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Personalized medicine requires capahilities to detect and
measure health-associated biomarkers with increasingty
specific and sensitive methods, putting anabytical chemists
at the front lines of translational research. Analytical
scientists must be upstream in the experimental design
process becanse the analysis of a biospecimen (fissue,
hlood, ete.) presents technical and experimental design
complexities. (To listen to a podeast about this feature,
please go to the Analvtical Chemistry multimedia page at
pubs.acs.org/page/ancham, avdio, ind e himl. )

To eliminate the barriers between biomedical discovery and
clinicz] application, translational research must bring together
experts from different disciplines to collectively share knowledge
and skill sets with the goal of improving patient care. This new
paradigm for biomedical research s essential for meking “per-
sonalized medicine”™ a reality and creates an emvironment for
clinicians and scientists to maich unmet needs with innovative
approaches. Analytical scientists are essentiz] members of these
interdisciplinary teams hecause the vision of personzslized medi
cine s to improve the standani of medical czre by including an
analysis of the patient's malecular profile 2= part of the decision-
making process. Unlike the current practice that depends on a
clinician’s ahility to diagnose using symptoms and measurement
of oftentimes broadly interpretable biomarkers (such as choles
teral), this mext generation of biomarkers aims to use more
precise, higher resolution assays to target an individual's biology.
Ideally, this profile would contsin customized information that =ds
in the early detection of disezse, and oace detected, another assay
would monitor the disease’s natural course using prognostic
markers. Predictive markers embedded within a device would
guite the prescription of a personalized therspeutic regimen,
determine proper dosing, and directly monitor efficacy of treat-
B Ansitibai Chemisty Vol 83 No. 1, Janusry 1, 2011

ment in real time. Examples of combined therapeutic-diagnostic
interventions that are cwrrently on the market include Genentech's
Herceptin and Novartis's Gleevec, which disgnose and treat
patienis with HerZ/neu positive breast cancer and Philadelphiz
chromosome positive chronic myeloid leukemia, respectively.

As the source of molecules wsed to defect disease, the *raw
material” used for clinical diagnosis is a hieman tissue or bioflaid,
generically known as a bicspecimen. These biological materisls
ane an observation window into 2 patient’s health znd are essential
fior the discovery and walidation of biomarkers that serve as the
foundation for most next-generation clinical technologies, includ-
ing clinical and pathologic disgnostic tests, therapeutic dnags, znd
imaging agents.

The research discipline of the biospecimen sciences focuses
on rigorowsly identifying the impacts of pre-analytical varizbility
tn & biospecimen's modecular composition and developing systems
for annotated data to betier inform the dewnstream researcher.
As an integral component of translational research, this science
aligns with the quality demands browght about by rapid advances
in analytical methodologies and tools, the increased lahility and
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Personalized Medicine

Molecular-based profile

»

“biomarkers”

* predict a patient’s response to therapy
* early detection of disease

* predict the course of disease

* monitor efficacy of treatment

The right drug for the right person for the right duration.
Diagnostics that can predict, diagnose or track disease; or, can be used to track treatment outcome.



Translating Research

Molecular-based profile

v

“biomarkers”

Tools to detect or discover disease-associated biomarkers

* specific and selective
» faster and smaller
» data that can be translated to clinical action



Biomarkers: lost in translation?
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Herceptin®and HercepTest®
DAKO Herceplest’ Amplification of HER2/neu (ErbB2) protein (20-30% of early-stage breast cancers)

Reduces risk of relapse by 50% in adjuvant setting

Level of overexpression is the determined by an immunohistochemical assay

14-16 % False positive e — -
$70,000 treatment | Tastuzumat, .S
- B Tf\.
et 18-23 % False negative g i

know your target.



The biospecimen - The personalized part of personalized
medicine

Window into the health of an individual

Identify targets for drug development, treatment and prevention
Identify biologic variations that determine drug efficacy and drug toxicity
Define markers for susceptibility, screening and reoccurrence
Validate new therapeutics and diagnostics



Biofluids are a valuable source of biomarkers

Table 3 Human biological fluids: a source for biomarker discovery.

Human biclogical fluid

Cancer type

Plasma

Serum
Cerebrospinal fluid
Nipple aspirate fluid
Breast cyst fluid
Ductal lavage
Cervicovaginal fluid
Stool

Pleural effusion
Bronchoalveolar lavage
Saliva

Ascites fluid
Pancreatic juice
Seminal plasma

Urine

Broad spectrum of diseases
Broad spectrum of diseases
Brain

Breast

Breast

Breast

Cervical and endometrial
Colorectal

Lung

Lung

Oral

Ovarian

Pancreatic

Prostate and testicular

Urological

Kulasingam V and Diamandis EP (2008) Strategies for discovering novel cancer biomarkers through

utilization of emerging technologies
Nat Clin Pract Oncol doi:10.1038/ncponc1187



A biospecimen roadmap

The world of the analytical scientist
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_ Results may be reproducible, but not truly representative of the broader
Blas healthy / diseased populations because of non-comparable patient
selection criteria (as one example of a potential source).

: R Results are dependent on
Pre-analytical Variability collection, processing,

storage conditions.




Bias in patient selection (Case study: breast biopsy)

Representing Representing
“healthy” “diseased”
Sex
Age
Medications

Specimen Storage/Processing Differences

Not detectable by larger sample sets or statistical massaging
Reproducibility does not represent the lack of bias

Clin. Chem, 2008, 44-52
Clin. Chem, 2008, 53-60



Pre-analytical Variability

Biospecimen is still reacting to stresses during its collection,
processing, and storage

How can we tell biologic fact from biologic artifact?

Pitfalls for translational research using human specimens:

« Varying methods of collection, processing, and storage can alter the
physical/biologic state of the specimen

« Varying associated specimen data elements alter what the scientist
knows about the character/nature of the specimen

« Variable clinical information alters what the scientist knows about the
patient (biologic context of the specimen)

« Variable restrictions (patient consent; other ethical, legal, and policy
Issues) alter what the scientist may do with the specimen and/or data



Tissue Biospecimens

Variables (examples):
= Antibiotics

= Other drugs

= Type of anesthesia

=  Duration of anesthesia
= Arterial clamp time

Variables (examples):

= Time at room temperature
= Temperature of room

= Type of fixative

= Time in fixative

= Rate of freezing

= Size of aliquots

Restocking
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Patient Surgical Acquisition - Storage Distribution . Unused
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Pre-analytical variability: Tissue Preservation

Tissue
Acquisition

Frozen

s

Stabilization

Chemically
Fixed

* Formalin (aq. Formaldehyde)
* Mercuials

* Alcohols

* Oxidizing Agents

Dehydration

=

Embedded
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Processing
(12 steps on an
automated processor)

Fixed and
Embedded
Tissue




Effects Of Formalin Buffer On Histology
(courtesy of S. Hewitt MD PhD, NCI)

Shrinkage




Effect Of Formalin Buffers On RNA Quality

= No buffer

= Tris
Phosphate
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Effects Of Fixation Time On Histology

Smeared
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Blood is a complex biospecimen

« Travels through all tissues in the body
* 60,000 miles of vessels
* Important for tumor growth and metastasis

* Readily collected in the clinic

Numerous Roles:

« delivery of nutrients

» removal of metabolites

« delivery of oxygen

» removal of carbon dioxide
* immune response

* response to injury

. etc...

Complex Composition:

Biologically active!

* red blood cells

* white blood cells

* platelets

» almost every protein
* genomic transcripts
. etc...




Blood Collection and Processing Variables
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Patient Preparation and Blood Collection

Iranslational Research




Blood Collection and Processing Variables

@tient Health, Hydration, Dih

Venipuncture vs Finger Stick

Patient Preparation and Blood Collection

Patient Position
Tourniquet time duration
Gauge of needle

Order of draw

@e of tube, additives /




Blood Collection and Processing Variables

@um vs plasma vs whole blm

Translational Research

Processing Procedure
Processing Temperature
Centrifuge Speed
Centrifuge Temperature

Storage Temperature

\Fr\eeze—th aw
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NCI Best Practices for Biospecimen Resources

National Cancer Institute
Best Practices for
Biospecimen Resources
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“Living document”
updated
to stay current with
state-of-the-science
and policies

NCI Best Practices - Six operating principles:

* Evidence-based, data-driven technical and
operational standards to ensure quality and enable
reproducible molecular analysis

 High-quality biospecimen annotation with
pathological and clinical data

* Biospecimen access through a timely, centralized peer
review process

« Ethical and privacy compliance through a chain of
trust with research participants

» State-of-the-art informatics systems to track
biospecimens, associated data, and research participant
informed consents

« Communication and outreach efforts, particularly
with investigators, to ensure greatest impact

http://biospecimens.cancer.gov



So what does this mean for the biomarker technology
developer?

e The analytical scientist needs to collaborate with other communities
e Pathologists
e Clinical Research Methods / Experimental Design
e Biostatisticians
e Epidemiologists

e Annotation is important

e Source of biospecimen including patient data (as allowable)

e Sex, medication, age, etc. — depending on how the biomarker is
used

e Biospecimen handling, processing and storage conditions
e Freeze-thaw, stabilization chemistry, storage temperature, etc.

e Ensure that sample preparation doesn’t introduce technology-
specific bias

e Validation via side-by-side comparisons of different technologies
e Etc..
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