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a  b  s  t  r  a  c  t

Biomarkers  can  be  used  to  establish  more  homogeneous  groups  using  the  genetic  makeup  of  the tumour
to inform  the  selection  of treatment  for each  individual  patient.  However,  proper  preclinical  work  and
stringent  validation  are  needed  before  taking  forward  biomarkers  into  confirmatory  studies.  Despite
the  challenges,  incorporation  of  biomarkers  into  clinical  trials  could  better  target  appropriate  patients,
and  potentially  be lifesaving.  The  authors  conducted  a  systematic  review  to describe  marker-based  and
adaptive  design  methodology  for their  integration  in  clinical  trials,  and  to further  describe  the  associated
practical  challenges.  Studies  published  between  1990  to  November  2015  were  searched  on PubMed.
Titles,  abstracts  and  full text  articles  were  reviewed  to identify  relevant  studies.  Of  the  4438  studies
examined,  57 studies  were  included.  The  authors  conclude  that  the proposed  approaches  may  readily
help  researchers  to  design  biomarker  trials,  but  novel  approaches  are  still needed.

© 2016  Elsevier  Ireland  Ltd.  All  rights  reserved.

1. Introduction

Considerable challenges exist in the incorporation of biomark-
ers into clinical trials. This explains why they are mostly included
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as exploratory endpoints into current oncology clinical trials
(McShane et al., 2009). Individual patient heterogeneity, both
between primary and sites of metastasis as well as within
metastatic lesions, is a major concern for successful treatment of
advanced tumours (Kummar et al., 2015). As patient biopsies often
target a single piece of tissue at one time point only, and not at
multiple ones longitudinally, tumour heterogeneity and alterations
over time are not properly addressed, although they likely con-
tribute to the evolution of drug resistance (Kummar et al., 2015).
Furthermore, biomarkers can represent molecular aberrations that
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can be driver or passenger events (Kummar et al., 2015). Other
issues include the percentage of cells and the method of obtaining a
tumour sample, and in what sequence multi-combinatorial agents
as well as their dose levels should be used to target multiple aber-
rations (Kummar et al., 2015). Despite this, biomarkers can be used
to establish more homogeneous groups using the genetic makeup
of the tumour to inform the selection of treatment for individual
patients (Mandrekar and Sargent, 2009).

Biomarkers are classified into a few categories in the liter-
ature: prognostic, predictive, surrogate, screening or diagnostic,
pharmacodynamic efficacy and resistance, and integral and inte-
grated biomarkers (Mandrekar et al., 2013; Hong and Simon, 2013;
Mankoff et al., 2015). For the purposes of this article, we  mainly
focus on prognostic and predictive markers; with a brief overview
of the others. A surrogate marker is a biomarker accepted by
regulatory agencies as a substitute for a clinical endpoint and,
when used as an early indicator of treatment efficacy, is poten-
tially attractive in terms of cost-effectiveness (Mandrekar et al.,
2013); e.g. HIV load. Screening or diagnostic markers are used in
the monitoring of disease including PSA levels in prostate cancer.
Pharmacodynamic efficacy and resistance biomarkers are used to
measure response and resistance to treatment, respectively (Hong
and Simon, 2013). Finally, integral biomarkers determine patient
incorporation and/or directs clinical trial procedures, while inte-
grated biomarkers are not used to determine patient treatment
(Mankoff et al., 2015). Prognostic markers provide an early indi-
cation of the clinical course of a patient independent of any specific
intervention and may  be considered in the clinical management
of a patient; e.g. BRCA1/2 mutation-which can also be predic-
tive of PARP inhibitors. These are prevalent in the literature, and
guidelines for their evaluation are available with the gold standard
being the REMARK criteria (McShane et al., 2005; McGuire, 1991).
Predictive biomarkers are measured prior to an intervention and
identify patients who are susceptible to a particular drug effect;
however they are not necessarily prognostic of post-treatment
clinical course (Mandrekar and Sargent, 2009), e.g. HER2 or KRAS
(Khambata-Ford et al., 2007). Predictive markers can only be prop-
erly validated in a prospectively designed randomized controlled
trial testing for a marker-by-treatment interaction (Altman and
Lyman, 1998); but a very large sample size is often required (Polley
et al., 2013). A biomarker can be both prognostic and predictive
such as Estrogen Receptor status and its prognostic association with
relapse and its predictiveness of treatment benefit from tamoxifen
(Hayes et al., 1996).

It is critical that proper preclinical work and stringent validation
be done before taking forward only the most promising biomarkers
into confirmatory studies. The aim of this article is to provide an
overview on the methods to incorporate biomarkers into clinical
trials and to further describe the challenges.

2. Materials and methods

Study selection followed the process described in the diagram
in Fig. 1. The design name, whether they are marker-based, adap-
tive, used in design in or testing during a trial, their description,
advantages and disadvantages and trials using those designs were
retrieved.

3. Results

Fifty-seven articles were included in the review, and methods
of incorporating biomarkers were identified (Table 1). Broadly, the
methods fall into marker-based or adaptive, and being used as
design or testing methods; and other novel designs.

Citations  reviewed  (N=4438)  in  PubMed 
• Under search  terms: clinical trials AND 

biomark ers  AND  (d esign  OR  analys is OR 
emerging methods  OR  assessment)  AND 
cancer, From 199 0-Novembe r 201 5

Abstracts reviewed  (N=941)

Articles  reviewed (N=153)

Articles included (N=57)

Excluded by  title  (N=3497):
• Excluded non-English and repeated papers
• Excluded  titles  not  describing  design  or  analytical 

methods f or  inco rpo rati on bi oma rkers int o stu die s

Excluded by  abstract  (N=788):
• Excluded biomarker observational studies
• Excluded  ab stract s not  de scribing  de sign  or  

analytical methods for incorporation  biomarkers 
into clinical trials

Excluded by  full  text  (N=96):
• Excluded  papers  no t describing desig n or 

anal ytical  metho ds for incorp orati on b ioma rkers 
into clinical trials 

Fig. 1. Study selection diagram.

3.1. Overview of marker-based methods

One of the most commonly used marker-based designs is the
enrichment or targeted design (Fig. 2a), which is appropriate when
there is compelling preliminary evidence to suggest that treatment
benefit or lack of toxicity is restricted to patients with a certain
biomarker profile (Rothmann et al., 2012). An ideal biomarker for
this design would need a well-established cut-off point and have
an assay with a rapid turnaround time (Mandrekar et al., 2013). A
successful enrichment design is very efficient, increases the power
of a study as compared to the unselected/all comers design, and
may  require only a small sample size if the treatment effect is large
in the biomarker positive subgroup, even if the biomarker positiv-
ity prevalence is low in the population of interest (Freidlin et al.,
2010a). Conversely, if the assay is imperfect, the treatment may
actually have an effect in the negative subgroup or whole popu-
lation which will remain unknown as only the positive subgroup
is recruited (Simon, 2014; Lin and He, 2015). Furthermore, this
design may  require a large population to be screened to identify
the biomarker positive subgroup; moreover, it cannot determine
whether the biomarker is predictive or not. A slight modification
to the enrichment design is the hybrid or mixture design (Fig. 2b)
allowing the treatment effect of the intervention therapy in the
biomarker positive subgroup to be compared with the treatment
effect of the control arm in both the biomarker positive and nega-
tive population (Lin and He, 2015); this design would still require
a well-established biomarker.

The vast majority of currently conducted trials collecting bio-
logical specimens for marker measurements use the Unselected or
All Comers design (Fig. 2c) as all patients meeting the eligibility
criteria are entered into the trial independent of previous testing
or the resulting status of the biomarker of interest. Furthermore,
one does not need to be certain about the benefit of the marker in
either the overall population or the biomarker defined subgroups
as it provides the treatment effect in the overall population as a
whole (Rothmann et al., 2012). Less established biomarkers need-
ing further validation of their performance or having a slower assay
turnaround times could be used in this design (Mandrekar et al.,
2013). However, the cost of measuring the biomarker in the whole
population will be large if a high proportion of patients are not able
to contribute biomarker measurements, hence the prevalence of
the biomarker should be high (Lin and He, 2015).

The Marker-Based Strategy Design recruits eligible subjects
regardless of their biomarker status, just like all-comer design and
then randomly assigns the patients to either to have therapy deter-
mined by their marker status, in the biomarker directed arm, or to
receive therapy independent of marker status (Freidlin et al., 2010a)
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