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Mechanism of cytotoxic antitumor agents 

All induce 
cell killing 

Topoisomerase I 
and II inhibitors  
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Signalling pathways and main targets of drugs 

Ciardiello F & Tortora G, New England J. Medicine, 2008  (Modified from  original ) 



New targets of drugs under development 



Ionizing radiation initiates:  
1) cell death;  
(2) cytokine and chemokine production in the tumor 
microenvironment;  
(3) release of tumor antigens;  
(4) release of damage-associated molecular patterns (DAMPs);  
(5) recruitment of IL‐1β, TGF-β, FGF, TNF, and NLRP‐3;  
(6) generation of chemotactic signals that recruit several 
myeloid cell populations with distinct roles in T-cell suppression.  
 
These events catalyze an elaborate succession of 
processes:  
(1) Cell death causes the release of DNA and RNA into the 
cytoplasm, which leads to the production of type I IFN.  
(2) Cytokine and chemokine production triggers the infiltration 
of DCs, macrophages, cytotoxic T cells, Tregs, and MDSCs as 
well as the efflux of immune cells.  
(4) The release of DAMPs activates APCs.  
 
These complex and sometimes conflicting events reflect the 
struggle between host immune response and tumor prosurvival 
mechanisms. Some of these events occur contemporaneously.  

R. Weichselbaum; J Clin Oncology, 2018 

Radiation-induced effects on tumor cells 



•  Cytotoxic effects produced by chemo- or radiotherapy induce a 
stress response with overproduction of growth fators and/or 
cognate receptors in order to increase the chance of survival of 
cancer cells (J. Mendelsohn hypothesis). 

•  Combined blockade of different and complimentary signaling 
pathways may translate into therapeutic effects by significant 
reduction of the survival threshold and of the escape mechanisms 
forcing cancer cells toward apoptosis. 

Rationale for the combined blockade of signaling 
pathways as anticancer strategy 
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Misale et al, Cancer Discovery 2014 

Scarpa A. 

•  Molecular heterogeneity 
•  Multiple mechanisms of resistance 

and massive cross talk 
•  Biomarkers for patient selection 
•  Role of tumor microenvironment 

The challenges for drug 
development  



Courtesy of I. Serebriiskii and E. Golemis, Fox Chase Cancer Center. 
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Which one is the right target at the right time for that 
specific tumor ? 



  Hypoxia and tumors 



Angiogenesis in cancers must rely entirely on local interactions.  
a, a well- organized vascular network of normal tissue; b, magnified region.  
c,d,; tumour growth at the edge of this tissue is initially supported by diffusion 
from the vessels in the existing network. Individual cancer cells farthest from 
the existing vessels become hypoxic (dark blue) and produce angiogenic 
factors.  
e,f;  this uncoordinated angiogenic signalling by individual cells produces 
vascular budding in only the closest vessels regardless of their size or flow 
capacity. 

The evolutionary constraints on tumour angiogenesis 

•  Cycling hypoxia increases lymphatic and distant organ metastases and formation of oxygen free 
radicals during re- oxygenation can promote progression (of glioblastoma, as example).  

•  Reduced blood flow and environmental oxygen may contribute to resistance to RT and CT.  
•  The effects of fluctuating oxygen concentrations on individual cancer cells include increased genetic 

instability, defects in the mitochondrial apoptotic pathways, increased synthesis and release of 
angiogenic factors and emergence of stem- like cell populations.  

•  Temporal fluctuations in critical signalling molecules, such as estrogen and testosterone, could 
select for hormone-independent phenotypes that serve as a reservoir population of resistant cells 
for subsequent hormonal therapy. 

Gillies RJ et al., Nature Rev Cancer, 2018 



Evofosfamide (TH-302) : hypoxia targeted agent 

When exposed to severe hypoxic conditions (< 0.5% O2) radical anion produced by 
prodrug Evofosfamide undergoes irreversible fragmentation, releasing the active drug 

Br-IPM, which alkylates DNA, inducing intrastrand and interstrand crosslinks 



Inhibition of new blood vessel 
formation 

Cytostatic 

Growth delay/dormancy/ 
slow tumor progression 

Rapid destruction of existing tumor blood 
vessels 

Tumor cell necrosis 

Potential for acute       tumor 
necrosis 

 ZD6126  ZD6474  
AZD2171 

Targeting the tumor vasculature 

Anti-angiogenic 
therapy 

Vascular- 
targeting 



Effect of radiation therapy (RT) in combination with ZD6126 on 
A549 NSCLC xenografts.  

David Raben et al. Mol Cancer Ther 2004;3:977-983 



Effects of triple therapy with ZD6126, ZD1839, and RT  
on A549 tumor xenografts.  

David Raben et al. Mol Cancer Ther 2004;3:977-983 



Effects on Tumor Proliferation, Angiogenesis, Vasculature, and 
Necrosis of A549 xenografts  

David Raben et al. Mol Cancer Ther 2004;3:977-983 

A, Control  
B, Gefitinib 
C, ZD6126 
D, RT.  
E, RT + gefitinib 
F, RT + ZD6126.  
G, ZD6126 + gefitinib  
H, RT + gefitinib+ ZD6126 

Factor VIII staining 



•  In the metastatic disease radiotherapy has no curative 
value. 

•  Radiotherapy and tyrosine kinase inhibitors cannot be 
combined 

Wrong Postulates   



Bianco C et al., Clinical Cancer Research, 6: 4343-4350, 2000. 

Cooperative effect by combined targeting of  
EGFR and PKAI in addition to RT 



Resistance to anti-EGFR drugs and combined blockade 

Ciardiello et al., Clin Cancer Res. 2004 
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Vandetanib/ZD6474 is a potent multikinase  
VEGFRs, EGFR and RET inhibitor 

RET 
VEGFR-1 

Kinase IC50 (nM) 

VEGFR-1 150 
VEGFR-2 38 
VEGFR-3 260 

EGFR 43 
PDGFRβ 5300 

EGFR 

Tortora & Ciardiello 2003 
Carlomagno et al, Cancer Res. 2002 
Ciardiello et al., Clin Cancer Res. 2003 
Ciardiello et al., Clin Cancer Res. 2005 
Damiano et al., Clin Cancer Res 2005 
Bianco R. et al., Clin Cancer Res, 2007 



Damiano et V al. Clin Cancer Res 2005;11:5639-44 



ZD6474 synergize with Gemcitabine and RT, 
induces apoptosis and ameliorates the ratio 

between deoxycytidine kinase and ribonucleotide 
reductase in pancreatic tumor cells 

MIA PaCa-2 

Capan-1 

PANC-1 
Effects on cell cycle, apoptosis, and modulation of dCK, RRM1 and RRM2 gene 

expression 

Bianco et al., Clin Cancer Res;12(23) 2006 



IHC analysis 

Bianco et al., Clin Cancer Res 12, 2006 

ZD6474 synergizes with Gemcitabine and RT in pancreatic tumors 

MIA PaCa-2 tumors  
in nude mice 



Modern Technological Innovations  

•  Stereotactic targeting 
•  3-D conformal avoidance 
•  IMRT 
•  4-D motion assessment 
•  Motion control 
•  Image guidance 

ALL FACILITATING STEREOTACTIC ABLATIVE AND 
HYPOFRACTIONATED RADIOTHERAPY 



Higher maximum biological effective dose utilizing Adaptive MRI-Guided RT improves 
survival of inoperable PDAC patients

• Role of RT in LAPC is controversial after results of LAP07. 
•  This study is a multi-institutional experience of MR-guided radiation therapy (MRgRT) in 

the treatment of inoperable PC.
• Retrospective review of 42 patients from four institutions. Overall survival (OS) and local 

control (LC) calculated from date of diagnosis
• maxBED10 calculated for each patient using maximum point dose to PTV  
• OS and LC stratified by maxBED10, compared using K-M analysis with log-rank test

Online Adaptive Workflow
A: Fraction 1 imaging showing pancreatic tumor (blue 
colorwash), duodenum (dark green) and small bowel (light 
green) with plan isodose lines  
B: Daily MRI obtained on Fraction 2 prior to MRgRT 
showing translation of duodenum and small bowel into 
high dose region resulting in violation of OAR constraints 
C: Daily adaptive planning performed resulting in 
resolution of constraint violations and improved tumor 
volume coverage.  

Rudra S. et al., ASTRO 2017 



Treatment and Patients characteristics

Rudra S. et al., ASTRO 2017 



Results

•  Median OS for patients with maxBED10 > 90 and maxBED10 < 90 was 27.8 months vs. 14.8 
months  (p = 0.005) (LAP07 median OS was 16.5 months)

•  Local Control at 18 months for pts. with maxBED10 > 90 and maxBED10 < 90 was 87% vs 
57% (p = 0.007)

•  A prospective, multi-institutional phase II study planned

Gr 3+ GI Toxicity

maxBED10>90 0%

maxBED10<90 15.8%

Rudra S. et al., ASTRO 2017 





ASCO 2018 



Back to the (Radiation) Future:  
Could hypofractionated RT be better with targeted drugs? 

(can new agents enhance this effect even further?) 

5-10 
fractions 

30-44 
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3-5 
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Rectum X 
 
HN  ? 



Noonan DM, Cancer Metastasis Rev.2007 Ferrara & Kerbel Nature 438: 967–974, 2005. 

Fibroblasts 
Inflammatory cells 
Immune cells 

Molecular and cellular players in the tumor/microvascular  
microenvironment have two-faces 



Pancreatic cancer is a scar with few vessels 

Signaling redundancy:  
single targeted agent less likely to 
be effective  

Surrounding desmoplasia:  
role of supporting connective tissue 
elements ? 

Pancreatic cancer stem cells: 
highly tumorigenic, can generate 
phenotypic diversity within the 
tumor; may be resistant to standard 
therapies 



Deplete the stroma: not a good idea ?.... 

• Dichotomous pro-tumor and anti-tumor properties of stroma in PDAC, 
different types of fibroblasts  

•  Total stromal ablation increases malignant behavior; therefore, ‘‘stromal 
reprogramming’’ is more desirable to provide therapeutic benefit in PDAC.  



Effector cell attracting chemokines in tumors following RT in mouse tumor models 

Presented By Marka Crittenden at 2018 ASCO 



Combination of stereotactic irradiation and chemotherapy or 
targeted therapies: preliminary recommendations 



Combination of stereotactic irradiation and chemotherapy or 
targeted therapies: preliminary recommendations 

•  The short stereotactic ablative radiation therapy course in 1day-2 weeks offers 
a theoretical advantage compared to longer conventional.  

•  This may be of particular interest in situations where cancer is addicted to 
systemic treatment.  

•  Stereotactic ablative radiation therapy might be safer because of limited 
irradiation volumes and steep gradients, however: 
•  irradiation of normal tissues cannot be considered null;  
•  stereotactic ablative radiation therapy has vascular effects in addition to 

other cell death radiation-induced mechanisms  
•  cancer progression with discontinuation of systemic treatment is possible 

•  Prospective phase I-II studies considering the individual drugs half-lives and 
sufficient therapeutic window between the systemic and local modalities are 
necessary. 



Jonkers ESMO 2017 

Targeting HR deficiency in BRCA cancers 



Defects in DNA Damage Repair (DDR) and drug response 

Waddell N et al. Nature 518:495-504, 2015 



Cyclin-dependent kinase (CDKs) inhibitors 
CDKs 4/6 inhibitors 



CHK1 Inhibitors 

Combination of CHK1 
inhibitors with 
chemotherapy 

S. Banerjee, ESMO Sitges 2017 



Conclusions and personal thoughts 

• More is still to be known regarding associations between stereotactic ablative 
radiation therapy or other ncRT and systemic treatments.  

•  Tumor microenvironment and sorrounding normal tissues are key. Non 
conventional RT may be much better in achieving modulation and reconversion.  

• Non conventional RT is ideal to combine with new agents and (re-)opens the 
use of several drugs :  
•  New emerging drugs and combinations 
•  Repurposing of drugs 
•  Rescuing of “old” drugs 

• Prospective rigorous phase I-II studies of sequence or combination with drugs 
are necessary, especially in light of the discrepancies observed between results 
obtained in vitro and in the clinics. 


