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Come da nuova regolamentazione della Commissione Nazionale per la Formazione Continua del  Ministero della Salute, è richiesta la 
trasparenza delle fonti di finanziamento e dei rapporti con soggetti portatori di interessi commerciali in campo sanitario.  

•    Posizione di dipendente in aziende con interessi commerciali in campo sanitario: NIENTE DA DICHIARARE 

•    Consulenza ad aziende con interessi commerciali in campo sanitario: NIENTE DA DICHIARARE 

•    Fondi per la ricerca da aziende con interessi commerciali in campo sanitario: NIENTE DA DICHIARARE 

•    Partecipazione ad Advisory Board:NIENTE DA DICHIARARE 

•    Titolarietà di brevetti in compartecipazione ad aziende con interessi commerciali in campo sanitario: NIENTE DA 

DICHIARARE 

•    Partecipazioni azionarie in aziende con interessi commerciali in campo sanitario: NIENTE DA DICHIARARE 

•    Altro 



Dr. Francesco Pasqualetti 
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“Effetti  biologici dei farmaci a bersaglio molecolare 
 sulle  metastasi  cerebrali” 



A Valid Target is: A target that when modulated pharmacologically, provides 
meaningful efficacy and acceptable safety for specific human disease in 
longterm clinical usage.  

Target Validation is: The process of demonstrating in a clinical trial that 
engaging the target provides statistically meaningful therapeutic benefit with 
acceptable safety for a given indication. 

Target Qualification is: Preclinical or limited clinical studies prior to well 
powered clinical trials, that establish the scientific validity and safety of a drug 
target; it is part of the continuum of target validation.  

Target Identification is: The generation of scientific evidence that a 
manipulatable able target is involved in some significant way in a disease 
process 





200,000 cases of brain metastases occur each year in the US 

20-40% of patients with systemic cancers develops brain metastasis 
during the course of their disease (withan an ever greater incidence 
at autopsy) 

Brain metastases are associated with poor prognosis, neurological 
deterioration, diminished quality of life, short survival 

Most brain metastasis are the prodict of primary tumor that originate 
in the lung (40%-50%), breast (15%-20%), skin (5%-10%) 

Gavrilovic IT, J Neurooncol 2005 
Patchell RA, Cancer Treat Rev 203 
Cruz-Munoz W, Semin cancer Biol 2001 
Lassman AB, Neurol Clin 2003 



Metastases are the end result of a 
multistage process 

•   Local invasion by the primary tumor 

•   Intravasation into the blood or lymphatic system 

•   Survival in circulation 

•   Arrestat distant organ and metastatic colonization 

Obenauf, A.C., Trends in Cancer, 2015 



Brain metastases are the end result of 
further  multistage process 

Patricia S. Steeg,  

Tumor cells elongate their shape along 
vessel, adhere to the vascular basement 

membrane via B1 integrins.  
Tumor cells  proliferate 
and invade while on top 

of the vascular 
basement membrane  

The metastatic niche 
is altered by 
neuroinflammation 



 Astrocytes can enable 
the growth of brain 

tropic tumor cell lines 
in co-culture 
experiments  

Astrocytes 

Tumor cell factros (macrophage 
inhibitory factor, Il-8 and 

plasminogen activator inhibitor-1) 

Tumor cells 

Proliferative factors for 
the tumor cells (IL-6, 

IL1B and TNF) 

Seike T, Clin. Exp Metastasis 2001 

The outcome of brain metastasis is dependent on the 
interaction that takes place between tumor cells and CNS 

microenvironment 



Depending on the histological type: 

Cancer cells grow by forming new blood vessels (angiogenesis)  
High level of VEGF-A 

Develop by growing along pre-existing blood vessels (valscular co-
option) 
Low level of VEG-A 

Jubb AM, Br. J. Cancer, 2011 
Gandhi P.A.,Clin. Camcer Res., 2012 

Angiogenesis plays a crucial role in tumor growth, metastasis and 
response to chemotherapy 

Complex vascular changes are evident during parenchymal colonization 



 The BBB prohibits adequate amounts of CT or 
targeted therapy from reaching   the brain mts 

In patients without brain metastases, the ratio of 
trastuzumab in plasma to trastuzumab in 
cerebrospinal fluid is >300:1 

Pestalozzi J Am Soc Clin Oncol, 2000 
Stemmler HJ, Oncol, 2008 

Why chemotherapy usually fails 



Why chemotherapy usually fails 

 Brain mts may result from 
late development after 

multiple cycles of CT and 
can reflect accumulated 

mutations 

To develop brain mts tumor 
cells acquire must acquire 
several mutations different 

from other systemic mts Patients with brain metastases are 
excluded from clinical trials 



HER2 is a member of the human EGFR  family. 

Amplification or over-expression of 
this oncogene has been shown to play an 
important role in the development and 
progression of certain aggressive types of breast 
cancer 

The dual tyrosine kinase inhibitor targeting 
EGFR and HER2 Lapatinib has been developed 
for pts with breast cancer that have developed 
resistance to trastuzumab 

Mitri Z Chemotherapy Research and Practice, 2012 
Erin G. Worral, 2012 

Breast Cancer 





Single-arm phase 2, open-label, multicentre study 

Eligible patients had HER2-positive metastatic breast cancer with brain metastases not 
previously treated with WBRT capecitabine, or lapatinib. 

 Tretament was given in 21 day cycles: patients received lapatinib (1250 mg, orally) 
every day and capecitabine (2000 mg/m², orally) from day 1 to day 14. 

 The primary endpoint was the proportion of patients with an objective CNS response, 
defined as a 50% or greater volumetric reduction of CNS lesions in the absence of 
increased steroid use, progressive neurological symptoms, and progressive extra-CNS 
disease.  



Results: 

45 pts with a median follow-up of 21·2 months (range 2 were enrolled·2–27·6)  

Objective response rate of 65.9 %, with a median time to progression of 5.5 
months and a 1-year survival rate >70 %  

Median time to WBRT accounted 8.3 months 

22 pts  (49%)  G3 or G4 treatment-related adverse events 
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Laboratory and clinical 
evidence supports the 
central role of angiogenesis 
in the progression of breast 
cancer 

VEGF stimulates endothelial 
proliferation and migration, 
inhibits endothelial 
apoptosis, induces 
proteinases that remodel the 
extracellular matrix, 
increases vascular 
permeability and 
vasodilatation, and inhibits 
antigen-presenting dendritic 
cells 

Miller, K., NEGM 2007 



From December 2001 to May 2004 
722 patients were enrolled 

The primary end point was 
progression-free survival; overall 

survival was a secondary end 
point 



Conclusions: Initial therapy of metastatic breast cancer with paclitaxel plus 
bevacizumab prolongs progression-free survival, but not overall survival, as 
compared with paclitaxel alone 



The use of drugs targeting the 
proteins of mutated EGFR and 
ALK genes has become 
standard of care in the 
systemic treatment of 
metastatic NSCLC  
(gefitinib, erlotinib, afatinib) 

The mutation status of tumors 
is usually derived from 
biopsies obtained at 
extracranial sites, and thus, 
does not necessarily 
guarantee a mutation in the 
sub-clones within the brain 

Xiaoling S., Onco Reviews, 2015 



136 NSCLC patients with resected BM, in which 
an EGFR mutation was identified in 57% of the 
BM, found a con- cordance rate of 93.3% in the 
EGFR mutation status between the primary 
tumor and BM 

In this same cohort of patients, the median OS 
was 24.5months in the EGFR mutation group, 
compared to 15months in thewild-type group. 
This finding is consistentwith other studies 
identifying EGFR mutation status as a positive 
prognostic factor among patients with BM 



Retrospective analysis of patients previously 
treated with erlotinib (n = 69) 

Time to progression within the brain :11.7 
months in patients with EGFR mutations 
compared with 5.8 months in those whose 
tumors were either EGFR wild type or 
unassessed (p<0.05) 

Only 16% of patients with EGFR mutations had 
received WBRT versus 
85% of those in the control group. 

Median OS 12.9 (6.2–19.7) 
versus 3.1 (2.5–3.9) in the 
control months (p,0.001) 



Prospective single-arm trial evaluated the role of 
second-line erlotinib in Asian patients (n=48) with 
metastatic  NSCLC and asymptomatic BM.  

 EGFR status: 17% positive, 31% wild type, 52% of 
unknown.  

Intracranial PFS was 10.1months  in the overall 
population 

Among patients with EGFR mutations, PFS was 
15.2months, which was significantly longer than 
the 4.4 months in patients with EGFR wild-type 
tumors (p=0.02). 



The ALK gene encodes a receptor tyrosine 
kinase that is activated in a subset of patients 
with NSCLC and other tumors 

ALK inhibitors such as crizotinib have shown to 
be effective in tumor response and disease 
control 

Despite an initial response, many patients with 
ALK-positive NSCLC will eventually progress, 
with the CNS being a common site of initial 
disease progression 

Shaw AT, N Engl J Med, 2013 
Shaw AT, J Clin Oncol, 2009 
Kim YH, Biomed Rep, 2013 



In a retrospective analysis of patients with ALK-positive 
NSCLC  receiving crizotinib treatment in phase 1 and 2 
trials, 46% of patients progressed first in the CNS 

 Overall incidence of BM in patients with ALK-positive 
NSCLC is high, evident in several recent trials in which 
35% to 50% of enrolled patients had stable or 
asymptomatic BM. 

This has created the need for a greater understanding of 
both the CNS activity of currently approved ALK inhibitors 
and the potential of those currently in development. 

Crizotinib has been considered to have lower efficacy in 
BM compared with other sites of metastasis because of 
poor penetration across the BBB 

 Crizotinib level was 237 ng/ml in plasma versus 0.62 
ng/ml in CSF, suggesting that the higher rate of CNS 
progression compared with systemic progression could 
result from a low plasma to CSF ratio 

This suggests that approaches to increase the 
concentration of crizotinib within the CNS or use of other 
ALK inhibitors with greater CSF penetration may have 
therapeutic potential 



BRAF is a human gene that makes 
a protein called B-Raf.  

The B-Raf protein is involved in sending 
signals inside cells which are involved in 
directing cell growth 

Braf V600E mutations are associate with 
increased sensitivity with B-RAF  

Drugs that treat cancers driven 
by BRAF mutations have been developed. 
Two of these drugs, vemurafenib, and 
dabrafenib are approved by FDA for 
treatment of late-stage melanoma  

Gerhard K, Biochemistry of Signal Transduction and Regulation, 2008 

Corcoran RB SJ, Potential therapeutic strategies to overcome acquired resistance 
to BRAF or MEK inhibitors in BRAF mutant cancers. Oncotarget. 2011;4:336-46 



	  Nine	  of	  the	  ten	  pa,ents	  (90%)	  achieved	  a	  decrease	  in	  brain	  
lesions,	  and	  four	  of	  ten	  pa,ents	  achieved	  complete	  
resolu,on	  of	  all	  brain	  lesions	  

All	  pa,ents	  were	  alive	  at	  5	  months,	  and	  two	  survived	  
beyond	  12	  months.	  



Significant progresses have been made in the treatment of selected 
malignancies with immune modulating antibodies 

Phase III trial of anti-CTLA-4 and anti-PD-1 in melanoma, RCC and 
NSCLC showed improved OS compared to standard treatment 

Blockade of CTLA-4 (ipilimumab, and trelimumab), PD-1 (nivolumab, 
pembrolizumab, pidilizumab and others) and PD-L1 (durvalimumab, 
atezolizumabes andothers) can produce durable response in pts with 
metastatic cancer  

These drugs need to be assessed for efficacy in active brain metastases  



CD28 and cytotoxic T-lymphocyte 
antigen 4 (CTLA-4) play important 
roles in the regulation of immune 
activation and tolerance.  

Both clinical and preclinical data 
indicate that CTLA-4 blockade 
results in direct activation of CD4+ 
and CD8+ effector cells, and anti–
CTLA-4 monoclonal antibody 
therapy has shown promise in a 
number of cancers, particularly 
melanoma.  

Lee et al. Journal of Hematology & Oncology 2012, 5:3 



Between July 2008 and June 2009 72 pts with melanoma and brain mts were enrolled 

Cohort A:  neurologically asymptomatic and not receiving corticosteroid 
Cohort B: symptomatic and on a stable dose corticosteroid  

Ipilimumab:  

four doses of 10 mg/kg 
one every 3 weeks 

Clinical stable pts at weeks 24 

10 mg/kg one every 12 
weeks 



Primary endpoint:proportion of pts with disease control after 12 weeks 

Results:   36 participants in cohort 
A and 19 in cohort B died. 
Median OS was 7·0 months (95% 
CI 4·1–10·8) in cohort A and 3·7 
months (1·6–7·3) in cohort B. 
Cohort A: 
 6-month survival rate: 55% (95% 
CI 41–68)  
12-month:31% (18–44) 
24-month:26% (14–39) 



The binding of PD-L1 to PD-1 generates a net 
immunosuppressive effect and allows the tumor to 
evade immune destruction  

PD-L1 is expressed on the surface of multiple tumors 
and is likely involved in tumor induced immune 
evasion and the disparate clinical outcomes 
(melanoma, renal cell carcinoma, lung cancers, 
cancers of the head and neck, gastrointestinal 
malignancies, bladder cancer, ovarian cancer, 
and hematological malignancies) 

Anti-PD-1 agents (nivolumab, pembrolizumab and 
pidilizumab) are humanized monoclonal antibodies 
that bind the PD-1 receptor. They prevent the 
engagement of PD-1 to its ligand on the tumor cells 
(PD-L1 and PD-L2) thereby asserting its antitumor 
activity.  

Freeman GJ, J. Exp. Med, 2000 
Dong H, Nat. Med., 2002 
Swaika A, Molecular Immunology, 2015 







Conclusions 

Before taking into account a molecular targeted therapy the 
target must be validated 

Immunotherapy may be the winning weapon in the 
treatment of several cancers, we await for the results of 
ongoing studies 


