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Biomarkers are defined as ‘characteristics that are objectively
measured and evaluated as indicators of normal biological
processes, pathological processes or pharmaceutical responses to
a therapeutic intervention’ (Biomarkers Definitions Working
Group, 2001). Imaging biomarkers (IBs) constitute an important
subclass of biomarker and their development represents an exciting
and expanding field of oncology research.

Such biomarkers already have an important role in clinical
practice in oncology: from screening and diagnosis, through to
patient stratification, treatment planning, monitoring disease
response and assessing treatment toxicity.

New IBs are used for research purposes to test in-vivo research
hypotheses and are increasingly incorporated into early phase
clinical trials testing novel anti-cancer treatments. For example,
such biomarkers may identify the presence of treatment targets,
confirm target modulation and monitor response. In drug
development, they can act as gatekeepers in the drug development
pipeline by providing crucial early data on treatment efficacy,
accelerating the development of effective agents. Conversely, a lack
of early response signal may halt development of ultimately
ineffective treatments.

Despite an increase in new IBs, only a few have undergone full
validation and qualification for routine research or clinical use.
A key reason for this is a lack of effective, standardised, translational
strategies. In response, Cancer Research UK (CRUK) and the
European Organisation for Research and Treatment of Cancer
(EORTC) assembled a panel of experts to consider these challenges,
leading to publication of a consensus statement outlining a new
‘Imaging Biomarker Roadmap for Cancer Studies’ (O’Connor et al,
2016). This builds on previous US and European guidance
(Dorfman et al, 2008; European Society of Radiology, 2013), and
sets out a comprehensive strategy to improve future IB translation.

This proposed roadmap defines clear ‘translational gaps’, which
must be crossed for IBs to become reliable measures suitable for
research purposes and for clinical decision-making. In order to pass

across these translational gaps, parallel defined processes must be
undertaken consisting of: technical validation, biological and clinical
validation, and assessment of cost effectiveness. To ensure effective
navigation of this roadmap, a number of key recommendations have
been made by this consensus group relating to these processes.

With regards to technical validation, this group calls for the
accreditation of clinical centres and imaging laboratories to
standards set by the IB community. Undeniably, accreditation will
reduce variation in technical performance. However, the increasing
rate of biomarker discovery, alongside continuous improvements
in imaging equipment, software and data analysis, means that
biomarker-specific site accreditation will inevitably lag behind new
developments. It is therefore important that this additional
regulation does not impede the development of novel IBs or
hinder improvements to existing biomarkers. To further improve
technical validation, it has also been recommended that repeat-
ability (test-retest) and multicentre reproducibility studies should
be conducted whenever possible. Although this is clearly important
to evaluate the precision of IBs, such studies are costly, time
consuming, and require significant additional funding and
logistical support. To encourage such an approach, there must be
widespread recognition of the importance of such data to this field
of research and appropriate resources made available.

This new guidance also emphasises the need for extensive
preclinical biological validation studies to ensure robust evaluation
of imaging-biology correlation. It is then recommended that there
is more transparency amongst researchers when reporting results.
Furthermore, it is suggested that ‘imaging repositories’ are created
with the aim of accelerating biological validation by pooling
relevant data. It is important that when combining multicentre
data in this way, evidence of technical validation is adequately
scrutinised and concerns surrounding intellectual property are
addressed. This approach does, however, provide the opportunity
for rapid biological validation and may potentially require the use
of fewer animals or patient participants in individual studies.
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This imaging biomarker roadmap highlights the specific and
varied challenges in developing IBs. An important underlying
theme to many of the recommendations made is that there is a
need to create a more open and collaborative IB research
environment. By ensuring standardisation of data acquisition and
analysis, accredited technical validation and the transparent
sharing of biological and clinical validation data, it is hoped that
more IBs will cross translational gaps and become useful research
and clinical decision-making tools of the future.
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