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Why am I talking on this topic?

A number of factors (> 10) concerning blood plasma collection,
processing and storage could affect its molecular profile, see
later. Little is known about them.

Experiments were being considered to identify the major ones.
The first such experiment planned was:

         40 C vs. room temperature processing;
        other variables kept as constant as possible
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experiments
I am

I ,

After RA Fisher, 1926



4

Acknowledgement

Experimental Design Working Group
Biospecimen Research Network (BRN)

Office of Biorepositories and Biospecimen Research (OBBR)
National Cancer Institute (NCI)

National Institutes of Health (NIH)
U.S. Department of Health and Human Services

Several slides below are adapted from those of Helen M. Moore, Ph.D,
NCI Best Practices Forum, December 3, 2007. You will be able to tell.
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Translational Research Promises to Advance
Molecular Medicine for Cancer Patients

Biospecimen Distribution Biospecimen Collection

Biospecimen processing and banking

  Molecular Data Diagnosis / Therapy

PERSONALIZED CANCER CARE

Biospecimen Processing and Banking
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Progress in cancer treatment and research are
dependent on high quality human specimens

     Genomics                   Proteomics            Metabolomics

All Depend
On High-Quality, Annotated

Human Biospecimens

Validation of new therapeutics

Identification of targets for drug development, treatment and prevention

Elucidation of molecular mechanisms of neoplasia
Development of molecular based taxonomy of cancer

Defining markers for susceptibility, screening and reoccurrence
Identify biologic variations that determine drug efficacy and drug toxicity



7

Patient Acquisition Handling/
Processing Storage Distribution Scientific

Analysis
Medical/
Surgical

Procedures

Restocking
Unused
Sample

Multiple variables can affect the
molecular integrity of the biospecimen

Time 0

Post-acquisitionPre-acquisition

Variables (examples):
 Time at room temperature
 Temperature of room
 Type of fixative
 Time in fixative
 Rate of freezing
 Size of aliquots

Variables (examples):
 Antibiotics
 Other drugs
 Type of anesthesia
 Duration of anesthesia
 Arterial clamp time
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Potential effects of biospecimen variables

     Effects on Clinical Outcomes
     Potential for incorrect diagnosis
     Potential for incorrect treatment

     Effects on Research Outcomes
     Potential for irreproducible results

Possible misinterpretation of artifacts as
biomarkers.
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The case of Human Epidermal
Growth Factor Receptor 2 (HER2)

Over-expressed (HER2+) in ~25% women with breast cancer.
These cases are now treatable with Herceptin (trastuzamab).
The treatment costs ~US$100,000/year, has clear benefit for

HER2+ cases, and some risk.
HER2 status testing (several kinds) done on formalin-fixed

paraffin embedded breast tissue removed by a surgeon.
Not long ago, ~20% of HER2 status tests done in the field

were found to be incorrect when the same sample was
evaluated in a high-volume central laboratory.



10

Sources of HER2 testing variation
Wolff et al J. Clin. Oncol 25 (2007)
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Central themes of BRN research

“Bridging the gap” between existing clinical practice for biospecimens and
emerging technologies for personalized diagnostics and therapies

Tissue preservation variables and their impact on downstream
applications (e.g., HER2)

Robotic surgery vs. manual surgery for prostate – are tissues
harvested from robotic surgery suitable for advanced biomarker
detection?

Defining the most significant variables for prospective collection of tissues,
blood, and body fluids

Effects of pre-acquisition variables and biomolecule extraction
methods on biomolecule analysis results in blood

Developing evidence-based biospecimen quality indicators for specific
analytical platforms

How to assess whether a banked specimen is suitable for a specific
molecular analysis approach?
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Developing and testing a plasma protocol

Rationale: Different blood collection and processing protocols can
result in different molecular profiles

Collect and compare blood collection, plasma processing, and storage
protocols from the different institutions in the Clinical Proteomic
Technology Assessment for Cancer Program (CPTAC).

Analyze differences and develop a common protocol.

BRN: Conduct experiments in areas where the effects of the variability
between protocols is not understood.
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  Processing
  Procedure,

  Temperature
   and Time

Blood Draw 
Procedure

Collection
Tubes and 

Order of
draw

Storage & 
Distribution

Molecular
Analysis

Patient 
Consent 

and 
Preparation

Biospecimen research case study: Blood
collection and plasma processing variables
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Blood: some preanalytical variables

Patient variables
 Sex, Age
 Health
 Patient Habits (smoking, exercise)
 Diet
 Hydration
 Diurnal effects (time of acquisition)
 Exercise prior to collection

 Acquisition Variables
 Venipuncture
     Needle gauge, priming volumes
 Phlebotomy
    Tourniquet technique
    Patient position
    Site of venipuncture
    Tube order
    Volume collected
    Blood source

Acquisition Variables, cont.
Collection device
  Tube type, composition of additives
 Blood derivative and processing
   Sample type (plasma or serum)
   Anticoagulant type/clotting procedure
   Immediate storage temperature of    

tube (prior to separation)
   Elapsed time from collection to work-up
A Mechanical stress due to transport
   Centrifuge temperature, speed, 

duration
 Storage
   Frozen before analysis? elapsed time
aaa& temperature prior to freezing,
aaaduration, temperature, material,
aaa# freeze/thaw cycles
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Blood: traditional measurements
Comprehensive Metabolic Panel
Glucose, calcium
Proteins: total and albumin
Electrolytes:Na, K, CO2, Cl
Kidney tests: urea, N, creatinine
Liver tests: alkaline phosphatase,

alanine amino transferase
aspartate amino transferase,
bilirubin

Lipid profile
Total cholesterol
HDL and LDL cholesterol
Triglycerides

Complete Blood Count
White blood cell count
White blood cell types
Red blood cell count
Hematocrit (packed cell volume)
Hemoglobin
Red blood cell indices
Platelet (thrombocyte) count

Other blood markers
Carcinoembryonic antigen: a GI 

and colorectal ca marker
CA 19-9: a pancreatic ca marker
PSA (male) prostate ca marker
CA125 (female) an ovarian ca 

marker
Bradykinin  a vasodilator
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Blood: “new” measurements

  DNA profiling of cells
    microarray assays determining SNP genotypes and chromosomal copy

number (Affymetrix, Agilent, Ilumina, etc): 100s of 1,000s of measurements

  mRNA profiling of cells
     microarray gene expression (Affymetrix, Illumina, NimbleGen, etc): 10s of

1,000s of measurements

  Protein profiling of serum/plasma
    mass spectometry (SELDI, MALDI, MS-MS, etc)
    antibody / protein arrays (several types): 100s-1,000s of measurements

  Metabolomic profiling of serum/plasma
    LC-MS, GC-MS, other: 100s-1,000s of measurements
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Summary so far
There are a lot of measurements of interest, which raises the question of

just how we should define the response(s) in experiments.

There are a lot of variables (factors) to consider, which might suggest
beginning with screening designs (after Plackett and Burman).

Some factors refer to the acquisition of blood from the subject, others to its
subsequent processing/storage. One draw can give 4-10 samples for
analysis, so we might think of 2-phase or 2-tier designs  (after McIntyre,
Brien, Bailey).

Since we are interested in defining a standard operating procedure which
should be robust to uncontrolled variation in some (many) variables, we
might need to consider robust design (after Taguchi).

  All measurements are made on tissue initially coming from a single person.
We will of course need to make multiple measurements, not all of which
can come from the same person, which raises the question of replicates,
blocking (after Fisher) and pooling (after anon, 1915).
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Is there any previous research?
Yes!

Another group has already attacked part of this problem.

Is there a problem?

Sample heterogeneity is evident, due to ex-vivo activation
of signaling pathways,  degradation of proteins and key
enzymes, activation of platelets, etc.

Yes!
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Experiments with serum and plasma

Tube handling conditions
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Peptide display
vertically: RP-HPLC retention time; horizontally: MALDI-TOF m/z

Clear differences. 
Also, blood cell derived  
peptides found present 
(~14% from platelets)
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SELDI-TOF profiles of serum samples
under different storage conditions

(columns: temperature × duration)

Presence of a peak (row):     Absence:

No differences here Several here
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Analyte concentrations relative to a
reference measured at t=0.

Supplementary information; sample size unclear.
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EDTA treated plasma, with and
without protease inhibitors (PI)
(20 blood samples of each type, SELDI-TOF MS)

EDTA alone EDTA + PI

In
te

ns
ity

In
te

ns
ity

m/z ≈ 6803
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Effect of PI on antibody microarrays

No PI PI after 
labelling

PI before 
labelling

PI before
and after 
labelling

Differences in
background
and S/N are
clearly visible.
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Comments on the design and analysis

The study used only pooled samples; intra and inter-
individual variation was lost.

The results were generally not quantitative, so no real
analysis took place.

There was little assessment of variation, and no testing
of significance, just a rough importance ranking of
factors.

 No SOP for blood collection and handling emerged.
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Can we hope to do better?

We’d like to have (pooled) intra-individual variance as error in
any comparisons. Why? Ideally, we’d like to be able to
interpret the results in terms of an individual’s measurement.

There is a definite limit to the number of  blood draws that it is
reasonable to expect of a volunteer: at most 2 per day,
weekly, for perhaps 2-5 weeks, with one before and the
other after the overnight fast is broken.

A single blood draw will give enough blood for 4-10 assays.
So, perhaps blocks of 2-4 plots, for the first phase, for a

suitable screening design on acquisition factors, with another
screening design with blocks of size 4 for processing factors
in the second phase, giving an overall design for robustness.

Or, have I made it all too complicated? Should they stick to
varying one factor at a time?
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p11 011000011011011

p12 011010110110100

p13 011101001101100

p14 011111100000011

p21 000000000000000

p22 000010101101111

p23 000101010110111

p24 000111111011000

p31 101001100011101

p32 101011001110010

p33 101100110101010

p34 101110011000101

p41 110001111000110

p42 110011010101001

p43 110100101110001

p44 110110000011110

A start, courtesy
of Rosemary Bailey

4 draws on each of 4
people: p11,…, p14,
etc. e.g. 2/day, twice,
a week apart.

Matrix entries are binary factor
levels. Column headers are
contrast names: a, b, c for the
people; w for week; π for pre vs
post fast, and α,…,ν for 10
acquisition factors.
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What’s left to do?

Lots. I’ve barely started. Contributions welcomed.

Deal with the second phase: blood derivative and
processing variables.

See how this all fits in with the aim of design for
robustness.

Prepare an actual design for consideration by the
OBBR. Ideally, one with a traqnsparent analysis.

 THANKS!


