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                        ORIGINAL ARTICLE    

 Qualifi cation versus validation of biomarkers  

    JENNY   DOUST   

 Faculty of Health Sciences and Medicine, Bond University, Robina, Queensland,          Australia    

 Abstract 
 The phases of research used to evaluate new drugs provide a useful reference point for determining the studies that need to 
be conducted to evaluate new biomarkers. However, biomarkers do not have a single pathway for changing health outcomes 
and may be used for a variety of purposes, such as improving diagnostic criteria, improving prognosis, improving the monitor-
ing of disease or as a measurement of health outcomes. The impact on health outcomes is also less direct and is dependent 
on the sequence of actions taken as a consequence of the test results. The different purposes of biomarkers and the less 
direct effect on health outcomes require different study designs to those used for the evaluation of pharmaceutical products 
and a more careful interpretation of results. Greater collaboration between researchers designing laboratory-based qualifi -
cation studies and researchers designing clinical validation studies could achieve a process of evaluation for biomarkers that 
is both reliable and effi cient.   
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  Introduction 

 Over the past 50 years or so, there has been consid-
erable progress in defi ning the methods needed to 
evaluate the effectiveness of health care interventions, 
particularly pharmaceutical products. Much of this 
increased understanding also applies to the evaluation 
of biomarkers. However, there are important differ-
ences that researchers, regulators and clinicians need 
to consider in the design and interpretation of studies 
to evaluate biomarkers. 

 The pathway between the use of a pharmaceutical 
intervention and the change in clinical outcome is rea-
sonably direct. We can generally assume that the effects 
observed in a trial can be transferred to patients in 
other settings. The pathway between the use of a 
biomarker and a change in clinical outcome is both 
less direct and can occur at multiple points in the 
clinical pathway. Biomarkers can be used to diagnose 
the patient, measure disease severity, measure the 
response to treatment, monitor patients over time or to 
predict the prognosis of patients. In each case, the 
potential impact of the biomarker on health outcomes 
depends on the sequence of actions taken as a conse-
quence of the test result. The potential multiple uses 
of biomarkers and their indirect impact on health out-
comes means that researchers need to choose different 
study designs and a different sequence of study designs 
for their evaluation. As a previous author stated  “ the 

complexity of these choices makes drug evaluation 
research seem simple and almost pedestrian ” [1].    

 The pathway for evaluating biomarkers 

 As with pharmaceuticals, the pathway for establish-
ing clinical applicability begins with the synthesis and 
purifi cation of the product, the  “ discovery phase ” . 
The proportion of biomarkers that go on to reach com-
mercialisation after this phase is probably even smaller 
than the proportion of pharmaceutical products, in part 
because of the complexity of the evaluation process. 

 In general, the discovery phase is followed by the 
 “ qualifi cation ”  or analytical validity studies. In these 
studies, the analytical procedures for the detection of 
the biomarker are standardised and factors which 
may impact on measurement are identifi ed. Various 
guidelines identify this stage of the research cycle as 
being pre-clinical, Phase 1 or Phase 2 studies [1,2]. 
How ever it is labelled, some of the questions that may 
be addressed in these studies are:

    a)  The optimal procedures for collecting and per-
forming the assay    

b)  The intra-individual and inter-individual repro-
duci bility of the assay

    c)  The relationship between the biomarker and 
severity of disease;    
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results of the two sets of studies. However, it is 
important to avoid what is termed an  “ ecological fal-
lacy ”  in epidemiology. For example, there have been 
20 studies examining the accuracy of BNP for the 
diagnosis of clinically defi ned heart failure in primary 
care settings and 16 studies examining the accuracy 
of NT-proBNP for same purpose and in the same set-
ting. We could compare the results of the two sets of 
studies. However, any difference in accuracy between 
the two sets of studies may be due to other differences 
between the two sets of studies, such as the severity 
of disease or the age of the patients. Such compari-
sons are likely to give rise to inaccurate conclusions. 
The most appropriate way to compare the two forms 
of the test would be to combine the results of studies 
which have directly compared the two forms of the 
test in the same patients, thus ensuring that the dis-
ease profi le is the same for both tests.   

 Establishing the clinical validity of diagnostic 
biomarkers 

 One of the great advances in clinical medicine in the 
twentieth century was the development of the ran-
domised controlled trial. Using the results of clinical 
trials, doctors and funding bodies are able to make 
decisions about the potential harms and benefi ts of 
health care interventions. We can do this because we 
can assume that the effects observed in a clinical trial 
are similar to the effect that we will see in the patients 
we treat. Of course, there are likely to be some dif-
ferences. For example, we may see a patient who is 
older than patients included in the clinical trials and 
we may therefore adjust the dose of the drug, moni-
tor more closely for side effects or not use the drug 
at all. But overall, the results in clinical trials are 
assumed to be the best evidence available for clinical 
decision making about treatments. 

 The same assumption is much more diffi cult, how-
ever, when we evaluate a diagnostic test. Much will 
depend on the sequence of events that occurs after 
diagnosis, such as the package of treatment options 
available for patients diagnosed with the target disor-
der and even the diagnostic and treatment options for 
those determined to have an alternative diagnosis. 
Because the treatment packages available can differ 
widely between clinical settings, the effect of a diag-
nostic test on health outcomes can be substantially 
different in different clinical settings. 

 Even more profoundly, and more diffi cult to pre-
dict, is the impact of a new diagnostic test on the 
spectrum of patients being tested. As doctors become 
more familiar with the use of a biomarker, it can change 
the spectrum of patients being tested for a disorder 
or the way that the biomarker is used in a diagnostic 
algorithm. Consider the example of troponins. The 
introduction of this biomarker has resulted in the spec-
trum of patients being tested for myocardial infarction 

d)  The effect of factors such as age and sex on 
the biomarker and the establishment of normal 
 reference ranges.   

 Qualifi cation studies can be differentiated from vali-
dation studies to establish the clinical validity of the 
biomarker. Depending upon the proposed purpose 
of the biomarker, these studies address questions 
such as:    

a)  How well does the biomarker differentiate between 
those who do or do not have a disease (diagnos-
tic accuracy studies)?    

b)  How well does a biomarker predict prognosis in 
patients with a disease?

    c)  Does monitoring patients using the biomarker 
improve health outcomes?    

d)  Can the biomarker be used as an intermediate 
outcome to measure response to treatment, for 
example in pharmaceutical evaluations?   

 The fi nal phase of assessment of a biomarker is 
establishing the clinical utility of the biomarker  –  
how much does it improve health outcomes and is it 
cost-effective? 

 In the evaluation of pharmaceutical products, the 
pathway from discovery to clinical utility is essen-
tially a linear process, with each phase of studies 
following sequentially. In research on biomarkers, how-
ever, it may not be desirable or effi cient to follow this 
sequence. 

 For example, a study of biomarkers in stored spec-
imens is relatively quick and easy to produce. This type 
of case-control study can quickly establish differences 
in biomarker concentrations between those who do 
and do not have a disease, or those who do or do not 
progress to develop a disease and therefore can gener-
ate early hypotheses concerning potential diagnostic 
and prognostic markers. Because such studies are rel-
atively cheap to produce, it is more effi cient for these 
studies to be conducted early in the research pathway. 
Although these studies cannot establish the clinical valid-
ity of the biomarker, such as estimate the diagnostic 
accuracy of a biomarker, if these studies do not show 
a clear relationship between the target disorder and 
the biomarker, then further research on the analytical 
validity of the biomarker is unnecessary. 

 Analytical validity studies can also be informed by 
clinical validity studies. For example, there are two 
main forms of the B-type natriuretic peptide test: the 
biologically active BNP, and the biologically inactive 
amino-terminal peptide that is cleaved off after the 
release of the peptide from the myocardium, NT-
proBNP. For both tests, there are several assays avail-
able including a point of care test. It is important to 
know if any of these assays is superior to other assays 
and if diagnostic accuracy varies by the type of assay. 
One way to do this is to look at the results of diag-
nostic accuracy studies using the BNP test and the 
results of tests using NT-proBNP and to compare the 
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to change substantially over that time. In this case, even 
the defi nition of the target disorder has been changed, 
so that the spectrum of patients who are defi ned as 
having a myocardial infarction is considerably different 
now to twenty years ago. The change in the spectrum 
of patients being tested over time magnifi es the diffi -
culties in evaluating the effect of a biomarker on health 
outcomes. 

 The way that clinicians use diagnostic tests also 
makes it diffi cult to assess the effect of an individual 
clinical test on clinical outcomes. Clinicians use tests 
in a variety of ways. If you have studied some epide-
miology you may have learnt about the Clinical epide-
miologists emphasise the process of probability revision, 
that is combining an estimate of the pre-test probabil-
ity of disease with the sensitivity and specifi city of the 
test to estimate a post-test probability of disease. How-
ever, clinicians do not use tests in such a strictly quan-
titative way. The most common method used by 
clinicians for diagnosis is pattern recognition. The cli-
nician recognises an overall pattern combining infor-
mation from a variety of sources. The reason why 
experienced doctors are able to diagnose more accu-
rately and more quickly than junior doctors is because 
they are able to recognise the pattern of a diagnosis in 
patients [3]. Although the human mind is superbly 
good at this process, it can be diffi cult to determine 
how one individual piece of information informs the 
understanding of the entire pattern. 

 There are also logistical diffi culties in conducting 
clinical trials to evaluate the effect of diagnostic bio-
markers. For example, in a trial of a pharmaceutical 
drug, the power of the trial is determined by the num-
ber of events that occur in the treatment and the con-
trol arms of the trial. In a trial of a diagnostic test, the 
power of the trial is driven by the proportion of patients 
who have a change in clinical outcomes as a result of 
the change in diagnosis. This can only occur in patients 
who have discordant results between the old method 
of diagnosis and the new method and therefore any 
observed difference in health outcomes is driven by 
only a small proportion of the patients enrolled in the 
trial. Therefore, the size of a trial of a diagnostic test 
needs to be several magnitudes larger than a trial of a 
therapeutic intervention. Clinical trials of diagnostic 
tests are highly subject to type II errors and this needs 
to be considered in their interpretation [4]. 

 Because of these factors, it is not always reliable 
or effi cient to test diagnostic biomarkers in ran-
domised controlled trials [5,6] and studies of diag-
nostic accuracy may be suffi cient. However, even in 
these studies it is important to clarify the proposed 
role of the biomarker in clinical practice and for this 
to be considered in the design of the clinical validity 
studies. 

 Traditional diagnostic accuracy studies examine the 
ability of a diagnostic test to differentiate between those 
who have and do not have a target disorder in a cohort 
of patients presenting with a suspected disease in a spe-

cifi c clinical setting. These studies provide the familiar 
estimates of sensitivity and specifi city as measured 
against a reference standard test. However, such studies 
are not that helpful in establishing the clinical utility of 
a diagnostic test and helping to determine whether a 
clinician should or should not use a diagnostic test in 
a particular clinical setting or whether a funding body 
should or should not fund it. We cannot determine from 
these studies how much the test adds to other clinical 
information that is available or compare the diagnostic 
accuracy of two potential diagnostic tests. 

 It also diffi cult to generalise the results of diagnos-
tic accuracy studies conducted in one clinical setting 
to another clinical setting or to patients with a differ-
ent spectrum of disease. For example, there have been 
nearly 100 studies to evaluate the diagnostic accuracy 
of B-type natriuretic peptide, including randomised 
controlled trials of its use in various settings. However, 
it has not been studied in patients presenting with 
suspected heart failure in the primary care setting 
prior to referral to a specialist clinic, making it diffi cult 
to determine its effectiveness and cost-effectiveness in 
that setting [7].   

 Establishing clinical validity of other 
biomarkers 

 Diagnosis is only one of the potential uses of a bio-
marker. Other potential uses are monitoring, screening 
and prognosis. Each of these areas requires its own 
types of study designs. There has been surprising little 
research into the use of tests for monitoring disease, 
even though this is a common clinical activity and 
increasingly so with the shift towards greater care of 
chronic diseases [8]. For example, a recent randomised 
controlled trial of blood glucose monitoring in patients 
with type 2 diabetes showed that there was no differ-
ence in diabetic control and worse quality of life after 
12 months in patients who used home blood glucose 
monitoring than in those monitored by a clinic test 
each 3 months [9]. This overturns results of previous 
trials which may be due to differences in treatments 
other than the blood glucose monitoring between the 
two arms of the trials and puts into questions a health 
care intervention which is estimated to cost more than 
 £ 100,000,000 a year in the UK alone. 

 As for diagnostic biomarkers, it is not always nec-
essary to use randomised controlled trials to estab-
lish if a new screening test improves health outcomes. 
For example, it has been shown in a systematic 
review of randomised controlled trials that faecal 
occult blood testing reduces mortality from colorec-
tal cancer [10]. It would not be necessary to conduct 
a randomised controlled trial of a new biomarker for 
this disease if a new biomarker were to become avail-
able. The most appropriate study design in this case 
is a paired comparison of the diagnostic accuracy of 
the two tests.   
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 Conclusion 

 Clinicians, funders and regulators need to be able to 
answer the following questions:   

  •   Should clinicians use this test?   
  •   Should clinicians use this test in this patient? and   
•     How do I use the results of the test in this patient?   

 Given the time and resources that are required to 
conduct studies of biomarkers, and the diffi culties 
with both conducting and interpreting such studies, 
researchers need to look for more effi cient and cost-
effective methods for answering clinically relevant 
questions. There is a clear need for greater collabora-
tion between researchers involved in analytical stud-
ies and those involved in clinical validation studies to 
ensure that research in biomarkers is both effi cient 
and reliable. Even more than in other areas of clini-
cal decision making, there is a large gap between the 
information that is needed by clinicians and policy 
makers to inform health care decisions and the infor-
mation that is available from research. As more clini-
cians and researchers begin to understand the 
complexity of research in this area, it is to be hoped 
that this gap will be bridged more successfully.   

 Key points 

 Studies in biomarker research can be broadly divided 
into those used in the discovery phase, qualifi cation 
studies, clinical validation studies and clinical utility 
studies. 

 Biomarker research does not necessarily follow a 
sequential order of research as for pharmaceutical 
products. 

 The purpose of the biomarker in clinical practice 
needs to be considered before the design of valida-
tion studies. 

 Randomised controlled trials of diagnostic bio-
markers may not provide results that are transferable 
or generalisable and are often underpowered to detect 
a difference in health outcomes. 

 In some circumstances other study designs, such 
as diagnostic accuracy studies, can be suffi cient to 
determine the evidence needed for clinical decision 
making.   

Declaration of interest: The authors report no 
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