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P

ancreatic ductal adenocarcinoma (PDA) is a devastating disease with a very poor prognosis that is set to become the second leading cause
of cancer death in the next decade. Unlike other cancer types, treatments developed for PDA have generated only marginal survival gains
over recent years. Most patients (as many as 80%) present at an advanced stage, when the disease is beyond curative resection. There are
currently no reliable biomarkers that could enable earlier diagnosis of PDA, and widespread population screening is not feasible. However, targeted
screening of high-risk groups is being undertaken, since up to 10% of PDA cases are associated with an inherited component. Genotyping of PDA
is becoming increasingly important to identify patients with potentially actionable mutations. However, most frequent mutations in PDA are in the
KRAS, CDKN2A, TP53 and SMAD4 genes, which are challenging therapeutic targets. The tumor microenvironment is highly relevant to PDA, which
has a large stromal component. The stroma is increasingly recognized as important in disease development, while cancer stem cells play a vital
role in promoting metastasis and are therefore important new therapeutic targets. Current PDA standard management relies on surgical resection
when feasible in the minority and, for the majority, cytotoxic chemotherapy which extends survival by a few months only. Despite this bleak outlook,
recent advances in understanding PDA pathophysiology and the development of new treatments such as anti-PD1 antibodies, PARP inhibitors, and
pegvorhyaluronidase alfa, which targets the stroma, are offering new hope to specific patient subgroups identified by relevant biomarkers.
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Pancreatic ductal adenocarcinoma (PDA) is an aggressive disease with a
persistently high mortality that has only marginally decreased in recent
decades.1–4 The disease typically presents with nonspecific symptoms in
the early stages, often leading to delayed diagnosis and a poor prognosis.
Approximately 80% of patients with PDA present at a late stage.5,6
Consequently, most patients have advanced disease (stages III or IV) at
diagnosis that is beyond curative resection.7–9 As there is a lack of reliable
blood borne or other biomarkers for PDA, early diagnosis is difficult.10
Effective non-surgical treatment for all stages of PDA continues to be an
urgent unmet medical need.1,8 Improved understanding of the disease is
yielding new approaches to treatment which may lead to better prospects
in the future for managing PDA.8 Here, we summarize the prevalence,
pathophysiology, diagnosis and current standards of care and discuss novel
treatment options in clinical development for PDA.

Pancreatic cancer demographics
PDA represents over 90% of cancers arising in the pancreas and carries
an extremely poor prognosis.8 PDA is the third leading cause of cancer
death in the US, the fourth leading cause in Europe and the fourth or fifth
in Asian nations.11–13 It is projected to become the second leading cause of
cancer-related death in the USA by 2030.14 Mortality rates vary throughout
the world according to GLOBOCAN 2012 estimates, with 6.9/100,000 in the
USA, 6.8/100,000 in Western Europe, decreasing to less than 1.0/100,000
in Middle Africa and South Central Asia.15 The National Cancer Institute’s
estimates for new diagnoses of pancreatic cancer in the USA in 2018 is
55,440 (12.6/100,000, 3.2% of all new cancer cases) with 44,300 deaths
(10.9/100,000, accounting for 7.3% of all cancer deaths).11 The estimated
prevalence in the USA in 2015 was 68,615 (17.1/100,000).11 In Europe, the
incidence in 2018 is estimated as 132,559 (17.8/100,000) with 128,045
deaths (17.2/100,000). The incidence in Asia in 2018 is estimated as 214,499
(4.7/100,000) with 200,681 deaths (4.4/100,000).16
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Table 1: Risk factors for pancreatic ductal adenocarcinoma
Risk factor

Supporting information

Race

Risk of PDA is higher in black versus white populations. Age-adjusted incidence: blacks = 16.4, whites = 10.8, other races: 9.820

Sex

Risk greater in men than women—age-adjusted incidence rate of 13.0 in men and 9.8 in women20

BMI

Study21 of 46,648 men and 117,041 women showed relative risk of 1.72 for those with a BMI >30 kg/m2 versus those <23 kg/m2

Smoking

In one study on a population of 6,507 PDA cases and 12,890 controls, the RR for tobacco use and exposure to secondary smoke were
2.2 and 1.21, respectively22

Alcohol consumption

Heavy alcohol consumption increased the risk of PDA, RR=1.19 for individuals consuming >50gms/day in a meta-analysis of 39 studies.34
A combination of two other large population studies showed that smoking and binge-drinking also increases PDA risk25

Diabetes

Long-standing diabetes increases risk. A meta-analysis found that a 0.35% change in HbA1c increases the risk of PDA by 14%.26 However
the relationship between diabetes and PDA is complex and can be differently affected by drug treatments and duration. New onset
diabetes in individuals >50 years of age can be an early symptom of PDA27

Blood group

A large population study showed an increased risk of PDA for blood groups A, AB, and B versus group O; HRs 1.32, 1.51, and 1.72,
respectively.28 These finding are supported by other large studies29,30

Infections

Hepatitis B virus or helicobacter pylori infections are associated with PDA31,32

Family history of PDA

Slightly increased risk (family history of PDA reported in 5–10% of cases)7

Germline mutations

Presence of BRCA1, BRCA2, PALB2, ATM, CDKN2A, TP53, MLH1 and many others can also increase PDA risk33

ATM = serine/threonine protein kinase - activated by DNA double-strand breaks; BMI = body mass index; BRCA = breast cancer susceptibility gene; CDKN2A = gene encoding
several tumor-suppressing proteins; HbA1c = glycated hemoglobin; HR = hazard ratio; OR = odds ratio; PALB2 = partner and localizer of BRCA2; PDA = pancreatic ductal
adenocarcinoma; RR = relative risk.

The PDA mortality rate is remarkably similar to incidence; survival rates have
only improved slightly over the past 40 years.11 According to EUROCARE-5,
the fifth cycle of the EUROCARE study of cancer survival in Europe, the
1-, 3-, and 5-year survival rates of patients with pancreatic cancer
diagnosed during 1999–2007 were only 26%, 9%, and 7%, respectively.18
More recent data from a study of European and USA patients diagnosed
during 2003–2014 shows little change in this figure, with a 1-year survival
of 19–34% and 5-year survival of 4–11%.19 Survival of patients with stages
III (locally advanced) and IV (distant metastatic) PDA was much worse than
for stage I–II patients with potentially resectable disease. Median overall
survival (OS) for stage III and IV PDA was <1 year and <6 months, with a
5-year survival of only ~2%.19 By comparison, the 5-year survival rates for
other common cancers are much higher: prostate cancer 98.2%, breast
cancer 89.7%, colorectal cancer 64.5%. Even outcomes from lung cancer
(5-year survival 18.6%)11 exceed those for PDA, reflecting introduction of
effective treatments over the last decade.
Several different risk factors for PDA have been identified: there are
associations with lifestyle (e.g. smoking, obesity, and alcohol consumption),
infection and disease history, as well as genetic factors, blood group, and
family history (Table 1).7,20–34 Type 2 diabetes (T2D) is frequently associated
with PDA,20,26,27,35,36 although the nature of the relationship is not clear.
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Figure 1: Pancreatic cancer incidence trends by sex
and racial/ethnic group (1974–2013) for black and
white populations
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Data from the U.S. Surveillance Epidemiology and End Results registries
show that among white males, the incidence of pancreatic cancer
decreased from 1975 to 1994 (annual percentage change [APC]: -0.98%)
but increased during 1994–2013 (APC: +0.95%).17 Among non-Hispanic
white and Hispanic males, the incidence APC between 1992 and 2013
was +0.84% and +0.73%, respectively. Incidence during this period also
increased in white non-Hispanic, Hispanic and Asian females (APC: +0.81%,
+0.56% and +1.23%, respectively), and even more rapidly among females
aged 25–34 years (APC >+2.5%). Incidence among black males and females
remained unchanged, but was higher than amongst white, Hispanic and
Asian populations (Figure 1).17
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Reused with permission from Gordon-Dseagu et al., 2018.17

Recent-onset T2D appears to be a manifestation of PDA whereas long-term
T2D may be a risk factor for PDA.36

Pathophysiology and natural history of
pancreatic cancer
Approximately 95% of all pancreatic cancers are exocrine
adenocarcinomas, most of which originate in the ducts and at the
head end of the pancreas.35 Evidence suggests that it can take many
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Figure 2: Pancreatic precursor lesions and genetic events
involved in pancreatic adenocarcinoma progression
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Pictured are three known human PDA precursor lesions: PanIN, MCN, and IPMN. The
PanIN grading scheme is shown on the left; increasing grade (1–3) reflects increasing
atypia, eventually leading to frank adenocarcinoma. The right side illustrates the
potential progression of MCNs and IPMNs to PDA. The genetic alterations documented
in adenocarcinomas also occur in PanIN, and to a lesser extent MCNs and IPMNs, in
an apparent temporal sequence, although these alterations have not been correlated
with the acquisition of specific histopathologic features. The various genetic events are
listed and divided into those that predominantly occur early or late in PDA progression.
Asterisks indicate events that are not known to be common to all precursors (telomere
shortening and BRCA2 loss are documented in PanIN and LKB1 loss is documented in a
subset of PDAs and IPMNs).
IPMN = intraductal papillary mucinous neoplasm; MCN = mucinous cystic neoplasm;
PanIN = pancreatic intraepithelial neoplasia; PDA = pancreatic ductal adenocarcinoma.
Reused with permission from Hezel et al., 2006.39

years for an initiating abnormal pancreatic cell to become malignant.37
However, PDA may progress rapidly through the clinical stages; a study
of 13,131 patients calculated that the average T1-stage PDA advances
to T4 stage in just over a year.38 The tumor arises from ductal cells via
pancreatic intraepithelial neoplasia (PanIN) precursor lesions (Figure 2).39
Epidemiologic studies have shown that 5–10% of PDAs are associated with
an inherited component.40 A recent case-control study found that 5.5%
of patients with PDA (167/3,030) had deleterious mutations in six genes
which were associated with a predisposition to PDA (CDKN2A, TP53, MLH1,
BRCA2, ATM, and BRCA1). Among all tested patients in this study, 7.9%
(27/343) with a family history of PDA and 5.2% (140/2,687) with no family
history of PDA had a mutation in one of these six genes.33
The most frequent somatic alterations in PDA are in the KRAS, CDKN2A,
TP53, and SMAD4 genes.41,42 KRAS alterations are observed in >90% of PDAs
and occur early in tumor development.42 In addition to these prevalent
gene alterations, a “long tail” of gene mutations is observed, including
those involved in axon guidance and DNA repair.43–45 These mutations often
alter the metabolism of pancreatic tumors. PDA cells also have a notable
genomic instability phenotype that enables the rapid development of
treatment resistance.9
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Molecular analysis of metastatic PDA tumors using real-time genomic
characterization can identify clinically relevant alterations that can
potentially guide treatment of PDA and the development of new
treatment (Figure 3).42–44,46 Studies by the Australian Pancreatic Cancer
Genome Consortium on whole genomes in 100 different PDAs found that
chromosomal rearrangements could be classified as stable (20%), scattered
(36%), unstable (14%), and locally rearranged (30%) and these types affect
response to treatment. The study also identified a mutational signature
of DNA damage repair deficiency, which may be useful in predicting
therapeutic response.47 Defining patients with hypermutation, i.e., a high
mutation burden, may help predict a patient’s response to immunotherapy.48
Next-generation sequencing can identify mismatch repair deficiency, which
is also predictive of tumor response to immunotherapy.49 Up to 7% of PDAs
have loss-of-function mutations in either BRCA1, BRCA2, or both BRCA
genes and germline BRCA mutation may be a biomarker for response to
poly(adenosine diphosphate-ribose) polymerase (PARP) inhibitors.50
Tumor genotyping and gene expression assessments are likely to become
increasingly useful in defining which patients are more likely to respond
to chemotherapy and immunotherapy.51,52 The US Pancreatic Cancer Action
Network ‘Know your Tumor®’53 initiative allows patients to receive molecular
profiling of their tumor to facilitate a personalized approach. In this initiative,
patients have undergone multiomic profiling involving genomic, proteomic,
and phosphoprotein-based analysis. Initial findings from 640 participating
patients showed highly actionable findings in over 25% of tumors. Among
these patients, those who had received matched therapy had significantly
longer progression-free survival (PFS) than those who received unmatched
therapy (4 months versus 2 months; hazard ratio [HR] 0.47; adjusted
p=0.03). These findings indicated that molecular profiling has considerable
potential in PDA diagnosis and treatment selection.52
In addition to genomic alterations, other fundamental features of PDA have
started to guide ongoing research efforts. In PDA, the tumor microenvironment
is created by interactions between cells such as pancreatic epithelial cells,
cancer-associated fibroblasts, stellate cells, adipocytes, and infiltrating
immune cells. Such interactions are believed to promote tumor growth
and metastasis (Figure 4) and may contribute to resistance to systemic
therapy.54–56 Stellate cells and adipocytes in the tumor microenvironment are
believed to act synergistically to supply the cancer cells with metabolites
such as glutamate and other micronutrients.57,58 These cells also maintain an
inflammatory state which is accompanied by the infiltration of the tumor by
inflammatory cells such as lymphocytes, neutrophils and macrophages.59,60
Metabolism is altered within PDA cells and this is affected by the stroma
which limits perfusion of the tumor tissues.61,62 The stroma surrounding
PDA tumors is rich in hyaluronan which has been implicated in increasing
intertumoral pressure, collapsing blood vessels, and preventing access by
therapeutic agents and immune cells.63,64 The stroma may also promote
metastasis, with the possibility that tumors having a high-extracellular
hyaluronan level (hyaluronan-high, defined as hyaluronan staining in the
extracellular matrix ≥50% of the entire tumor surface at any intensity) may
be more aggressive than tumors with low hyaluronan (Figure 4).54,55,65–67
Overcoming this barrier using enzymatic depletion of hyaluronan is an
important development in current treatment approaches.66,68
Within PDAs, cancer stem cells have an important role and have unique
metabolic, autophagic, invasive, and chemoresistance properties, enabling
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Figure 3: Molecular subtypes of pancreatic ductal adenocarcinoma
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AKT = ATP-dependent tyrosine kinase; c-KIT = tyrosine-protein kinase kit; DDR = DNA-damage response; EGFRi = epidermal growth factor receptor inhibitor; FGFR = fibroblast
growth factor receptor; HER2 = human epidermal growth factor receptor 2; JAK = janus kinase; MET = tyrosin-protein kinase Met; mTOR = mammalian target of rapamycin;
MYC = family of oncogenes carried by the avian virus myelocytomatosis and a human gene overexpressed in various cancers; NTRK = neurotrophic tyrosine receptor kinase;
PARPi = poly ADP ribose polymerase inhibitor (e.g. olaparib); PDGFR = platelet-derived growth factor receptor; WT = wild type. Reused with permission from Dreyer et al., 2017.44

continuous self-renewal and allowing the cells to evade elimination from
chemotherapies. They also promote metastases.69 Current treatment
options do not target cancer stem cells, but improved understanding of
the characteristics and signals that maintain and drive this cancer stem
cell population is vital for the development of more effective treatments.

Diagnosis
Symptoms of PDA include weight loss, jaundice, loss of appetite,
malabsorption, severe pain in mid abdomen and back, light-colored stools
or dark urine, dyspepsia, fatigue, and nausea.70 In many cases, however, the
disease creates mild or non-specific symptoms during its early stages, and
as a result, appropriate investigation is delayed and <20% of pancreatic
cancers are amenable to complete surgical resection at diagnosis.9,71
In advanced PDA, symptoms such as pain and thromboembolic events
are highly prevalent72–74 and are associated with increased morbidity
and mortality.72 In addition, cachexia develops in approximately 80%
of patients with PDA during their disease course, and up to one-third of
patients die from complications from cachexia.75 Diagnosis of PDA involves
multiple imaging techniques. Initial investigations of abdominal symptoms
may include ultrasound and computed tomography (CT) examinations.
Endoscopic ultrasound is the optimal modality to assess and stage
primary tumors as well as to obtain a tissue diagnosis.76 Positron emission
tomography is potentially of value in improving selection of patients for
surgical resection.77
Detecting PDA earlier would be advantageous but there are no reliable
diagnostic circulating biomarkers for the disease.10 Serum CA 19-9 is
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widely used as a marker for metastatic PDA, but is non-specific and is not
recommended for diagnostic use.78 Serum macrophage inhibitory cytokine
1 (MIC-1) also has some potential as a biomarker, especially in combination
with CA 19-9.79 A recent study in a large cohort of patients with PDA found
that a signature of 29 biomarkers can reliably discriminate individuals with
stage I and II PDA from control subjects and this was validated in a further
prospective study at a separate treatment center.80 A combined analysis of
a panel of serum proteins and microRNAs showed improved sensitivity and
specificity in the detection of PDA-initiating cells and other biomarkers in
patients with PDA compared with healthy controls but further development
of the technique in a larger population is needed.81,82
In the general population, widespread screening is not feasible at present
due to the lack of suitable biomarkers and the comparative rarity of the
disease. Surveillance, however, is warranted in individuals >50 years of
age with one first-degree relative, two family members who are affected
by PDA, or in those carrying a mutation in a known cancer predisposition
gene.33,83,84 Recent results from a long-term (16 years) surveillance study
indicated that 9 of 10 PDAs detected during surveillance were resectable
and 85% of these patients survived for 3 years, suggesting a benefit of
surveillance in high-risk PDA.85

Current standards of care and their efficacy
Current treatment in PDA is based on disease stage at diagnosis (Table 2).86
Given the relative recalcitrance of PDA to current treatments, the National
Comprehensive Cancer Network in the USA indicates that clinical trials are
a preferred treatment option at every stage of pancreatic cancer diagnosis.
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Figure 4: The pancreatic cancer microenvironment participates in metastasis55
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The diagram shows that the pancreatic cancer microenvironment influences every step of metastasis via multiple signaling pathways. 1. The pancreatic cancer microenvironment
can stimulate angiogenesis by cytokines to favor cancer cell survival and proliferation. 2. Molecules from the pancreatic cancer microenvironment can induce lymphangiogenesis to
establish a pathway for lymphatic metastasis. 3. The pancreatic cancer microenvironment can facilitate the epithelial-mesenchymal transition to cause cancer cells to enter lymphatic
vessel. 4. The pancreatic cancer microenvironment can play important roles in invasion and migration to facilitate metastasis. 5. Factors and exosomes derived from the pancreatic
cancer microenvironment can induce pre-metastatic niche formation in liver and lung. These molecules or exosomes can activate hepatic stellate cells (HSCs) in liver for desmoplasia.
CXCL = chemokine ligand; CX3CR = chemokine receptor; FAK = focal adhesion kinase; HGF = hepatocyte growth factor; HSC = hepatic stellate cells; IL-10 = interleukin-10; LOX =
lysyl oxidase; MIP3 = macrophage inflammatory protein-3; NF-kB = nuclear factor kB; Nrf2 = nuclear respiratory factor 2; PDGFβ = platelet-derived growth factor β; PSC = pancreatic
stellate cells; QSOX = quiescin-sulfhydryl-oxidase-1: quiescin Q6/sulfhydryl oxidase; SDF-1 = stroma-derived factor-1; SHH = sonic hedgehog; STAT3 = signal transduction activator of
transcription-3; TAM = tumor-associated macrophage; TLR4 = toll-like receptor-4; VEGF = vascular endothelial growth factor.
Source: Ren et al., 2018.55

Table 2: Staging of pancreatic ductal adenocarcinoma
T1

Tumor ≤2 cm

M catergory unchanged

T1a

Tumor ≤0.5 cm

T1b

Tumor >0.5 cm and <1 cm

Stage

T1c

Tumor >1 cm but <2 cm

Stage IA

T1

N0

M0

T2

Tumor >2 cm but <4 cm

Stage IB

T2

N0

M0

T3

Tumor >4 cm in greatest dimension

Stage IIA

T3

N0

M0

Stage IIB

T1, T2, T3

N1

M0

Stage III

T1, T2, T3

N2

M0

T4

Any N

M0

Any T

Any N

M1

T4	Tumor involves coeliac axis, superior mesenteric artery,
and/or common hepatic artery
N1

Metastases in 1–3 nodes

N2

Metastases in 4 or more nodes

Stage IV

Source: Amin et al., 2017.86

Potentially resectable primary pancreatic ductal
adenocarcinoma (stages I, II, and III)
Stage I and II PDAs, and stage III PDAs that are not invading local vessels, are
potentially resectable. The standard operation for tumors of the pancreatic
head is the pancreaticoduodenectomy (Whipple procedure); tumors of the
body or tail are resected using distal pancreatectomy.87 Surgery is the only
means of curing PDA and radical surgery achieving R0 resections offers
the best outcomes when combined with optimal adjuvant chemotherapy.88
Outcomes are less favorable for those patients with larger tumors and
involved surgical margins, and they represent the majority of patients
undergoing surgery.88 Therefore, the overall median survival for all patients
undergoing resection of PDA has been reported at 18–27 months, and
the 5-year survival rate ranges from 12–35%.89–91 Around 30% of patients
undergoing resection may die within 1 year of surgery,92 indicating that
PDAs invade and metastasize early. Since patients with involved resection
margins have much poorer survival,93 patient selection for surgery is critical
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to optimize outcomes and avoid morbidity associated with major surgery.
Development of novel strategies of perioperative adjunctive therapy is
essential to reduce recurrence after surgery.
Following surgical resection of PDA, adjuvant chemotherapy can
substantially prolong OS compared to surgery alone. In 2004, the European
Study Group for Pancreatic Cancer-1 (ESPAC-1) trial demonstrated
that adjuvant chemotherapy with 5-fluorouracil achieved 5-year OS of
21%, versus 8% for with surgery alone (p=0.009).94 Subsequent studies
confirmed gemcitabine was as effective as fluorouracil as an adjuvant
therapy and better tolerated.95,96 In 2017, the ESPAC-4 study results
concluded that the addition of capecitabine to gemcitabine further
improved outcomes, with estimated 5-year OS reaching 28.8%. Median
OS was 28.0 months for patients receiving adjuvant gemcitabine +
capecitabine and 25.5 months for those receiving gemcitabine alone
(HR 0.82; p=0.032).88
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Table 3: Different definitions of borderline resectable pancreatic cancer
Vessel

MDACC

AHPBA/SSO/SSAT

NCCN

CA

No contact

No contact

Pancreatic body/tail: solid tumor contact ≤180° or >180° without involvement of
aorta or gastroduodenal artery

CHA

Short-segment

Abutment or short segment encasement

encasement/abutment

Pancreatic head: solid tumor contact without extension to CA or hepatic artery
bifurcation, allowing for safe and complete resection and reconstruction

SMA

Tumor abutment ≤180°

Tumor abutment ≤180°

Pancreatic head: solid tumor contact ≤180°

SMV/PV

Short-segment occlusion

Abutment with or without impingement;

Solid tumor contact >180° or ≤180° with contour irregularity or vein thrombosis

amenable to resection and

or encasement but without encasement of

but with suitable vessel proximally and distally to site of involvement, allowing for

reconstruction

nearby arteries; or short-segment occlusion

safe and complete resection and vein reconstruction*

amenable to resection or reconstruction
* The most recent version of the NCCN resectability criteria also considers cases with solid tumor contact with the inferior vena cava as borderline resectable. AHPBA/SSO/
SSAT = Americas Hepato-Pancreato-Biliary Association/Society of Surgical Oncology/Society for Surgery of the Alimentary Tract; CA = celiac axis; CHA = common hepatic artery;
MDACC = MD Anderson Cancer Center; NCCN = National Comprehensive Cancer Network; PV = portal vein; SMA = superior mesenteric artery; SMV = superior mesenteric vein.
Source: Toesca et al. 2018.93

Initial results from the phase III PRODIGE 24/CCTG PA.6 trial showed
improved efficacy for modified fluorouracil and folinic acid, oxaliplatin,
leucovorin and irinotecan (FOLFIRINOX) compared with gemcitabine. After
a median follow-up of 30.5 months, the median disease-free survival for
modified FOLFIRINOX versus gemcitabine was longer (22 versus 13 months),
as was the median OS (54 versus 35 months).97 As in the metastatic setting,
combination chemotherapy appears superior to single-agent gemcitabine
in terms of efficacy, but careful patient selection is needed in view of
greater associated toxicity. In addition, as nab-paclitaxel + gemcitabine
demonstrated a clinically significant survival benefit versus gemcitabine
alone in metastatic disease, it is also under investigation in patients with
surgically resected PDA (APACT trial; NCT01964430).98 A total of 866 patients
have been randomized, and primary results of disease-free survival and
safety will be available at the American Society of Clinical Oncology (ASCO)
2019 annual meeting. However, according to the recent press release by
the sponsoring company, the study did not meet the primary endpoint
of disease-free survival by blinded independent review; although the
secondary endpoint of OS at the time of this data cut off was improved,
reaching nominal statistical significance.99,100 The safety profile observed in
the study was consistent with previously reported studies of nab-paclitaxel.
The population with early PDA is a heterogeneous patient group and
it is now clear that not all stage II tumors are actually resectable.
Improvements in multidetector CT scanning with protocols optimized
for PDA imaging offer higher resolution images of the tumor vessel
interface, which has enabled evaluation of the extent of abutment and
encasement of adjacent vessels. Tumors with no arterial contact are
resectable, tumors abutting major pancreatic arteries ≤180o are termed
“borderline resectable”, and tumors encasing major pancreatic arteries
≥180o are unresectable (Table 3, Figure 5).93
The significance of refining PDA resectability has been the rationale
for neoadjuvant therapy aimed at improving outcomes from primary
cancer surgery. One of the first major reviews evaluating this approach
suggested that as many as one-third of unresectable tumors could
be rendered resectable by neoadjuvant therapy.101 A 2017 propensity
score-matched analysis of 15,237 stage I/II patients from the National
Cancer Database, found that patients who received neoadjuvant therapy
followed by resection had improved survival compared with those who
received upfront resection (median survival, 26 months versus 21 months,
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Figure 5: Magnified section of a computed tomography axial
slice of a borderline resectable pancreatic adenocarcinoma

No tumor contact
“Resectable”

Lumen

Abutment (≤180°)
“Borderline resectable”

Encasement (>180°)
“Unresectable”

Artery representation shown in axial slice view. Dark yellow represents the tumor
Reused with permission from Toesca et al., 201893

respectively; HR 0.72; 95% confidence interval [CI], 0.68–0.78).102 A singlearm study presented at ASCO 2018 found that preoperative FOLFIRINOX
chemotherapy was feasible in patients with resectable PDA and allowed
for better selection of patients with more advanced tumors who were not
initially suitable for resection,103 and a randomized trial of 364 patients
presented at ASCO-GI 2019 found that neoadjuvant chemotherapy using
gemcitabine and S1 resulted in improved OS compared to those receiving
upfront surgery (median OS 36.7 versus 26.6 months, respectively; HR
0.72; 95% CI 0.55–0.94; p=0.015 stratified log-rank test).104
Neoadjuvant therapy is a promising exploratory approach, but a number
of issues need to be addressed, including optimal treatment regimen
and modalities. Additional randomized controlled trials in large patient
populations are needed to properly evaluate this approach.
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Locally advanced pancreatic ductal adenocarcinoma
(unresectable stage III)
Diagnosis of locally advanced PDA confirms unresectability. Whether
chemotherapy or chemoradiotherapy should be offered as treatment
for this disease stage is an ongoing debate. However, combination
systemic chemotherapy using in the setting of metastatic disease may
be considered as initial therapy prior to chemoradiation for appropriate
patients with locally advanced disease. The phase III LAP07 clinical trial
found no significant difference in OS with chemoradiotherapy compared
with chemotherapy alone. The same study found no significant survival
advantage in patients with locally advanced PDA when erlotinib was added
to gemcitabine as maintenance therapy.105
Results from the SCALOP phase II study showed that capecitabine was a
more effective radiosensitizer compared with gemcitabine when used after
induction chemotherapy, but the difference in the primary endpoint of PFS
was not significant (15 months in the capecitabine group versus 13 months
in the gemcitabine group; p=0.012).106 On the other hand, a meta-analysis
of 11 studies involving 315 patients with locally advanced PDA reported
that FOLFIRINOX chemotherapy was associated with a median OS of 24
months, which is superior to that achieved with single agent gemcitabine.
The percentage of patients down-staged to enable surgical resection
ranged from 0–43%, while the rate of serious or life-threatening adverse
events associated with treatment reached 60%. The authors concluded
that prospective randomized trials are needed to evaluate optimal
chemotherapy and chemoradiotherapy in this patient group.107 In clinical
practice, combination chemotherapy is being routinely offered to patients,
with the option for consolidation chemoradiotherapy in those cases where
surgical downstaging has not been achieved.108

Metastatic pancreatic ductal adenocarcinoma (stage IV)
Standard optimal first-line combination chemotherapy for metastatic
PDA is based on the results of the MPACT (nab-paclitaxel + Gemcitabine
in Metastatic Pancreatic Adenocarcinoma) and PRODIGE/ACCORD
(FOLFIRINOX versus Gemcitabine as First-line Treatment for Metastatic
Pancreatic Adenocarcinoma) trials.2,109,110 The MPACT trial showed that, in
patients with metastatic PDA, nab-paclitaxel + gemcitabine significantly
improved OS, PFS, and response rate, but rates of peripheral neuropathy
and myelosuppression were increased. The median OS was 9 months in
the nab-paclitaxel + gemcitabine group versus 7 months in the gemcitabine
group (p<0.001).110 The PRODIGE/ACCORD study showed that first-line
FOLFIRINOX produced a greater survival advantage in appropriately
selected patients with metastatic PDA over gemcitabine (the median OS
was 11 months in the FOLFIRINOX group versus 7 months in the gemcitabine
group (p<0.001).109 Although FOLFIRINOX is now one of the preferred firstline options for patients with metastatic PDA, debate persists whether
the survival benefits of the combination regimen in metastatic disease
outweigh the associated toxicities. These include thrombocytopenia,
febrile neutropenia, diarrhea, and neuropathy. Therefore, FOLFIRINOX is
usually reserved for patients aged ≤76 years who have a good PS (ECOG 0
or 1).109 Modifications of the FOLFIRINOX regimen can provide comparative
survival benefits to the conventional regime with fewer adverse events.111
Gemcitabine monotherapy remains an acceptable treatment option for
those patients unable to tolerate combination regimens.
Second-line treatment may be offered to carefully selected patients,
according to ECOG PS and other clinical factors, such as bilirubin levels
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and comorbidities. However, the advantage of second-line therapy is
very limited and the optimum regimen not established.112 The German
Charité Onkologie (CONKO) 003 phase III study found that secondline oxaliplatin + fluorouracil significantly extended OS compared
with fluorouracil alone (6 months versus 3 months; p=0.01) in patients
with advanced gemcitabine-refractory PDA. However, the oxaliplatin
+ fluorouracil group showed an increased rate of mild to moderate
neurotoxicity (38.2% versus 7.1%).113 On the basis of these findings,
fluorouracil/leucovorin + oxaliplatin was considered as the best option
following failure of gemcitabine-based treatment. Conversely, the
PANCREOX (Randomized Phase III Study of Fluorouracil/Leucovorin With
or Without Oxaliplatin for Second-Line Advanced Pancreatic Cancer in
Patients Who Have Received Gemcitabine-Based Chemotherapy) phase
III study found that the addition of oxaliplatin to fluorouracil/leucovorin as
modified FOLFOX6 (infusional fluorouracil, leucovorin, and oxaliplatin) had
a detrimental effect compared with fluorouracil/leucovorin.114
The phase III NAPOLI-1 (nanoliposomal irinotecan with fluorouracil and
folinic acid) study showed a survival advantage for nanoliposomal irinotecan
fluorouracil + folinic acid compared with flurouracil/folinic acid (6 months
versus 4 months; p=0.012) in patients with metastatic PDA after previous
gemcitabine-based therapy.115 This represents another useful second-line
treatment option.
Early evidence is emerging that subgroups of patients identified by a
molecular signature may benefit from a targeted therapeutic approach.
Up to 7% of PDAs harbour a germline BRCA mutation. BRCA genes
code for proteins involved in homologous recombination repair of DNA
double-strand breaks. Poly(adenosine diphosphate-ribose) polymerase
(PARP) inhibitors which prevent repair of DNA single strand breaks have
demonstrated antitumour efficacy in ovarian and breast cancer patients
with a germline BRCA mutation. Very recently, the PARP inhibitor, olaparib,
was reported to maintain response and delay disease progression after
platinum-based chemotherapy in BRCA mutant advanced pancreatic
cancer patients.50 Patients with BRCA-associated locally advanced PDA can
benefit from targeted therapy with olaparib as a second-line therapy after
treatment failure with another line of therapy.116
In May 2017, the anti-programmed cell death protein 1 (PD1) checkpoint
inhibitor, pembrolizumab, was licensed in the USA to treat patients with
DNA mismatch repair deficiency, determined either by genetic mutation
analysis or immunohistochemical assessment of microsatellite instability.
Researchers reported an objective response rate of 51% across 12
different tumor types and complete responses in 21% of patients.117 All
patients were heavily pre-treated, having received two or more prior
regimens. Mismatch repair deficiency of microsatellite instability is not
routinely tested for in PDA and the license has not been extended outside
the USA. However, these data are the first to identify a potential role for
immune checkpoint inhibitors as treatment of PDA and many research
studies are currently exploring novel immunotherapy approaches for this
disease (Table 4). Further investigation of an immune checkpoint inhibitor
combination for PDA treatment was conducted in a recent phase Ib/II
study which investigated the use of the PD-L1 inhibitor durvalumab and
the Bruton tyrosine kinase inhibitor ibrutinib given every two weeks to
patients with pretreated solid tumours including 49 individuals with stage
III/IV PDA.118 The results indicate that the combination was well tolerated but
showed only limited anti-tumour activity in this study population.
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Table 4: Ongoing pancreatic ductal adenocarcinoma clinical trials investigating immunotherapeutic approaches
Intervention
Cabiralizumab plus nivolumab with and without nab-

Phase
II

Cancer stage

ClinicalTrials.gov

Locally advanced or metastatic PDA, ECOG

Estimated completion

identifier

date

NCT03336216

December 2020

NCT03264404

September 2019

performance 0 or 1

paclitaxel, onivyde, fluorouracil, gemcitabine, oxaliplatin,
leucovorin
Azacitidine and pembrolizumab

II

Advanced pancreatic cancer after failure of
first-line therapy

Durvalumab and stereotactic ablative body radiotherapy

I/II

Borderline resectable and locally advanced PDA

NCT03245541

September 2021

CY/GVAX pancreas vaccine followed by CRS-207 or

II

Metastatic PDA, ECOG performance 0 or 1

NCT03190265

October 2019

I/II

Metastatic PDA with liver metastases of the

NCT03168139

March 2022

CRS-207 alone
Olaptesed pegol (NOX-A12) alone and in combination
with pembrolizumab

primary pancreatic cancer after failure of
first-line therapy

Nivolumab and ipilimumab and radiation therapy

II

PDA

NCT03104439

October 2024

Durvalumab following successful R0/R1 resection of

II

Borderline resectable and locally advanced PDA

NCT03038477

December 2019

PDAs and neoadjuvant chemotherapy
Pembrolizumab and BL-8040

II

Metastatic PDA

NCT02907099

December 2019

Nivolumab or nivolumab plus ipilimumab plus RT

II

Metastatic PDA

NCT02866383

November 2019

BL-8040 alone and in combination with pembrolizumab

II

Metastatic PDA

NCT02826486

December 2018

Nivolumab or nivolumab plus ipilimumab administered

II

Metastatic PDA, after failure of first-line therapy

NCT02866383

November 2019

II

Locally advanced PDA

NCT02648282

July 2020

II

Metastatic PDA after failure of first-line therapy

NCT02558894

June 2017

concurrently with high dose RT
Combined cyclophosphamide, pembrolizumab, GVAX
(pancreatic cancer vaccine), and SBRT
Durvalumab alone or in combination with tremelimumab
Cyclophosphamide/GVAX plus nivolumab

I/II

Newly diagnosed stage I/II PDA

NCT02451982

February 2020

Pembrolizumab plus neoadjuvant chemoradiation

I/II

Resectable or borderline resectable PDA

NCT02305186

June 2019

Ibrutinib plus durvalumab*

I/II

Relapsed/refractory solid tumors

NCT02403271

August 2017

nab-paclitaxel and gemcitabine with or without

I/II

Metastatic or unresectable PDA

NCT03086369

May 2022

olaratumab
RO7009789 plus nab-paclitaxel and gemcitabine*

I

Newly diagnosed resectable PDA

NCT02588443

October 2018

Pexidartinib plus durvalumab

I

Metastatic/advanced PDA

NCT02777710

June 2019

Galunisertib (LY2157299) and durvalumab

I

Recurrent or refractory metastatic PDA

NCT02734160

June 2019

* Study NCT02403271 has completed. Efficacy results are not yet available but safety results have been posted at ClinicalTials.gov. Study NCT02588443 has completed but efficacy
and safety results are not yet available.
BL-8040 = an immunotherapy agent—CXCR4 antagonist; CRS-207 = an immunotherapy agent (Aduro Biotech, Berkeley, California, USA) against specific tumor-associated antigens;
ECOG = Eastern Cooperative Oncology Group; GVAX = irradiated, autologous pancreatic cancer vaccine; mFOLFIRINOX = a modified fluorouracil and folinic acid, oxaliplatin, and
irinotecan regimen; PDA = pancreatic ductal adenocarcinoma; RT = radiotherapy; SBRT = stereotactic body radiation therapy.

According to the ASCO pancreatic cancer guidelines119 and a more recent
update,120 the following options are updated or newly recommended for the
treatment of metastatic PDA in 2018:
• For patients with Eastern Cooperative Oncology Group performance
status (ECOG PS) ≥3, the major emphasis should be on optimizing best
supportive care measures (evidence quality: intermediate).
• Routine testing for deficiency in mismatch repair or high microsatellite
instability is recommended (evidence quality: low). For patients who
tested positive for deficiency in mismatch repair or microsatellite
instability, the checkpoint inhibitor such as pembrolizumab is
recommended (evidence quality: intermediate).
• Gemcitabine + nab-paclitaxel can be given as second-line therapy to
patients who have received first-line FOLFIRINOX and have an ECOG PS
of 0–1 and a favorable comorbidity profile (evidence quality: low).
• Fluorouracil + nanoliposomal irinotecan, or fluorouracil + irinotecan as

8

second-line therapy for patients who received first-line gemcitabine +
nab-paclitaxel, have an ECOG PS of 0–1 and a favorable comorbidity
profile (evidence quality: low).
• Fluorouracil + oxaliplatin may be considered as second-line therapy for
patients who received first-line gemcitabine + nab-paclitaxel, have an
ECOG PS of 0–1 and a favorable comorbidity profile (evidence quality: low).
• Gemcitabine or fluorouracil can be considered as second-line therapy
for patients who have either an ECOG PS of 2 or a comorbidity profile
that precludes more aggressive regimens and want to continue
anticancer therapy (evidence quality low).
• No data available supporting third-line (subsequent-line) cytotoxic
therapy.

Supportive care
PDA is a debilitating disease associated with multiple complex symptoms.
In addition to anticancer therapies, patients diagnosed with PDA often
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Table 5: Ongoing pancreatic ductal adenocarcinoma clinical trials investigating chemotherapeutic approaches
Intervention
SOXIRI (S-1, oxaliplatin and irinotecan)

Phase
II

Cancer stage

ClinicalTrials.gov

Inoperable/metastatic PDA (previous systemic

Estimated completion

identifier

date

NCT03403101

December 2019

chemotherapy, neoadjuvant or adjuvant allowed
if not irinotecan, oxaliplatin, or S1).
FOLFOX-A (fluorouracil, oxaliplatin, leucovorin and

II

Metastatic PDA without previous chemotherapy

NCT02080221

December 2018

II

Metastatic or unresectable PDA without previous

NCT02896803

August 2018

Abraxane®, Celgene, Summit, New Jersey, USA)
mFLOX regimen (fluorouracil bolus and oxaliplatin)

chemotherapy
EndoTAG-1 (liposomes carrying embedded paclitaxel)

III

Metastatic PDA

NCT03126435

July 2020

II

Metastatic PDA

NCT02564146

June 2019

plus gemcitabine
Alternating cycles of gemcitabine monotherapy followed
by nab paclitaxel/ gemcitabine
PDA = pancreatic ductal adenocarcinoma; S1 = tegafur/gimeracil/oteracil.

need interventions to provide relief of biliary and/or duodenal obstruction,
malnutrition, and pain.69 The endoscopic placement of self-expandable
metal stents can be used to palliate biliary and duodenal obstruction.121
Patients with PDA are at high risk of thrombo-embolic events, which
increase morbidity and mortality.71 Results from a randomized controlled
trial indicate that anticoagulation may be useful for preventing serious
morbidity, but did not improve survival.122 Pain management is an
important priority for patients with advanced PDA. Key sources of pain
are from an enlarging primary tumor and/or liver capsular pain associated
with metastatic disease. Celiac plexus neurolysis blocks the pain signals
transmitted along the celiac plexus infiltrated by primary PDA and has
been shown to provide a high level of pain relief in the majority of
patients.123 The technique tends to be reserved for patients refractory to
opioids or those suffering a high level of toxicity; the benefits of early
intervention have never been formally tested.
Weight loss in pancreatic cancer can be due to anorexia, malabsorption,
and/or cachexia.124 Palliative interventions include pancreatic enzyme
replacement therapy125 and the use of thalidomide to attenuate weight loss
in patients with cachexia.126 In addition, PDA is associated with high rates of
depression and suicide,127 emphasizing the need to monitor patient distress.

Discussion and future perspectives
Current PDA treatments offer limited benefits; at best, they delay
progression and extend survival for very short durations.1,9,128 Among
35 different agents or combinations that have been tested in phase III
studies in the last 25 years, only 11% have entered clinical practice.129
Resistance to conventional chemotherapy and radiotherapy is often innate,
rather than acquired.9 In addition, the majority of patients diagnosed with
PDA are older and frailer compared with patient groups diagnosed with
more common cancers. They also tend to have poor functional status
associated with late presentation, including biliary and bowel obstruction,
cachexia and abdominal pain, thus limiting their tolerance of anticancer
therapies. Improving outcomes for patients with PDA is therefore a global
urgent unmet need and the focus for both preclinical and clinical research.
A search of the US National Library of Medicine (ClinicalTrials.gov) in October
2018 identified multiple ongoing trials of chemotherapy agents aiming to
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adapt doublet (gemcitabine + nab-paclitaxel) and triplet (FOLFIRINOX)
therapies to improve outcomes in PDA (Table 5). Biologically targeted agents
have been extensively evaluated as a therapeutic strategy in PDA. Despite
promising early studies, agents targeting epidermal growth factor receptor
(EGFR), human epidermal growth factor receptor 2 (HER2), insulin-like growth
factor 1 receptor (IGF-1 R), vascular endothelial growth factor (VEGF)/VEGF
receptor (VEGFR), NOTCH and WNT have proved ineffective.129 New targets
are being evaluated particularly focusing on the microenvironment and
mechanisms to amplify T-cell immune response (Table 6).
Immune checkpoint blockade has, to date, proved a disappointing therapeutic
strategy for PDA. Neither anti-CTLA4 nor anti-PD1 antibodies have shown
activity as single agents overall.130 The only exception so far is the slight
activity of pembrolizumab in microsatellite instability-high tumors,119 which
represent <5% of all PDA.131,132 One serious challenge for immunotherapy
in PDA is that it has a non-inflamed microenvironment with a dearth of
T cells and the tumor mutational burden is low relative to other cancers,
such as melanoma and lung cancer, against which checkpoint inhibitors are
proving most effective. Despite this, numerous clinical trials are currently
investigating immunotherapy approaches, most of which are at early stages
of development and results are awaited with much interest (Table 4).
An integrated approach using both germline testing and somatic analyses
of tumor tissues and next-generation sequencing may assist with the
choice of treatment for individual patients in the future.49,133 Some key
novel comprehensive national research strategies are currently aiming
to develop molecular stratified treatment approaches within clinical
trials and in regular clinical practice. These initiatives include Precision
Promise in the USA, which is a coordinated and adaptive randomized
clinical trial platform that allows multiple novel therapies to be evaluated
and aims to expedite their approval for use in PDA.134 In the UK, Precision
Panc is establishing a coordinated system aiming to increase the speed
of scientific discovery and clinical trials and to develop personalized
treatments in order to rapidly improve survival in PDA.135 These systematic
approaches to molecular profiling and molecular stratification of PDA
involve considerable investment and may well yield significant benefits in
the longer term.
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Table 6: Ongoing PDA clinical trials investigating biological targeted agents
Intervention

Target

Phase

Cancer stage

ClinicalTrials.gov

Estimated

identifier

completion date

BVD-523 plus nab paclitaxel and gemcitabine

MEK/ERK

I

Newly diagnosed metastatic PDA

NCT02608229

December 2021

GSK2256098 and trametinib

FAK/MEK

II

Advanced PDA that is not responsive to standard

NCT02428270

December 2018

therapies
Ibrutinib plus nab-paclitaxel and gemcitabine

BTK

I/II

Metastatic PDA

NCT02562898

June 2019

Plerixafor

CXCR4

I

Locally advanced or metastatic PDA refractory to

NCT03277209

December 2020

conventional chemotherapy
Palbociclib plus

CDK 4/6

gedatosilib

P13K/mTOR

LGK974

Wnt/β-catenin

I

Advanced PDA

NCT03065062

January 2023

I

BRAF mutant locally advanced or metastatic PDA

NCT01351103

January 2020

NCT02715804

December 2019

hat has progressed despite standard therapy
PEGPH20 plus gemcitabine and nab-paclitaxel

HA

III

HA-high Stage IV previously untreated PDA

BTK = Bruton’s tyrosine kinase; CDK4/6 = cyclin D dependent kinase 4 and 6; CSF1R = colony stimulating factor 1 receptor; ERK = extracellular signal-regulated kinase; FAK = focal
adhesion kinase-1; HA = hyaluron; MEK = mitogen-activated protein kinase; mTOR = mammalian target of rapamycin; PDA = pancreatic ductal adenocarcinoma; S1 = tegafur/gimeracil/
oteracil; TGF-β = transforming growth factor-β.

Conclusion
PDA has been described as an ‘insidious clinical syndrome’9 that has one
of the worst cancer outcomes. Although some environmental and lifestyle
factors are implicated in cause, no systematic preventative strategies are in
place. Biomarkers to aid detection and treatment are lacking. Most patients
present with unresectable disease and despite optimal systemic therapy, life
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