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INTRODUCTION

For more than a decade, biomarker analysis and disease understanding have been integrated in clinical develop-
ment decisions through the proof of mechanism/concept (POM/POC) strategy. Now, Translational Research/Medi-
cine (TRM) shifts human experiments earlier into the drug discovery process with the goal to verify the validity of 
the humanized target as soon as possible.

Translational Research/Medicine can 
be defined as “the investigations that 
transform scientific discoveries arising 
in the laboratory, clinic or population 
into new clinical tools and applications 
that reduce disease incidence, morbid-
ity and mortality”1. TRM is a continuum 
that encompasses basic discovery, early 
translation in human/patient and late 
translation (large patient trials, regulatory 
approval….), and it is recognized that fo-
cusing on the translation phase between 
discovery and the POM/POC step in hu-
man is a means to reduce drug develop-
ment failure when the decision to move 
to Phase III trials must be taken. This is 
because it is generally recognized that a 
new drug is really “discovered” only after 
successful Phase II studies, i.e. when the 
first human data are meaningful to medi-
cal scientists and to patients.  

Therefore, from an Industry viewpoint, 
integrating new pharmacology tools, 

biomarkers, clinical methods, clinical 
technologies and study designs becomes 
a strategy to increase Phase II success. 
Among these tools, the biomarkers 
related to the drug target and the disease 
pathway are emerging as the primary 
method to demonstrate the validity of the 
drug concept.

However, it is worth noting that follow-
ing this strategy, an increasing number 
of drug candidates are associated with 
new targets (unprecedented targets) and/
or mechanism of action, and thus are at 
a higher risk regarding failure compared 
to drug candidates associated to known 
targets.

Ultimately, the addition of decision-
enabling biomarkers to earlier human 
studies reduces the time to get to the go/
no go decision and move to confirmatory 
clinical trials, but subsequently increases 
the pressure on the biomarker lab to 

develop and optimize the assays; ideally 
before the first clinical study protocol is 
finalized. 

How should sponsors and CROs work 
together to get the most out of this new 
integrated biomarker-driven early drug 
development business? This review 
presents an overview of the issues and 
needs associated with the services sup-
porting the new requirements of this drug 
development strategy.    
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NEW TECHNOLOGIES FOR 
BIOMARKERS
The primary objective of early (explor-
atory) and Phase I/II human studies is to 
verify that the preclinical effects of the 
drug candidate are also seen in human 
with a good safety profile. 
 
In a disease context, it is often the case 
that changes in multiple biomarkers are 
targeted by the drug candidate. These 
changes can be related to a desired 
pharmacological effect or to unwanted 
toxicity when exaggerated effects occur. 
It is therefore important to implement 
technologies that allow the simultane-
ous measurement of several biomarkers 
rather than to develop a single assay for 
each biomarker. 

Indeed, separate biomarker analyses re-
sult in a) logistic issues, e.g. multiple col-
lections, storage space, and shipping, b) 
ethical problems e.g. the volume of blood 

drawn should be kept within limits where 
the safety of the study participant is not 
compromised, c) the cost for shipping 
and analyses, and d) the lab workload that 
is incremented by each additional assay. 

In the context where the simultaneous 
assay of multiple biomarkers turns out 
to be the best approach, two technolo-
gies emerge: multiplex immunoassays 
and flow cytometry. However, when just 
one or a couple of biomarkers must be 
analysed, the ELISA methods widely ac-
cepted in clinical practice remain the gold 
standard.

MULTIPLEX IMMUNOASSAY

In multiplex immunoassay (MIA), often 
only one sample is required per time 
point, the sample processing is standard-
ized and simultaneous multiple measure-

ments are automated allowing biomarker 
data to be generated much quicker.

The immunoaffinity-based multiplexing 
(mainly antibody-based) or Multiplexed 
Immuno-Assay (MIA) is the main platform 
for multiplexed determination of soluble 
biomarkers. However, LCMS-based multi-
plexing using multiple-reaction monitoring 
(MRM) is also an alternative when anti-
bodies for developing an immunoassay 
are not available.

Among the two MIA technologies, planar 
MIA offers a wide dynamic range and 
a higher sensitivity, while suspension 
microsphere MIA offers a greater poten-
tial for multiplexing with an acceptable 
imprecision. 

As for any other analytical method, MIA 
cannot be used directly off the shelf, but 

DISEASE BIOMARKERS: FROM 
BENCH TO POC STUDIES

The main objective of the present drug de-
velopment strategy is to increase the con-
fidence in both the human drug targets 
and the drug candidates. This is believed 
to be the best approach to reduce the 
Phase II (POM, POC) attrition.  

As soon as the understanding of the 
disease (mechanism) improves, new 
(unprecedented) human targets are identi-
fied. Thus, the design of a drug candidate 
incorporates complex as well as multiple 
potential targets which, until verified in hu-
mans, are obviously at risk for failure. The 
overall scheme is depicted in the Figure 1. 

Valid drug candidates in humans are 
therefore those that elicit the expected 
(qualitative and quantitative) response on 
the target as well as an appropriate level 
of safety. In case of incomplete response 
the drug discovery process can be 
reconsidered and optimized after taking 
into account the preceding human data, 
their consistency regarding the preclini-
cal studies and sometimes new disease 
knowledge.  It is generally considered 
that when getting this first human data, 
enough information is available to justify 
the go/no go decision to stop or continue 
the development, or to return to the 
bench to optimize the candidate.

FIGURE 1: 

TRANSLATIONAL DRUG DEVELOPMENT SCHEME

While a great emphasis is put on TRM, 
the outsourcing of preclinical and early 
clinical services now faces several new 
challenges, such as: the acquisition of 
new technologies and the recruitment of 

a skilled scientific team that is also able 
to manage the necessary communica-
tion regarding the technical and scientific 
issues.   
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The number of biomarkers that are mea-
sured simultaneously during preclinical 
and clinical studies is increasing. Once a 
series of biomarkers has been identified 
to support a rational for a drug candidate, 
the related technologies and methods 
must be adapted to several different 
conditions, including different biological 
matrices, several animal species, and 
humans (healthy and patients).  

It is therefore essential to have a strong 
organization for biological R&D operations 
that offers the necessary flexibility to 
cope with different and complex method-
ologies such as lab facilities with updated 
technologies and a team of experienced 
scientists able to efficiently manage 
development/transfer, optimization and 
validation of methods. 

Depending on the complexity of the 
biomarker(s) to be outsourced, upfront 
investment in time should be planned 
to allow enough time to implement the 
method(s), especially when a transfer 
of the method to the CRO laboratory is 

required. Additionally, the outsourcing 
process in this matter needs the free 
communication between the biomarker 
scientist, the outsourcing specialist, the 
investigator, the Sponsor’s clinical trial 
team and CRO scientist team.  Indeed, 
a lot of issues are commonly addressed 
during outsourcing biomarker work. The 
following should be considered carefully 
in order to avoid technical problems and 
to allow the biomarker scientist to adapt 
the assay requirements accordingly when 
processing the clinical samples:

• Choice of the sample matrix to be 
collected

• Pre-analytical processing and  
storage of clinical samples

• Expected sample volume
• Expected range of biomarker con-

centrations in the intended study 
population

 
As these emerging technologies evolve, 
they benefit from the close collaboration 
of the CRO scientists and technology 
providers.  Also, it is important to note 

that the expertise and experience of the 
CRO lab as well as its collaboration with 
technology providers and many differ-
ent sponsors play an important role in 
helping to mature these new multiplexing 
platforms.

Overall, the complexity of early clinical 
studies in humans is increasing, requir-
ing more efficient coordination. As far 
as the safety of study participants are 
concerned, free and open communication 
should be set-up between the biomarker 
scientists and the clinical team in order 
to ensure rapid decision making when 
abnormal and/or exaggerated biomarker 
response is measured. 

A global coordination must also exist to 
manage the information across the dif-
ferent groups involved in the study, e.g. 
recruitment of study subjects, clinical 
operations, lab work, data management 
and biometry, so that the quality of all 
operations including reporting is ensured.  

SKILLED SCIENTIFIC TEAMS

instead it must be optimized to demon-
strate an acceptable level of performance 
and robustness (“fit-for-purpose” valida-
tion) before application to analyze clinical 
samples

Scientific information on multiplex immu-
noassay has been recently published by 
SGS2 and is available on the web site.

FLOW CYTOMETRY

While a greater number of diseases 
are recognized to involve an immune 
response, signalling molecules (transmit-
ting information between cells) have been 
increasingly evaluated in drug develop-
ment. In this context, cytokines and 
chemokines that are produced by a range 

of immune and inflammatory cells (i.e. 
lymphocytes, monocytes, macrophages, 
fibroblasts, neutrophils, endothelial cells 
and mast cells) are therefore often used 
as surrogate markers of the impact of the 
drug on the disease pathway. Circulating 
levels of cytokines and chemokines are 
commonly measured in serum/plasma or 
supernatant of in vitro stimulated blood 
cells. 

The cell-specific cytokine and chemokines 
measurement was laborious prior to the 
advent of flow cytometry technology 
which enabled a straightforward as-
sessment of these biomarkers either in 
non-stimulated conditions or after ex vivo 
stimulation. Additionally, flow cytometry 
can identify and sort very specific cell 

populations of the immune system, 
which add a great deal of specificity to 
the subsequent analyses of cytokines.

Therefore it is not surprising that flow 
cytometry has emerged in drug develop-
ment as a promising tool to evaluate the 
impact of a drug on cells of interest, i.e. 
those involved in the disease progression. 

Overall, flow cytometry is used to mea-
sure various parameters of immune cells, 
such as cell size, cytoplasm granularity, 
cell surface antigens (phenotyping), apop-
tosis, intracellular cytokine, gene reporter 
cell cycle, DNA content, bound and free 
calcium, and cell proliferation.
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New technologies are increasingly used 
in preclinical and early clinical studies 
to evaluate gene expression, systemic 
biomarkers, intracellular biomarkers, and 
cell phenotyping. 

As the Industry is more frequently 
developing drugs associated with new 
(unprecedented) targets that are related 
to the disease pathway and progression, 
the goals of the early drug development 
is now clearly to verify that the pharma-
cology of the drug candidate is respec-
tively safely expressed in animal models, 
in human and beneficial to patients.
Aside from the PK bioanalytics and 
biochemical methods for systemic 

biomarkers traditionally used in early drug 
development, new biological technolo-
gies are becoming essential to support 
TRM. These technologies including the 
multiplex immunoassay as well as flow 
cytometry are more often used to evalu-
ate complex (multiple) cellular biomark-
ers with the aim to verify that the drug 
concept as designed during the discovery 
phase is still valid in animal pharmacology 
studies as well as in the first clinical stud-
ies in human.

Under these conditions, the biomarker 
data generated during the preclinical 
and early clinical studies is critical for the 
demonstration of the validity of the drug 

concept. Facing the new challenge of the 
biomarker era, CROs should offer the ap-
propriate technologies in immunology and 
cell biology as well as strong scientific 
capabilities to cope with the continu-
ous increase of complex of biological 
methods being used in drug develop-
ment. Combining decades of experience 
pharmacokinetic and pharmacology stud-
ies with these new services in biology is 
believe to be the appropriate answer for 
CRO to efficiently support the pharma-
ceutical industry challenge to improve 
the success of drug candidates in human 
POC studies.

CONCLUSION

QUALITY OF INVESTIGATIONAL PRODUCTS 
TO ENSURE SAFETY

In complement to the capabilities sup-
porting biomarker analyses in preclinical 
and early clinical studies, it is important 
to guarantee the quality of the drug 
candidate product at all stages of early 
drug development. This is particularly 
critical and complex for biologicals and 
vaccines. Indeed, the safety of early clini-
cal trial participants can be compromised 
by potency and immunogenicity of the 
product influenced by the manufacturing 
process, contaminations (adventitious 
agent, mycoplasma, virus originating from 
the living cells used in the production), 
and immunogenicity of impurities. 
  
During the early phase of the drug 
development where the manufacturing 
process in still evolving, it is important 
to be able to control the quality of the 
candidate product and to QP release the 
formulation to be used in the clinical stud-
ies. The following services are consid-
ered critical to the safe use of biological 

products:

• Development, transfer/ optimiza-
tion and validation of methods for 
potency evaluation

• Safety Testing
• Host Cell Impurity Testing (residual 

DNA/ Host cell proteins)
• Protein Analysis
• Molecular biology tests
• Cell Line Characterization
• Cell-Based Assays
• Stability Studies (ICH Q5C)

As the scientific knowledge in biochemis-
try, molecular and cellular Biology is often 
complementary between the Quality 
Control lab for biological products and the 
biomarker lab it is of added value to en-
courage the collaboration between these 
teams of scientists. 
 
EXPLORATORY, PHASE I/II  CLINICAL  
SETTINGS

TRM also encompasses the development 
of new clinical technologies and unprec-

edented study designs. Indeed, the goal 
of exploratory/ Phase I studies is to verify 
that the pharmacology of the drug candi-
date is safe in humans.  Additionally, the 
aim of Phase II studies is to verify that 
the pharmacology of the drug candidate 
successfully benefits a representative 
patient population.    

It is often that the design of these studies 
in humans is much more complex than 
the traditional Phase I/II studies. In these 
conditions, the successful approval of the 
corresponding study protocols is highly 
dependent on a) the clinical experience 
of the investigator,  b) the use of Ethics 
Committees experienced in experimental 
medicine concepts, c) the close relation-
ship with the corresponding Regula-
tory Authorities in order to obtain when 
necessary efficient advice and review of 
clinical trial applications.

DEDICATED CLINICAL  
SERVICES  TO ADDRESS 
TRANSLATIONAL  
DEVELOPMENT
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ABOUT SGS

SGS’s Life Science Services has 30 years 
of experience as a contract service or-
ganization providing integrated solutions 
from preclinical activities to Phase I-IV 
trials, bioanalytical and QC testing. With 
over 1,300 employees and 2,000 trials 
performed, SGS serves the pharmaceuti-
cal, biotechnology and medical device 
industries.

SGS has a wealth of expertise in: First-In-
Human studies, QT/QTc prolongation, ra-
dio-labeled C14 ADME & PET scan trials. 
SGS’s state of the art facilities include: 

two Phase I units with a total of 172 
beds, two bioanalytical labs, and Phase 
II-IV clinical trial management offices 
across Europe & North America.  Clients 
benefit also from the favorable regulatory 
environment in Belgium and France with 
very short phase I trial approval times of 
two and four weeks, respectively. With 
innovative study designs, optimal facilities 
and strong regulatory intelligence, SGS 
can significantly improve client’s drug de-
velopment timelines and decision-making 
processes.

With innovative study designs,  
optimal facilities and strong regula-
tory intelligence, SGS can  
favorably impact client’s drug  
development timelines and  
decision-making process.


