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Abstract
Pancreatic cancer (PC) would become the second 
leading cause of cancer death in the near future, despite 
representing only 3% of new cancer diagnosis. Survival 

improvement will come from a better knowledge of 
risk factors, earlier diagnosis, better integration of 
locoregional and systemic therapies, as well as the 
development of more efficacious drugs rising from a 
deeper understanding of disease biology. For patients 
with unresectable, non-metastatic disease, combined 
strategies encompassing primary chemotherapy and 
radiation seems to be promising. In fit patients, new 
polychemotherapy regimens can lead to better outcomes 
in terms of slight but significant survival improvement 
associated with a positive impact on quality of life. The 
upfront use of these regimes can also increase the 
rate of radical resections in borderline resectable and 
locally advanced PC. Second line treatments showed 
to positively affect both overall survival and quality 
of life in fit patients affected by metastatic disease. 
At present, oxaliplatin-based regimens are the most 
extensively studied. Nonetheless, other promising 
drugs are currently under evaluation. Presently, in addi
tion to surgery and conventional radiation therapy, 
new locoregional treatment techniques are emerging 
as alternative options in the multimodal approach to 
patients or diseases not suitable for radical surgery. 
As of today, in contrast with other types of cancer, 
targeted therapies failed to show relevant activity either 
alone or in combination with chemotherapy and, thus, 
current clinical practice does not include them. Up to 
now, despite the fact of extremely promising results in 
different tumors, also immunotherapy is not in the actual 
therapeutic armamentarium for PC. In the present paper, 
we provide a comprehensive review of the current state 
of the art of clinical practice and research in PC aiming 
to offer a guide for clinicians on the most relevant topics 
in the management of this disease.

Key words: Pancreatic cancer; Chemotherapy; Radio-
frequency; Stereotactic radiotherapy; Irreversible 
electroporation

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

REVIEW

27 February 10, 2016|Volume 7|Issue 1|WJCO|www.wjgnet.com

World Journal of
Clinical OncologyW J C O

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5306/wjco.v7.i1.27

World J Clin Oncol 2016 February 10; 7(1): 27-43
ISSN 2218-4333 (online)

© 2016 Baishideng Publishing Group Inc. All rights reserved.



Core tip: This review focuses on the current clinical 
practice in the treatment of pancreatic cancer (PC), and 
outlines research topics. PC is still a highly lethal disease, 
for a usual presentation stage not manageable with 
curative surgery. Up to now, new targeted therapies have 
not shown any positive impact on its dismal prognosis. 
Only slight improvements ensued from the availability of 
more active polychemotherapy regimens. From the point 
of view of a multimodal approach, in addition to surgery, 
new locoregional techniques are nowadays available, 
suitable for combination with systemic treatments, to 
increase disease control and survival.

Spadi R, Brusa F, Ponzetti A, Chiappino I, Birocco N, Ciuffreda L, 
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27-43  Available from: URL: http://www.wjgnet.com/2218-4333/
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INTRODUCTION
In contrast to the general trend of increase in cancer 
survival, advances have been slow for pancreatic cancer 
(PC). Therefore PC is actually the fourth cause of cancer 
death, and it is expected it will be the second cause 
of cancer death by 2030 in Western countries. The 
American Cancer Society estimated that there will be 
48960 new cases of PC in the United States in 2015, 
with 40560 deaths[1,2]. Despite surgery, locoregional 
therapy, chemotherapy and molecular therapies, 
the overall median survival is less than 1 year from 
diagnosis, highlighting the need for better therapeutic 
options. In fact, PC is frequently undiagnosed until the 
sudden appearance of prominent clinical symptoms 
and signs for advanced disease. Only in 10%-20% 
of cases the disease is resectable or borderline rese
ctable, therefore suitable to surgery associated with 
neoadjuvant or adjuvant treatment, with curative 
purposes. In the last years different ablative techni
ques such as irreversible electroporation (IRE), radio-
frequency ablation (RFA) and stereotactic body radiation 
therapy (SBRT) caught the attention of the scientific 
community. Such techniques may be an alternative to 
surgery in patients with a locally advanced disease, poor 
response to systemic therapy, and with a locoregional 
rather than metastatic growth pattern.

This review aims to explore the major questions still 
open regarding the management of the disease. We 
identified studies and systematic reviews by searching 
PubMed, ClinicalTrials.gov, and the Cochrane database 
from database inception to April 2015.

ARE THERE PROVEN RISK FACTORS IN 
PC? CAN WE PREVENT IT?
Current knowledge and unmet needs
Facing such a dismal prognosis cancer, a frequent 

question from patients is “Why? Why to me“. PC has 
a multifactor etiology, whose better knowledge could 
be helpful to identify groups of people worthy of survei
llance trials. A study on 117 meta-analytical and pooled 
reports estimated risk factors and the fraction of PCs 
attributable to them[3]. There is a moderately sized 
association between a family history of PC in first degree 
relatives, with multivariate-adjusted odds ratios (OR) of 
1.8[4], justifying 5%-10% of cases. There is a significant 
association between PC risk and AB0 phenotypes (OR = 
1.4 in non 0 blood type), and up to 19.5% of all cases of 
PC in populations with European ancestry could be attri
butable to a non-0 blood group[5]. Moreover, a multistage 
genome-wide association study[6] identified multiple 
susceptibility alleles to be further evaluated. A study of 
Maisonneuve and Lowenfels[7] however suggests that 
nearly two thirds of PC are due to potentially avoidable 
causes. The strongest associations are with tobacco 
smoking, that is the greatest behavioral risk factor for 
PC, and Helicobacter pylori infection, with estimated 
population attributable fractions of 11%-32% and 
4%-25% respectively. Besides carcinogens, smoking 
also generates agents perpetuating inflammatory 
response, and heightens the risk of chronic pancreatitis. 
A higher risk of PC indeed is associated with chronic 
pancreatitis. In this perspective, Helicobacter pylori 
infection could have a role in pancreas carcinogenesis, 
through the induction of autoimmune pancreatitis[8]. 
Heavy alcohol intake, defined as a daily consumption 
of over 30 g, has a strong association with PC, with an 
attributable increased risk of 20%-30%. All or many 
of these risk factors could concur through complex 
interactions involving different pathways[9]. Diabetes, 
obesity and reduced adiponectin level are all related to 
insulin resistance, and probably share common path
ways, which can be responsible for attributable fraction 
up to 16%-19%, with the opposite postulated protective 
effect of higher physical activity[10].

The strongest evidence for a protective effect is for 
atopic allergy, especially hay fever or allergy to animals, 
that could reduce PC risk up to 20%-30%[11]. A number 
of other postulated risk factors or protective factors like 
meat and fruit intake, or vitamin D circulating levels have 
a lower level of evidence and deserve further studies.

Cystic lesions occasionally detected with non-
invasive abdominal imaging, prescribed for unrelated 
indications, deserve a separate discussion. Prevalence 
range of incidental pancreatic cysts in the adult 
population is from 2.2%-5.9% (depending on imaging 
technique)[12]. Their correct management is crucial for 
preventing and early treating of the disease. Especially 
intraductal papillary mucinous neoplasms can have a 
progression model similar to that of colonic polyps, with 
the risk of transforming into invasive cancer, more likely 
in cases with involvement of main pancreatic duct or 
with multiple lesions. But only a few of them actually 
progress to malignancy. Their optimal management is 
still controversial, based more on experts’ opinions than 
on evidence from randomised studies. This uncertainty 

Spadi R et al . Advanced pancreatic cancer current therapy

28WJCO|www.wjgnet.com February 10, 2016|Volume 7|Issue 1|



about the prediction of future behavior is due to a lack 
of accurate diagnostic tools and prognostic factors. It 
exposes patients to a risk of overtreatment with unne
cessary high-risk surgery, undertreatment or expensive 
long term imaging follow-up[13].

IS INTEGRATED APPROACH (SURGERY, 
RADIOTHERAPY AND CHEMOTHERAPY) 
THE GOLD STANDARD IN LOCALLY 
ADVANCED PC? WHAT IS TODAY THE 
ROLE OF SURGERY?
Current knowledge
Nearly 30%-40% patients at diagnosis have a bor
derline-resectable (BRPC) or locally advanced PC 
(LAPC)[14]. But despite the absence of distant metastasis, 
the overall survival (OS) of these patients is absolutely 
poor[15,16], and only radical surgery can give a chance 
for a cure[17]. Selected patients can have an improved 
outcome with a multimodal approach, combining chemo
therapy with radiation therapy or surgery. The selection 
of a population of patients suitable to multimodal 
approach, however, needs an accurate identification of 
LAPC and BRPC. LAPC refers to cases with an extended 
involvement of adjacent structures[18]; whereas BRPC 
comprises a subset of patients eligible to an upfront 
resection, but with a high risk of residual microscopic 
disease (R1, according to the International Union Ag
ainst Cancer Classification) caused by an involvement 
of nearby structures, such as superior mesenteric artery 
or celiac artery, not allowing a removal of the tumour 
without an arterial resection, thus greatly increasing 
the risk of R1 or R2 surgery. R0 resection only can cure 
PC. Unfortunately, there is a wide heterogeneity in the 
literature regarding the definition of resectability crit
eria. Moreover, BRPC patients are an ill-represented 
population in the majority of chemotherapy clinical trials.

In this context, upfront resection has been rated as 
a 2B recommendation in the National Comprehensive 
Cancer Network Guideline[18-21].

Although lacking high level evidence, there is a 
general consensus for neo-adjuvant chemotherapy, 
estimated able to convert to R0 resection 33% of LAPC/
BRPC patients[22,23].

This therapeutic strategy has been historically 
based on fluoropyrimidines, 5-fluorouracil (5-FU) or 
capecitabine, combined with radiation and recently 
on gemcitabine induction followed by concomitant 
chemo-radiation with either gemcitabine or fluoropyri
midines[24,25]., At present, there are no data about the 
better neo-adjuvant chemotherapy regimen. But based 
on the observed results in the metastatic settings, 
FOLFIRINOX or gemcitabine plus nab - paclitaxel with 
or without subsequent chemoradiation might represent 
promising options. However, especially FOLFIRINOX 
suits only to fit patients, for high rate of G3-G4 toxi
cities[26-29]. The results of ongoing Alliance A021101 

pilot trial (NCT01821612) could help clarify the role of 
a multimodal strategy of neoadjuvant FOLFIRINOX, 
followed by chemoradiation [50.4 Gy external beam 
radiation therapy (EBRT) with concomitant capecita
bine], definitive surgery and postoperative adjuvant 
gemcitabine in BRPC patients.

For LAPC affected patients as well, a combined app
roach in LAPC could allow radical resection also in cases 
not eligible to upfront surgery. In several studies[30,31], 

and a meta-analysis by Gillen et al[23], gemcitabine-
based combination regimens allowed a higher resection 
rate than single agent chemotherapy (33% vs 27%). In 
this meta-analysis OS was almost doubled in patients 
who finally underwent surgical resection of their tumour 
(20.5 mo vs 10.2 mo). Moreover, three meta-analyses 
have suggested a survival advantage in patients treated 
with gemcitabine-based chemo-radiation (CRT)[32-34].

Nevertheless, the role of chemoradiation in LAPC 
is still unclear, for conflicting results of clinical trials. 
Indeed, two studies reported improved OS with CRT 
(Gastrointestinal Tumor Study Group 9283[35] and ECOG 
4201[36]) and Huguet et al[37] reviewed two perspective 
trials finding a survival advantage in patients treated 
with chemotherapy and chemoradiation vs patients 
treated with chemotherapy alone. Other interesting 
results were recently reported by Sherman et al[38] using 
docetaxel and capecitabine followed by gemcitabine 
and capecitabine combined with radiation therapy and 
surgery[38]. In this phase 2 trial, 20 out of 45 treated 
patients (44%) had R0 resection.

On the opposite, Chauffert et al[39] reported no 
advantage in OS and more toxicity with the addition 
of CRT to chemotherapy, and preliminary results of 
the international phase 3 GERCOR LAP-07 study dem
onstrated improved local control with the addition of 
chemoradiation to chemotherapy, but no difference in 
OS[40].

Waiting for definitive evidence about the usefulness 
of CRT, at present, the most widespread approach in fit 
patients is to start with induction chemotherapy followed 
by chemoradiation in absence of disease progression at 
the time of first radiological evaluation. This approach 
has two advantages: It avoids unnecessary radiotherapy 
in the nearly 30% of patients who undergo widespread 
disease progression during initial treatment, and it 
permits to test patient’s tolerance to chemotherapy 
alone, before adding the relevant toxicities of a radiation 
concomitant to chemotherapy. Radiotherapy[41]. 

Standard dose radiation therapy is usually 50.4 Gy 
in 1.8-Gy fractions, although some trials reported the 
use of a 30-36 Gy in 3-Gy fractions schedule[42]. Better 
outcomes could come from the use of newer radiothe
rapy techniques like intensity-modulated radiation 
therapy (IMRT) and SBRT, suited to deliver higher 
biological dose[42].  Indeed, in a phase 2 multi-institutional 
trial, SBRT was feasible without unexpected toxicities and 
obtained a 1-year local progression-free survival (PFS) of 
78%[43].
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mab[57], bevacizumab[58], axitinib[59], tipirarnib[60], 
oftrametinib[61], trastuzumab[62], have largely failed to 
show any significant benefit when added to standard 
chemotherapy in metastatic PC. 

In 2011 a combination regimen of leucovorin, 
fluorouracil, irinotecan, and oxaliplatin (FOLFIRINOX) 
obtained a meaningful survival benefit over single 
agent gemcitabine. FOLFIRINOX, providing a significant 
survival improvement of 4.3 mo in comparison to gem
citabine alone[63]. The median OS, PFS, and objective 
response rate (ORR) were significantly higher with 
FOLFIRINOX compared with gemcitabine alone (median 
OS, 11.1 mo vs 6.8 mo; PFS, 6.4 mo vs 3.3 mo; ORR, 
32% vs 9%). FOLFIRINOX, however, showed an un
favourable toxicity profile compared to gemcitabine 
alone, including grade 3/4 neutropenia (46% vs 21%), 
febrile neutropenia (5.4% vs 1.2%), thrombocytopenia 
(9.1% vs 3.6%), sensory neuropathy (9% vs 0%), 
vomiting (15% vs 8%), fatigue (23% vs 18%), and 
diarrhea (13% vs 2%). Only well-selected patients 
with metastatic PC can therefore bear such a treatment 
without heavy side effects.

In 2013, nab-paclitaxel in combination with gem
citabine showed an improved median survival of almost 
two months (1.8), compared to gemcitabine alone[64]. 
It also increased OS at 1 and 2 years, with a tolerable 
toxicity profile. Grade 3/4 adverse events occurred, as 
expected, more often with the combination therapy and 
included neutropenia (38% vs 27%), febrile neutropenia 
(3% vs 1%), fatigue (17% vs 7%), diarrhea (6% vs 
1%), and neuropathy (17% vs 1%). In September 
2013, nab-paclitaxel in combination with gemcitabine 
was approved by the FDA for first-line treatment of 
metastatic PC of the pancreas.

Unmet needs and proposals
Clinical trials results suggest that combination chem
otherapy with regimens FOLFIRINOX or gemcitabine 
plus nab-paclitaxel are an acceptable option for patients 
with good PS, good pain management, and adequate 
nutritional intake. It is still not clear which is the best: 
FOLFIRINOX or gemcitabine and nab-paclitaxel? The 
median OS obtained in the two different trials was 11.1 
mo with FOLFIRINOX and 8.5 mo with gemcitabine plus 
nab-paclitaxel. A direct comparison of the results of 
the two trials, conducted on different populations, is 
impossible.

In our opinion, both FOLFIRINOX and gemcitabine 
plus nab-paclitaxel are reasonable choices for first-line 
therapy in patients with Eastern Cooperative Oncology 
Group (ECOG) PS 0 or 1. For a better tolerability, the 
combination of gemcitabine and nab-paclitaxel could be 
an option also for patients with a slight worse PS, who 
cannot tolerate a FOLFIRINOX regimen, or in patients 
who have received FOLFIRINOX as neoadjuvant treat
ment. However, in common clinical practice only a 
small number of patients with metastatic PC presents 
with good PS. For the other patients gemcitabine 

Unmet needs
An agreement about an unambiguous, rigorous defi
nition of the BRPC could help to reach a homogeneous 
approach to borderline resectable disease, thus allowing 
comparison among different trials results. Despite 
multimodal treatments, not all BRPC and LAPC will 
become resectable up to R0, missing their chance for 
a cure. Deeper exploration of combination regimens is 
necessary to improve this outcome, especially through 
the identification of prognostic factors and biomarkers 
to predict the response or the resistance to the different 
treatments. At present, little evidence is available. As 
an example, SMAD4-deleted tumours are associated 
with widespread disease, whereas SMAD4-proficient 
tumours are associated with a more locally aggressive 
disease[44]. Nevertheless, the impact of SMAD4 on 
treatment outcome is far to be defined. In any case, a 
multidisciplinary management in high-expertise centers 
can increase the chance of cure for all patients with PC, 
and even more for those with BRPC and LAPC.

WHAT IS THE BEST FIRST LINE 
CHEMOTHERAPY IN INOPERABLE PC?
Current knowledge
Despite recent advances in our understanding of the 
molecular biology of PC, there has been limited pro
gress in therapeutic options for metastatic disease, 
and traditional chemotherapy outcomes, even though 
improved, are still disappointing. The overall median 
survival from diagnosis is still less than 1 year, un
derscoring the need for the development of newer 
therapeutic options. The goals of chemotherapy are: 
The improvement of survival, the control of symptoms 
and the need to ensure a good quality of life for the 
patient. In the past, several studies have demonstrated 
the superiority of chemotherapy compared to best 
supportive care alone (BSC) and fluorouracil (5-FU), in 
different doses, schedules, and combination regimens, 
has been considered the cornerstone in the palliative 
treatment of metastatic PC[45]. Since 1997, gemcitabine 
monotherapy has represented the standard of care 
for patients with metastatic PC, when Burris et al[46] 
demonstrated that it was superior to 5-FU in terms of 
clinical benefit/efficacy, outcome measures and safety 
profile in patients with a baseline Karnofsky performance 
status (PS) ≥ 50. Gemcitabine subsequently repr
esented a backbone in chemotherapy, in clinical trials 
investigating more intensive combination regimens. Due 
to its good tolerability and demonstrated efficacy, from 
1997 to 2010 several studies had combined it with many 
other active cytotoxic agents, including fluorouracil[39], 
capecitabine[47], cisplatin[48], epirubicin[49], docetaxel[50-52], 
oxaliplatin[31], irinotecan[53,54], and pemetrexed[55]; but 
up to now, no conclusive results about an effective 
impact on survival. In contrast to other tumour types, 
with the exception of the negligible benefit showed 
by erlotinib[56], tested targeted therapies as cetuxi
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monotherapy is still the only therapeutic option (Figure 
1).

Additional therapeutic advances are expected from 
studies evaluating strategies for depletion stromal, 
inhibition pathways of cancer (i.e., Hedgehog, RAS-RAF-
MAPK and PI3K-AKT), new chemotherapeutic drugs (i.e., 
MM-398 irinotecan encapsulated into liposomal-based 
nano particles)[65,66], or the new era of immunotherapy. 
The identification of biomarkers continues to be clinically 
challenging but essential in order to tailor therapy 
to specific patients’ subgroups in which the maximal 
antitumour effect from novel agents can be obtained.

WHAT IS THE ROLE OF THE LINES OF 
CHEMOTHERAPY SUBSEQUENT TO THE 
FIRST?
Current knowledge
Outside the context of clinical trials[67], median OS in 
patients with metastatic PC is 2.8-5.7 mo. However, 
despite the aggressiveness of this disease, in recent 
years the better results obtained with first-line 
chemotherapy have allowed a wider use of second-
line treatments. In a retrospective study, the French 
and British oncologists analysed data of 400 patients 
treated for metastatic PC between 2009 and 2012. 
They collected patients' information about sex, age, PS, 

comorbidities, cancer-directed treatment, supportive 
care, adverse events and complications. The most 
common used first-line chemotherapy regimens were 
gemcitabine alone (46%), FOLFIRINOX (20.1%), 
gemcitabine/capecitabine (10.8%), and gemcitabine/
oxaliplatin (9.5%). Approximately 40% of patients 
received second-line systemic therapy, whereas less 
than 20% received third-line systemic therapy[68]. About 
45% of patients in phase Ⅱ-Ⅲ trial PRODIGE 4-ACCORD 
11 received second-line therapy. FOLFIRINOX, de
spite significantly higher chemotherapy-related adv
erse events, allowed a better Quality of Life (QoL) 
than gemcitabine[69]. Since the QoL of patients with 
metastatic PC is more influenced by disease symptoms 
than by chemotherapy-related toxicity, the second-
line chemotherapy could be a good option for selected 
patients. In a phase Ⅱ study, oxaliplatin-based regimen 
showed some activity in metastatic PC patients after 
failure of first-line chemotherapy with gemcitabine[70]. 
The CONKO-01 randomised phase Ⅲ multicenter 
study compared OFF (oxaliplatin, folinic acid and 5-FU 
24 h) to BSC in patients with PC progressing while on 
gemcitabine therapy. Stratification included duration of 
first-line therapy, PS, and tumour stage. Trial terminated 
prematurely, after the accrual of 46 patients instead 
of 165 planned, probably for patients and physicians 
unwillingness to a randomisation in a BSC arm. Median 
second-line survival was 4.82 mo with OFF treatment, 
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Clinical evaluation
(PS, patient preferences, 
good pain management, 
and adequate nutritional 

intake)

PS ECOG 0-1 PS ECOG 1-2

Folfirinox/
gemciabine-

abraxane

PS ECOG ≥ 2

or elderly
or with significant

comorbidities

Gemcitabine or BSCGemcitabine-abraxane

Figure 1  Proposal for the choice of the first line. PS ECOG: The eastern cooperative oncology group score of performance status; BSC: Best supportive care.
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compared to 2.30 mo with BSC. Median OS for the 
sequence GEM-OFF and for GEM-BSC was 9.09 and 7.9 
mo, respectively. The OFF regimen was well tolerated 
with 13% of grade Ⅱ/Ⅲ gastrointestinal toxicities. This 
randomised trial has supported the hypothesis of the 
benefit of second-line chemotherapy in comparison to 
BSC alone, for patients with PC[71]. A further phase Ⅲ 
trial, CONKO-003, evaluated the effect on survival of 
oxaliplatin added to 5-FU, on second-line therapy. This 
trial randomised 168 patients with disease progression 
during first-line gemcitabine therapy, to folinic acid and 
5-FU or oxaliplatin and 5-FU (OFF). In the OFF arm, 
the median OS and TTP were significantly extended in 
comparison to the 5-FU arm. The toxicities were similar 
between the two groups except for neurotoxicity, in 
38.2% of OFF group patients[72]. However, oxaliplatin-
based regimens for second-line chemotherapy have 
not given only positive outcomes. The PANCREOX trial 
randomised 108 patients after first-line gemcitabine, 
to mFOLFOX6 vs infusional 5-FU and folinic acid (5-FU/
LV). The study showed no difference in median PFS 
(3.1 mo vs 2.9 mo, P = 0.99). Moreover mFOLFOX6 
arm had a shorter OS and a higher patients number in 
mFOLFOX6 group withdrew for adverse events, thus 
the conclusion could be that this regimen is too toxic 
for this patients[73]. Irinotecan, alone or in combination 
with other drugs, could be another promising option for 
second-line therapy, in patients with metastatic PC after 
failure of gemcitabine. Also FOLFIRI has been proved, by 
some phase Ⅱ trials, to be a safe and potentially active 
regimen in this setting[74,75]. But a more interesting 
aspect is the availability of a new irinotecan formulation, 
encapsulated into liposome-based nanoparticles, poten
tially increasing drug stability and sustaining drug release 
in the tumour area. The NAPOLI-1 trial, a multicentre, 
open- label, three-arm, randomised phase Ⅲ trial, ran
domised 417 patients affected with metastatic PC, after 
prior gemcitabine-based therapy, to nano-liposomal 
irinotecan (MM-398) alone, or combined with 5-FU/LV, in 
comparison to 5-FU/LV. The combination of MM-398 + 
5-FU/LV significantly improved OS, PFS, TTF, and ORR in 
comparison to 5-FU/LV. Median OS was 6.1 and 4.2 mo 
respectively. And median PFS 3.1 and 1.5 mo. MM-398 
alone did not demonstrate any statistical improvement 
in efficacy. Many phase Ⅱ trials have investigated other 
therapeutic options as taxanes[76,77], capecitabine[78], 
S1[79], FOLFIRI and FOLFOX[80], FOLFIRINOX[81,82], nab-
paclitaxel[83] for the treatment of chemorefractory pati
ents, but more confirmation studies are needed.

Unmet needs and proposals
Given the evidence of some benefit from second-line 
therapy, questions still remain about which optimal 
drugs and regimens and for which patients. Moreover, 
available second-lines therapies further questions 
concern the optimal treatment sequences. For patients 
who received FOLFIRINOX in the first-line setting, the 
second-line option is often a gemcitabine-based therapy. 
The association nab-paclitaxel with gemcitabine proved 

to be effective in the front-line setting, but lack efficacy 
data in second-line setting. While, for the patients who 
received nab-paclitaxel and gemcitabine in the first-
line setting, an oxaliplatin-based treatment may be 
considered in the second-line (Figure 2). Choosing 
second-lines options very aggressive behaviour of PC 
and the relatively rapid QoL deterioration have not to be 
forgotten. The choice of second-line treatment should 
always be done with close attention to PS, patient’s age, 
the presence of comorbidities, and patient preferences.

ARE LOCOREGIONAL TREATMENTS 
ACHIEVABLE ALTERNATIVES TO 
SURGERY? ARE THEY USEFUL IN LAPC 
OR METASTATIC PC?
Current knowledge
Roughly 40% of PC diagnosis are of LAPC, because 
non-metastatic but unresectable disease, not suited to 
surgery with radical intent. So far, in this setting, sole 
palliative chemotherapy can only give slight survival 
improvement. But there are further options of several 
innovative local ablative therapies, including RFA, 
IRE, SBRT, high-intensity focused ultrasound (HIFU), 
microwave ablation (MWA), photodynamic therapy 
(PDT), and cryoablation (Table 1). Ablative therapies 
based on thermal tumour damage include RFA, HIFU, 
cryoablation and MWA while IRE, PDT and SBRT are 
non-thermal ablative methods. Actually, despite their 
proven safety, feasibility and reproducibility, novel 
ablative methods in LAPC or metastatic PC have still to 
demonstrate a benefit on survival in large prospective 
randomised studies[84].

Stereotactic body radiotherapy: In the last few 
years, SBRT gained increasing interest for its better 
and longer lasting outcomes, as well less toxicity than 
conventional EBRT. The SBRT can selectively deliver a 
higher dose of radiation to a target lesion, in single or 
multiple sessions. When using SBRT it is of paramount 
importance the precise delineation of the therapeutic 
target and the correct evaluation of possible target 
motion, in particular for pancreas, in a site affected from 
breathing movements. For this reason, the treatment 
planning uses four-dimensional diagnostic imaging. 
SBRT may be delivered using non-isocentric technique, 
IMRT, or volumetric-modulated arc therapy[85]. Despite 
the above mentioned characteristics which seem to 
improve some of the major limits of EBRT, the role 
of SBRT in LAPC and BRPC is not clearly defined yet, 
though some interesting preliminary evidence of its 
activity has been recently reported. As an example, in a 
single centre institution experience, the authors reported 
a median OS of 18.4 mo and median PFS of 9.8 mo 
in 88 patients affected by LAPC and BRPC treated with 
SBRT (2-30 Gy in five fractions on the planning target 
volume) with an acceptable toxicity profile (3.4% of 
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> G3 gastrointestinal toxicity)[86]. Furthermore, SBRT 
led to improved pain control in five out of six studies in 
which this outcome has been evaluated[87]. Moreover, 
as previously mentioned, SBRT can be delivered in asso
ciation with chemotherapy with interesting preliminary 
evidence of activity (e.g., gemcitabine). Some trials are 
currently ongoing trying to better clarify the role of SBRT 
in PC and its activity in association with more recent 
combination regimens (e.g., SBRT with FOLFIRINOX, 
NCT 02292745).

RFA is the commonest thermal ablative technique 
used to treat tumours. It causes both direct thermal 
destructive effect and stimulation of antitumour im
munity, through the expression of heat shock protein. 
RFA appears to be an attractive treatment for LAPC. 
According to the experience of Spiliotis et al[88] it should 

not be offered as an option for resectable PC, but it has 
shown to improve survival in 25 consecutive patients 
with inoperable LAPC who underwent palliative therapy 
with or without RFA. Median OS was 13 mo in patients 
receiving palliative therapy alone, compared to 33 mo in 
those who received RFA too (P = 0.0048). Moreover, RFA 
could be an option for patients with liver only metastasis 
in locally controlled PC. In a retrospective review by 
Park et al[89], RFA of liver metastasis was performed 
on 34 patients with PC, after the pancreatectomy or at 
the same time of the pancreatectomy. Median OS after 
liver metastasis treatment was 14 mo. In multivariate 
analysis, a single < 2 cm diameter liver metastasis and 
good or moderate differentiation were independent 
predictors for longer patient survival (P = 0.27, P = 
0.16)[90].
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Clinical evaluation
(PS, patient preferences, good 

pain management, and adequate 
nutritional intake)
Previous first line

(and its tolerability)

PS ECOG 0-2
First line: Folfirinox 
need of reducing 

symptoms

PS ECOG 0-2
First line: Gemcitabine 

+ nab-paclitaxel
need of reducing 

symptoms

Gemciabine

PS ECOG ≥ 3

BSCOxalipiatin regimen based

Figure 2  Proposal for the choice of the second line. PS ECOG: The eastern cooperative oncology group score of performance status; BSC: Best supportive care.

Combination Inclusion criteria Start Clinical trial identifier1 Expected end of accrual

FOLFIRINOX + SBRT T ≤ 7 cm, non-metastatic November 14 NCT02292745 November 20
RFA Unresectable, also metastatic June 14 NCT02166190 June 16
Cryoablation Borderline resectable/locally advanced November 14 NCT02336672 November 16
Radioembolization unresectable/failure of celiac alcholization Not available NCT01786850 Not available
Irreversible electroporation 
(PAN.FIRE)

T < 5 cm, non-metastatic September 13 NCT01939665 June 16

Table 1  Ongoing clinical trials about locoregional treatments in locally advanced pancreatic cancer

RFA: Radiofrequency ablation; SBRT: Stereotactic body radiation therapy; 1Data Available from: URL: http// www.clinicaltrials.gov (last access 2015 May 24). 
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Pancreatic Cryo Ablation (PCA) is a technique that 
uses single (or multiple) argon based probe in order to 
freeze the tumour. In most cases two cycles of freezing 
are used. It is currently used in several centers in the 
Far East for unresectable and often metastatic pancre
atic ductal adenocarcinoma. Reported complications 
include acute pancreatitis, bleeding, leakage of bile, 
and delayed gastric emptying. No randomised trials 
have evaluated the efficacy of cryoablation, but Niu 
et al[91] retrospectively assessed the effect of com
prehensive cryosurgery (ablation of intrapancreatic 
and extrapancreatic tumours) plus immunotherapy in 
106 metastatic PC patients (cryoimmunotherapy: 31 
patients, cryotherapy: 36 patients, immunotherapy: 
17 patients and chemotherapy: 22 patients). Median 
OS was higher in the cryoimmunotherapy (13 mo) and 
cryotherapy groups (7 mo) than in the chemotherapy 
group (3.5 mo; both P < 0.001) and was higher in the 
cryoimmunotherapy group than in the cryotherapy (P < 
0.05) and immunotherapy groups (5 mo; P < 0.001). In 
both the cryoimmunotherapy and cryotherapy groups, 
median OS was higher after multiple cryoablations 
than after a single cryoablation (P = 0.0048 and 0.041, 
respectively). A single institution retrospective review 
suggested effectiveness of PCA in palliation of cancer 
pain, on 62 patients, in combination with celiac plexus 
block. Some slight adverse effects (e.g., increased serum 
amylase, abdominal distension and nausea, abdominal 
bleeding) had disappeared by 3 wk, spontaneously or 
after symptomatic treatment. A significant difference 
was found between pretreatment and post-treatment 
pain frequency (P = 0.0019), regardless of the presence 
of advanced (P = 0.0096) or metastatic (P = 0.0072) 
cancer, and pain control was reported to last for more 
than 8 wk, without severe side effects[92]. 

Radio Embolization (RE) is a form of brachytherapy, 
which involves the direct intra-arterial delivery of radi
oactive isotopes close to or into a tumour. RE with 
intravascular yttrium-90 microspheres has been shown 
to be a safe and efficacious treatment of unresectable 
primary and metastatic hepatic tumours. RE is well 
tolerated with minimal toxicity. Patients may experience a 
short lasting post embolization syndrome, characterized 
by fatigue, nausea, abdominal pain, and/or a transient 
rise in liver function tests. RE for the treatment of liver 
metastasis from PC is investigational[93].

MWA is an emerging modality, performed either 
under percutaneous ultrasound guidance or through a 
laparotomy. Although operative temperatures may be 
higher with MW than with RFA, heat sink effects are less 
prominent, with less procedure related pain. Multiple 
probes can be used at the same time, reducing operative 
time. In a retrospective series[94], 10 patients with un
resectable LAPC were treated with MW and palliative 
bypass surgery. In 5 of them MW was administered 
percutaneously, while in the other 5 it was delivered 
during laparotomy. One late major complication occu
rred, without any visceral injury being detected. No 

patient underwent further surgery. All patients had an 
improvement in QOL. In conclusion, MW ablation is a 
feasible approach in the palliative treatment of PC, but 
further studies are necessary.

Trans Artherial Chemo Embolization it is an inter
ventional radiology procedure, of intra-arterial catheter-
based chemotherapy. The selective administration of 
small drug-coated particles allow high doses directly 
to the tumour bed while sparing the surrounding liver 
tissue. For reported very limited experience, regarding 
liver metastasis from PC, its use is purely investiga
tional[95].

PDT is a minimally invasive and safe method of 
treating cancer using an intravenous adinistered photo
sensitizer, activated by a specific wavelength of light, to 
kill tumour cells. The activated photosensitizer, produces 
singlet oxygen from molecular oxygen, which in turn 
causes tumour necrosis. There is also indirect cell death 
caused by induced hypoxia through tumour vasculature 
damage, without significant damage to connective 
tissues. The VERTPAC-01 trial investigated the safety 
and efficacy of PDT in 15 patients with LAPC using 
Verteroporphin. In 11 of 13 assessable patients, tumour 
size was stable at 1 mo, and in 6 of them stability was 
maintained at 3 mo. The technique proved to be feasible 
and safe and the authors concluded that it warrants 
further studies and may have a role in the multimodal 
treatment of PC[96].

HIFU The intention of a HIFU treatment is to deliver 
ultrasound energy to a well-defined targeted volume at 
depth, and to induce complete coagulation necrosis of 
the tumour. It can be administered with continuous or 
pulsed modality. HIFU doesn’t need the placement of a 
needle and it is characterized by a low rate of adverse 
events[87]. In a recent trial of HIFU, administered in 
addition chemotherapy or chemoradiotherapy to 30 
patients with stage Ⅲ/Ⅳ PC, the rate of symptom relief 
effect was 66.7% and the disease control-rate was 
86% (mainly stable disease). The procedure was well 
tolerated, with moderate adverse events occurred in 
10% of cases, mainly pseudocyst formation and mild 
pancreatitis[97,98].

IRE is a nonthermal ablative technique that uses 
ultrashort pulsed but very strong electrical fields. For
mation of nanopores and micropores in the lipid bilayer 
of cell membranes induces cancer cells apoptosis[99,100]. 
No results of randomised trial are currently available. 
In the largest prospective series in LAPC, 54 patients 
have undergone an open approach IRE for unresectable 
cancer. The outcomes were compared to those obt
ained in 85 matched stage Ⅲ patients, treated with 
chemotherapy and radiation therapy alone. The IRE 
procedure was given in addition to standard treatment: 
Chemotherapy or chemoradiation therapy in forty-nine 
(90%) patients and chemotherapy or chemoradiation 
after IRE in forty patients (73%). The 90 d mortality 
was 2%. IRE was associated with an increase in local 
progression-free survival (14 mo vs 6 mo; P = 0.01), 
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distant progression-free survival (15 vs mo 9 mo; P = 
0.02), and OS (20 mo vs 13 mo; P = 0.03)[101]. In a 
percutaneous approach IRE study, in 14 patients IRE 
was performed. All patients had received chemotherapy 
or radiation previously. Two patients underwent surgical 
resection with margin-negative and both had long 
disease-free survival (11 and 14 mo). There were no 
procedure-related deaths[100]. IRE appears to be feasible 
and safe, but it doesn’t improve OS compared with 
standard treatments, because of rapid progression of 
distant metastasis. IRE could be used as an additional 
treatment when surgical resection is possible but with 
hight risk of margin-positive (R1).

Regional intra-arterial chemotherapy: Intra-arterial 
chemotherapy aims both to increase drug concentrations 
in tumours tissues and to maintain low systemic drug 
levels. A recent meta-analysis and systematic review 
of randomised controlled trials included 155 patients 
receiving Regional Intra-Arterial Chemotherapy (RIAC) 
and 143 patients receiving systemic chemotherapy[102]. 
The RIAC efficacy seems to be evidenced by response 
rates of 58.06% with RIAC vs 29.37% with systemic 
treatment. Also, clinical benefit seems to be in favor of 
the RIAC (78.06% vs 29.37% respectively). The median 
survival time with RIAC (5-21 mo) was longer than 
for systemic chemotherapy (2.7-14 mo). Side effects 
were fewer in patients treated with RIAC (49.03%) 
than in those treated with systemic chemotherapy 
(71.33%), but the only statistically significant difference 
was for hematological side effects (60.87% vs 85.71% 
respectively). Despite these results, RIAC is not 
commonly used in clinical practice because it is invasive 
and requests hospitalization, with consequent risks of 
complications. A possible application of this technique, to 
further explore, could be in the neoadjuvant setting, in 
order to increase the resection rates and then probably 
OS with local advanced PC[103].

Unmet needs and proposals
Locoregional therapies alternative to surgery and 
radiation, for unresectable PC, are attractive and a 
number of studies demonstrated that they are feasible 
and reproducible. All of them should be considered 
as having a complementary role in the multimodal 
management care model. In metastatic setting, few 
data are available, most of them concerning RFA, these 
could be a safe and feasible strategy for extending 
survival in selected patients. Albeit several studies have 
anyway shown improved outcomes (changes in stage, 
diagnosis, or treatment plan), long-term survival data 
are lacking. Large prospective randomised studies are 
mandatory to assess the efficacy of these techniques 
and define their role/position in future treatment algo
rithms for the management of LAPC. Their main interest 
is in the context of a multidisciplinary-team patient 
evaluation, that is the best option to help patients cope 
with this challenging cancer[104-106].

IS MOLECULAR BIOLOGY THE NEW 
ROUTE IN DIAGNOSIS AND THERAPY?
Current knowledge
PC has a mean of 50 to 60 somatic mutations in protein-
coding genes and at least 4 to 6 of them are driver mut
ation-driven in proto-oncogenes or tumour suppressor 
genes[106]. In addition, these somatic mutations are 
distributed in several key molecular pathways, probably 
ten or more[107], thus facilitating the acquisition of both 
intrinsic and secondary resistance to chemotherapy and 
targeted agents.

The commonest genome aberrations of PC are[108]: 
(1) the chromosomal rearrangements, widespread 
among the cancer genome and very common; (2) the 
KRAS oncogene mutated in nearly 90% of PC; (3) the 
tumour-suppressor genes TP53, SMAD4 e CDKN2A 
inactivated in more than 50% of cases.

Some key features of PC have been recently elucid
ated by the results of whole genome analyses of 100 
cases of PC[109]. In particular, according to structural 
variations profiles and implicated molecular mechanisms 
underlying, PC can be classified into 4 subtypes defined 
as: (1) “stable”, 20% of cases, with low (< 50) structural 
variation events and frequent aneuploidy, suggesting 
defects in cell cycle/mitosis mechanisms; (2) “locally 
rearranged”, 30% of all samples, exhibiting a significant 
focal event in 1 or 2 chromosomes. In nearly one-third 
of cases it was present a gain of known oncogenes, 
mainly KRAS, SOX9 and GATA6, but also therapeutic 
target genes as ERBB2, MET, CDK6, PIK3CA, but with 
a low individual prevalence; (3) “scattered”, 36% of 
samples, exhibiting a moderate range of non-random 
chromosomal damage and less than 200 structural 
variation events; (4) “unstable”, 14% of cases, with 
a large (> 200) number of structural variation events 
suggesting defects in DNA maintenance including both 
mutations in BRCA pathway and mutations in other 
pathways involved in genomic instability, with a possible 
association with sensitivity to platinum agents and PARP 
inhibitors.

Moreover, the techniques of circulating cell-free 
tumour DNA (cfct-DNA) or circulating tumour cells, even 
if there are still very limited data in PC, seem a very 
interesting and promising way to study dynamically the 
global amount of cancer mutation. The cfct-DNA can 
be detected in respectively > 75% and 48% of patients 
with advanced or localized PC[110]. 

Unfortunately, up to now no single targeted agent, 
in preliminary clinical and preclinical data, has dem
onstrated to have a relevant impact on the natural 
history of metastatic PC. Strategies employed in these 
trials have involved mainly the inhibition of EGFR-MEK 
pathway and farnesyl-transferase. Targeted agents 
have been studied in PC mainly in combination with 
standard chemotherapy, in most cases gemcitabine. 
The association of chemotherapy with targeted agents 
blocking a single pathway in a molecularly unsele
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cted PC population has not led to relevant increase of 
treatment outcomes as, for example, in the case of 
erlotinib, tipifarnib, anti MEK-drugs like selumetinib and 
trametinib, trastuzumab and bevacizumab. Strategies 
involving a multiple blockade seem more promising due 
to the complexity of PC genome: Available clinical data 
and ongoing trials in this setting are described in Tables 
2 and 3[111-115]. Data about multiple pathway inhibition 
strategies are available only in preclinical models[116].

A very peculiar feature of PC is its ability to promote 
the growth of a complex peritumoural stroma, with 
desmoplasia and altered vascularization. This surroun
ding environment greatly hinders antitumour drugs to 
reach active concentration into the tumour[117]. As far as 
inhibition of stroma is concerned, some recent preclinical 
data showed a possible benefit from hyaluronidase, 
an enzyme able to dissolve extracellular matrix[118], 

which is being tested in association with chemotherapy. 
Moreover, in a preclinical model, the concurrent adm
inistration of gemcitabine plus saridegib, a multiple Hed
gehog signalling pathway inhibitor, increased vascular 
density and intratumoural concentration of gemcitabine. 

Clinical data about these approaches are resumed in 
Table 4[119-122]. Results from phase Ⅱ and phase Ⅲ trials 
exploring other treatment targets, as Hedgehog path
way, angiogenesis and immune regulation are expected 
in the next years[111]. Both the genomic instability and 
the complex tumour-stroma interactions promote the 
development of a relevant spatial and temporal molecu
lar heterogeneity[123].

PC stem cells (PCSCs) are believed to promote 
tumour growth and progression through a number of 
mechanisms, including differentiation into bulk tumour 
cells, metastasis, alteration of adjacent stromal cells, and 
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Combination Molecular targets Frequence of mutation1 Setting/combination Results

Everolimus + Erlotinib mTOR + EGFR +, + Phase Ⅱ, 16 patients, chemo-
refractory

No responses
(Javle 2010)
Bevacizumab + Erlotinib VEGF + EGFR +, + Phase Ⅲ, 301 patients, plus GEM + 

ERLO
No increase in OS respect GEM+ ERLO

(Van Cutsem 2009)
Cixutumumab + Erlotinib IGF-1R + EGFR +, + Phase Ⅰb/Ⅱ, 126 patients, plus GEM No increase in PFS and OS respect GEM 

+ ERLO(Philip 2014)
Sunitinb (Bergmann 2015) VEGFR + PDGFR +, + Phase Ⅱ, 106 patients, 1st line, plus 

GEM
No increase in TTP and OS respect GEM

Table 2  Available clinical results about multitarget inhibition in pancreatic adenocarcinoma

GEM: Gemcitabine; ERLO: Erlotinib; Nab-P: Nab-paclitaxel; OS: Overall survival; PFS: Progression-free survival; mTOR: Mammalian target of rapamycin; 
EGFR: Epidermal growth factor receptor; IGF-1R: Insulin-like growth factor 1 receptor; VEGFR: Vascular endothelial growth factor receptor; PDGFR: 
Platelet-derived growth factor receptor; TTP: Time to progression. 1To obtain this parameter, a mean between the frequency of somatic mutations in the 
target was calculated from the paper by Biankin et al[108] and Waddel et al[109], Figure 1. Three parameter were possible: +++ ≥ 75%, ++ > 50%, + ≤ 50%.

Combination Target Frequence of 
mutation1

Setting Clinical trial 
identifier2

Expected end 
of accrual

Dovitinib FGRFR + PDGFR + VEGFR +, +, + Phase Ⅱ, + GEM and CAPE NCT01497392 Sep-16
Trastuzumab + Erlotinib EGFR2 + EGFR +, + Phase Ⅱ, + GEM NCT01204372 Apr-15
MEK162 + Ganitumab MEK1 + IGF-1R +, + Phase Ⅱ, multi-disease, chemorefractory NCT01562899 Apr-15

Table 3  Ongoing clinical trials about multitarget inhibition in pancreatic adenocarcinoma

GEM: Gemcitabine; MEK 1: Mitogen-activated extracellular signal regulated kinase 1; CAPE: Capecitabine. 1To obtain this parameter, a mean between the 
frequency of somatic mutations in the target was calculated from the paper by Biankin et al[108] and Waddel et al[109], Figure 1. Three parameter were possible: 
+++ ≥ 75%, ++ > 50%, + ≤ 50%; 2Data Available from: URL: http// www.clinicaltrials.gov (last access 2015 May 24).

Combination Target (s) Setting Clinical trial identifier1 Expected end of accrual

Demcizumab Cancer stem cells by DLL4 
inhibition

Phase Ⅰb, plus GEM +/- Nab-P NCT01189929 Concluded. presented at ASCO 2014: 
Increase in ORR, cardiovascular toxicity(Gracian 2014)

Ruxolitinib 
(Hurwitz 2014)

Inflammation by JAK/STAT 
inhibition

Phase Ⅱ, 2nd line, plus CAPE NCT01423604 Concluded. presented at ASCO 2014: 
Benefit in patients with elevated CRP

PEGPH20 HA by Pegylated-
hyaluronidase

Phase Ⅱ, 1st line, plus GEM NCT01453153 Concluded. presented at ASCO 2013: 
ORR 33%, especially in patients with high 

HA expression
(Hingorani 2013)S

‘’ ‘’ Phase Ⅱ, plus GEM + Nab-P NCT01839487 July 16

Table 4  Available and ongoing clinical results about drugs targeting mainly stroma in pancreatic adenocarcinoma

CAPE: Capecitabine; CRP: C-reactive protein; GEM: Gemcitabine; HA: Hyaluronic acid; ORR: Objective response rate; DLL4: Delta like ligand 4; ASCO: 
American society of clinical oncology; JAK/STAT: Janus kinase/signal transducer and activator of transcription; Nab-P: Nab-paclitaxel. 1Data Available 
from: URL: http// www.clinicaltrials.gov (last access 2015 May 24).
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evasion of conventional therapies. Possible strategies 
to target PCSCs involve inhibiting specific proteins and 
pathways, such as c-Met, Alk-4, Notch pathway and 
gamma-secretase. These approaches are in a preclinical 
stage of development[124] (Table 3).

Regarding epigenetic modifications, key tumour supp
ressors genes, with a well-established role in PC, may 
be altered through hypermethylation. And permissive 
histone modifications may be the cause of oncogenes 
upregulation. Moreover, factors involved in tumour 
invasiveness can be aberrantly expressed through der
egulated microRNA. In this perspective, a potential 
therapeutical target in order to modify epigenetics is the 
enzyme enhancer of zeste homolog 2 (codified by the 
gene EZH2) which, when overexpressed, contributes to 
PC growth. Only preclinical data are available[125].

Unmet needs and proposals
Although presenting a molecular landscape shared with 
other neoplasms (e.g., colorectal and breast cancer) PC 
has a worse prognosis. As described above, the very 
complex genomic landscape with the simultaneous 
activation of multiple relevant pathways and the com
plexity of cancer microenvironment could be key factors 
in determining the disappointing results of targeted 
agents in PC. From a clinical point of view, due to the 
increasing availability of targeted agents, a deeper 
understanding of PC’s biology is desirable and remains 
the mainstay of clinical research in PC.

The recent availability of next-generation sequencing 
techniques and the creation of joined multicenter wor
king groups has greatly increased the knowledge of the 
mutational landscape of PC and raised the possibility 
to perform a personalized medicine even in such as 
“distressing” setting[126].

Starting from the current knowledges, possible 
research strategies to improve the results of targeted 
agents could be the simultaneous inhibition of multiple 
pathways, the combination of stroma targeting agents 
with other possibly effective drugs (e.g., chemotherapy), 
targeting PCSCs, targeting epigenetic alterations.

Moreover, the heterogeneity of the disease has to 
be taken in account. A better knowledge of pathways 
and targets and of distinct genetic features can help in 
defining prognostic and predictive factors to select or 
stratify patients accrued in clinical trials. As an example, 
a significant proportion of subtype 2/locally arranged PC 
harbor mutations in “druggable” genes (as ERBB2 and 
MET) and many subtype 4/unstable PCs have defects 
in DNA repair mechanisms suggesting the hypothesis 
this group could have a particular sensitivity to platinum 
agents and PARP inhibitors, to prospectively test in 
further trials.

CONCLUSION
Despite new biomolecular knowledge and the efforts 
to define new therapeutic approaches in PC in all the 

setting of care, there are still many unresolved issues. 
In fact, starting from the definition of resectable disease 
to the evaluation of the best locoregional treatment 
in LAPC, everything today is constantly evolving in 
clinical practice and there is still no uniformity of view 
from center to center. Moreover in the era of cancer 
treatment based on specific molecular alterations and of 
immunotherapy rather than chemotherapy, PC seems 
to go against the grain. Disappointing results of targe
ted therapy studies have not allowed us to add new 
weapons to systemic treatments, and immunotherapy 
is still object of clinical trials. Furthermore, the high 
biological aggressiveness of PC and the incomplete 
knowledge of the biology of this disease have hampered 
the development of new more efficacious strategies of 
target selection and drug development. Hence, PC is 
still an undefeated enemy, with high and early mortality, 
high genetic complexity and lack of prognostic and 
predictive factors that can drive the clinical decision. 
Efforts to define and validate prognostic and predictive 
factors as well as the genetic and molecular basis that 
can help the oncologist in everyday clinical practice 
must be carried over. A multidisciplinary team is crucial 
in order to rapidly and effectively translate clinical and 
preclinical findings into valuable and applicable data for 
the clinical setting.
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