November ’08; LLSG Symposium

Transfusion Medicine: Looking
into the Crystal Ball
2008 - 2018

Walter H. Dzik, MD

Co-Director, Blood Transfusion Service
Massachusetts General Hospital

Associate Professor of Pathology and Medicine
Harvard Medical School, Boston, MA USA

20t Century: Progress
improved
Fmrtmnanan o Transfusion Safety
Clotting Testing and Steriization Artificial
T-Globulin Factor Blood
Fibrinogan Concentrates
Albumin 4
Whole
Blood Plasma Recombinant
Cryoprecipitate T ::
/ Centrifugation 3
Clotting Factor
Red Blood Cells Proteins
S Platelats Wi, VI 1X

| 1920 1940 1960 1980 2000
i

CELLULAR THERAPIES Hematopoietic

Stem Cells
| L[] Denariic Cetts
| Discover /i T Cells
| f’ABOIy Cell Populations Derived From /
| DBﬂr)oﬂ Gi Bone Manow, Placenta, Engineersd
00 00 or Peripheral Blood ] & Tieeues

| system = —
1 —~_ .

Silberstein & Toy. JAMA 2001; 285: 577 (not for reproduction; used without copyright)

What will the future bring...?

STOPLIGHT: Status of America's Blood Centers’ Blood Supply
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2015 and beyond...
Blood Donation Services: Professional Donors... ?

; « Paid, professional blood donors
National Blood Donor

« Be required to undergo routine

Name/nom: Dzik, Walter \ surveillance viral testing

Reg Number: 1234567 4

Viral testing history:
Jan 12, 2015: PCR-neg
March 3, 2015: PCR-neg
May 10, 2015: PCR-neg

Blood Group: Al; D+C+c=,E+e+...

*Registered with government
*DNA, phenotype, HLA data

« Legal responsibility for
truthfulness on blood donor

“I hereby agree to repeat viral testing and questionnaire
registration in a national data bank...”




Declining Risk of Viral Infections from Transfusion
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Emerging new pathogens ?
* Animal viruses entering human environment

* Mutated viruses
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How to protect the blood supply against new pathogens ?

?
Chemical Screening
pathogen tests for
reduction ? pathogens ?

2008: Nucleic acid screening for HIV, HCV,
and West Nile viral nucleic acid sequences...
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Future: Micro-array screening technology ...?
each sample is tested for multiple pathogens.
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Serious Hazards of Transfusion- UK
GVHD Infection
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Transfusion Med Reviews 2006; 20:273. Not for reproduction. Used without copyright.




Major Morbidity or Death

1807 .= Hemolysis, incorrect blood transfused
160 |

1404 — Transfusion Acute Lung Injury
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Based on 2,630 reported adverse transfusion events.

Infection

* Data from Stainsby et al. Transfusion Med Reviews 2006; 20: 273

Preventing Errors in Blood Administration

* Machine-readable 1.D. technology is used in nearly every
facet of society-- except healthcare !
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Screen higher-risk donors for HLA antibodies ? s s
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Where will the future lead us...?
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Diagnostics...

DNA testing
Non-invasive monitoring
Nano technology

Personalized genomics

Non-invasive readout of Hemoglobin
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A spherical chip: data sent to an external recorder
Applications include implantable vital signs sensors.

Photo courtesy of Ball Semiconductors Inc, 2000 Not for reproduction.
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Nanotechnology Sensors ?

“Doctor, probe
# 258 in the
patient’s
cerebellum is
reporting very
low local levels
of oxygen...”

Clinico-genomics: why are we now on the

threshold of “new medicine” ?

Two technologies have converged:
1. High throughput DNA sequencing
2. Informatics (computer processing)




The International “Hap Map” Project
www.hapmap.org
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Single nucleotide polymorphisms (SNPs):
Well known to Transfusion Medicine !
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Environmental Genetic
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Beyond boundaries of organ-based physiology

Disease
Organ specific
physiology

19t Century

Understanding

Beyond boundaries of organ-based physiology

Disease Genome-wide

Organ specific physiology

physiology

19t Century
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Understanding

Diagnostic Medicine:
Opportunities in the future...

« To analyze each patient’s full genome (DNA
throughput).

 To understand the intersection of your genetic
susceptibility and your actual exposure to
disease (informatics).

 To reassert the individual as the center of
diagnosis and treatment.




Therapeutics...

-

rVlla; Rituxan; CD34 stem cell transplants

Fresh blood vs stored blood
=

RBC substitutes
Gene therapy

mmxfma_?
RITUXAN Pro-coagulants ——

Immunology drugs

Anti-coagulants

Hirudin
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* Excellent engraftment

Recent advances: CD34 stem cell transplants

* Allow high dose chemotherapy

* Simpler than bone marrow harvest

RBC shape changes during blood storage

Figs A through D
are reversible.

E & F do not
reverse post-
transfusion.

2,3 DPG declines during first 14 days.

ATP levels decline and Na+/K+ pump fails.

Gradual hemolysis occurs.

Current RBC inventory
by storage age
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RBC substitute ?
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Skin cells > iPS = Nerve cells !
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neuronal antigen (green),
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Where will the future lead us...?
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New opportunity brings new challenges

« Develop and adopt new technology wisely
* Finance the application of new biotech
» Remain educated to new developments

World Population Growth, 1750-2150
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Source: United Nations, World Population Prospects, The 1992 Revision; and
estimates by the Population Reference Bureau.
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Our challenges for the future...

* To balance technology
with humanism.
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condition of the most poor.
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by the achievements of the
most wealthy, but by the ¢
condition of the most poor.

» To temper zeal for
discovery with compassion
for the sick.




Our challenges for the future...
To balance technology ' - =
with humanism.

To define our success not
by the achievements of the
most wealthy, but by the
condition of the most poor.
To temper zeal for i
discovery with compassion | = |-
for the sick.

To advance not only our
biological selves, but our
spiritual selves as well.
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