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Aim and objectives of the workshop
To deliver the positive findings of basic radiobiology research more quickly and efficiently into
clinical trials, and ultimately from there to deliver improved medical practice where there is the
need to introduce top quality translational research (TR) into phase I, II & III radiotherapy (RT)
clinical trials. This strategy has been generally recognised by the European Organisation for
Research and Treatment of Cancer (EORTC) and the National Cancer Institute (NCI) in the
development of new agent-based treatments and it is a policy they are aggressively pursuing.
Therefore, to be both equally credible in attempting to deliver greater numbers of improved RTbased treatments, CTRad should have a similar policy and programme in place with respect to
its own supported/accredited RT clinical trials.
To better understand, judge and potentially improve the therapeutic gain of newly developed
RT-based treatments, one of the most appealing and profitable types of TR to be undertaken
entails the development and use of biomarkers, notably for tumour and normal tissue
predisposition and response. When looking specifically at drug action in combination with RT,
this could also include drug pharmacokinetic & dynamic markers. In such a setting, valid
biomarkers will be able to inform as to why a particular treatment is successful (or failing/falling
short), either in its own right or in a particular group of patients.
Inclusion of biomarker-based TR within RT trials that are reviewed & supported/ accredited by
CTRad will be driven & overseen by the „Biomarker Network‟ (The „Network‟). The „Network‟ will
consist of members of the various CTRad workstreams plus additional outside experts (who will
be consulted on an ad-hoc basis).
The workshop was held to discuss and promote the inclusion of biomarker-based TR within
future CTRad accredited clinical trials.
The objectives of the workshop were:
 To review current and future biomarkers pertinent to RT and any novel associated
technologies
Specifically:
o What potential biomarkers are currently available/near-available?
o Are they fit for purpose?
o What can and should be delivered?
 To address the issues/barriers that govern the implementation of valid biomarker
research
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Through „case studies‟, demonstrate the benefit/added value of biomarker-based TR
within RT trials
To gain knowledge of biomarker-specific funding opportunities

Topics covered and/or attach workshop agenda
The sessions of the workshop were structured/themed about the key issues pertaining to RT
treatment and specifically covered the biomarkers available for assessing exposure and repair,
normal tissue toxicity, hypoxia, cell death and proliferation. Finally there were sessions
dedicated to trial design & support and funding.
An agenda can be found in Appendix 1.
Attendees of the workshop
Make-up of the delegates: around 65% basic science 35% clinician/clinical scientists (please
note we didn‟t ask for this information so this is guesswork), 1 Consumer member.
A list of attendees can be found in Appendix 2.
Specific / significant discussion comments captured on the day
Keynote presentation:
The workshop was opened with a thought provoking presentation by Andrew Hughes,
AstraZeneca‟s Head of Early Clinical Oncology Development and The University of Manchester,
Manchester Cancer Research Centre Chair in Translational Research. He focused on the use of
pharmacodynamic and predictive biomarkers as go-no go decision making tools in clinical drug
development. He stressed the importance of thorough validation to ensure that interpretation of
the biomarker was effectively fool-proof. In the predictive setting, an additional consideration is
the prevalence of the biomarker in the target population, which would impact on the patient
numbers for clinical trials. Further, to understand whether a biomarker is prognostic of predictive,
control arms to investigate whether the biomarker identifies enhanced treatment to the agent
under trial, or better response to any therapy.
Exposure and Repair:
Kai Rothkamm followed with an overview of techniques initially developed to monitor accidental
radiation exposure that are finding increased use in the clinical biomarker setting. Examples
were the use of the dicentric assay to analyse chromosome damage following ex vivo irradiation
of peripheral blood lymphocytes (PBLs) to identify breast cancer patients that would have
severe acute over reactions to radiotherapy. The utility of analysing residual DNA-damage using
the H2AX assay towards this goal was also put forward. The single cell electrophoresis
COMET assay was the focus of the presentation of Victoria Spanswick who took the audience
through the steps required to validate this marker for clinical trial from studies prior to trial to
establish intra and inter-assay variation, sample stability, handling and storage, production of
internal standards, generation of SOPs and appropriate laboratory agreement through to clinical
issues of chain of custody with respect of samples, results analysis, quality control, data storage
and archiving and reporting. Chris Parris built on one of the themes introduced by Kai
Rothkamm and presented a relatively high throughput approach for evaluating residual H2AX
foci in ex vivo irradiated PBLs using imaging flow cytometry to identify over-reacting
radiotherapy patients.
Normal tissue toxicity:
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Chris Talbot introduced the concept of evaluating genetic determinants of radiation response to
enable personalisation of radiotherapy treatment. He discussed a number of ongoing studies
from the analysis of candidate genes identified from initial studies that may relate to clinical
normal tissue response (for example TGF and fibrosis; XRCC1 and telangiectasia) to genomewide association projects that are likely to generate further putative candidates. He also showed
data indicating that breast size is a major predictor of fibrosis following breast-radiotherapy.
Gillian Barnett then followed with a presentation of the preliminary results from the RAPPER
study (radiogenomics: assessment of polymorphisms for predicting the effects of radiotherapy)
that aims to recruit 6000 and establish that genetic variation accounts for the differences in late
toxicity between individuals. Gillian stressed that to be able to confirm a genetic component,
dose-, treatment- and patient-related factors must all be accounted for. Initially the genetic
studies focused on the analysis of candidate single nucleotide polymorphisms (SNPs) that had
been reported to be associated with toxicity. However the predictive nature of these SNPs was
not confirmed in the RAPPER cohort and a Genome Wide Association Scan (GWAS) study was
progressed. First indications suggest that the GWAS has identified true associations with
toxicity, particularly for the pelvic radiotherapy in prostate cancer patients, with SNPs emerging
that associated with bladder function.
Hypoxia:
Catharine West opened the hypoxia session with a description of the development and
validation of a gene signature as a biomarker for hypoxia in clinical tumours. She presented
validation data for a 25 gene hypoxia signature using a TaqMan Low Density Array Platform.
The assay was sensitive, showed excellent reproducibility with intra-tumour variability (23.2%)
much lower than for pimonidazole (67.2) or for single gene measurements (40-60%) based on 4
biopsies per tumour. Increased variability was noted for RNA extracted from formalin fixed
versus snap frozen tumours with a two log change in dynamic range between the two types of
source material. However, this did not negate its use in archived formalin fixed samples.
Samples are now being taken from the BCON and ARCON trials to investigate links between
signature and outcome. Philippe Lambin introduced means of monitoring tumour hypoxia noninvasively in tumours using positron emission tomography (PET). He presented data showing
that tumour regions that relapsed following radiotherapy frequently take up more of the
radiotracer 18FDG in pre-treatment scans. A trial is ongoing to effectively boost the radiation
given to these regions to increase response. He then progressed to more direct imaging
measure of hypoxia, focusing on a new hypoxia-PET tracer, 18F-HX4 in preclinical and clinical
studies. HX4 showed good co-registration with pimonidazole, and more rapid tumour
accumulation than 18F-misonidazole. The theme of imaging was continued with Roberto Alonzi
who presented the use of magnetic resonance (MR)-based imaging to evaluate tumour
associated characteristics such as perfusion, vessel permeability, cellular density, hypoxia and
metabolic statement. He focused on the use of MR in combination studies and stressed the
importance of the technique used. He particularly emphasised that an MR biomarker that has
utility in monitoring the effects of a specific drug on its own, may not have similar use when the
drug is combined with radiotherapy. He exemplified this with combretastatin, whereby the
dynamic contrast enhanced MR-derived biomarker Ktrans could mark drug changes alone, but
when combined with radiotherapy intrinsic susceptibility-weighted MR (blood oxygen level
dependent [BOLD] technique) was more suitable to monitor combined effects.
Cell Death and Proliferation:
Ged Brady opened this session, focusing on the use of blood borne biomarkers in early phase
trials. Cancer patients have tumour-derived cells, protein, RNA and DNA circulating within their
blood stream, all of which can be used to derive biomarkers that may be used in the prognostic,
predictive or pharmacodynamic setting. The benefit of blood borne biomarkers is the ease of
sampling and the opportunity for time-course studies with multiple samples. The technical
challenges are however great with tumour cell numbers being incredibly low and circulating
nucleic acids in nanogram amounts per ml of blood. However the power of the techniques is
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that in addition to measuring the amounts of tumour derived material within the blood as a
biomarker of tumour burden or treatment response, it is also possible to analyse specific tumour
characteristics such as mutation status that could aid patient selection. Kalena Marti described
the DREAMtherapy trial which is a single centre dual phase I study to determine the appropriate
dose of AZD2171 and AZD6244 (VEGFR and MEK inhibitors, respectively) in combination with
chemo-radiotherapy in rectal cancer patients. The trial design optimises the use of natural time
intervals to evaluate toxicity measures to enable two drugs to be progressed simultaneously.
The trial is currently recruiting and has been designed to incorporate a broad programme of
translational research, ranging across blood borne, tissue and imaging biomarkers studies,
using biomarkers tailored towards the mechanism of action of the drug used. Clinical data to
date has been encouraging with good tolerance and response.
Trial Design and Support:
Cindy Billingham introduced the concept of exploratory trials whereby biomarker data is
collected as part of the trial versus the situation where a validated biomarker is an integral part
of the trial design and used to stratify patients. The validation process is crucial whereby
biomarker data is mathematically modelled to prove how good a predictive tool it is. Cut-off
points have to be defined that predict best and the classifier used needs to be quick, cheap,
reliable, reproducible, sensitive and specific. Different designs for phase III studies were
introduced that can be used to evaluate a biomarker classifier in clinical practice which included
stratified design, marker-based strategy design and also adaptive trial design which allows the
use of interim trial data to progress biomarker research, effectively allowing development and
validation in one trial. Kevin Harrington presented first-hand experience of the pros and cons
of different trial designs using novel molecular targeted therapies in combination with
radiotherapy. He highlighted that commonly used phase 0 “window” trials can be useful for
biomarker validation/discovery for the novel drug alone, but do not offer the chance of
biomarker evaluation in the drug + IR setting. Studies in the palliative setting can bridge this gap
for pharmacodynamic biomarker development/validation. However there are caveats. Palliative
IR is short course with unconventional dose per fraction and heterogeneity of sites makes
toxicity assessment challenging. Further from a company perspective, drug registration will not
be possible on the back of data obtained in such trials. Within the curative setting, trials are
often conservative in design for fear of acute affects, whilst having little, if any consideration, for
late tissue effects. They need to incorporate chemo-IR rather than IR alone as standard of care.
Flip-flop designs (as for the DREAMtherapy trial) were again highlighted as a means to expedite
progression of novel therapies through early stage clinical development and a modified
continual reassessment trial design was presented for a trial progressing olaparib (inhibitor of
the DNA-repair enzyme PARP) with radiotherapy. Mechanisms for monitoring acute effects
were also presented using a dose-response curve based assessment of toxicity which could be
incorporated alongside standard RTOG reporting. Ruth Plummer focused her presentation
around the use of DNA-repair inhibitors in combination with radiotherapy. She highlighted the
issue that inhibiting DNA-repair has a risk of enhancing normal tissue response and as such
there is a pressing need for toxicity assessments and particularly increased evaluation of normal
tissue effects in the preclinical setting. She also discussed that many of the potential biomarkers
that have arisen for DNA-repair function require that a DNA-damage insult has been placed on
the cells. A window trial design with a single IR dose and biopsies pre- and post-IR may be
suitable to define patients with tumours that could be particularly sensitive to DNA-repair
inhibitors. Paul Marsden introduced the NCRI PET Research Network that has established a
network of accredited PET centres throughout the UK to participate in multicentre clinical trials.
Centres are accredited via the centralised NCRI PET Core Lab at St Thomas‟ Hospital in
London. A PET methodology expert panel has been established to develop guidance, quality
assurance (QA) standards and new technology to support the UK‟s ability to undertake high
quality clinical trials using PET. Support from this network is available for those researchers
wishing to undertake IR trials including PET biomarker research.
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Funding:
Nigel Blackburn’s presentation highlighted the current changes within CR-UK and
modifications to the relevant funding streams. The focus of the presentation was the Drug
Development Office, which can help progress therapies from lead optimisation onwards. The
New Agents Committee can deal with phase I „first in man‟ studies with biomarkers +/therapeutic. However, there was little clarity in positioning of biomarker focused trials in a
radiotherapy context.

Intended outputs or measure of impact
The deliverables of the Workshop were:
• To introduce and establish the CTRad Biomarker Network
• Identify expert Biomarker „Champions‟ in clinical trials who would be the 'go-to' people
for specific advice about a particular markers/techniques/methodologies
• To seek feedback from the Workshop participants as how should the network function to
facilitate biomarkers in radiotherapy trials
• Provide an editorial and report of meeting and effective network collaborations
The ultimate aim of the above being to enable/empower both scientists & clinicians to address
the barriers associated with the implementation of valid biomarker research in future RT trials, to
engender high priority for biomarker-based TR in future RT trials, to foster fresh collaborations
and to stimulate the genesis and submission of new high quality RT trial proposals for
consideration by CTRad and future funding.

Feedback comments from delegates















The content and talks were in general excellent and although the format was condensed
it was a good workshop. My only criticism is the lack of tea and coffee all day (especially
during lunch), it was a long wait from 9:45am to 3pm for a coffee fix!
More studies on radiation prevention during RT treatment.
A little disappointing, particularly the morning programme. I had expected more reviews
of the state of the art (rather than reports of presenter‟s specific recent work) and more
of a forward look.
The two RT damage talks didn‟t discuss usefulness of these in trial settings. Just an
exhaustive talk through topic. Overall day was good but long. An overview of CTRad
vision on promising biomarkers relevant to radiotherapy, i.e. hypoxia would have been
good.
I would have like the (daunting) opportunity of presenting a clinical proposal to the group
to collect biomarker suggestions in a true „workshop‟ scenario.
1. Slightly too little time to talk to the other delegates, but the content was very full.
2. Too little coffee!
Overall absolutely excellent meeting. Very well organised.
Location more difficult to get to than Birmingham/London/Manchester. But otherwise
very good.
Coffee at lunch please! Very long sessions – coffee required!
More coffee Breaks please.
Excellent workshop. Programme quite intense – break in AM session too.
Excellent programme and good speakers. Possibly attempted to pack in a bit too much,
therefore some talks a bit rushed, few questions.
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Excellent meeting for developing collaborations and networks of support for moving
biomarker validation forward to the next step.
Useful, thought provoking.
Lecture theatre needs a clock at the back.
Very good day. Well done.
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Appendix 1: Workshop agenda
09.15-10.00 Registration & Welcome. Tim Illidge & G Don Jones
10.00-10.30 KEYNOTE PRESENTATION. Chairs: Kaye Williams, G Don Jones,
Andrew Hughes: “Predictive and pharmacodynamic biomarkers in industry decision making:
Help, hype or hope”
10.30-11.30 EXPOSURE & REPAIR. Chairs: Peter Farmer, Simon Reed
10.30-10.50 Kai Rothkamm: “Biological measures of radiation exposure and their potential as
predictive or prognostic biomarkers in radiotherapy trials”
10.50-11.10 John Hartley: “Use of the comet assay in clinical trials” (Victoria Spanswick on
day)
11.10-11.30 Chris Parris: “DNA damage measures predict normal tissue toxicity in
radiotherapy patients”
11.30-12.10 NORMAL TISSUE TOXICITY. Chairs: Paul Symonds, Neil Burnet
11.30-11.50 Chris Talbot: “Finding the genetic determinants of adverse reactions to
radiotherapy: the LeND project”
11.50-12.10 Gillian Barnett: "The RAPPER study: Preliminary results"
12.10-12:30 Discussion (discussion leader Catharine West)
12.30-1:10 Lunch
1.10-2.10 HYPOXIA. Chairs: Ester Hammond, Ian Stratford (replaced by Kaye Williams)
1.10-1.30 Catharine West: “Measuring hypoxia in clinical trials”
1.30-1.50 Philippe Lambin: “Hypoxia imaging in patients: Does it work? What for?”
1.50-2.10 Roberto Alonzi: “Magnetic resonance imaging biomarkers for prostate radiotherapy
trials”
2.10-2.50 CELL DEATH & PROLIFERATION. Chairs: Thomas Brunner, Laura Kenny
2.10-2.30 Ged Brady: “Biomarker development for drug radiation combination trials”
2.30-2.50 Kalena Marti: “Translational aspects of DREAMtherapy trial”
2.50-3.10 Coffee
3.10-4.20 TRIAL DESIGN & SUPPORT. Chairs: Anne Thomas, Paul Marsden
3.10-3.25 Lucinda Billingham: “Innovative methodology for radiotherapy trials incorporating
biomarkers”
3.25-3.40 Kevin Harrington: “Taking RT combinations in to clinical trial: designing early and
late trials to suit”
3.40-3.55 Ruth Plummer: “Novel agent/radiotherapy trial design – challenges compared to
systemic therapy combinations”
3.25-4.10 Paul Marsden: “Supporting PET QA in clinical trials: The NCRI PET Core Lab”
4.10-4.30 Discussion (discussion leader Ian Stratford; replaced by Tim Illidge)
4.30-5.00 FUNDING. Chairs: Tim Illidge, Susan Short
4.30-4.50 Louise Jones: CR-UK BIDD Committee: “Navigating the biomarker roadmap”
(covered by Nigel Blackburn on day)
4.50-5.10 Nigel Blackburn: CR-UK DDO: “Biomarkers in DDO trials”
5.10-5.25 Final Comments & Meeting Close. Tim Illidge, G Don Jones
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Appendix 2: Attendees list
Speakers and Chairs
Alonzi
Barnett
Billingham
Blackburn
Brady
Harrington
Hughes
Lambin
Marti
Parris
Plummer
Rothkamm
Spanswick
Talbot
West
Brunner
Burnet
Farmer
Hammond
Illidge
Jones
Kenny
Marsden
Reed
Short
Symonds
Thomas
Williams

Roberto
Gillian
Lucinda
Nigel
Ged
Kevin
Andrew
Phillipe
Kalena
Christopher
Ruth
Kai
Victoria
Chris
Catharine
Thomas
Neil
Peter
Ester
Tim
G Don
Laura
Paul
Simon
Susan
Paul
Anne
Kaye

Mount Vernon Cancer Centre
University of Cambridge
University of Birmingham
Cancer Research UK
University of Manchester
ICR, London
AstraZeneca & University of Manchester
Department of Radiation Oncology, Maastro, NL
The Christie NHS Trust, Manchester
Brunel University Division of Biosciences
University of Newcastle upon Tyne
Health Protection Agency, Chilton
University College London
University of Leicester
University of Manchester
University of Oxford
University of Cambridge
University of Leicester
University of Oxford
University of Manchester
University of Leicester
Imperial College, London
King's College London
University of Cardiff
Leeds Institute of Molecular Medicine
University of Leicester
University of Leicester
University of Manchester

Sarah
Rozita
Saif
Ramla
Sarah
Julian
Molly
Philip
Emma
Karen
Karen
John
Lai-Kay Maggie
Melvin
Yuri
Mark
Andy
Naseem
Colin
Andres
Teresa

Gray Institute for Radiation Oncology and Biology
University of Leicester
Addenbrooke's Hospital
University of Nottingham
Belgian Nuclear Research Centre
University of Leicester
University Hospitals Leicester
King‟s College London
Brunel University Division of Biosciences
University of Leicester
University of Leicester
Cardiff University
University of Leicester
UCL Cancer Institute
University of Leicester
University of Leicester
University of Leicester
University Hospital, Aintree
University of Leicester
University of Leicester
Guys & St Thomas' NHS Foundation Trust

Delegates
Able
Adib
Ahmad
Awais
Baatout
Barwell
Blake-James
Blower
Bourton
Bowman
Brown
Chester
Cheung
Chua
Dubrova
Evans
Gescher
Ghazali
Glen
Gomes
Guerrero-Urbano
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Hall
Haris
Hernandez
Horsfield
Howe
Kalaitzaki
Kanthou
Kirby
MacFarlane
Maclean
Malottki
Mangar
Martin
Meade
Mukesh
Murray
Nicholson
Oliver
Patterson
Powell
Pritchard
Risk
Ryan
Shah
Shaw
Shaw
Singh
Staffurth
Stephens
Storr
Suh
Tavassoli
Titley
Tsang
Vega-Carrascal
Vivekanandan
Wickers
Wilson
Yang
Zhang

Janet
Noor
Maria
Mark
Orla
Eleftheria
Chryso
Anna
Marion
Jillian
Kinga
Stephen
Stewart
Aidan
Mukesh
Louise
Steve
Alfred
Miranda
Melanie
Catrin
Janet
Anderson
Ketan
Richard
Jacqui
Raj
John
Peter
Sarah
Yae-Eun
Nahvash
Jenny
Yat
Isabel
Sindu
Sairanne
James
Huiqi
Yimin

Institut Curie / Inserm U612, France
Newcastle upon Tyne Hospitals NHS Foundation Trust
University of Leicester
University of Leicester
Dublin Institute of Technology
Institute of Cancer Research, London
University of Sheffield
The Royal Marsden, London
MRC Toxicology Unit
University College Hospital London
MRC Midland Hub for Trials Methodology Research
Imperial College NHS Trust
University of Nottingham
Centre for Radiation & Environmental Science
Cambridge University Hospital
St James's Institute of Oncology
University of Leicester
Consumer member
Northern Institute for Cancer Research
Barts and the London
University of Leicester
University of Liverpool
Gray Institute for Radiation Oncology and Biology
Gray Institute for Radiation Oncology and Biology
University of Liverpool
University of Leicester
University of Leicester
Cardiff University
Northern Institute for Cancer Research
University of Nottingham
Guys & St Thomas' NHS Foundation Trust
King‟s College London
The Institute of Cancer Research
NCRI RTTQA Group
Dublin Institute of Technology
Addenbrooke's Hospital
University College London
University of Leicester
Addenbrooke's Hospital
University of Nottingham

Attending Sponsors
Tulk
Dercksen
Mason
Kelly
Turton
Schmid
Dermott
Charlton

Amanda
Casper
Gill
Stephen
David
Robert
Brian
Pete

Xstrahl Ltd
Xstrahl Ltd
Siemens
Pfizer Oncology
PETNET Solutions
RPS Services
Precision X-Ray
Vertex
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