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Outline 

• Where we are in the medical treatment 

• What we achieved till now by using targeted 
agents 

• What is “new” in the biology of pancreatic 
cancer and how it may influence the clinical 
practice and trials in the future (near!) 



Where are we in the treatment of 
advanced pancreatic cancer? 

We have a standard and half: 

 

Gemcitabine 
(1997) 

 

Folfirinox 
(2011) 

 



Folfirinox 

	

Patient selection: 
 

• Good performance 
status 

• No biliary stent 
• Metastatic disease 

Faloppi L, submitted 

Biliary stenting  may affect the outcome in 
advanced pancreatic cancer patients 
receiving an intensive chemotherapy. 
  
 



Outline  

• Where we are in the medical treatment 

• What we achieved by using targeted agents 

• What is “new” in the biology of pancreatic 
cancer and how it may influence clinical 
practice and future trials 



Molecular pathology in pancreatic cancer:  
Target identification and agent development 

• Tumor cells 
– K-ras     tipifarnib 

– Metalloprotease  marimastat 

– EGFR     erlotinib/cetuximab 

– HER-2     trastuzumab 

• Microenviroment 
– VEGF A    bevacizumab 

– VEGFR 1,2,3   axitinib 

– VEGFR3; RAF/MEK  sorafenib 
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HER Family - Her2 

HER-2 expression does not represent a relevant molecular 

alteration in advanced pancreatic cancer patients: preliminary 

results from a multifactorial biological analysis. 

 

Results: 62 specimens were analyzed in our centre. 30 samples 

were K-ras wild-type, 70% of these were EGFR positive. While 32 

samples have a mutant form of K-ras, 87.5% were EGFR positive. 

HER-2 resulted negative in all specimens. In the K-ras wild-type 

group, 17% have high expression of HER-3, 20% a low one; in 

mutant K-ras group 16% are high expressing while 34% have a low 

HER-3. 
Conclusions: Our analysis show a low rate of k-ras mutations (52%) 

and seems to suggest that anti-EGFR strategies may represent an 

interesting treatment option in pancreatic cancer as long as a 

preliminary molecular selection is applied. Numerous international 

trials are evaluating the role of new drugs targeting HER2 in 

association with chemotherapy in metastatic pancreatic cancer. On 

the contrary, our data suggest that HER-2 directed therapies are not 

likely to represent a relevant choice in this setting. 



Molecular pathology in pancreatic cancer:  
Target identification and agent development 

• Tumor cells 
– K-ras     tipifarnib 

– Metalloprotease  marimastat 

– EGFR     erlotinib/cetuximab 

– HER-2     trastuzumab 

• Microenviroment 
– VEGF A    bevacizumab 

– PDGF     axitinib 

– PDGF     sorafenib 

 







Maps Study 

Locally advanced or  

metastatic  

pancreatic  

cancer patients, 

 PS=0/1 

Gemcitabine 1000 mg/sqm day 1 and 8 

Cisplatin 25 mg/sqm day 1 and 8 

every 21 days 

Gemcitabine 1000 mg/sqm day 1 and 8 

Cisplatin 25 mg/sqm day 1 and 8 

every 21 days 

Sorafenib 400 mg bid 

GISCAD 



Should we be optimistic about the 
role of target agents, yet? 

  

 



Multifaceted Biology of PDA

Hidalgo M, et al. Clin Cancer Res. 2012;18(16):4249-4256. PDA, pancreatic ductal adenocarcinoma

The knowledge of tumor biology: 
From the wrong targets to the “good” targets 

Multifaceted Biology of PDA

Hidalgo M, et al. Clin Cancer Res. 2012;18(16):4249-4256. PDA, pancreatic ductal adenocarcinoma

 

• SPARC 

• Notch 

• Hedgehog 

• TLR 2/4 



SPARC Plays a Key Role in Tumor 
Growth and Metastasis

• SPARC is a secreted Ca2+ binding & albumin binding glycoprotein of 43 kDa

• SPARC is overexpressed in many tumors and throughout development

• Highest expression during tissue remodeling and repair

• Positive feedback loop with VEGF & TGF-b1

• Mediates epithelial-mesenchymal transition

• Involved in metastatic cell aggressiveness

Motamed. Intl.J Biochem. Cell Biology 1999;31: 1363-6; Brekken and Sage. Matrix Biol  2002;8:816-27; 

Podhajcer et al. Cancer Metastasis Rev 2008;27:691-705. 

SPARC plays a key role in tumor growth 
and metastasis 



Paclitaxel Albumin + Gemcitabine in Patients 
With Metastatic Pancreatic Cancer: Survival

Von Hoff et all. JCO 2011 Oct 3. Epub ahead of print.
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Paclitaxel albumin 125 mg/m2 (n = 44)

12.2 months

Von Hoff DD, et al. J Clin Oncol. 2011;29(34):4548-4554.

nab-Paclitaxel
1. Cremophor-free colloidal suspension of nanoparticle paclitaxel stabilized 

with human serum albumin (130 nm particles)

2. Rapid distribution to tumor1

3. Intratumoral accumulation of nab-paclitaxel2

Imaged Tumor

Fluorescent nab-paclitaxel 

nanoparticles in syringe injected via tail

vein

1. Sparreboom A, et al. Clin Cancer Res. 2005;11(11);4136-4143.  2. Desai N, et al. Clin Cancer Res. 2006;12(4):1317-1324.

nab-Paclitaxel
1. Cremophor-free colloidal suspension of nanoparticle paclitaxel stabilized 

with human serum albumin (130 nm particles)

2. Rapid distribution to tumor1

3. Intratumoral accumulation of nab-paclitaxel2

Imaged Tumor

Fluorescent nab-paclitaxel 

nanoparticles in syringe injected via tail

vein

1. Sparreboom A, et al. Clin Cancer Res. 2005;11(11);4136-4143.  2. Desai N, et al. Clin Cancer Res. 2006;12(4):1317-1324.

Paclitaxel albumin in pancreatic cancer: 

SPARC 



Paclitaxel albumin + gemcitabine in patients 

with metastatic pancreatic cancer: SPARC 

• SPARC status was evaluated in 

36 patients 

• A significantly longer OS was 

reported in the high SPARC vs low 

SPARC group  

– Median OS: 17.8 vs 8.1 mo, 

p=0.0431 

• SPARC level remained a 

significant predictor for OS after 

adjusting for clinical covariates (eg 

age, sex, race, baseline CA 19-9) 

(p=0.041) 

• Stromal SPARC correlated with 

OS (p=0.013) but SPARC in 

tumour cells did not (p=0.15) 

 
Von Hoff et al. J Clin Oncol  2011. 
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Warning:  
targeting SPARC could be not always useful 

and effective 



From the wrong targets  
to the “good” targets? 

 

• SPARC 

• Hedgehog 

• Notch1 

• TLR 2/4 and inflammation 



• Hedgehog signaling pathway is a crucial regulator                                            
of proliferation and differentiation during embryonic                       
development. 

• Hedgehog overexpression in 70% of pancreatic cancer  
• Hedgehog signaling is activated as a consequence of K-RAS deregulation 
• Hedgehog is responsible for tumor desmoplasia and EMT 

 JOP. J Pancreas (Online) 2011 Jan 5; 12(1):1-5. 
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phase II study of the triple combination of GDC-0449, 

nab-paclitaxel and gemcitabine in the first line setting 

of pancreatic cancer. The fourth is a trial that focuses 

on the pancreatic cancer stem cell population after 

treatment with GDC-0449 plus gemcitabine in the first 

line as a primary objective. Another interesting 

randomized phase Ib/II study with a different SMO 

inhibitor, IPI-926 in combination with gemcitabine or 

placebo is under way for patients in the first line of 

pancreatic cancer (Table 1). 

Last but not least, there is an additional clinical trial 

that will test GDC-0449 in pancreatic cancer patients 

and will start recruitment soon (Table 1). 
 
Discussion 
 
The unraveling of the role of the hedgehog pathway in 

cancer biology, and specifically in pancreatic 

adenocarcinoma, has been emerging during the past 

five years. In this review we go through the majority of 

studies that provide preclinical data and rationale for 

designing clinical trials. 

The notion of a hedgehog based paracrine loop 

between the tumor and its microenvironment was first 

introduced for prostate cancer [35]. There is a wealth 

of data that supports the notion of paracrine action of 

hedgehog ligands to the adjacent stroma in pancreatic 

adenocarcinoma. There is also evidence that indicates 

the activation of the hedgehog pathway in tumor cells, 

by ligands like TGFbeta or the KRAS pathway rather 

than the hedgehog ligands themselves. However, there 

are a lot of questions to be answered from future 

research: the exact mechanism that tumor cells interact 

with their microenvironment through the hedgehog 

pathway and especially how the stroma influences 

tumor cell proliferation and survival is unknown to a 

large extent. Furthermore, the role of a possible 

autocrine loop where hedgehog ligands might activate 

Gli2 in tumor cells, especially in cancer initiating cells 

is still an open question. Last but not least, the cross 

talking of the hedgehog pathway with other pathways 

in pancreatic cancer remains to be further illuminated. 

Figure 1 illustrates the current knowledge about the 

hedgehog pathway in pancreatic adenocarcinoma. 
 
Summary 
 
The present studies provide the rationale for the first 

clinical trials with hedgehog inhibitors in the various 

settings of pancreatic adenocarcinoma. Possible 

synergistic role of hedgehog inhibitors with 

chemotherapy like gemcitabine, as well as biologics 

like tyrosine kinase inhibitors might introduce novel 

combinations as treatment options. The involvement of 

the hedgehog pathway in pancreatic cancer stem cell 

biology and the preclinical data that show prevention 

of metastases and inhibition of occult tumors, imply 

that such inhibitors can be tested in the adjuvant setting 

of pancreatic cancer. Poor chemotherapy delivery 

might be the reason for the discrepancy in the 

efficiency of the various regimens between clinical 

trials and in vitro or mouse models. The effect of 

hedgehog inhibitors in tumor vasculature and 

chemotherapy delivery is suggestive of a possible role 

of those compounds in locally advanced and metastatic 

disease. 

Careful design of clinical trials that takes into account 

the preclinical data is mandatory. The translational 

analysis of the clinical trials can unravel exciting 

aspects of the role of the hedgehog pathway in the 

biology of pancreatic adenocarcinomas and is equally 

important. 

Figure 1. Sonic hedgehog (SHH) ligand is produced from pancreatic ductal adenocarcinoma cells and acts mainly in a paracrine way to release SMO

from PTCH control, in the tumor microenvironment. Subsequently, smoothened homolog (SMO) causes Gli to locate to the nucleus and activate a 

number of genes that promote survival and proliferation of the tumor cells. The tumor cells themselves, can activate the hedgehog pathway through

SMO independent signals like TGFbeta. Mutated KRAS blocks the autocrine loop of hedgehog action in favour of the paracrine loop. 

mtKRAS: mutated KRAS; PDAC: pancreatic ductal adenocarcinoma; SHH: sonic hedgehog; PTCH: patched; SMO: smoothened 

Hedgehog and pancreatic cancer  



TGFβ 

inflammation 

Tumor 
cell 

Pancreatic 
stellate 

cells 

CXCL2 

CXCR4 

Hedgehog 

EMT 

Hedgehog and pancreatic cancer  

Hedgehog 



Hh Inhibition Increases Vascularity 
and Antitumor Effects 

Olive KP, et al. Science. 2009;324(5933):1457-1461.

Hh inhibition increases vascularity and 
antitumor effects 



 Notch and pancreatic cancer 

 

         

 

 

   K-Ras mutation        Notch1                     
      

• NOTCH signaling pathway is an evolutionarily conserved pathway that 

plays a major role in cell fate decisions in various tissues during the 

development of multicellular organisms 

• Down regulation of NOTCH determines a reduction of cell growth and 

cell survival; K-RAS mutation activates NOTCH signaling 



The role of inflammation in pancreatic cancer 

Initiating tumor 

cells 

Exogenous 

Obesity; alcohol; 
pancreatitis 

Endogenous 
(induced by 
tumor cells) 

K-ras (IL-8) 

DAMPs 

HMGB1 

Nucleic acid 

Chronic 
inflammation 

Macrophages 
Dendritic cells 

Mast-cells 

Processes 
mediated by  

TLR 2/4 

Host polymorphisms 
IL-1B; TLR; TS, …. 

TGF-B; IL-10; NO2 

Genomic instability 

HER-2; IGF-1;  

C-MET; MTOR 

metalloprotease 

Hedgehig 
Notch 

Epithelial 
mesenchimal 

transition 

     Tumor 

desmoplasia 

IL-1B; IL-
6  Myeloid derived suppressor cells 

TGF-B Pancreatic stellate cells 

Nitric 
oxide VEGF 

Progression 

Initiation 

Cascinu, 2012 



110 pancreatic cancer patients.  
Preliminary results on 60 patients 

SPARC 
stroma 

SMAD 
inact. 

Notch Hedgehog EMT metastatic Locally 
advanced 

Mut 
42 

72% 75% 90% 80% 75% 36 6 

K-RAS 

Wt 
18 

28% 14% 15% 5% 20% 3 15 



Potential implications of these data 

• Inflammation: a key role in tumor progression and in 
tumor heterogeneity.  It may be a relevant target for 
prevention and therapy 

• Hedgehog and Notch: not only promising therapeutic 
targets but can allow the identification of tumors at 
risk of developing early metastases and resistant to 
treatment (desmoplasia and EMT)  

• Locally advanced and metastatic disease:  probably 
not different stages but tumors with different 
activated pathways (role of radiotherapy!). 

• KRAS wt tumors: around 30-40%, representing a 
different entity from KRAS mut 

 




