoplasm
•	CAPS: International Cancer of the Pancreas Screening
•	USPSTF: United States Preventive Services Task Force
•	CA19-9: carbohydrate antigen 19-9
•	RECIST: response evaluation criteria in solid tumors
•	FOLFIRINOX: combined leucovorin calcium (folinic 

acid), fluorouracil, irinotecan, and oxaliplatin
•	NALIRIFOX: combined liposomal irinotecan, 

fluorouracil, folinic acid, and oxaliplatin
•	mFOLFIRINOX: modified FOLFIRINOX
•	PEFG regimen: cisplatin, epirubicin, fluorouracil, and 

gemcitabine
•	IMRT: intensity modulated radiation therapy
•	SBRT: stereotactic body radiation therapy
•	3D-CRT: 3 dimensional conformal radiation therapy
•	IGRT: image guided radiation therapy
•	FAPI: fibroblast activation protein inhibitors
•	PDAC: pancreatic ductal adenocarcinoma
•	PDL1: programmed death ligand 1
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guidelines recommend genetic testing of inherited 
mutations for all patients with pancreatic cancer, but 
no clear recommendations are made in the other sets 
of guidelines.

Conclusions
In the US and Europe, the incidence of pancreatic 
cancer has been increasing consistently, and this 
trend is estimated to continue for several decades. 
Advances in the combination of cytotoxic drugs have 
resulted in improvements in survival for all stages of 
the disease, and are changing treatment algorithms. 
Further investigation into the role of immuno-
oncology agents and radiation could help a subset of 
patients. In addition, extensive efforts need to focus 
on risk assessment, screening, and early detection.
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