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Ø Radiobiological Rationale 

Ø Association RT and EGFR-inhibitors/ TKI
HER2-inhibitors

BRAF/MEK-inhibitors
VEGF-inhibitors
PARP-inhibitors



Lu Z. et al.. Biomolecules. 2022

RT – Target agents combination

radiosensitizing drugs could improve RT therapeutic index

improving tumour control and decreasing side effects



Maier P. et al. Strahlenther Onkol. 2014
Maier P. et al. Int J Mol Sci. 2016

EGFR-inhibitors/TKI 

HER2-inhibitors

BRAF/MEK-inhibitors

VEGF-inhibitors

PARP-inhibitors

CDK-inhibitors



RT + EGFR inhibitors/TKI 



Yarden Y, et al. Nat Rev Cancer. 2012  - Mendelsohn et al., 2000
Zulkifli AA et al. Mol Cell Endocrinol. 2017

Monoclonal antibodies 
targeting EGFR

Small-molecule 
tyrosine-kinase inhibitor

Cetuximab Panitumumab
Approved for RAS wild-type 

metastatic colorectal cancer and 
H&N cancers

Erlotinib Gefitinib Osimertinib
Efficacy in NSCLC, renal cell carcinoma, 

and other cancers types.

Cuneo KC et al. 2015  - Hutchinson RA, et al. 2015



Preclinical studies: anti EGFR

Tao Y, et al J Clin Oncol. 2018  - Xing DT et al. Cancers (Basel). 2021 Banerjee R. et al. Mol Ther. 2022

Anti-EGFR can potentiate RT efficacy

inducing cell-cycle arrest in the more radiosensitive G1 phases, 

inhibiting radiation-induced damage repair

RT - EGFR inhibitors

TKI could increase sensitivity to RT

Exposure of tumor cells to ionizing radiation

EGFR dimerization and auto phosphorylation

activation of RAS/RAF/MAPK pathway

EGFR internalization and traslocation into the nucleus

activation of PI3K/AKT pathway

RADIORESISTANCE

Preclinical studies: TKI

Inhibition of their upstream receptor EGFR increase radiosensitivity



EGFR-TKI could increase radiosensitivity, 
radiotherapy could increase sensitivity to EGFR-TKI

Ramalingam SS, et al. N Engl J Med. 2020 Mok T, et al. Ann Oncol. 2020 Tang Y. et al. Lung Cancer. 2020.

RT prior to tumor progression 
may reduces systemic reseeding of resistant clones T790M cells:

potentially promising strategy to alleviate T790m-mediated EGFR-TKI resistance

A secondary mutation (T790 M) under chronic EGFR-TKI exposure  
can limit the therapeutic response

Cancer cells with T790 m mutation 
show improved sensitivity to radiation exposure 

Plasma T790m mutation could be detected ≈ 2 months prior to PD:
distant reseeding of T790m-positive tumor cells may be an early event in disease progression

RT - TKI interaction
Preclinical studies



Arcangeli S. et al. Crit Rev Oncol Hematol. 2019  - Tao Y, et al J Clin Oncol. 2018  - Xing DT et al. Cancers (Basel). 2021

RT-Cetuximab association

superior outcome versus CT-RT 

and  currently indicated

in selected patients with HNSCC

RT - EGFR inhibitors/TKI

Clinical studies

A Multicentre Single-arm Phase II Trial Assessing the Safety and Efficacy of First-line 
Osimertinib and Locally Ablative Radiotherapy 

in Patients With Synchronous Oligo-metastatic EGFR-mutant Non-small Cell Lung Cancer
(NCT04908956)

Radiation During Osimertinib Treatment: a Safety and Efficacy 
Cohort Study (NSCLC) (NCT05089916)

Randomized Phase II Trial 
of Osimertinib With or Without Local Consolidation Therapy 

for Patients With EGFR-Mutant Metastatic NSCLC (NORTHSTAR)
No clear evidence supporting routinely

concomitant integration of TKI (old gen) and RT. 

Still no data available on Osimertinib and RT: 

ongoing trials



RT + HER2 inhibitor



Mignot F. et al. Radiother Oncol. 2017 Weiner and Adams, 2

Trastuzumab Petuzumab

Lapatinib

TDM1

cancer cells’ growth migration survival

Vu T. et al. Front Oncol. 2012

Tucatinib

CDK inhibitors



RT – Her2 inhibitors interaction

Increased HER2 levels in cancer cells

Activation of STAT3-survivin signaling activation of PI3K/AKT pathway

Deregulation cell cycle
DNA repair accelerator
Resistance to apoptosis

RADIORESISTANCE

HER2-overexpression is correlated with radioresistance

Mignot F. et al. Radiother Oncol. 2017
Liang et al. Pietras et al. , 

Preclinical studies

Down-regulation of HER2 
can restore radiosensitivity



RT – HER2 inhibitors interaction

Confirm of radio-sensitizing effect

and a good safety profile

for Trastuzumab-RT

Promising data on Lapatinib+ RT

in brain mets

Clinical studies

Main ongoing randomized clinical trials testing the combination of 
targeted treatments and RT in breast cancers

T-DM1 no clear indication of 

administered concurrently with RT: 

increase the risk of brain radionecrosis

Beddok A. et al. Cancers 2021



RT + BRAF/MEK inhibitor



Yarden Y. et al. Nat Rev Cancer. 2012

BRAF mutation → constitutive activation of the Ras/Raf/MAPK pathway

Proliferation

Cellular growth

Survival

Radioresistence

Li Y et al. Cancer Biol Med. 2019

Part of the RAS-RAF-MEK-ERK pathway

Vemurafenib

Dabrafenib



Yarden Y. et al. Nat Rev Cancer. 2012Li Y et al. Cancer Biol Med. 2019

Inhibition of the MAPK pathway Cell cycle arrest in G1

Reduction in lethal DNA damage repair

Increase of RT induced apoptosis

RT – BRAF inhibitors interaction

Preclinical studies

Clinical studies
RT + BRAFi

remarkable increases in treatment efficacy

but risk of toxicity:

stop BRAFi during the same days of RT

Seeley AR, et al Melanoma Res. 2015 Consensus Guidelines from ECOG 2016



RT + VEGF inhibitors



Involved in both vasculogenesis and angiogenesis  

Crucial for development and metastasis of tumors 

Ostergaard and Tietze, 2013Polivka et al., 2017

Bevacizumab

Sunitinib Pazopanib 

Axitinib Everolimus

Sorafenib



Zeng J, et al Lancet Oncol. 2014

RT 
↑ ceramide signalling

pathway 
in microvascular 
endothelial cells

Tumour radiation resistance 
through regulation 

of endothelial apoptosis

Prevention of RT-induced re-vascularisation

Anti-angiogenic drugs

RT and VEGF- inhibitors interaction
Preclinical studies

Improve tumour oxygenation status 

Facilitation of  RT-induced endothelial cells apoptosis 

Revers of hypoxia in tumor microenvironment

Normalization of vascular tumor bed

enhance

tumour response to RT



Clinical studies

RT and VEGF- inhibitors interaction

Only one randomized trial showed outcome

advantages in HGG patients (PFS, not OS)

No clear indication

to concurrent administration with RT



RT + PARP inhibitors



Olaparib

Niratinib

PARP acts in repairing endogenous SSB occur frequently during cells proliferation

Zheng F. et al. Biomed Pharmacother. 2020, Chalmers A. et al. Int J Radiat Oncol Biol Phys. 2004

Velaparib



RT – PARP inhibitors interaction

Chalmers A. et al. Int J Radiat Oncol Biol Phys. 2004

Exposure of tumor cells to ionizing radiation

DSB

RADIORESISTANCE

Activation and PARP-mediated
DNA damaged repair

PARP- inhibitors

Could enhanced radiosensitivity

Mao Y. Et al. Cancer Med. 2018

Clinical data are limited: 
further studies required to assess 

clinical advantages and safety of 
the combination.

Preclinical studies

Clinical studies



Ø Potential advantages:

Attacking cancer cells by multiple mechanisms decrease risk of tumour resistance
Allow for attacking not only known local disease but also potential micrometastases

Ø Timing: 

different for each drugs and still not clearly defined

Conclusions

Ø Prospective clinical trials, with longer-term results are needed 

to confirm efficacy, safety, and timing of association



Take home message
Precision drugs and RT combination 

promising challenge for the near future



Grazie


