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Article history: A priority translational research objective in cancer medicine is the discovery of novel ther-
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Received in revised form 18 parallel to facilitate clinical development of agents and ultimately personalise clinical
December 2009 use. However, the identification of clinically useful predictive biomarkers for solid tumours
Accepted 6 January 2010 has proven challenging with many initially promising biomarkers failing to translate into

clinically useful applications. In particular, the ‘failure’ of a predictive biomarker has often
only become apparent at a relatively late stage in investigation. Recently, the field has
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Targeted Agents the key stages in the biomarker development process: discovery, validation, qualification
Anti-cancer agents and implementation. Concentrating on predictive biomarkers for selecting systemic thera-
Personalised therapy pies for individual patients in the clinic, the advances and progress in each of these stages

in biomarker development are outlined and the key remaining challenges are discussed.
Specific examples are discussed to illustrate the challenges identified and how they have
been addressed. Overall, we find that significant progress has been made towards a forma-
lised biomarker developmental process. This holds considerable promise for facilitating the
translation of predictive biomarkers from discovery to clinical implementation. Further
enhancements could eventually be found through alignment with regulatory processes.
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in doing so identify biomarkers as of potential utility across
the whole translational cancer research process. Accordingly,
in drug development, biomarkers are being utilised in ‘go/no
go’decision making during the discovery stages, and in assess-
ing the performance of drugs in pre-clinical and early clinical
studies, collectively these can be referred to as pharmacolog-
ical biomarkers.>®* In the clinic, biomarkers can be used to
facilitate precision and decrease invasiveness in cancer diag-
nosis; for patient selection for treatment based upon estima-
tion of natural history of disease (prognostic biomarkers) or
estimation of probability of response to a particular agent
(predictive biomarker); or for detecting toxicity.>® Such clini-
cally useful biomarkers may also have potential value as sur-
rogate end-points in clinical trials.

While there has been some success in the identification
and development of diagnostic, prognostic and to a lesser ex-
tent toxicity and pharmacological biomarkers, there has been
little progress in identifying clinically useful predictive bio-
markers for solid tumours.” Predictive biomarkers are poten-
tially the most useful for clinical decision-making. Predictive
biomarkers are distinct from prognostic biomarkers in that
the latter provide an estimation of the natural history of a pa-
tient’s cancer independent of therapy, while the former pro-
duce an estimation of probability of response to therapy. In
practice, many biomarkers have both predictive and prognos-
tic impacts.

Biomarkers can also be classified according to modality of
assessment, and this has implications for how particular bio-
markers might be developed. The most common types of bio-
markers according to this classification are provided in
Table 1.

Herein we review the ‘state of the art’ and progress in the
development process for predictive biomarkers and identify

key challenges, problems and future directions. In particular
the need for formulation of robust methodology for the bio-
marker development process from discovery to clinical imple-
mentation is identified and addressed.

2. Overview of the biomarker development
process

The biomarker development process begins with discovery.
Subsequent development of leads from discovery involves
two key processes: the process of establishing a fit-for-pur-
pose assay to objectively measure the biomarker, this can
be defined as biomarker validation; and the evidentiary pro-
cess of establishing a causal or correlative relationship be-
tween the biomarker and the clinical end-point or other
biological or pathological end-point, this can be defined as
biomarker qualification.®° These definitions usefully delin-
eate the processes that must be undertaken in biomarker
development. Unfortunately this terminology has not been
consistently used in the literature which has hindered bio-
marker development, for example, the terms investigation,
determination and validation have been frequently and inter-
changeably used to refer to qualification. The final stage of
biomarker development involves the clinical implementation
of the appropriately qualified biomarker using the validated
assay. Fig. 1 provides a schematic for the biomarker develop-
ment process and each of these stages of biomarker discovery
is now discussed.

3. Biomarker discovery

Biomarker discovery involves the comprehensive molecular
characterisation of the clinical outcome of interest as

Table 1 - Biomarker classification according to modality. Examples included in this table are for predictive biomarkers. This is|

an illustrative not an exhaustive list.

Biomarker type Subtypes Example Stage in development

Genetic Gene mutation EGFR mutation for erlotinib in non- In clinical use
small cell lung cancer
Gene copy number HER2 amplification for trastuzumab In clinical use
in breast cancer
Translocations BCR-abl translocation for imatinib in In clinical use
chronic myeloid leukaemia
Genomic Gene expression profiles Mamma Print™70-gene gene Late stage clinical qualification
expression profile for neoadjuvant
chemotherapy response in breast
cancer
Protein Serum protein assays CK18 cell death assays for response Early clinical qualification
to therapy
Proteomic Proteomic analysis Various Preclinical and early clinical
of serum or tumour validation and qualification
Pathological Immunohistochemistry (IHC) HER2 IHC for trastuzumab in breast Routine clinical use
cancer
Histopathology Non-squamous NSCLC and response Late stage clinical qualification
to pemetrexed
Imaging PET FDG PET for metabolic response to  Late stage clinical qualification
chemotherapy in oesophagogastric
cancer
Other - Circulating tumour cells (CTC) Early clinical validation and

qualification
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Fig. 1 - Schematic of biomarker development process, illustrating the key stages of discovery, qualification, validation and
clinical implementation (discussed in detail in the text). Also illustrates alternative views on the biomarker development
process from the position of different stakeholders and how this might interact with the scientific process

(PD = pharmacodynamic).

assessed by an established clinical end-point.”"** For predic-
tive biomarkers, the clinical end-point of interest is improved
overall survival following treatment with the drug. Ideally, a
causal mechanistic relationship between a particular molecu-
lar pathway and the clinical outcome in individual patients
should be established. Due to molecular complexity and het-
erogeneity, establishment of such causal mechanistic rela-
tionships in solid tumour oncology is difficult and it is
easier to establish a correlative relationship - this may still
form the basis for a useful predictive biomarker, however cau-
tion must be applied in this case due to unanticipated interac-
tion between the biomarker and therapy which may have no
relationship with clinical outcome.

Discovery can be optimised by combining clinical correla-
tion studies involving the analysis of bio-specimens from pa-
tients with investigation in preclinical model systems (both
in vitro and in vivo).'* Ideally, molecular characterisation of
model systems to the same extent as clinical bio-specimens
should be undertaken, since this facilitates a rapid testing
of clinically generated hypotheses and vice-versa. It is imper-
ative to use multiple preclinical model systems in discovery
before identifying leads for further development, however
the acceptance criteria for lead identification are not univer-

sally agreed and at present are largely based upon ‘in house’
criteria which have been experience driven.

A key decision in biomarker discovery is what to biomark -
aspects of disease biology e.g. cell death or a specific mole-
cule. The decision is complex but is dependent upon the a pri-
ori understanding of the underlying disease biology and the
molecular characterisation of the clinical end-point. In solid
tumour oncology for the majority of disease types, there is a
relatively inadequate understanding of the biology underlying
disease pathogenesis or clinical outcome and accordingly
hypothesis-generating approaches to discover biomarkers
using ‘omic’ platforms are often utilised and justified.**™*¢

4, Biomarker validation

Validation of a biomarker involves a systematic evaluation to
assure that the technique used to assay the biomarker is reli-
able to perform its task.”?” Biomarker validation is guided by
the established principles of bio-analytical method valida-
tion.'®! However, as discussed below, not all these principles
are directly transferable either in the context of ‘fit-for-pur-
pose’ biomarker validation as already discussed or due to spe-
cific analytical challenges specific to biomarkers.® In the UK,

Table 2 - Definitions of some of the key terms in biomarker assay validation (see also references

definitions of terms and discussions.

and?* for further

Key term

Definition

Calibration curve The relationship between the analyte concentration in the standards (calibrators) and the measurement.
The calibration curve is used to estimate the analyte concentration in test samples

The extent to which an assay can identify an analyte within a mixture without interference from

The ability to unequivocally measure the analyte in the presence of other components that may be present

in the biological specimen, including impurities, metabolites and endogenous biological molecules similar

Selectivity

components of the mixture
Specificity

to the analyte itself
Precision

result (also known as reproducibility)
Accuracy

The degree to which repeated measurements made by the test (unchanged conditions) show the same

The degree of closeness of measurements to its actual value
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guidance is provided by the British Association for Research
into Quality Assurance (BARQA) in the guidelines for Good
Clinical laboratory Practice, although this has no regulatory
basis as yet.?°

The principles of bio-analytical method validation have
been termed Good Laboratory Practice (GLP), but as already
stated these are not always applicable in validating biomark-
ers.’%?122 gpecifically, there are a number of issues that
prevent full application of GLP to biomarker assay valida-
tion.>*%?! For example, a calibration curve (defined in Table 2)
for studying a biomarker is very difficult to construct due to
the existence of the biomarker within a biological matrix,
where other components might interfere. Moreover, biomark-
ers are typically endogenous macromolecules that are accord-
ingly often present in all samples, which make it difficult to
create standards that do not contain the analyte. Therefore,
researchers have to use non-certified standards and a variety
of surrogate matrices in order to construct a calibration curve
from which unknowns can be read and this leads to method-
ological challenges and difficulties that must be overcome to
formulate a valid assay.’**?

4.1. ‘Fit-for-purpose’ biomarker validation

Addressing these issues, ‘Fit-for-purpose’ biomarker valida-
tion proposed by Lee at al.® provides a standard for the field
and establishes the validation required for biomarkers used
in drug development and those used in clinical decision-mak-
ing. The key aspect is that the biomarker assay is required to
be ‘fit-for-purpose’ namely, a biomarker that is used as a re-
search tool in a translational laboratory or in a drug develop-
ment process needs to be less rigorously validated than an
assay that might be used to influence a clinical decision, such
as a predictive biomarker.’

4.2. Process of biomarker validation

The processes used for biomarker validation include develop-
ing a method for validation, pre-study method validation and
in-study validation.'® The first stage aims to perform feasibil-
ity studies and assess reagent availability; the outcome is the
generation of a validation plan. This plan is then put into ef-
fect in the second stage (pre-study validation). In this stage,
controls (from patient samples or suitable surrogates) that
contain known concentrations of the biomarker being studied
are used. The goals of this step are to assure that the assay
meets acceptable standards of performance to produce an
analytical report and to construct a standard operating proce-
dure that can be then used for patient sample analysis. The
performance of the assay is tested in the second stage by
assessing different parameters including selectivity, sensitiv-

ity, different choice of controls, different analyte recovery
methods, precision, accuracy and reproducibility®%?* (simple
definitions of these key terms are provided in Table 2). Testing
the stability of the analyte in controls and patient samples is
also performed at this stage.?® There is still some uncertainty
in the field with regard to acceptance criteria for these param-
eters of biomarker assays, for example, there might be differ-
ent parameters for different types of biomarker assays or for
assays with different purposes.’® The last step, which is the
in-study validation, is to test the assay on real patient sam-
ples using the controls from stage two to confirm consistent
performance of the assay. The aim in this stage is to identify
any issues that may occur when analysing real patient sam-
ples. The three stages are summarised in Table 3.

5. Qualification of biomarkers

5.1.  General principles of qualification

Biomarkers must be qualified for a specified purpose prior to
clinical implementation.?® The aim in the qualification of a
biomarker is to define its sensitivity and specificity for clinical
end-point determination and to prove its clinical utility.?” Use
of unqualified biomarkers can lead to incorrect treatment
decisions, which will impact adversely on patient health out-
comes. Therefore, clinical studies must be conducted to prop-
erly assess the clinical utility of a biomarker.”®

Although qualification of a biomarker to demonstrate clin-
ical utility can proceed without full validation (valid patient
assay - see previous section), the closer a biomarker comes
to clinical implementation the more important the validation
becomes. Therefore, validation must proceed in parallel with
qualification and be ‘fit-for-purpose’ at each stage.>*° It is also
important to acknowledge that qualification may be hindered
by the use of an inadequately validated biomarker assay.

The clinical utility of biomarkers has been traditionally
settled by debate, consensus and time. This process is very
slow that a consensus on a qualification can take several
years to be reached. The US Food and Drug Administration
(FDA) are seeking ways by which this process can be short-
ened.?® However, the qualification of biomarkers remains a
challenging process for investigators and overall remains rel-
atively underdeveloped, for example, in comparison with the
process for novel anti-cancer agent development into the
clinic. In addition to clinical utility, the criteria for acceptance
of biomarker qualification also include demonstration of cost-
effectiveness, which is mainly important to industry and reg-
ulatory authorities.?

The US FDA has adopted a process for qualifying biomark-
ers which forms a regulatory process as well. This process
starts with an early submission of a request to qualify a

Table 3 - The stages of biomarker assay validation. Modified from Cummings et a

1.0,

Stage Description Main purpose Result
1 Method development Develop method and perform preliminary validation  Validation plan
2 Pre-study validation Assure meeting acceptable standards of performance Validation report; and standard

3 In-study validation

Real patient sample analysis

operating procedure for the assay
Valid patient data
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biomarker to a panel of experts created by the FDA. These ex-
perts will then assess the biomarker context and evaluate the
qualification study strategy. During this step, a consensus be-
tween the FDA and the developer of the biomarker should be
reached with regards to the design of the study. Finally, the
experts will review the qualification study results and provide
a recommendation as to accept or reject the biomarker for the
suggested use.*°

5.2. Clinical trial design for qualification

There is considerable debate regarding the optimal clinical
study design and strategy for qualification of a biomarker.??
Formal guidelines for clinical trial design in this area do not
exist. A common suggestion is that clinical studies for bio-
marker qualification start by retrospectively analysing mate-
rial from prior well-controlled studies from which high
quality sample material as well as clinical outcome regarding
treatment efficacy is available.”® An example of this type of
study is the association between Epidermal Growth Factor
Receptor (EGFR) mutation and responsiveness of erlotinib in
Non-Small Cell Lung Cancer (NSCLC) or K-ras mutations for
cetuximab and panitumumab in colorectal cancer.>>*° While
analysis might be retrospective, collection of tissues should
be prospectively determined and performed. Otherwise, there
will be a marked attrition in the proportion of samples col-
lected and there is a real danger that the bio-specimen collec-
tion will not be representative of either the study population
or more importantly the general disease population.® In this
regard, there are several key criteria that might be applied to
define the quality of retrospective predictive biomarker qual-
ification data and we will return to this important aspect later
in this review when specific examples of predictive biomark-
ers in qualification are discussed.

‘Treatment

An alternative to this is the utilisation of materials from
cancer bio-banks. There has been a rapid proliferation in
the number and size of bio-banks; both in academia and in
industry and these provide a valuable resource. However, they
are potentially more useful for biomarker discovery rather
than qualification.* This is because they are, generally speak-
ing, less robust as compared to bio-specimen collection from
clinical trials in terms of clinical annotation (especially with
regard to therapy, toxicity and accuracy of clinical outcome
measurement). Furthermore, they might not be as robust in
terms of standard operating procedures applied for collection
and storage of specimens, for example, over a long period of
time in the bio-bank.

Following the retrospective studies, a prospective clinical
study for the biomarker can be designed as an adjunct to a
clinical trial of which the primary objective is to test the effi-
cacy of a drug. As already highlighted, sample collection in
this type of studies should be prospective and must be under-
taken according to predetermined standard operating proce-
dures and other clinical trial regulatory guidance.'®?° An
example of these studies is the FOCUS trial that was de-
signed, in part, to assess the predictability of a number of bio-
markers for irinotecan and oxaliplatin in colorectal cancer
with the primary end-points of the trial being progression-
free survival and overall survival. The investigators prospec-
tively studied the interaction between these biomarkers and
the benefit from the two drugs. This study concluded that
Topol immunohistochemistry (IHC) identified patients who
benefited or who did not benefit from irinotecan or oxaliplatin
and suggested further evaluation of the biomarker.>3¢

The final step in the clinical qualification is a well-dimen-
sioned prospective study of which the primary objective
should be evaluation of the predictive power of the bio-
marker.?® Three approaches have been proposed for clinical

Fig. 2 - This design randomises patients to biomarker-based and non-biomarker-based treatments first then assigns
biomarker-positive patients to treatment A and biomarker-negative patients to treatment B. Non-biomarker-based treatment
assigns patients to treatment A only. Modified from Sargent et al.
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Fig. 3 - This design randomises patients to biomarker-based and non-biomarker-based treatments first then assigns
biomarker-positive patients to treatment A and biomarker-negative patients to treatment B. Non-biomarker-based strategy
randomises patients to both treatments. Modified from Sargent et al.

trial design for the qualification of a biomarker.?” The first one
(see Fig. 2) involves randomising patients to receive bio-
marker-based, or non-biomarker-based treatments, and then
assigning biomarker-positive patients to one treatment and
biomarker-negative patients to the other. The non-bio-
marker-based treatment is unified. In this approach, the pre-
dictive value of the biomarker is assessed by comparing the
outcomes of patients in the biomarker-based treatment arm
to those of all the patients in the non-biomarker-based treat-
ment arm.

The second approach (see Fig. 3) is similar to the first one
except that non-biomarker-based strategy is to randomise
biomarker-negative patients to receive both treatments. This
design allows the interaction between a biomarker and the
treatment to be examined. This is important, for example, if
one treatment is better than the other in both biomarker-po-
sitive and biomarker-negative patient subgroups. It may also
allow a retrospective assessment of an alternative classifica-
tion for the biomarker. A major disadvantage of these two de-
signs is that they are relatively inefficient due to many
patients in each arm being assigned to the same treatment
and therefore they require a very large sample size.

The third approach (see Fig. 4), which is much simpler
than the previous two, is to divide patients into biomarker-po-
sitive and biomarker-negative groups and then randomise
each group to the different treatments. This approach re-
quires much less sample size than the previous approaches.
It undertakes two independent studies for all treatments,
one in each patient group defined by biomarker status.?” This

again allows a test for interaction and also allows some
assessment of the ‘therapy independent’ prognostic impact
of a biomarker. However, it does not directly examine the pre-
dictive impact of the biomarker if it is used to make a clinical
decision. A major drawback of this approach is that it cannot
be applied if there is more than one biomarker to be tested, if
there are more than two treatments, or if other outcomes in
addition to efficacy should be explored.

5.3.  Guidelines for qualification

Poor study design and inadequate reporting of studies have
been identified as a major obstacle to progress in the field of
biomarkers.®1%172729 In response, the Statistics Subcommit-
tee of the National Cancer Institute-European Organization
for Research and Treatment of Cancer (NCI-EORTC) Working
Group on Cancer Diagnosis developed tumour biomarker
study reporting guidelines: REporting recommendations for
tumour MARKer prognostic studies (REMARK guidelines).?”
These guidelines address the reporting of study design,
hypotheses, patient and bio-specimen characteristics, assay
methods and statistical analysis methods used in the studies
of prognostic biomarkers. They also provide useful recom-
mendations on the presentation of data and key points to
be addressed in the discussion sections of papers. The RE-
MARK guidelines were created primarily for reporting prog-
nostic biomarkers studies, and while applicable to predictive
biomarkers there is a clear need for the development of
similar guidelines or agreed modification of these existing
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Fig. 4 - This design divides patients initially according to biomarker status and then randomises each group to both

treatments. Modified from Sargent et al.

guidelines specifically for cancer predictive biomarker study
reporting.

As long ago as 1996, an approach to evaluate the clinical
usefulness of biomarkers was suggested by Hayes and col-
leagues.® Their Tumour Marker Utility Grading System
(TMUGS) was designed to assess the evidence associated with
a biomarker in order to conclude on its impact for improved
patient outcomes. Applying the TMUGS allows a score of
the biomarker to be allocated, on a scale from 0 to +++; 0 con-
firming inapplicability of the biomarker confirmed by ade-
quate evaluation; and +++ strongly recommending the use
of the biomarker as the sole criterion for clinical decision-
making. The system, also, provides assessment of the evi-
dence associated with a biomarker. It grants “I” (as the high-
est level) to strong evidence from studies conducted
specifically to assess the biomarker, and “V” (as the lowest le-
vel) to evidence from small pilot studies that were not de-
signed specifically to test for the biomarker utility.*® This
grading system could provide a useful framework for the evi-
dence-based evaluation and implementation of predictive
biomarkers in cancer medicine.

6. Clinical Implementation of biomarkers

There are three key issues associated with implementing a
biomarker test in the clinic. The first is the approval of the
test by regulatory authorities, the second is the acceptability
of the test by physicians and patients and the third is the im-
pact of the biomarker test on the cost-effectiveness of anti-
cancer treatments. Addressing these issues is essential when
trying to implement a biomarker in the clinic.

6.1.  Approval of regulatory authorities

The US FDA has acknowledged the importance of biomarkers
in its Critical Path Opportunities report published in March
2006 and a regulatory framework to be applied in biomarker
development is outlined. This framework divides biomarkers
into exploratory, probable valid and known valid, each of
which can be applied in defined situations during drug devel-
opment or in the clinic.?® There is also a well-established
medical test and device regulatory process established in
the USA, which can be applied to biomarkers. At present
there is no regulatory framework for premarketing regulation
of biomarkers in the EU and UK and regulation occurs largely
in post-marketing space.

6.2.  Acceptability of biomarkers

Any biomarker test will not be fully utilised unless it is ac-
cepted by the physician and the patient. Efforts and resources
might be wasted on developing a biomarker test that does not
adequately or precisely address the area of clinical need, or is
too expensive or too invasive to be accepted by stakeholders.
Itis noteworthy that this aspect of biomarker implementation
has not been investigated to any great extent particularly
from the perspective of cancer patients.

6.3. Impact of biomarkers on cost-effectiveness of anti-
cancer treatment

Evaluation of cost-effectiveness is a critical component in the
approval for the use of novel agents in many healthcare
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systems. Successful predictive biomarkers would be expected
to result in avoidance of cost-ineffective treatment for those
who are unlikely to benefit from the drug. Therefore, assess-
ment of the impact of the biomarker test on the cost-effec-
tiveness of treatments prior to implementing the test is of
central importance and may facilitate the use of targeted
agents in clinical practice. A full discussion of this issue is
outside the scope of this review. However, in recognition of
the importance of this aspect of biomarker development
there is an increasing literature base regarding the cost-effec-
tiveness impact of predictive biomarkers, which will provide
an increasingly robust and reliable evidence base to under-
take this type of analysis.>*™*!

7. Examples of successful predictive
biomarkers

To illustrate some of the issues raised in this review, some
specific examples from the published literature and clinical
practice are now discussed. There has been a considerable in-
crease in the number of published papers about predictive
biomarkers since 2000 (see Fig. 5). Accordingly, the number
of cancer predictive biomarkers being investigated or in
development is rapidly increasing. There is significant attri-
tion during predictive biomarker development, but no specific
published data regarding the magnitude of this. In particular,
there is a significant attrition from discovery to early qualifi-

cation which involves failed attempts to qualify the bio-
marker in an adequately sized independent set of clinical
specimens retrospectively (often called a clinical reference
set) ideally in an independent laboratory. Therefore, the
examples discussed are predictive biomarkers that have been
implemented in the clinic or those in the later stages of qual-
ification, and excluding those in the discovery phase of devel-
opment. For each example, we will review the validation,
qualification and clinical implementation processes and
highlight specifically the challenges identified in this review.

7.1.  Human Epidermal Growth Factor Receptor 2 (HER2)

HER2? is the target of the anti-cancer drug trastuzumab used
for the treatment of breast cancer. HER2 protein is over-ex-
pressed in about 25% of patients (as detected by IHC).>* This
over-expression is used as a predictive biomarker for patient
selection for treatment with trastuzumab. HER2 IHC as a bio-
marker has been properly qualified for its intended use
through retrospective and prospective clinical trials.>* How-
ever, serious reproducibility issues were associated with the
studies that bio-analytically validated the IHC testing of
HER2.*? This necessitated new guidelines for HER2 testing
and illustrates the importance of ‘fit-for-purpose’ biomarker
assay validation for optimal clinical implementation even
for a well-qualified biomarker. The recent ToGA trial
demonstrating a benefit from the addition of trastuzumab

Number of Publications

mﬂmﬂﬂﬂﬂﬂﬂ

0.00

1995 1996 199? 1993 199‘9 2IIXJ 2001 2002 2003 21.‘04 2005 2006 2007 2@3

Year

Fig. 5 - The trend of cancer predictive biomarkers published literature: The publications were searched for in Medline,
Embase and SCOPUS using all forms and synonyms of the search terms ‘biomarker’, ‘prediction’ and ‘cancer’ and duplicates
were removed. There appears to be a considerable increase in the number of cancer predictive biomarkers published papers

since the year 2000.
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to chemotherapy in oesophagogastric adenocarcinoma was
greatly facilitated by the ability to use fully validated immu-
nohistochemistry and FISH assays for HER2 as a predictive
biomarker to select patients.*® In this way many of the prob-
lems encountered in breast cancer associated with inade-
quate validation of HER2 assay (that was not fit for purpose)
have been avoided.

7.2.  Epidermal Growth Factor Receptor (EGFR)

EGFR mutations, gene copy number and EGFR protein expres-
sion in NSCLC have been investigated as possible predictive
biomarkers for the EGFR tyrosine kinase inhibitors (TKIs) erl-
otinib and gefitinib. EGFR mutations and gene copy number
are correlated with clinical benefit from both the drugs how-
ever results have been conflicting.3*** Interpretation of data
has, to a certain extent, been complicated by individual study
designs which have not always allowed qualification of the
distinction between potential prognostic and/or predictive va-
lue of EGFR testing®*** This illustrates the importance of
study design for predictive biomarkers qualification as dis-
cussed earlier in this review. Some studies have relied on ret-
rospective analysis of samples collected from clinical trials
conducted on the related drugs and, as discussed in this re-
view, this is likely to explain some of the conflicting data.
Nevertheless, prospective data from Mok and colleagues®
demonstrate that non-smoker EGFR mutation-positive ade-
nocarcinoma NSCLC patients have worse survivals when
treated with chemotherapy as opposed to gefitinib (an EGFR
TKI) whereas mutation-negative patients have worse surviv-
als with gefitinib and do better with chemotherapy. As a re-
sult of this and similar studies, the European Medicines
Agency (EMEA) has granted a marketing authority for gefitinib
in any line of treatment of EGFR mutation-positive NSCLC pa-
tients. However, the possibility that perhaps a clinically sig-
nificant subgroup of EGFR mutation-negative NSCLC
patients may benefit from EGFR TKIs is not excluded by this
or other data. Therefore while fully validated assays exist,
EGFR ‘testing’ is not yet fully or optimally qualified for clinical
implementation as a predictive biomarker for EGFR TKIs in
NSCLC. Recognition of this is demonstrated by the recent
instigation of further prospective clinical trials aimed at qual-
ification of the role of EGFR testing as a predictive biomarker;
for example, the MARVEL study in North America, which will
determine the predictive utility of EGFR copy number testing
by FISH for use of erlotinib in the second line setting in ad-
vanced NSCLC. Overall, the clinical trial data for EGFR testing
in NSCLC illustrate a number of key issues of critical impor-
tance for effective and efficient predictive biomarker develop-
ment, namely; the limitations of retrospective qualification,
the importance of clinical trial design for prospective predic-
tive biomarker qualification to distinguish predictive versus
prognostic impact; the potential impact on predictive accu-
racy of type of (fully validated)assay performed for the bio-
marker molecule; the source of the tumour material used
for biomarker assay, surgical resection, biopsy, FNA; and the
potential impact of clinical (for example, NSCLC in never
smokers) and histopathological disease heterogeniety on the
predictive impact of a biomarker. The data illustrate that ide-
ally these issues should be appreciated a priori, as far as pos-

sible and thus accounted for in preclinical and clinical study

design and interpretation in predictive biomarker
development.
7.3. K-ras mutations

K-ras is a small G-protein that has a significant role in the sig-
nal transduction of EGFR, which is expressed in, and has a
pathogenic role in, colorectal cancer (CRC). Activating muta-
tions in K-ras may isolate the pathway from the requirement
for EGFR signalling rendering anti-EGFR targeting drugs, such
as cetuximab and panitumumab ineffective.*® Several studies
have demonstrated that benefit from the anti-EGFR drugs
cetuximab and panitumumab is restricted to CRCs with
wild-type K-ras and there is no benefit in patients whose tu-
mours have mutant k-ras.**>° Despite this data being derived
from retrospective analysis of samples from therapeutic-dri-
ven randomised (as opposed to biomarker-driven) clinical tri-
als, the consistency and strength of the data have led to both
the US FDA and UK National Institute for Health and Clinical
Excellence (NICE) to approve testing for K-ras mutation, using
DNA sequencing or quantitative PCR, to guide patient selec-
tion.*’=° This represents the first example of the implanta-
tion of a predictive biomarker in oncology without a
specifically designed prospective trial and in this respect of-
fers a ‘proof of principle’ for this type of approach based on
the retrospective evaluation of samples from a randomised
controlled trial. In the context of the potential pitfalls for ret-
rospective biomarker analysis, the key points are that the ret-
rospective analysis is from more than one independent, well-
designed phase Ill-randomised controlled trial; samples were
available from a large majority of patients; there is a well val-
idated and accepted assay for the biomarker; the biomarker
hypothesis was prospectively stated; and prospective sample
size and power calculations performed to justify the analysis
on the samples were available. These criteria are met for K-
ras mutation testing as a predictive biomarker in CRC and
accordingly may provide useful guidance for the application
of retrospective qualification in other settings. This would
provide a more feasible and timely option, although a specif-
ically designed biomarker-driven prospective randomised
clinical trail will remain the gold standard and may be neces-
sary and indeed the most appropriate option in many clinical
situations for qualification and /or optimal clinical implemen-
tation, for example, where there are competing assays or
biomarkers.

8. Conclusions

While progress has been limited to date the potential benefits
of predictive biomarkers to direct the use of systemic anti-
cancer agents in individual patients are well recognised.
Accordingly, there is significant motivation within the field
to improve the biomarker development process. A key aspect
would be the formulation of robust clinical biomarker
development methodology with defined processes and
acceptance criteria for ongoing development. Increasingly
this is occurring and alongside this the key challenges at each
stage of biomarker development are being identified and
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investigational approaches to overcome them being defined.
An important emerging aspect here for clinical researchers
involves assessing the utility and quality of retrospective
qualification data and useful opinion and guidance are devel-
oping to address this. While the biomarker development pro-
cess remains relatively ‘underdeveloped’ at present, current
prioritisation of research addressing this amongst stakehold-
ers and parallel alignment of funding and regulation is likely
to facilitate the development of clinically useful predictive
biomarker assays through the formulation of a robust devel-
opmental process. The appearance of guidance in the form
of ‘roadmaps’ from national and multinational review groups
for biomarker development will be the next key step and will
represent a realistic and practical starting point for establish-
ing robust methodology for predictive biomarker develop-
ment from discovery to clinical implementation.
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