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Abstract. Pancreatic ductal adenocarcinoma (PDAC) is one of 
the most lethal malignant tumor types, being the sixth leading 
cause of mortality worldwide and the fourth in Europe. 
Globally, it has a mortality/incidence ratio of 98%, and the 
5‑year survival rate in Europe is only 3%. Although risk factors, 
such as obesity, diabetes mellitus, smoking, alcohol consump‑
tion and genetic factors, have been identified, the causes of 
PDAC remain elusive. Additionally, the only curative treatment 

for PDAC is surgery with negative margins. However, upon 
diagnosis, ~30% of the patients already present with locally 
advanced disease. In these cases, a multidisciplinary approach 
is required to improve disease‑related symptoms and prolong 
patient survival. In the present article, a comprehensive review 
of PDAC epidemiology, physiology and treatment is provided. 
Moreover, guidelines on patient treatment are suggested. 
Among the different available therapeutic options for the treat‑
ment of advanced PDAC, results are modest, most likely due 
to the complexity of the disease, and so the prognostic remains 
poor. Molecular approaches based on multi‑omics research are 
promising and will contribute to groundbreaking personalized 
medicine. Thus, economic investment that promotes research 
of pancreatic cancer will be critical to the development of 
more efficient diagnostic and treatment strategies.
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1. Introduction

Epidemiology. Pancreatic ductal adenocarcinoma (PDAC) is 
the sixth leading cause of mortality worldwide and the fourth 
in Europe. In 2018, 458,918 and 132,559 new cases were diag‑
nosed worldwide and in Europe, with 432,242 and 128,000 
deaths, respectively (1). Observed trends in pancreatic cancer 
mortality rates in Europe are stable or slightly increasing, and 
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the number of deaths caused by pancreatic cancer is expected 
to increase with the continuous ageing of the European 
population (1). At present, survival rates for pancreatic cancer 
are not improving in Europe and are unequal in different 
European countries. Fig. 1 represents the estimated age‑stan‑
dardized rates of pancreatic cancer incidence (blue bars) and 
mortality (red bars) in 2020. Data from Globocan (2) shows that 
the gaps between the countries are substantial. For example, 
both the incidence and mortality rates in Albania and Portugal 
are the lowest, as opposed to Hungary and Czech Republic 
with one of the highest incidence and mortality rates  (3). 
These discrepancies may be attributed to distinct genetic and 
cultural backgrounds, as well as exposure to diverse environ‑
mental risk factors and different reporting methods. Diagnosis 
and access to new treatment options could also contribute to 
variations among different countries. The high incidence rate 
in Europe, with 30.7% of the global incidence, can reflect not 
only the epidemiology but also the ability for diagnosis and the 
diagnostic approach (2,4).

PDAC is predominantly a disease affecting elderly indi‑
viduals (5,6). Its incidence peaks at >70 years, and almost 
90% of cases are diagnosed after the age of 55 years (5,6). As 
expected, due to PDAC being one of the most fatal malignant 
tumor types, the mortality/incidence ratio is 98% (2,6). In 
Europe, 1‑year survival rates range from 10 to 23% and the 
5‑year survival rate is 3% (7). 

At present, since there is no established screening for early 
detection, and the causes of pancreatic cancer remain elusive, 
primary prevention is of the utmost importance for reducing 
PDAC burden (6,8).

Risk factors. Epidemiological studies have suggested different 
modifiable risk factors for PDAC, including overweight and 
obesity (8,9), physical inactivity (10), smoking (11,12), alcohol 
consumption  (13,14) and diabetes mellitus  (DM)  (15), as 
well as non‑modifiable risk factors, such as age (16), chronic 
pancreatitis  (13,14) and genetic factors/family history of 
PDAC (17,18). A previous systematic review and meta‑analysis 
of 23 prospective studies including 9,504 patients revealed that 
a BMI >25 kg/m2 and high waist circumference increase the 
risk of pancreatic cancer (8).

Smoking is a well‑established modifiable risk factor for 
PDAC (11). Nevertheless, it accounts for <30% of the PDAC 
incidence (15). In total, 82 cohort and case control studies 
published between 1950 and 2007 reported a relative risk (RR) 
of 1.7 (95% CI, 1.6‑1.9) for current smokers and 1.2 (95% CI, 
1.1‑1.3) for former smokers, with the risk being maintained 
10 years after smoking cessation (12).

The association of DM with PDAC is widely recognized. A 
meta‑analysis of 35 cohort studies, published in 2011, showed 
that DM was associated with an increased risk of PDAC 
(RR=1.94; 95% CI, 1.66‑2.27). These authors concluded that 
this risk occurs in both sexes and that DM is considered both as 
an early manifestation and an etiologic factor for PDAC (15). 

Chronic pancreatitis is a well‑known risk factor for PDAC, 
although it can also be a consequence of the tumor due to 
duct obstruction. A pooled analysis from the International 
Pancreatic Cancer Case‑Control Consortium demonstrated an 
association between pancreatitis and PDAC (13). Mutations 
in the cationic trypsinogen gene, serine protease 1 and in 

the serine protease inhibitor gene (serine peptidase inhibitor 
Kazal type 1) cause autosomal dominant and recessive forms 
of hereditary pancreatitis, respectively (19‑21). Patients with 
hereditary pancreatitis have a 58‑fold (95%  CI, 23‑105) 
increased risk of developing PDAC compared with those 
without (22).

A pooled analysis from the Pancreatic Cancer Cohort 
Consortium examined the association between family history 
of cancer (pancreatic, prostate, ovarian, breast and colorectal) 
and the risk of PDAC  (17), and only a family history of 
PDAC or prostate cancer were found to be associated with an 
increased risk of PDAC. 

Inherited conditions, such as familial Peutz‑Jeghers 
syndrome, confer very high relative risk for gastrointestinal 
cancer types, namely PDAC  (23). Germline mutations in 
BRCA1 and BRCA2 also predispose to PDAC. For instance, 
women that carry mutations in these genes have twice the 
risk of PDAC compared with the women without BRCA1 and 
BRCA2 mutations (24). Another inherited associated condi‑
tion of PDAC is Lynch syndrome caused by mutations in DNA 
mismatch repair (MMR) genes, which shows a cumulative 
risk of PDAC of 1.13% (95% CI, 0.31‑2.32%) at <50 years of 
age and 3.68% (95% CI, 1.45‑5.88%) at <70 years of age (25). 
Other genetic alterations have been associated with an 
increased risk of developing PDAC. For example, deletion of 
P16 (p16‑Leiden) carriers have a 17% lifetime (by the age of 
75 years) risk of developing pancreatic cancer, and a mutation 
in P16/CDKN2A leads to a 38‑fold increased risk of developing 
PDAC and TP53 germline mutations (18,26‑29). 

2. Pathogenesis

Pancreatic cancer types are usually adenocarcinomas from the 
exocrine part of the gland, but a minority represents neuroen‑
docrine tumors arising from the endocrine pancreas. In most 
cases PDAC is the result of cumulative genetic alterations from 
precursor lesions, pancreatic intraepithelial neoplasia (PanIN), 
that are microscopic (<5 mm) and arise from pancreatic ducts. 
PanIN1 represents mucinous differentiation of the ductal cells 
with minimal atypia, and PanIN3 corresponds to carcinoma 
in situ. The average time between the two grades could be 
11.7 years (30,31). Fig. 2 schematically depicts the evolution 
of PDAC.

From a pathology standpoint there are classical key 
characteristics of PDAC that contribute to its aggressiveness 
and poor prognosis, such as the type of pre‑cancer lesions, 
stage at diagnosis, including lymph node (N+) metastases, 
metastatic spread, cell proliferation and programmed cell 
death, genetic signature, cellular differentiation, epithelial‑
mesenchymal interaction, characteristics of the tumor stroma, 
immune response, perineural invasion and cancerization of 
ducts (30,31). Another component, venous invasion, may have 
importance in this context. In fact, 2/3 of patients with PDAC 
who underwent surgical resection had identifiable venous 
invasion (32,33), which could explain the rapid dissemination 
to the liver.

The aggressiveness of PDAC has also been associated 
with a complex genomic landscape (including frequent copy 
number changes and point mutations, as well as SMAD4 loss), 
the release of exosomes by the neoplastic cells, which facilitates 
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liver metastasis (34), the ‘seed and soil’ hypothesis and the pres‑
ence of circulating tumor cells. The seed and soil hypothesis 
states that metastatic tumor cells will metastasize to a site where 
the local microenvironment is favorable and that the mechanical 
process of metastization is determined by the pattern of blood 
flow containing circulating tumor cells (35).

Although cancer gene amplification mainly occurs in 
the earlier disease phases, genomic instability is maintained 
throughout the different steps of the metastatic cascade, 
and the genetic heterogeneity found in the different sites of 
metastases may stem from the primary non‑metastatic tissue, 
since the distinct clones are shown to be already present in this 

Figure 1. Estimated age‑standardized rates of pancreatic cancer incidence and mortality in Europe in 2020. Data from Globocan 2020 (3).

Figure 2. Schematic representation of the evolution of pancreatic ductal adenocarcinoma. Adapted from (31). yrs, years.
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tissue. Thus, early genomic events in the tumor evolution can 
determine the later molecular subtypes of PDAC (36). 

Even though the different molecular subtypes are the 
result of intra‑tumoral subpopulations, there are recurrent 
mutations that occur in KRAS, CDKN2A, TP53 and SMAD4 
pathways  (37‑40). These mutations appear to occur after 
pre‑neoplastic changes, which helps to explain the different 
invasive phenotypes of PDAC. Although PDAC has been 
divided in two subtypes, basal‑like and classic, detailed 
genomic and transcriptomic analyses have revealed that even 
within these subtypes there is heterogeneity (38).

3. Treatment of patients with borderline resectable and 
locally advanced tumors

The only curative treatment for PDAC is surgery with nega‑
tive margins. However, up to 30% of patients have locally 
advanced disease at diagnosis and are not eligible for poten‑
tially curative surgery  (6). Patients with locally advanced 
PDAC have an intermediate prognosis between resectable 
and metastatic disease, with a median overall survival (OS) of 
9‑11 months (41). The classification of locally advanced PDAC 
is summarized in Table I. 

The treatment approach, based on these criteria, should be 
decided at multidisciplinary meetings (42). Moreover, due to the 
difficulty of strict criteria of unresectability, to clearly differen‑
tiate between locally advanced and borderline resectable tumors 
it should be recommended that all cases of non‑metastatic 
tumors are discussed by a multidisciplinary team after induc‑
tion therapy to confirm definitive unresectability (43). Some 
key concepts used in this setting do not have a universal defini‑
tion, and so it is important to clarify that henceforth the term 
‘induction chemotherapy (CT)’ will be used referring to the CT 
administered before radiotherapy as part of a standard set of 
treatments (including CT, followed by radiation and eventually 
surgery), and neoadjuvant CT will be used referring to the CT 
administered before surgery as a first step to shrink the tumor 
before the main treatment with curative intent (44‑46).

At present, the therapeutic strategy for locally advanced 
PDAC is not optimized. The CT regimens applied in this setting 

are based on data from trials with patients with metastatic 
disease, with the selection between mFOLFIRINOX or 
gemcitabine + nab‑paclitaxel (GEM/nab‑P) being determined 
by availability and risk profile. The only consensus is that 
patients without surgical indication should receive CT (46). 

Another challenge is neoadjuvant therapy. FOLFIRINOX 
or GEM/nab‑P have been evaluated in this context (47,48). 
The efficacy of FOLFIRINOX and GEM/nab‑P was deter‑
mined in the neoadjuvant setting in a multicenter study 
including 274  patients with borderline resectable (46.4%) 
and locally advanced (25.5%) pancreatic cancers. The results 
demonstrated that both neoadjuvant chemotherapy regimens 
improved biochemical, pathological and clinical responses, 
leading to OS improvement (48). Another retrospective study 
also evaluated the efficacy of FOLFIRINOX or GEM/nab‑P 
in the neoadjuvant setting in 56 patients with locally advanced 
PDAC. Among the 35 patients treated with FOLFIRINOX and 
the 21 treated with GEM/nab‑P, 14 (40%) and 6 (28%) patients, 
respectively, underwent surgery after CT. It was found that 
disease‑free survival in resected patients was not statisti‑
cally different between the two treatments. In the unresected 
group, the progression‑free survival (PFS) was 49.4 weeks 
with FOLFIRINOX and was 30.9 weeks with GEM/nab‑P 
(P=0.0029), whilst the median OS was 72.10  weeks with 
FOLFIRINOX and 53.30 weeks with GEM/nab‑P (P=0.06). 
In the resected group, after a follow‑up of >12 months, the 
median OS was not reached in the FOLFIRINOX group and 
was ~93.79 weeks in GEM/nab‑P group. These differences 
were significant when compared with the unresectable 
patients (P=0.0006 in the FOLFIRINOX group; P=0.0166 
in the GEM/nab‑P group). These results indicated that, even 
in patients who did not undergo surgery, there was a gain in 
PFS. However, although neoadjuvant therapy plus surgery is 
valuable, there is a need for a long‑term follow‑up (47).

In the American Society of Clinical Oncology (ASCO) 
2020 meeting, an important trial was presented, which was the 
ESPAC‑5F trial, a four‑arm prospective phase II trial of imme‑
diate surgery compared with neoadjuvant GEM/capecitabine 
(CAP), FOLFIRINOX or chemoradiotherapy in patients with 
borderline resectable pancreatic cancer. This trial showed 

Table I. National Comprehensive Cancer Network classification of locally advanced PDAC (40).

Classification criteria of
locally advanced PDAC	 Borderline resectable	 Unresectable

SMA	 Tumor abutment ≤180˚	 Solid tumor contact of >180˚
CHA	 Reconstructible short segment abutment	 Contact with extension to CA or hepatic artery
		  bifurcation
CA	 Tumor without encasement/abutment	 Solid tumor contact of >180˚ or any contact 
		  with aortic involvement
SMV‑PV	 Tumor abutment of SMV/PV of >180˚ or	 Unreconstructible due to tumor involvement
	 abutting ≤180˚ with irregularity of the vein ±	 or occlusion, or contact with most proximal
	 thrombosis with anatomical structures that	 draining jejunal branch into SMV (can be due
	 still allow for safe, complete resection and	 to tumor or bland thrombus)
	 vein reconstruction

SMA, superior mesenteric artery; CHA, common hepatic artery; CA, celiac axis; SMV, superior mesenteric vein; PV, portal vein.
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that this group of patients had a survival advantage from 
neoadjuvant therapy (12 months survival of 40% for imme‑
diate surgery vs. 77% in the neoadjuvant treatment)  (49). 
These data, referring to patients considered to have resectable 
disease at diagnosis lend additional support to the use of a 
neoadjuvant approach for advanced disease, although doubts 
remain regarding the best therapy regimen. Regardless of 
these aforementioned results, further research is necessary to 
understand which factors could predict response, perioperative 
outcomes and survival in patients submitted to induction CT. 
A recent study revealed that, in both borderline and locally 
advanced PDAC, an extended duration of CT with associated 
biochemical and pathological responses was highly predictive 
of postoperative survival  (50). Modifying the initial CT 
regimen and/or extending treatment duration until the normal‑
ization of cancer antigen 19.9 (CA 19.9) or achieving complete 
metabolic response may be beneficial. These factors may 
improve survival despite the limited radiological response, 
which is mandatory before surgery. Overall, it is crucial to 
complete the most appropriate chemotherapy (50).

It can be concluded that both FOLFIRINOX and 
GEM/nab‑P could be proposed as induction therapy to patients 
with locally advanced PDAC and in the neoadjuvant setting for 
unresectable or borderline resectable cases. Furthermore, in 
some patients, they can be used in sequence with or without 
radiotherapy, which corresponds to a total neoadjuvant 
approach (47,51).

Although different clinical trials are aiming to address the 
impact of chemoradiotherapy in locally advanced PDAC, its 
use remains controversial (52‑55). LAP07 was an open‑label 
phase III trial that evaluated the effect of chemoradiotherapy 
(54  Gy plus CAP)  vs.  CT (same regimen as the initial 
4 months) after 4 months of GEM with or without erlotinib 
in locally advanced PDAC. This trial reported no differences 
in OS between groups, including chemoradiotherapy vs. CT 
and GEM alone or GEM/erlotinib as maintenance therapy. 
However, the chemoradiotherapy group experienced a decrease 
in local progression (32 vs. 46%, P=0.03) (52).

The SCALOP study was a multicenter phase  II study 
designed to evaluate the safety and efficacy of GEM‑based 
and CAP‑based chemoradiation in 74 patients with locally 
advanced PDAC. Patients underwent a 12‑week induction 
period with GEM/CAP, and patients with stable/responsive 
disease, tumor ≤6 cm and performance status (PS) 0‑1 were 
randomized to receive one additional cycle of CAP or GEM 
with radiation (50.4 Gy in 28 fractions) (55). The first results 
suggested that not only was the CAP‑based regimen preferable 
to the GEM‑based regimen after the induction phase, it was 
also more well tolerated. Notwithstanding, the difference in 
the 9‑month PFS, the primary endpoint, was not statistically 
significant  (55). Long‑term results of the SCALOP study 
revealed that the CAP‑based chemoradiation was superior 
regarding OS and PFS. These long‑term results also showed 
that patients with CA 19.9 <46 IU/ml were more likely to benefit 
from chemoradiation following the induction phase (54).

The Association des Gastro‑Entérologues Oncologues 
group recently published the data of a retrospective 
non‑randomized study including 203 patients with border‑
line or locally advanced PDAC. This study evaluated the 
impact of the addition of neoadjuvant chemoradiotherapy to 

a FOLFIRINOX induction regimen, and showed a signifi‑
cantly higher R0 resection rate (89.2 vs. 76.3%; P=0.017), 
and increased downstaging and OS (57.8 vs. 35.5 months; 
P=0.007), suggesting that additional chemoradiotherapy may 
be beneficial in the neoadjuvant setting (56).

The ALLIANCE A021501 study randomized patients with 
borderline resectable pancreatic cancer to either eight cycles 
of preoperative mFOLFIRINOX or seven cycles of preopera‑
tive mFOLFIRINOX, followed by stereotactic body radiation 
therapy (SBRT). The results demonstrated that neoadjuvant 
mFOLFIRINOX was associated with favorable OS. Moreover, 
mFOLFIRINOX with hypofractionated radiation therapy (RT) 
did not improve OS compared with the historical data (57).

The use of SBRT in locally advanced PDAC has been 
attempted. Compared with conventional fractionated radiation, 
SBRT appears to have a limited role in this stage of PDAC. 
Although the results of a retrospective study that matched 
631 patients undergoing SBRT with 7819 patients undergoing 
conventional fractionated radiotherapy demonstrated that 
SBRT was associated with an improvement in OS (58), further 
studies are required to evaluate the precise role of this new 
therapeutic option. 

After neoadjuvant therapy some patients will become 
surgical candidates and resection will be possible. Nevertheless, 
for patients with an inadequate response to neoadjuvant CT, 
radiotherapy could be added to increase the probability of 
resection in locally advanced or borderline resectable tumors. 
This is a case‑by‑case decision, and every patient must be 
discussed after each therapy modality in a multidisciplinary 
board. Currently, the role of radiotherapy in PDAC is not 
conclusively established. However, novel RT techniques and 
the combination with systemic therapy remain an active area 
of research. 

4. Options in the treatment of metastatic disease

Multidisciplinary collaboration is standard in the care of 
patients with metastatic pancreatic cancer. The treatment goals 
are to improve disease‑related symptoms and prolong survival. 
Since the currently available therapy is palliative and not cura‑
tive, additional clinical trials should be performed (59). Early 
initiation of palliative care, alongside with disease‑modifying 
treatment, should be considered, especially for patients with 
high symptom burden. The European Cooperative Oncology 
Group (ECOG) scale relating to patient PS, comorbidity 
profile, nutritional status, patient preferences, symptom burden 
and psychosocial issues should guide treatment decision (60).

First line setting. Several trials and meta‑analyses demon‑
strated that CT, mainly 5‑fluorouracil (5‑FU), is superior to 
isolated best supportive care (BSC) in prolonging OS and 
improving quality of life (QOL) in patients with advanced 
pancreatic cancer (61). Table II summarizes the most important 
randomized controlled trials (RCTs) in the first line setting.

In 1997, Burris et al (62) demonstrated GEM to be more 
effective than 5‑FU in palliation of disease‑related symptoms, 
as well as in improving QOL and OS, thereby establishing a new 
standard of care. In the following years, several GEM‑based 
combination regimens were tested in randomized trials, such 
as the PA.3 trial (63). When GEM‑based combinations were 
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compared with GEM monotherapy in a 2013 meta‑analysis, 
only a small OS improvement was observed in the combination 
regimens [hazard ratio (HR), 0.93; P=0.001], with an increased 
relative toxicity  (64). However, in 2011, the superiority of 
6  months of FOLFIRINOX over GEM monotherapy was 
already established by the phase III ACCORD 11 trial (65). 
FOLFIRINOX increased overall response rate (ORR), PFS and 
OS, and despite the greater toxicity, at 6 months significantly 
fewer patients in the FOLFIRINOX group had a definitive 
QOL degradation, proving the classic FOLFIRINOX regimen 
as an option for the treatment of patients with good PS (65).

In 2013, the MPACT trial showed the combination of 
GEM/nab‑P superior to GEM monotherapy with regards to the 
median OS, median PFS and ORR (66). However, the rates of 
neuropathy and myelosuppression were also increased.

At present, to the best of our knowledge, there are 
no prospective, randomized trials, directly comparing 
GEM/nab‑P to FOLFIRINOX. The available evidence comes 
from retrospective studies and systematic reviews, suggesting 
there is no major difference in clinical outcomes apart from 
the toxicity profiles (67). 

The GEST trial, a phase  III study conducted in Japan 
and Taiwan, showed the non‑inferiority of S‑1 compared to 
GEM in terms of OS (8.8 vs. 9.7 months; HR, 0.96; 97,5% CI, 
0.78‑1,18; P<0.001 for non‑inferiority), with good tolerability. 
In the same study, the combination of GEM and S‑1 (GEM/S‑1) 
was not superior to GEM monotherapy (68). More recently, the 
combination of nab‑P with S‑1 (nab‑P/S‑1) was compared to 
nab‑P/GEM in a single‑center, Chinese phase II trial, showing 
comparable efficacy in ORR, PFS and OS, with an improved 
safety profile (69). Furthermore, to the best of our knowledge, 
in the Asian population, there are currently no prospective 
trials comparing GEM/nab‑P or nab‑P/S‑1 to FOLFIRINOX. 
Therefore, in non‑mutation carriers with metastatic pancre‑
atic cancer who are unable or unwilling to participate in a 
clinical trial, the choice of first line regimen in Europe and 
United States is usually made between GEM monotherapy, 
FOLFIRINOX and GEM/nab‑P (59,70,71). Most guidelines 
suggest FOLFIRINOX or GEM/nab‑P for PS 0‑1 patients with 
a favorable comorbidity profile, and a serum total bilirubin 
level <1.5 times the upper limit of normal (ULN). The choice 
between the two regimens is largely based on physician and 
patient preferences and toxicity profiles, with gastrointestinal, 
hematological toxicities and fatigue being more common with 
FOLFIRINOX and alopecia, and neuropathy more evident 
with GEM/nab‑P. For patients with serum bilirubin >1.5 times 
ULN (without a treatable obstruction), FOLFOX‑6 may be 
considered (72). In the Asian population, S‑1 combinations can 
also be an option. 

After choosing the regimen, the second question is the 
duration at which the patient is deriving a clinical benefit. 
This is especially important considering most protocols can 
cause cumulative sensory peripheral neuropathy and risk of 
hypersensitivity reactions. To the best of our knowledge, 
there are currently no randomized phase III trials comparing 
the maintenance of the original regimen until disease 
progression or unacceptable toxicity vs. original regimen for 
4 or 6 months followed by ‘CT holidays’ vs. original regimen 
for 4 or 6 months and then deescalating to a maintenance 
regimen (‘stop‑and‑go’ strategy).

The phase  II PRODIGE 35‑PANOPTIMOX study 
compared 6  months of FOLFIRINOX vs. 4  months of 
FOLFIRINOX followed by 5‑FU maintenance treatment and 
FOLFIRINOX reintroduction at progression vs. alternating 
GEM and FOLFIRI‑3 every 2 months. In a preliminary report 
presented at the 2018 annual ASCO meeting, 6‑month PFS 
rates were 47, 44 and 34% for the FOLFIRINOX, mainte‑
nance and alternating arms, respectively. The median OS 
was 10.1, 11.2 and 7.3 months, respectively. Unexpectedly, the 
rates of severe neurotoxicity were higher in the maintenance 
therapy arm (19.8 vs. 10.2% of patients), although it occurred 
later, possibly due to a higher cumulative oxaliplatin dose in 
this group (73).

Another phase II trial enrolled 32 patients to four cycles 
of FOLFOX‑6, followed by three cycles of GEM and, in the 
event of clinical benefit, followed by a maintenance treatment 
based on the investigator's discretion. The median time to 
progression and OS were 4 and 10 months, respectively, with 
no evident efficacy or safety warning signs when compared 
with the literature (72).

While phase III trials addressing this topic are urgently 
required, and the available phase  II trial evidence offers 
novel options for maintenance, clinical decisions should be 
individualized.

Elderly and frail patients. Despite contributing to the majority of 
cases of pancreatic cancer, elderly patients (≥65 years old) (74) 
are repeatedly under‑represented in phase III RCTs (75,76). 
The scarcity of applicable results, the specificities of this 
subgroup, including pharmacokinetic and pharmacodynamic 
changes, and the irregular access to comprehensive geriatric 
assessment, make metastatic pancreatic cancer treatment even 
more challenging (76,77). Retrospective studies have shown 
systemic therapy to be associated with longer OS in elderly 
patients, with a median OS ranging from 8 to 12 months in this 
subgroup, without compromising QOL (78‑80). The available 
evidence suggests that old age should not preclude patients 
with good PS, adequate comorbidity profiles and social 
support from benefiting from protocols such as FOLFIRINOX, 
mFOLFIRINOX, GEM/nab‑P or GEM/CAP (78,81‑84).

For frail patients, with PS ≥2 or a comorbidity profile that 
precludes intensive therapy, GEM monotherapy is suggested. 
Where available, S‑1 monotherapy is often considered an 
alternative for frail patients, who prefer the convenience of an 
oral regimen (71,72,85,86).

In selected patients with PS ≥2, especially when the 
disability is due to heavy tumor burden, GEM/nab‑P, 
GEM/CAP or GEM/S‑1 (where available) can be considered 
due to its higher ORR (68,87,88). Patients with a PS ≥3 or 
poorly controlled comorbid conditions are not included in 
clinical trials, and BSC and QOL should always be emphasized.

BRCA or PALB2 mutation carriers. In total, 4‑7% of patients 
with pancreatic cancer have a germline BRCA mutation and up 
to 1.3% have a germline PALB2 mutation. BRCA1, BRCA2 and 
PALB2 genes are critical to double‑strand DNA repair (88,89). 
Hence, pathogenic mutations in these genes increase the risk 
of developing pancreatic cancer (among others), and also 
render these cancer types more sensitive to DNA damaging 
agents, such as platinum agents, and to drugs targeting the 
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DNA damage response pathway, including poly adenosine 
diphosphate ribose polymerase (PARP) inhibitors  (90,91). 
Therefore, the ASCO expert panel recommends discussing 
germline genetic testing for patients with pancreatic cancer, 
even when the family history is unremarkable (92). Recently, 
the National Comprehensive Cancer Network (NCCN) guide‑
lines suggest germline testing for any patient with confirmed 
pancreatic cancer, using comprehensive genes panels for 
hereditary cancer syndromes (93). Nowadays, the use of this 
will also depend on the institution, patient characteristics and 
access to PARP inhibitors. 

In the phase III POLO trial, 154 patients with germline 
BRCA‑mutated metastatic PDAC who had not progressed 
during ≥16 weeks of first‑line platinum‑based therapy were 
randomly assigned to maintenance olaparib or placebo (94). 
The ORR was 23% in the olaparib group (OR, 2.3; 95% CI, 
0.89‑6.76), with a median duration of response of 24.9 months 
(CI could not be calculated). Among the long‑term survi‑
vors in the olaparib group (n=34), 14.7% (n=5) achieved a 
complete response, as determined by investigator assessment. 
No safety red flags or clinically meaningful deterioration 
in health‑related QOL emerged (95). The median PFS was 
significantly longer in the olaparib group (7.4 vs. 3.8 months; 
HR, 0.53; P=0.004)  (96). At 3 years from randomization, 
21.5% of patients in the olaparib arm remained free of subse‑
quent cancer therapy vs. 3.6% in the placebo arm (HR, 0.44; 
nominal P<0.0001) (96). The median time from randomization 
to second disease progression or death showed a benefiting 
trend in favor of olaparib but was not α protected (median 
16.9 and 9.3 months; HR, 0.66, 0.43‑1.03; P=0.0613). After a 
median follow up of 23.9 and 31.3 months, OS was similar 
between groups (median 19.0 and 19.2 months; HR, 0.83; 
95% CI, 0.56‑1.22; P=0.3487). However, the study was not 
statistically powered to evidence survival differences (96). 

On the other hand, a phase II trial of GEM and cisplatin 
with or without veliparib in germline BRCA/PALB2‑mutated 
cases with stage III or IV pancreatic cancer, was not statisti‑
cally significant with regards the primary end‑point, as the 
ORR was 74.1 (with cisplatin/GEM and veliparib) vs. 65.2% 
(cisplatin/GEM) (P=0.55) (97). These results reinforced the 
use of a combination containing a platinum‑based therapy 
in these patients. Nevertheless, the unprecedented high ORR 
in the GEM plus cisplatin arm reinforced this regimen as a 
highly effective CT option in this setting.

Despite the absence of trials randomizing patients with 
germline BRCA or PALB2 mutation between initial platinum‑ 
vs. non‑platinum‑containing CT, the high ORR and prolonged 
survivals support the recommendation of a platinum‑based 
CT regimen in the first line treatment of metastatic pancreatic 
cancer arising in the setting of a known germline BRCA1 or 
PALB2 mutation (98). Moreover, maintenance with olaparib, 
based on the POLO trial, only applies to patients with clinical 
benefit on initial platinum‑based CT. Depending on the PS, 
comorbidities, serum bilirubin and preferences, FOLFIRINOX, 
mFOLFIRINOX, FOLFOX or GEM plus cisplatin can be 
considered. In mutation carriers deriving clinical benefit from 
a first line platinum‑based CT, whether to maintain the initial 
regimen, to deescalate to a maintenance CT regimen without 
platinum, to stop all CT after 6 months or to switch to olaparib 
remain unanswered questions. It is a matter of debate whether, 

in the absence of an OS benefit and in the presence of some 
design flaws (absence of an active control arm), the POLO trial 
can change the standard of care (99). Certainly, it is a new 
option in a field where targeted and maintenance therapy are 
urgently required.

In most cases, metastatic pancreatic cancer is diagnosed 
in a patient with unknown mutational status. Given that 
molecular analysis usually takes ≥4 weeks to complete, the low 
probability of mutation and the aggressiveness of pancreatic 
cancer, it is not currently recommended to wait for the genetic 
results to begin CT. Instead, treatment with a platinum‑based 
regimen can be started, although it is not wrong to begin 
with GEM/nab‑P. If the patient starts with GEM/nab‑P and 
then is found to have a germline BRCA or PALB2 mutation, 
a platinum‑containing regimen and PARP inhibitors may be 
considered in subsequent lines (59,71,86).

FOLFIRINOX and GEM/nab‑P are the two most consen‑
sual regiments in the first‑line therapy for patients with ECOG 
PS 0‑1, and the choice must be based on the toxicity profile 
of each regimen and the physician and patient preferences. 
The center experience in managing toxicities is also crucial 
in this context. In frail and elderly patients, the recommended 
regimen is GEM monotherapy, although S‑1 can be preferred, 
if available, due to patient convenience. According to the 
POLO trial, in the context of BRCA‑mutated metastatic PDAC, 
olaparib is a valid option as a maintenance therapy for patients 
whose PDAC did not progress during ≥16 weeks of first‑line 
treatment with a platinum‑based protocol (86).

Second line setting. Upon progression, reevaluating the 
patient's PS, comorbidities, residual toxicities and expectations 
is mandatory. Second line therapy in advanced PDAC is not 
consensual and different studies have been conducted with the 
aim of providing clinicians with evidence regarding the most 
effective and secure second line CT option. 

A comprehensive analysis of 44 clinical trials comparing 
therapeutic approaches in this setting concluded that data 
regarding second line CT in PDAC are limited, and that 
additional studies are required (100). Despite this, second 
line CT is being increasingly considered in patients with 
PS <2. For PS ≤1 cases, the choice depends on the previous 
line of CT. For patients with PS ≥2, in some cases, second 
line can be considered, although controversial, and in several 
cases, it will be a monotherapy. Once again, a PS ≥3 favors 
BSC (46,70,86,101). 

After progression on GEM. Different studies have evaluated the 
best second line therapeutic options for patients with advanced 
PDAC upon progression on a GEM‑based first line (100). A 
meta‑analysis published in 2017 included five studies and 
895  patients, and concluded that combinations including 
oxaliplatin or irinotecan formulations resulted in an improve‑
ment in PFS compared with monotherapy. However, only the 
combination with a fluoropyrimidine conferred an advantage 
regarding OS, although the evidence was scarce (102). 

After progression under GEM‑based CT in first line, oxali‑
platin, folinic acid and leucovorin (FA) and 5‑FU (OFF) vs. 
FA and 5‑FU alone (FF) were tested in a German phase III 
study including 168 patients. The median OS in the OFF 
group was significantly increased compared with the FF group 
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(5.9 vs. 3.3 months; P=0.010) (103,104). The rates of adverse 
effects (AEs) were similar between groups. In clinical practice 
this has become a widely used second line (104). 

PANCREOX was a phase III trial that included patients 
with advanced PDAC previously treated with GEM‑based 
CT who had a PS <2. Patients were randomized to receive 
bi‑weekly mFOLFOX6 vs. infusional 5‑FU and leucovorin 
(5‑FU/LV) until progression. Unexpectedly, oxaliplatin asso‑
ciation conferred no benefit, thereby suggesting 5‑FU/LV as 
a reasonable and well tolerated second line (105). For patients 
with progressive disease on GEM, other oxaliplatin‑based 
regimens are also active, namely combinations with 
capecitabine (101,106), S‑1 (107,108), GEM (109), irinotecan 
or docetaxel (110).

Nanoliposomal irinotecan plus 5‑FU/LV was compared 
with 5‑FU/LV or nanoliposomal irinotecan alone in the 
NAPOLI‑1 trial, which was a phase III study that included 
417 patients with metastatic PDAC previously treated with 
GEM‑based therapy. The median OS was, respectively, 
6.2 vs.  4.2 (HR, 0.75; 95% CI, 0.57‑0.99) vs. 4.9 months, 
favoring the group of nanoliposomal irinotecan plus 5‑FU/LV 
against the monotherapy arms. PFS, ORR and disease control 
rate (DCR) also favored the nanoliposomal irinotecan plus 
5‑FU/LV arm. The safety profile was considered manage‑
able, making this scheme an option in patients treated with 
GEM‑based CT in first line, according to the European Society 
for Medical Oncology (ESMO) and ASCO guidelines (70,86). 

After progression on fluoropyrimidine. After a first line 
f luoropyrimidine‑based CT (mostly FOLFIRINOX), 
a second line GEM‑based regimen is usually advised. 
Moreover, the enrolment on clinical trials if possible is a 
favorable choice. GEM/nab‑P has been studied in a clinical 
trial after FOLFIRINOX failure, which included 75 patients 
with advanced pancreatic cancer (111). Patients were treated 
with GEM/nab‑P until disease progression, patient refusal or 
unacceptable toxicity, for a median of four cycles. A DCR of 
58%, an ORR of 17.5%, a median OS of 8.8 months (95% CI, 
6.2‑9.7) and a median PFS of 5.1 months (95% CI, 3.2‑6.2) 
were observed. Although grade 3‑4 AEs were reported in 
40% of the patients, the authors considered the toxicity 
profile manageable, concluding that GEM/nab‑P appeared 
to be effective as second line CT in patients with meta‑
static PDAC after FOLFIRINOX/fluoropyrimidine‑based 
first line (111).

The ESMO and ASCO guidelines both include GEM‑based 
CT (GEM/nab‑P or GEM/CAP) as second line options in 
patients with PS <2. For patients with PS ≥2, monotherapy 
with GEM and/or BSC should be considered. For the majority 
of patients with PS ≥3, BSC is the best option (59,70). 

MMR‑deficient/high microsatellite instability (MSI). MMR 
defects can lead to frequent somatic mutations and high MSI 
and, consequently, to tumors that may be susceptible to immune 
checkpoint blockade  (112,113). The efficacy of pembroli‑
zumab, an anti‑programmed cell death protein‑1  (PD‑1) 
reagent, was tested in MSI/MMR‑deficient non‑colorectal 
cancer cases in the KEYNOTE‑158 trial, a phase II study that 
included 233 patients with different types of cancers, with 
PDAC being one of the most frequent types, and in tumors 

that showed failure with prior therapy and had received 
pembrolizumab. The ORR was 18.2% (95% CI, 20.3‑66.5) 
and median PFS was 9.2 months. Taken together, these results 
demonstrated a clinical benefit of pembrolizumab in patients 
with unresectable metastatic PDAC with high microsatellite 
instability/deficiency in DNA MMR (114). 

Recently, the COMBAT trial, a single‑arm phase IIa study 
that enrolled 37 patients, assessed the safety, efficacy and 
immunobiological effects of C‑X‑C motif chemokine receptor 
4 and PD‑1 blockade, with BL‑8040 and pembrolizumab, 
respectively, in patients with metastatic PDAC refractory to 
one or more previous lines of CT (115). The DCR was 34.5% 
in the evaluable population (31% with stable disease and 3.4% 
with partial response). The median OS was 3.3 months in 
the intention to treat population and 7.5 months in patients 
receiving the drugs as second line therapy (115). These data 
suggested that BL‑8040 and pembrolizumab may increase the 
benefit of CT, but further randomized trials are required.

A rare subtype of PDAC (0.34‑0.5%) has neutrophic‑TRK 
(NTRK) gene fusions and may benefit from larotrectinib or 
entrectinib therapy (116‑119). This issue will be addressed 
elsewhere in this article.

Collectively the second line options depend on various 
factors, including the first line therapy and patient clinical 
characteristics, such as PS, co‑morbidities, residual toxicities, 
and patient expectations. For second line therapy‑eligible 
patients, after progression on gemcitabine, both the combina‑
tion of oxaliplatin to 5‑FU/LV and nanoliposomal irinotecan 
plus 5‑FU/LV are options. On the other hand, GEM‑based CT 
after a fluoropyrimidine‑based CT (usually FOLFIRINOX) 
is recommended. In patients with MMR‑deficient/MSI‑high 
tumors, immunotherapy can be an option as there are some 
data regarding pembrolizumab, irrespectively of first‑line 
treatment. Integrating this information, Fig. 3 represents a 
proposal for PDAC treatment in the metastatic setting (120).

5. New therapeutic targets and biomarkers

The lack of therapeutic options that significantly improve 
the prognosis of patients not eligible for surgical resection, 
and the absence of biomarkers able to detect early lesions, 
are reflected in the poor prognosis of this disease. Thus, new 
therapeutic strategies are required to control and eradicate 
PDAC. Since its cells are genetically unstable, and the 
number of somatic mutations appears to be higher in the 
genomes of cancer types with MMR deficiency, the efforts to 
apply immunotherapy to PDAC treatment are a major focus 
of current research.

Recently, the genome of 385  patients with PDAC was 
studied, and the main mutational signatures were defects in 
DNA repair, with MMR deficiency identified in 1% of the 
tumors harboring different mechanism of mutL homolog 1 
and mutS homolog 2 somatic inactivation (121). Despite these 
recent data, there remain numerous important research areas 
to explore and obstacles to overcome in PDAC, such as who to 
treat and how therapy should be delivered (122).

Beyond immune checkpoint inhibitors there are three other 
main classes of immunotherapy being evaluated, including: 
Vaccines, adaptive T cell therapy and monoclonal antibodies. 
Currently, neither vaccines or monoclonal antibodies have 
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shown significant benefit. Regarding adaptive T cell therapy, 
there are very few identified potential antigens and its cost and 
time‑consuming process hamper its progress in PDAC, which 
has been very slow (122).

Various research projects, using different laboratory 
models, have been performed in the past years to overcome 
PDAC. Global genomic analysis could provide new insights 
on its pathogenesis, as most of the mutations found are point 
mutations that occur in 67‑100% of the tumors and affect 
12 cellular core signaling pathways, which could explain the 
major features of pancreatic tumorigenesis (122,123).

It is known that epidermal growth factor receptor 
(EGFR) is expressed during pancreatic injury and in the 
pre‑neoplastic lesions. The KRAS oncogenes are dependent on 
EGFR signaling, and loss of EGFR increases tumor latency 
and survival. In addition, tumor explants lacking p53 and 
EGFR are sensitive to the combined inhibition of PI3K and 
STAT3 (124‑127). Based on these findings, successful strate‑
gies for the treatment of advanced human PDAC may require 
the inhibition of four signaling cascades driven by KRAS, 

EGFR, PI3K and STAT3  (125). A study with engineered 
exosomes carrying small interfering RNA (siRNA) or short 
hairpin RNA specific to oncogenic KRASG12D (iExosomes) 
demonstrated that these structures were able to suppress 
pancreatic cancer growth in multiple mouse models and 
significantly increase OS (128). Based on these results, a phase 
I clinical trial is underway to evaluate the best dose and the 
side effects of mesenchymal stromal cells‑derived exosomes 
with KRASG12D siRNA (iExosomes) in treating PDAC cases 
with KRASG12D mutation that has spread (129).

In a previous study in which xenografts of resectable 
PDAC were implanted in nude mice, the rate of engraftment 
was 61%, and the authors concluded that SMAD4 inactivation 
in tumors contributed to the engraftment rate (130). Moreover, 
engraftment was a factor of poor prognosis, and these tumors 
had a metastatic gene expression signature. This model could 
be useful to perform drug screening, biomarkers research and 
help further understand the biology of PDAC (130). The use 
of mouse models has already identified Hedgehog signaling 
as a key biological feature in the metastatic spread  (131), 

Figure 3. Proposal for PDAC treatment in the metastatic setting. PS, performance status; PDAC, pancreatic ductal adenocarcinoma; BSC, best supportive care; 
GEM, gemcitabine; nab‑P, nab‑paclitaxel; CT, chemotherapy; DP, disease progression. 
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which was associated with an inefficient drug delivery that 
could contribute to chemo‑resistance, namely to GEM. The 
co‑administration of a Hedgehog signaling inhibitor and GEM 
increases the intra‑tumoral concentration of GEM (132). The 
ineffective delivery of CT drugs was also restored in murine 
models through the ablation of the abundant matrix glycos‑
aminoglycan that creates a drug‑free sanctuary in PDAC (133). 
This intrinsic chemo‑resistance characteristic is associated 
with a growth‑permissive tumor environment. Reprograming 
the tumor stroma could enable an increased response to CT, 
which may be accomplished by adding vitamin D to the 
standard therapy (134). Although adding calcipotriol to cell 
lines and murine models reduces inflammatory markers and 
fibrosis, which can favor drug activity (134), data from the 
largest combination of European cohort studies did not show 
a difference in PDAC risk associated with the pre‑diagnostic 
concentrations of vitamin D (135). This may be justified by 
the simultaneous reduction in T cell effector functions, which 
could compromise the patients' tumor immune surveillance. 
Moreover, calcipotriol dual effects can play and important role 
in PDAC (136). 

To further understand the biology of metastatic PDAC, 
large scale multi‑omics approaches have been used. A more 
mesenchymal transcriptomic subtype has been associated with 
metastases and consequently with poor prognosis (127,137). 
Nevertheless, it appears not to be sufficient since cancer 
cells require a pre‑metastatic niche to survive in a distant 
organ (137). One of the players in the construction of the immu‑
nosuppressive microenvironment in locally advanced PDAC is 
the chemokine axis C‑C motif chemokine ligand 2/C‑C motif 
chemokine receptor (CCR) (138). In pre‑clinical models, it has 
been reported that the inhibition of this axis leads to the resto‑
ration of antitumor immunity (138). As aforementioned, based 
on these data, a phase Ib clinical trial was performed to test the 
safety and tolerability of an CCR2 inhibitor in combination 
with FOLFIRINOX. The results showed that the combination 
is safe and tolerable (127).

Another important family of receptors that are associated 
with cancer include the neutrophic‑TRK (NTRK) genes (139). 
Fusions involving these genes appear to be oncogenic 
drivers (139). These fusions are observed in 0.31% of adult 
tumors, although other alterations such as mutations, amplifica‑
tions and mRNA overexpression were found to occur in 14.2% 
of the 13,467 analyzed samples (primary cancer and matched 
sampled) from The Cancer Genome Atlas (116). Entrectinib, 
a selective tyrosine kinase inhibitor of the C‑ros oncogene 
1 (ROS1), TRK and anaplastic lymphoma kinase  (ALK), 
has shown clinical activity in patients with different locally 
advanced or metastatic solid tumors (140). In total, 3 cases 
of PDAC with gene fusions (2 with translocated promotor 
region‑NTRK and 1 with scarecrow‑like protein 4‑ROS1) were 
treated with entrectinib and showed clinical improvement 
and CA 19.9 normalization  (139). These data revealed the 
importance of earlier molecular testing contributing to a 
personalized therapy in the context of PDAC and allowing for 
improved survival and ORR. It has also been shown that gene 
fusion of ALK leads to constitutive activation of oncogenic 
pathways (140). Furthermore, inhibition of the ALK signaling 
pathway by using crizotinib in pancreatic cancer cell lines 
resulted in the inhibition of cell proliferation/angiogenesis and 

in apoptosis induction (141). Thus, this drug could potentially 
be a new therapeutic agent for PDAC. 

The early detection of PDAC without the use of invasive 
methods is challenging (142). Currently, the only used serum 
marker for PDAC is CA  19.9  (143,144), and its elevation 
correlates with advanced PDAC and poor prognosis (145,146). 
However, high CA 19.9 levels can also be caused by numerous 
other conditions, including various benign diseases (147) or 
other cancer types (145). Therefore, CA 19.9 is not recom‑
mended as a screening marker for PDAC  (146). Ongoing 
studies are focusing on directly exploring if CA 19.9 in combi‑
nation with other markers could yield improved sensitivity and 
specificity.

Recently the potential for using liquid biopsy has been 
investigated, more specifically through the analysis of circu‑
lating tumor cells, circulating tumor DNA and exosomes. 
These last structures are extracellular vesicles released by 
all cells, including cancer cells, which carry genetic and 
molecular material providing a view of the content of the 
cells of origin  (148). Exosomes are therefore a promising 
biological material from patients with cancer that require 
further validation and technological improvement allowing for 
their use in early detection and disease monitoring (149,150). 
Besides these reported studies, there are other currently 
ongoing phase III trials in PDAC using new therapeutic targets 
and approaches, which are summarized in Table III.

6. Conclusion

Nowadays, PDAC is a key issue in the oncology field since 
its incidence is growing as much as its mortality. Among 
the different available therapeutic options for the treatment 
of advanced PDAC, results are modest, probably due to 
the complexity of the disease, and the prognostic remains 
poor. Further economic investment in basic research and 
integration of data provided by distinct platforms (genomics, 
transcriptomics, proteomics, epigenomics and metabolo‑
mics) offers a plethora of opportunities to identify causal 
relationships occurring between molecular alterations and 
phenotypes. The perspective of multi‑omics as a valuable 
tool to subtype tumors and provide prognosis is exciting 
but is far from becoming a reality in medical routine. 
Notwithstanding, the use of these high throughput technolo‑
gies in the pursuit of novel biomarkers and identification of 
therapeutic opportunities is highly significant. This can 
provide a framework in which multi‑omics data integration 
can be translated in valuable biomarkers with clinical utility. 
Furthermore, understanding the balance and influence of 
the stroma in tumor evolution could represent a significant 
step forward in therapeutic efficiency. The development 
of guidelines for early detection in special risk groups 
(genetic risk groups, individuals with relatives diagnosed 
with pancreatic cancer, smokers, alcohol consumers, type 2 
diabetics, patients with chronic pancreatitis and obese 
individuals), as well as the implementation of national public 
health plans, thereby creating awareness both in the medical 
community and in the public, should also be priorities for 
investment. The success of these strategies has been already 
witnessed with other tumors and are imperative in pancreatic 
cancer.

https://www.spandidos-publications.com/10.3892/ijo.2021.5290
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Table III. Ongoing phase III trials in pancreatic ductal adenocarcinoma.

Study	 Main outcome

NAPOLI 3 (NCT04083235)	 Condition: Metastatic Adenocarcinoma of the Pancreas
	 Setting: Frontline 
	 n=750 (Estimated study completion December 31, 2023)
	 Arms: Irinotecan liposome injection/Oxaliplatin/5‑FU/LV vs. nab‑P/GEM
	 Allocation: Randomized
	 Masking: None (Open Label)
	 Follow‑up: Until progression or unacceptable toxicity
	 Primary outcome measures: OS
PANOVA‑3 (NCT03377491)	 Condition: Locally advanced Pancreas Adenocarcinoma 
	 Setting: Frontline
	 n=556 (Estimated study completion September 2023)
	 Arms: NovoTTF‑100L(P) vs. GEM/nab‑P
	 Allocation: Randomized
	 Masking: None (Open Label)
	 Follow‑up: 4 years
	 Primary outcome measures: OS 
(NCT03126435) 	 Condition: Locally/advanced and/or Metastatic Pancreas Adenocarcinoma who
	 failed on first line FOLFIRINOX
	 Setting: 2nd line
	 n=218 (Estimated study completion June 2022)
	 Arms: EndoTAG‑1/GEM vs. GEM
	 Allocation: Randomized
	 Masking: None (Open Label)
	 Follow‑up: Until progressive disease, unacceptable toxicity or withdrawal
	 of consent occurs
	 Primary outcome measures: OS
(NCT01954992) 	 Condition: Metastatic Pancreatic Adenocarcinoma previously treated with GEM
	 Setting: 2nd line
	 n=480 (Estimated study completion June 2021)
	 Arms: Glufosfamide vs. 5‑FU
	 Allocation: Randomized
	 Masking: None (Open Label)
	 Follow‑up: 3‑6 months
	 Primary outcome measures: OS
Trybeca‑1 (NCT03665441) 	 Condition: Pancreas Adenocarcinoma who have failed only one prior line of systemic 
	 anti‑cancer therapy for advanced pancreatic cancer
	 Setting: 2nd line
	 n=500 (Estimated study completion April 2021)
	 Arms: Eryaspase/nab‑P/GEM vs. Irinotecan/LV/5‑FU vs. FOLFIRI/LV/5‑FU vs. 
	 GEM/nab‑P OR Irinotecan/5‑FU/LV
	 Allocation: Randomized
	 Masking: None (Open Label)
	 Follow‑up: 1 year after last patient randomized
	 Primary outcome measures: OS
(NCT03504423) 	 Condition: Metastatic Pancreas Adenocarcinoma
	 Setting: 2nd line
	 n=500 (Estimated study completion March 2022)
	 Arms: CPI‑613/mFOLFIRINOX vs. FOLFIRINOX
	 Allocation: Randomized
	 Masking: None (Open Label)
	 Follow‑up: At least 6 months
	 Primary outcome measures: ORR
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Table III. Continued.

Study	 Main outcome

HEAT (NCT01077427) 	 Condition: Resected Pancreatic Adenocarcinoma
	 Setting: Frontline
	 n=336 (Estimated study completion March 2021)
	 Arms: GEM/CAP vs. GEM/Cisplatin with regional hyperthermia
	 Allocation: Randomized
	 Masking: None (Open Label)
	 Follow‑up: From date of randomization until the date of first documented progression 
	 or date of death from any cause, whichever came first, assessed up to 60 months
	 Primary outcome measures:DFS
(NCT04229004) 	 Condition: Metastatic Pancreatic Cancer
	 Setting: 1st or 2nd line
	 n=825 (Estimated study completion February 20, 2024)
	 Arms: GEM/nab‑P vs. SM‑88/methoxsalen/phenytoin/sirolimus vs. mFOLFIRINOX
	 Allocation: Randomized
	 Masking: None (Open Label)
	 Follow‑up: Up to 2 years
	 Primary outcome measures: OS
DIRECT (NCT03899636) 	 Condition: Stage III Pancreatic Cancer
	 Setting: 2nd line
	 n=528 (Estimated study completion December 2023)
	 Arms: mFOLFIRINOX/IRE using NanoKnife System vs.
	 mFOLFIRINOX
	 Allocation: Randomized
	 Masking: None (Open Label)
	 Follow‑up: At least 24 months
	 Primary outcome measures:OS
RELIANT (NCT04329949)	 Condition: Metastatic Pancreatic Ductal Adenocarcinoma
	 Setting: 3rd or subsequent lines
	 n=80 (Estimated study completion January 2022)
	 Arms: Relacorilant/nab‑P
	 Allocation: N/A
	 Masking: None (Open Label)
	 Follow‑up: Enrolment through 24 months
	 Primary outcome measures: ORR per BICR

OS, overall survival; ORR, objective response rate; DFS, disease‑free survival; BICR, blinded independent central review; 5‑FU, 5‑fluorouracil; 
GEM, gemcitabine; nab‑P, nab‑paclitaxel; LV, leucovirin,
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