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Overview of Talk

1. Why drugs plus radiotherapy?

2. Success stories of drugs combined with radiotherapy

3. Barriers and how to overcome them

4. Exemplar 1:  Immunotherapy plus radiotherapy

5. Exemplar 2:  DNA damage repair inhibitors



Curative Treatments for All Cancers

Radiotherapy; 
40%

Chemotherapy ; 
11%

Surgery ; 49%

Sir Mike Richards, 
NCRI Annual Cancer Conference 2011



Additivity can Improve the Therapeutic Index

Steel G et al. Int J Radiat Oncol Biol Phys, 1979



Chemo-radiotherapy is an alternative to 
surgery or an adjunct to surgery for a wide 
range of cancers in routine clinical practice



Level 1 Evidence for Chemo-radiotherapy

Lawrence RY et al. J Nat Cancer Inst, 2012



Rollercoaster of Clinical Trials for Drug-RT Combos



Temozolomide plus RT for Glioblastoma Multiforme

Stupp R, et al. Lancet Oncol, 2009



MGMT as a Biomarker for Patient Selection
Promoter region of O-6-methylguanine-DNA methyltransferase (MGMT) gene

MGMT silenced MGMT functional

Hegi M, et al. J Clin Oncol, 2008

http://en.wikipedia.org/wiki/O-6-methylguanine-DNA_methyltransferase


Cetuximab + Radiotherapy in Head and Neck

Harari and Huang. Int. J. Radiation 
Oncology Biol. Phys, 2001 Bonner, et al N Engl J Med, 2006.



Subsequent High Profile Negative Results
Newly diagnosed GBM:

Superior PFS and QoL

Cervical cancer:

3-year OS 70%

Oesophageal cancer:

Stopped early

Bevacizumab + RT-TMZ

Placebo + RT-TMZ

Cis-RT

Cis-RT + tirapazamine

Cis-Cape-RT + cetuximab

Cis-Cape-RT

Time (months)

Chinot O et al. 

NEJM 2014 

Crosby T et al. 

Lancet Oncol 2013

DiSilvestro P et al. 

J Clin Oncol 2014

Time (months) Time (months)



What are the barriers to overcome?



2012; 84: e447-54

Barriers identified:
• Pharmaceutical industry sponsorship is limited  
• Phase III studies: mainly sponsored by cooperative groups
• Majority of RT combination trials not initiated until after drug approval 
• No consensus on study endpoints



Stakeholders for New Drug-RT Combinations 

Academic 
investigators 
& clinicians

IndustryRegulatory 
bodies

Patient 
Benefit



Strengths of 37 members:  
Diversity, knowledge and expertise



Open access paper in Nature Reviews Clinical Oncology

Sharma RA et al. Nat Rev Clin Oncol 2016; 13: 627-42



Consensus Statements

Approximately 4 in 10 patients with cancer who are cured by treatment receive 
radiotherapy.  Combining novel drugs with radiotherapy has clear potential to 
significantly improve patient outcomes.  When companies are considering 
putting an agent in to a novel combination, they should consider drug-
radiotherapy combinations as important as drug-drug combinations. 
Collaborative groups involving academia and pharmaceutical companies should 
prioritise the evaluation of appropriate novel drug-radiotherapy combinations 
early in a drug’s clinical development plan to potentially improve response and 
survival rates. Proposed combinations should have a sound scientific basis in 
radiobiology, immuno-oncology, molecular biology and pharmacology.

Collaboration 
between industry 
and academia is 

essential

Occur as early as 
possible in drug 

development 

Consider drug-
radiotherapy 

combinations as 
important as 

drug-drug 
combinations

Line of sight 
to registration

Robust scientific basis 
for the combination in 

preclinical models 



Consumer involvement and raising awareness

Patients and consumer groups should be involved from the concept stage onwards for a clearer 
understanding of patient priorities and what will be considered acceptable by patients who may or 
may not wish to participate in a clinical trial. Efforts to raise public awareness of the efficacy of 
radiotherapy and drug–radiotherapy combinations should include clear statements of the potential 
benefits of the research to improve cancer treatment.

Patients/consumers need 
to define what will or will 
not be acceptable to trial 

participants

Include clear statements 
about the potential benefit 

for future patients from 
conducting this research

Patients/consumers 
should be involved 
from the concept 

stage of development







Defining the Line of Sight for a New Combination



Strong Basic Science

Sharma RA et al.  Nature Rev Clin
Oncol 13: 627-642, 2016



Core Programme
Target 

selection 
& 

validation
PI

Preclinical 
efficacy & 

safety
PII PIII Launch

Review of existing 
guidelines and 

regulatory interactions

Pre-IND Meeting 
with FDA

End of Phase 1 Meeting (FDA)
Scientific Advice EMA or 

National Agencies

End of Phase 2 Meeting with 
FDA 

& Scientific Advice EMA

Pre-NDA Meetings 
CHMP Rapporteur assignment & 

pre-submission meetings

Potential Regulatory Interactions

Radiotherapy Program
Preclinical
efficacy & 

safety
PI PII/III LaunchHypothesis

Monotherapy/ 
chemo MTD

RT-combined 
MTD

RT 
MOA



The line of sight 
should take 

potential changes 
into account

Changing the standard of care

The treatment intent and the current standard of care for each disease being treated 
must be defined by the investigators, including any potential variation across countries. 
Potential changes in the standard of care must be predicted by clinical experts if the 
path to registration is to succeed. 

Predict how the standard 
of care might changeDefine the current 

standard of care



What can we do now?



Androgen Receptor Pathway
Abiraterone

Enzalutamide

Apalutamide

Darolutamide

Orteronel

Galeterone

AIRO Overview: Efficacy of drug-RT combinations 

Small molecule inhibitors
Erlotinib, Gefitinib, Afatinib

Sunitinib, Sorafenib

PARP inhibitors

Everolimus

Vemurafenib, Dabrafenib

Vismodegib, Inidegib

Monoclonal antibodies/Immune
checkpoint blockade

Cetuximab, Panitumumab

Trastuzumab, Pertuzumab

Bevacizumab

PD-1 and PDL-1 antagonists

CTLA-4 antagonists

Arcangeli S et al.  Crit Rev Oncol Hematol 2019; 134: 87-103







Clinical end points: Recommendations

Early communication between regulators and researchers with regard to the most 
meaningful clinical endpoint(s) for a specific tumour site and patient population will 
accelerate development of novel combination therapies. Inclusion of clinically relevant 
early and intermediate endpoints will accelerate clinical development by generating 
compelling data in a timely and cost-effective manner. Regulators should recognise that 
endpoints must be pragmatic, relevant to patients and applicable in a ‘real world’ 
setting, and should reflect (i) the important clinical benefits of durable locoregional
control and (ii) the balance of effects on tumour control and normal tissue toxicity.  
Composite or co-primary endpoints may be necessary or advantageous. Secondary 
endpoints should usually include assessment of effects on normal tissues.

Include clinically 
relevant early and 
intermediate end 

points

End points must be 
pragmatic, relevant to 

patients and applicable in 
a ‘real world’ setting

Loco-regional 
control matters to 

patients

Secondary end 
points should 

include normal 
tissue toxicity

Sharma RA et al.  Nature Rev Clin Oncol 13: 627-642, 2016



Exemplar 1: Immunotherapy



Immature 
APC

Immunogenic cell 
death

T Cell

Increased 
antigen cross-
presentation 

T Cell

Mature 
APC

Toleranc
e

Immunit
y

Antigen cancer 
cell

RT

Tumour
Draining lymph node

Radiation Induces T-cell Priming

Spiotto M et al. Sci. Immunol. 1, 
eaag1266 (2016)



Immune Suppression by Nonirradiated TumorIrradiated Tumor: Effector T-cell Responses





Figure 1 Antitumour effects of stereotactic ablative radiotherapy (SABR)

Bernstein, M. B. et al. (2016)
Immunotherapy and stereotactic 
ablative radiotherapy (ISABR): a 

curative approach?
Nat. Rev. Clin. Oncol. 

doi:10.1038/nrclinonc.2016.30



Translational Exemplar: SBRT + Anti-CTLA4 

Twyman Saint-Victor, et al, Nature 2015

• Study demonstrated the safety of addition of SBRT to 
ipilumumab

• ~18% abscopal responses in immunocompetent mice 
and in patients with melanoma



Clinically relevant model systems

Syngeneic models

• Experimental mouse 
tumors injected in fully 
immune competent 
syngeneic mice 

• Have provided the 
data leading to 
development of 
immunotherapy in the 
clinic

Genetically-engineered 
models

• These mice develop 
tumors driven by 
oncogenic mutations

• To some extent 
reproduce the 
carcinogenic process 
in a more 
physiological way 

Humanized mice

• These mice can 
provide the best 
opportunity to study 
the interaction of 
human tumors with 
the human immune 
system 

Immunocompromised 
models

• Human origin of 
cancer cells

• Fast growth
• Features close to 

original tumor



Tidal wave of new Trials of RT + 
Immunotherapy

Trials of RT + 
αCTLA-4 mAb

Trials of RT + 
αPD-1 / αPD-L1 mAb

Data from clinicaltrials.gov

Trials of RT + αCTLA-4 + 
αPD-1 / αPD-L1 mAb

25 trials
PhI 8, PhI/II 8, PhII 8, PhIII 1

39 trials
PhI 18, PhI/II 4, PhII 16, PhIII 1

4 trials
(PhII)





Sequencing of Immunotherapy plus Radiotherapy



Ongoing clinical trials of Immunotherapy plus 
Radiotherapy for Stage III NSCLC



Distribution of Adult Bone Marrow

Thorax - Thoracic Spine + Ribs + Clavicle + Sternum = 25% of BM reserve

Part of these areas are included in the treatment volume, especially for patients with locally advanced disease



Exemplar 2: DNA Damage Repair



The Gray – the unit of absorbed 
dose

1 Gy is the deposit of one joule of 
(radiation) energy in one kg of 
matter or tissue

1 Gy exposure in cells causes 

>10,000 damaged DNA bases

~ 1000 single stranded DNA 
breaks

~ 40 double stranded breaks

Radiobiology



Ionising radiation

DNA DAMAGE REPAIR PATHWAYS

Cell death

Double strand breaks
Single strand breaks

Base damage
Reactive oxygen species and other free radicals

DNA Damage

Radiation causes DNA damage



CCR Molecular Pathways, 2015



Combined PARP inhibitor and radiation treatment

Lenglet et al, 2013, Drugs in R&D. 



Study Arm Leads:
Kevin Franks 

(Chris Twelves)

Study Arm Leads:
Stephen Harrow 

(Anthony Chalmers)

Study Arm Leads:
Paul Shaw 
(Rob Jones)

Study Arm Leads:
Crispin Hiley

(Martin Forster)

Study Arm Leads:
Andrew Hudson 
(Matthew Krebs)

David Sebag-Montefiore
Co-Investigator

Sarah Brown
Lead Statistician

Corinne Faivre-Finn
Clin Onc CI

Alastair Greystoke
Med Onc CI

Anderson Ryan
Lead Scientist

Anthony Chalmers
Co-Investigator

RT + 
Olaparib
(PARP)

RT RT + 
AZD1775
(Wee1)

RT RT + 
AZD7648 
(DNAPK)

RTRT + 
AZD6738 

(ATR)

RT RT + 
AZD1390

(ATM)

RT

Randomise 3:1 Randomise 3:1 Randomise 3:1 Randomise 3:1Randomise 3:1

Stage IIB/III NSCLC fit for radical dose RT
Not suitable for concurrent CRT or surgery

(n= 40 per arm) 

The UK CONCORDE Study



Critical balance of DDR in PD-L1 expression





Brown JS et al.  BJC 2018



Trials of immunotherapy plus DNA damaging agent

Brown JS et al.  BJC 2018



Current clinical trials of 
anti-PD-1 and anti-PDL-1 

in combination with other 
treatments for patients 

with breast cancer 

Esteva FJ et al. Lancet Oncol 2019; 20: e175-86



Conclusions



Recommendations for future drug-RT combinations
1. Increase number of clinical trials, incorporating 

modern clinical trial designs

2. Individualisation of treatment based on 
genetic/biological features and/or imaging, including 
mathematical biological systems models

3. Dialogue with pharma industry, including timely 
preclinical development 

4. Discussions with regulators, including consumer 
representation

5. Collaboration across radiobiology laboratories

Academic 
investigators 
& clinicians

IndustryRegulatory 
bodies

Patient 
Benefit

Sharma RA et al.  Nature Rev Clin Oncol, 2016 Bristow RG et al.  Lancet Oncol, 2018 Ahmad SS et al.  Clin Cancer Res, 2018
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