
LA MODULAZIONE DEGLI EFFETTI:  
Radioprotettori, radiosensibilizzanti, effetto 

abscopal. Radiazioni, terapia ormonale, Target 
Therapy e chemioterapici antiblastici.

Dott. Triggiani MD, PhD Student 

Start with clinical data



Additive and Synergic

Isobologram

The concurrent chemoradiation paradigm—general principles
Tanguy Y Seiwert, Joseph K Salama and Everett E Vokes

Nature Clinical Practice Oncology (2007) 4, 86-100
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Combine Chemotherapy with Radiotherapy

• Spatial cooperation 
• Normal tissue protection 
• Cytotoxic enhancement 
• Biological cooperation 
• Temporal modulation 

Steel, Peckham 1997 
Bentez SM 2007 

Spatial Cooperation 
• Definition: describe the scenario whereby RT acts loco regionally, and CHT acts 

against distant micro metastases, without interaction between the agents. 



Temporal Modulation 
• The aim of this approach is to enhance the tumor response to fractionated 

radiotherapy. 
• The four R’s of radiotherapy: 

1. Repair                       →  DNA damage repair
2. Repopulation           → cellular repopula2on or prolifera2on
3. Reoxygenation         → reoxygena2on of hypoxic tumor cells 
4. Redistribution          → redistribu2on to more sensi2ve       

phases of the cell cycle

For example: radioenhancing drugs in this context could function by inhibiting repair 
taking place between dose fractions.
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Biological Cooperation 

Definition: this is the second of the mechanisms of radiosensitization
and refers to strategies that:

!Target distinct cell populations 
!Employ different mechanisms for cell killing 
!Delaying tumor regrowth

N.B: the cells targeted are not necessarily the malignant cells only

Biological Cooperation: 
Anti-VEGF/VEGFR

Targeting non-Tumour Cells  



Cytotoxic Enhancement 

Definition: combined-modality treatment seek to determine the
combination of therapies that leads to an interaction on some level that
generates an improved antitumor effect relative to each treatment alone

! Exacerbation of DNA Damage
! Inhibition of DNA Repair 
! Cell Cycle Effects 
! Enhanced Apoptosis 
! Targeted Radiosensitizers

Platinum Drugs and Radiotherapy 

Cytotoxicity of Cisplatin: reacts with cellular DNA to form interstrand and 
intrastrand cross-links.

Cisplatin–DNA lesions trigger 
apoptosis



Platinum Drugs and Radiotherapy 
Mechanism of Radiosensitization by Cisplatinum

•RT induces free radicals and the subsequent formation of toxic platinum
intermediates, which increase cell killing
•Ionizing radiation can increase cellular uptake of platinum
•Damage to DNA by ionizing radiation, which would normally be reparable, can
become fixed and lethal through cisplatin’s free electron– scavenging capacity. The
integration of cisplatin into DNA or RNA in close proximity to a radiation-induced
single-strand break can act synergistically to make the defect significantly more
difficult to repair.

Platinum Drugs and Radiotherapy 
Schedules are important: the best results are achieved by using low doses of the two agents 

and cisplatinum before RT. 
DOSE: 

- Radiosensitization of murine embryonic fibroblasts (MEF) cells was shown at 1 μg/mL of cisplatin, but an increase in 
concentration did not increase in radiosensitization but instead increased radioresistance [Myint, W.Examining the non-
homologous repair process following cisplatin and radiation treatments. Int J Radiat Biol 2002.] 

- When OV-1063 and EMT-6 cell lines were preirradiated with 2 Gy, addition of the drug produced a clear additional effect 
but this was almost totally eliminated when cells were irradiated with a higher dose (6 Gy). [Gorodetsky, R. Combination of 
cisplatin and radiation in cell culture: Effect of duration of exposure to drug and timing of irradiation. Int J Cancer 2006]

TIME: 

-In two cell lines (EMT-6 and OV-1063) cells, a 2-h preirradiation drug exposure resulted in a supra-additive combined effect, 
whereas a 24-h preirradiation exposure or protracted postirradiation exposure yielded an additive or slightly subadditive 
response[Gorodetsky, R. Combination of cisplatin and radiation in cell culture: Effect of duration of exposure to drug and timing of 
irradiation. Int J Cancer 1998] 

-In experimental tumors, the greatest dose-enhancement factors were observed when cisplatin was administered 
immediately before a daily fraction of radiation [Myint, W.Examining the non-homologous repair process following cisplatin and 
radiation treatments. Int J Radiat Biol 2002] 



Temozolomide (TMZ) is an oral alkylating agent used as a first-line 
treatment for Glioblastoma Multiforme

Temozolomide e Radiotherapy 

Temozolomide: radiosensitizer or additive 
effect?

• High doses of TMZ seem to have greater radiosensitizing potential and to interact
with radiation at earlier time points. [Caporali, S.] and increased apoptosis when
high-dose TMZ was given 2 h pre-radiation was also observed [Chakravarti, A] →
independent of Mismatch Repairing futile cycling.

• At clinically TMZ concentrations (10 μM) it seems unlikely that TMZ directly
induces DSB: the interaction with radiation is frequently additive rather than
synergistic, and cellular sensitivity to TMZ is predictive of the effect of combination
treatment
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Conclusions 

Cisplatinum Temozolomide

Mechanism of action Alkylating Alkylating (atypical)

Clinical data Approved Approved

Radiobiology Synergic Additive 
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Targeted Therapies and Radiotherapy 

Start with clinical data

From Bonner, J. et al., Lancet Oncology 
11:21–28, 2010



Epidermal Grown Factor Receptor (EGFR) 

Chong CR1, Jänne PA. The quest to overcome resistance to EGFR-targeted therapies in cancer.
Nat Med. 2013 Nov;19(11):1389-400. 

IR induce activation ErbB receptor (0-10 
min) independent of ligand blind 

The same receptors are reactivates 60-
180 min after IR

Ionizing radiation actives survival and proliferation 
mechanism through simulated signalling via PI3K-AKT 

and Ras-MAPK (EGFR mediated) 

From 2 Gy to 10 Gy: ↑amplitude and 
duration secondary activation 



Radiation stimulates the pathways activated by epidermal 
growth factor (EGFR) and in addition can the translocation of 

phosphorylated EGFR (pEGFR) into the nucleus.

DNA
EGFR

Result in increased repair of DNA strand 
breaks → DNApK, Ku 70 e Ku 80 

RT- induce cell damage activate repair:

-Increased PI3-K and DNA-PK 
-EGFR enter nucleus bound Ku70/80 and 
increase DNA –DNA – PK complex repair



Interaction  between EGFR-I (like 
Cetuximab) bound to 
- decreasePI3-K activity 
- EGFR and DNA-PK increases 
- inhibits EGFR eneclaetion

In vitro and in vivo studies 

Klaus Dittmann, H. Peter Rodemann  
Huang, S., and Harari, P., Clinical Cancer Research 6:2166–

2174, 2000



RT and EGFR 

↓ Repopula2on
Proliferation 



Radiotherapy and hormonotherapy

Start to clinical data



Combine Hormonotherapy with Radiotherapy

• Spatial cooperation        
• Normal tissue protection
• Cytotoxic enhancement 
• Biological cooperation 
• Temporal modulation 

Bentez SM 2007 

Neoadjuvant ADT: downsizing 

↓rectal, bladder and bower in high dose area→ normal 2ssue protec2on 



Combine Hormonotherapy with Radiotherapy

• Spatial cooperation        
• Normal tissue protection
• Biological cooperation 
• Cytotoxic enhancement 
• Temporal modulation 

Bentez SM 2007 



Biological effects of ADT and Radiotherapy 

• The majority of cells are dependent on 
Androgen Receptor activation 

• ADT decreases hypoxia 

• ADT promotes apoptosis 



Combine Hormonotherapy with Radiotherapy

• Spatial cooperation        
• Normal tissue protection
• Biological cooperation 
• Cytotoxic enhancement 
• Temporal modulation 

Bentez SM 2007 





Combine Hormonotherapy with Radiotherapy

• Spatial cooperation        
• Normal tissue protection
• Biological cooperation 
• Cytotoxic enhancement 
• Temporal modulation 

Bentez SM 2007 
Certainly Addictive…maybe 

Superadditive…but…new molecules… 

≈≈

Prostate Cancer 2015  

Abiratereone Taxotere Enzalutamide
Abiratereone
Cabaxitaxel

RT+ADT

Oligorecurrent and SBRT 
RT Bone
(immunotherapy)Radium-223

…still Medical Oncology… 



DMSO

Tunnel Assay 

ɣ-H2AX

ARN 509

DMSO

ARN 509



Radiotherapy and Immunotherapy: 
new radiobiology 

Immunoediting theory

Immunotherapy 



Mechanism of Action of Immunotherapies

CANCER IMMUNOTHERAPY:  FUNDAMENTAL CONCEPTS AND EMERGING 
ROLE

Old-Idea…                                    

….commonly it was thought that radiation therapy exerted 
immunosuppressiveimmunosuppressiveimmunosuppressiveimmunosuppressive effects….

↓
…..the true relationship between radiation and the immune system is 
certainly more complex, and it appears that irradiation would be more 

immunomodulatory immunomodulatory immunomodulatory immunomodulatory rather than only immunosuppressive.

…New concept! 



Abscopal Effect 
The term “abscopal”, deriving from the latin ab (away from) and the ancient Greek skopos (target) was
introduced in 1953 (Mole RH et al.) to describe a rare phenomenon in which the effects of RT are seen
outside of the treated area (distant Bystander).

In 2012 two case reports (Postow MA, et al. Stamell EF et al.) highlighted the immunoadjuvant effect of RT
in melanoma, which was classically thought to be an immunogenic tumor

Postow MA et al. N Engl J Med 2012;366:925Postow MA et al. N Engl J Med 2012;366:925Postow MA et al. N Engl J Med 2012;366:925Postow MA et al. N Engl J Med 2012;366:925----931.931.931.931.

Abscopal effect: 
How RT counters Immune evasion 

• Antigen quantity, variety and presentation: in vitro and in vivo mouse studies indicate that tumor 
irradiation exposes this complex antigenic environment by generating new peptides and increasing the 
pool of intracellular peptides for cross-presentation (Reits EA, et al. Sharma A, et al). RT augments 
MHC-I expression (Zeng J et al). 

• Bridging innate and adaptive immunity:  RT causes dying tumor cells to release high mobility group box 
1 (HMGB-1), a well-described “danger signal” that binds TLR4 . Tumor antigen processing and 
presentation on MHC-I molecules is dependent on the HMGB-1/TLR4 interaction. This suggests a link 
between innate and adaptive responses (Apetoh et al)

• Inducing a T cell response: The most recent and promising immunotherapeutics shift the tumor 
microenvironment in favor of T cell activation by blocking negative inhibitory molecules (CTLA4, PD-1) 
(Drew M. Pardoll).



Abscopal Effect 

Ex: CXCL16
HMGB1

MHC

α-CTLA4

Distant metastasis!

CD8+ T Cell 

PD- 1 / PD-L1 

Ongoing trials studying combination RT and immunotherapy



Conclusion (1) 

• Oncology has increasingly become a multidisciplinary field of
medicine: in the past 20 years there has been an explosion of
preclinical and clinical efforts to combine therapies for improved
outcomes.

• Researchers have learned a great deal about the interactions between
CHT and IR from clinical trials.

• Laboratory investigations demonstrated key molecular targets and
pathways that can potentially be exploited for improved outcomes.

Conclusion(2)

• The combination of chemotherapy and irradiation has changed the 
management approach in several neoplasms

• Radio-hormone-therapy is the standard of care for local treatment in 
prostate cancer

• New hormone therapy + IR in prostate cancer!

• The next future is radio-immunotherapy….



Grazie per l’attenzione! 


