
CLInICAL RESEARCH IMAGING IN

 38 D I  E U R O P E  MARCH 2015

By Dr Olga Kubassova

Translating Advanced Imaging and 
Quantitative Imaging biomarkers from 
Clinical Research into Clinical Practice
Medical imaging impacts on virtually every aspect of clinical practice and is one of 
the key elements in diagnosis, monitoring, and in many cases image guided therapy. 
Rapid development in clinical research is producing a continuous stream of new 
knowledge of disease processes, new therapeutic targets and the complex relation-
ship between an individual’s symptoms and the actual disease state. There is often 
however a disconnect between use of medical imaging in clinical practice and clini-
cal research. The former requires rapid error-free reading using the quickly acquired 
imaging data, normally showing structural damage. In clinical research, thorough 
analysis of images, often guided by computer-aided tools allows in-depth under-
standing of the disease, with prime focus on detecting pre-structural changes.

One of the examples of differences 
between imaging in routine clinical 
practice and in clinical research would 
be inflammatory joint diseases, such as 
rheumatoid arthritis or psoriatic arthri-
tis. In clinical practice, there is still a 
preference for a quick X-ray scan which 
will show presence or absence of an 
erosion. Over  the last decade, clinical 
research was focused on understand-
ing pre-erosive changes, which would 
be assessed by measuring inflamma-
tory activity. Thus, while the newly 
developed treatments aim to reduce the 
inflammation and therefore to prevent 
erosions, the clinical assessment of the 
effect of such treatments will typically be 
measured using X-rays, which lack the 
ability to visualize or measure inflam-
matory changes at early stages. Conse-
quently if a clinician does not possess 
sufficient information about the effect 
of the treatment, a number of patients 
will be exposed to a potentially ineffec-
tive treatment. Should then advanced 
imaging be utilized in clinical practice 
for the sake of safety as well as efficacy 
of treatments?   

The appropriate selection of imag-
ing and corresponding outcome mea-
sures in cancer research has been widely 
debated. Many believe that the imaging 
modality should be chosen in a man-
ner that maximizes the usefulness and 
meaning of the clinical trial in terms of 
addressing the burden of disease. The 
economic desire for quicker answers 
and less costly imaging often utilized 
in clinical practice may not deliver valid 
and reliable measures of effectiveness 
and safety.

From the regulatory point of view, the 
success of a clinical trial should be based 
on patient related outcomes. While there 
is no doubt that it is important to show 
that at the later stages of rheumatic dis-
ease, a patient does not develop more 
erosions or in the case of cancer, patient 

survival rate is sufficient to approve a 
new treatment. However, how can we 
make the decision on effectiveness of 
treatment early enough to give a patient 
the best chance of pain-free life and 
progression-free survival. The answer 
is of course in finding the right tools 
and ways of assessment for early disease 
detection and early prognosis. 

While the selection of cheaper imag-
ing methods and the use of less defini-
tive endpoints may allow for less expen-
sive trials and easier measurements, they 
may not yield useful information about 
the treatment effect. Ultimately they will 
require more time, more money, and 
more patient participation. Such a waste 
of resources can be avoided by selecting, 
at the outset of testing, outcomes that 
provide the clearest indications of the 
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There are differences between the use of medical imaging in routine clinical practice and in clinical 
research. The former requires rapid error-free reading using quickly acquired imaging data, usually to iden-
tify structural damage. In clinical research, a thorough analysis of images, often guided by computer-aided 
tools is used to gain in-depth understanding of the disease, with the prime focus being on the detection 
of pre-structural changes.
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true efficacy and harms of the intervention 
being examined.

Furthermore, the success of treatment 
as measured by various regulatory agen-
cies is often based on clinical outcomes. 
It is of course critical to ensure patient 
wellbeing, equally   it is critical to mea-
sure early efficacy of treatment. There are 
no data available on how many patients 
are being exposed to ineffective treatments 
because advanced imaging is not widely 
used in determining the earliest efficacy of 
treatment. 

It is critical that clinicians as well as radi-
ologists have the knowledge of the appro-
priateness and limitations of the various 
imaging techniques irrespective of which 
field they ultimately wish to specialize in. 

 In particular, clinicians should be 
comfortable with the knowledge when 

to request novel functional imaging tech-
niques, which can help quantify real-time 
physiologic and metabolic processes at the 
cellular or molecular level, supply valu-
able information to  assess  the stage of 
the disease, select and monitor treatment, 
gauge prognosis, and measure outcomes. 
In clinical research advanced quantitative 
imaging endpoints have long become the 
primary biomarkers for all phases of new 
drug discovery. The challenge is to translate 
this knowledge back into clinical practice. 

dyNAMIC CoNtRAst eNHANCed  MRI 
A truly translational imaging modality, 

which allows to connect quantitative clini-
cal research and early disease assessment 
in clinical practice is Dynamic Contrast 
Enhanced (DCE)-MRI.  DCE-MRI is well 
known as a clinical instrument for staging 

and monitoring different malignant tumors 
(1,2,3) and can also be applied within the 
field of musculoskeletal diseases for diag-
nosing and monitoring inflammatory dis-
ease activity (4).

DCE-MRI is based on sequential acqui-
sition of T1-weighted MRI sequences 
prior to, during and after an injection of a 
contrast agent. Following the intravenous 
injection of the contrast agent, which is 
preferentially taken up at sites with high 
perfusion, a temporal variation of the MRI 
signal intensity occurs. The signal inten-
sity corresponds to the underlying changes 
in tissue concentration of contrast agent. 
Signal intensity versus time curves (ITC) 
with rapid and extensive enhancement 
and washout is therefore typical for tissues 
with high perfusion such as inflamed tis-
sues. In this way the distribution of the 

There are differences between the use of medical imaging in routine clinical practice and in clinical research. The former requires rapid error-free reading using quickly 
acquired imaging data, usually to identify structural damage. In clinical research, a thorough analysis of images, often guided by computer-aided tools is used to gain in-
depth understanding of the disease, with the prime focus being on the detection of pre-structural changes.

Vascular changes can be observed and quantified with Dynamic Contrast-Enhanced MRI, which allows earlier assessment of drug efficacy and saves time and money in the drug develop-
ment process.
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contrast medium can be used to differenti-
ate between healthy tissues and tissues with 
hyperperfusion.

In clinical oncology trials, the abil-
ity of DCE-MRI to assess blood flow in 
terms of degree and rate of early tumor 
contrast enhancement is increasingly 
used as an indication of tumor vascular-
ity. Since tumors need to be near a blood 
supply to metastasize, vascular disrupting 
agents are a new class of anti-cancer drugs 
designed to prevent nutrient supply to the 
tumor, thereby leading to the necrosis of 
solid tumors such as breast cancer, pros-
tate tumor, carcinomas, cervix cancer or 
colorectal tumors. These anti-angiogenic 
agents can be effective anti-tumor thera-
pies, particularly in combination with 
other drugs. Vascular changes can be 
observed and quantified with DCE-MRI, 
which allows earlier assessment of drug 
efficacy and saves time and money in the 
drug development process. In rheumato-
logical studies, DCE-MRI has been shown 
to visualize erosions 2 years prior to them 
being visible on X-ray. However, since ero-
sions are a late manifestation of previous 
inflammatory tissue damage, the main 
advantage of MRI is its ability to visualize 
inflammatory pre-erosive changes. With 
bone marrow edema (BME) believed to be 
one of the most reliable predictor of subse-
quent erosive changes, and synovitis to be 
the earliest indicator of disease activity, it 
is crucial to measure  these inflammation 
driven disease manifestations at diagno-
sis and quantify the changes in follow-up 
examinations.

 The latest clinical research confirms 
that the use of DCE-MRI in studies 
increases the study’s discriminative power, 
helps identifying non responders early and 

helps reduce the number of patients and 
study sites. Furthermore, use of DCE-MRI 
helps shorten drug development time, as 
the efficacy can be accurately demonstrated 
within much shorter time than with con-
ventional radiography.

While the analysis of DCE-MRI 
requires advanced software to character-
ise the changes in signal intensity over 
time as the contrast flows in and out, with 
appropriate software the interpretation of 
the images can be done in a fully auto-
mated manner reducing human bias on 
the treatment effect. Dynamika, developed 
by Image Analysis, UK [5] is an example 
of such software helping to automatically 
turn DCE-MRI sequence into a set of 
imaging biomarkers.  

The use of highly optimized algo-
rithms in a reliable software platform is 
critical to successful translation of com-
prehensive imaging modalities into clini-
cal practise. The software must reproduc-
ibly calculate the volume and severity of 
inflammation and use these to provide 
an overall inflammatory score for a rheu-
matology patient or tumor assessment 
for an oncology patient. Further, since 
DCE-MRI is acquired over time, patient 
movement during the scanning has to be 
account for prior to any quantitative anal-
ysis. Scoring systems, such as RAMRIS 
and DEMRIQ in inflammatory arthri-
tis and measurements of tumor texture 
and volume should be carried out with a 
high degree of automation, otherwise the 
measurements will be subject to reader 
variability.     

Many studies have evaluated DCE-
MRI results as predictors of clinical 
outcomes, including treatment response 
to chemotherapy in tumors as well as 

Disease-modifying anti-rheumatic 
drugs (DMARDs) and biological treat-
ments for Rheumatoid Arthritis. DCE-
MRI results have also been compared 
to conventional diagnostics as predictive 
biomarkers. Some studies have shown 
vascular changes on serial DCE-MRI to 
be predictive of disease progression and/
or malignant transformation of tumors.

Despite some challenges to employ-
ing DCE-MRI, the imaging method 
is rapidly becoming integral to drug 
development trials and early phase 
clinical research. Successful integra-
tion of functional imaging techniques 
such as DCE-MRI in a clinical trial 
requires thoughtful orchestration and 
rigorous standardization to reduce 
variability.  DCE-MRI will be increas-
ingly employed and its role will become 
better established over time. Ultimately, 
DCE-MRI will prove to be a widely 
recognized and reliable predictive bio-
marker for clinical outcomes.
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With appropriate software the interpretation of DCE-MRI images can be done in a fully automated manner so reducing human bias in evaluating the treatment effect. Dynamika, developed 
by Image Analysis, uK [5] is an example of such software which is helping to automatically turn DCE-MRI sequences into a set of imaging biomarkers.


