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CytoSorbents Overview
CytoSorbents (NASDAQ: CTSO) is a New Jersey, USA
critical care-focused therapeutics company specializing in
the removal of toxic substances from blood
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CytoSorbents is An Emerging Leader in
Critical Care Immunotherapy

Leading the Prevention or Treatment of
Life-Threatening Inflammation
in the ICU and Cardiac Surgery using
CytoSorb® Blood Purification
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CytoSorb Addresses the Common Pathways from Various Underlying
Conditions That Can Lead to Inflammation, Organ Failure, and Death
Cardiac Surgery
Including CPB & ECMO

Burns
Inhalation

ARDS/ALI

Trauma

Severe
Sepsis

Reduction Of:
• Cytokine Storm
• Free Hemoglobin
• Other Contaminants

Biowarfare
Influenza

Prevention or Treatment of Multi-Organ Failure and Death
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Leadership Background
Phillip Chan, MD, PhD – Chief Executive Officer and President
Internal Medicine physician with MD/PhD from Yale School of Medicine. Internal Medicine residency at the Beth Israel
Deaconess Medical Center at Harvard. Former Partner at NJTC Venture Fund leading life science investments for 5
years. Co-founder of Andrew Technologies, commercializing its HydraSolve™ lipoplasty device in the U.S.

Robert Bartlett, MD - Chief Medical Officer
World-renowned as the pioneer in extracorporeal membrane oxygenation therapy (ECMO) – used worldwide in ICUs in
refractory lung failure, and former Director of the Surgical Intensive Care Unit at University of Michigan, with extensive
experience in cardiothoracic surgery and critical care medicine including the treatment of sepsis and respiratory disease

Vincent Capponi, MS - Chief Operating Officer
20+ years experience in the medical device, pharmaceutical and imaging fields. Led the first regulatory approval for
the heparin flush syringe, used worldwide in hospitals, and managed manufacturing of > 1 million units/week

Kathleen Bloch, MBA, CPA – Chief Financial Officer
20+ years as CFO of private and public companies. Former Laureate Biopharma CFO, a contract biopharmaceutical
manufacturer

Christian Steiner, MD – Vice President of Sales and Marketing
13+ years experience in sales and marketing of extracorporeal therapy and critical care sales at Teraklin for MARS, the
first liver failure dialysis technology, and at Pulsion Medical (hemodynamic monitoring)

Christopher Cramer, MS, MBA – Vice President of Business Development
15+ years experience in business development and commercial experience. Former Senior Director of New Venture
Development at Johnson & Johnson, and previously at PwC Consulting
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Leading US Advisors in Cardiac Surgery
Dr. Joe Zwischenberger, M.D.
- SAB Chair
University of Kentucky

Dr. Robert Bartlett, M.D.
University of Michigan

Dr. Nicholas Smedira, M.D.
Cleveland Clinic Foundation
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Dr. Paul Checchia, M.D.
Texas Children’s
Hospital in Houston

Dr. Craig Smith, M.D.
Columbia University

Dr. Jonathan William Haft, M.D.
University of Michigan

Dr. Peter Wearden, M.D., Ph.D.
U. of Pittsburgh Medical Center
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Clinical Challenges in
Cardiac Surgery
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Cardiac Surgery Overview
 Approximately 1M Cardiopulmonary Bypass Surgeries in US and EU annually
 Coronary artery bypass graft surgery
 Open valve repair, cardiac defect repair
 Heart or lung transplantation
 LVAD implantation

Free Hemoglobin

Cytokine Storm
and Activated
Complement

Vascular / Kidney
Injury

SIRS

 Most patients with uncomplicated surgery will

do well with a low risk of adverse events
 Patients undergoing complex cardiac surgery or

longer procedures may develop widespread
inflammation and organ dysfunction due to cytokine
storm and free hemoglobin release during surgery

Multiple Organ
Failure

 No technology has been able to directly reduce cytokine storm and free hemoglobin
 Leukoreduction filters used today to remove cytokine producing white cells, generate

millions of dollars but cannot directly remove cytokines or free hemoglobin
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Complex Cardiac Surgery Increases Complication Risk
 Post-operative complications are directly correlated to the length, complexity

and invasiveness of cardiac surgery
 These complications contribute to increased post-op morbidity/mortality risk,

increased ICU costs and hospitalization time and increased ICU utilization &
decreased surgical throughput
 Acute kidney injury (AKI) is common (5–30%) and is associated with a >4-fold

risk of death. ~1-2% require dialysis, increasing the risk of death to 8-fold
over baseline.
 Respiratory failure, hemodynamic instability, cognitive dysfunction and

intestinal injury also occur
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Triggers of Inflammatory Mediators in CPB



Cardiotomy suction



Shear and mechanical damage to cellular blood components



Blood contact with air and artificial surfaces



Intraoperative surgical and anesthetic trauma



Ischemia reperfusion injury and ischemia-related toxin release



Blood transfusion and many others

10

Source: Born et al.: SIRS in heart surgery: New possibilities for treatment
through the use of a cytokine adsorber during ECC?
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Dangers of Plasma Free Hemoglobin (PfHb)
 Patients undergoing complex cardiac surgery with significant cardiotomy suction are

at highest risk of hemolysis, releasing large amounts of PfHb into circulation
 Once the haptoglobin scavenging system is overwhelmed, PfHb can cause a direct
depletion of plasma nitric oxide (NO), leading to pulmonary hypertension, renal
ischemia and AKI, intestinal mucosal injury, organ failure, and other complications.
 PfHb also can lead to oxygen radical generation and oxidative injury to tissues

PfHb is correlated to
the development of AKI
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Source: Windsant et al., Hemolysis during cardiac surgery is associated with increased intravascular nitric
oxide consumption and perioperative kidney and intestinal damage, Frontiers in Physiology, Sep-2014
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CytoSorb Removes the Fuel to the Fire
 CytoSorb® represents a powerful

immunotherapy to control inflammation
 Approved in the European Union as the only

specifically approved cytokine filter
 Clinically proven to reduce key cytokines in

critically-ill patients
 Safe and well-tolerated with over 9,000 human

treatments, no severe device adverse events
 More than 1,000 intra-operative cardiac surgery treatments have

been performed safely
 More than 200 post-operative treatments have been safely
performed to treat post-operative SIRS
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The Heart of the Technology
The underlying blood purification technology is based on state-of-the-art
biocompatible, highly porous polymer beads that act like tiny sponges to
remove harmful substances from blood

Each bead is about the
size of a grain of salt

.

• Protected by 32 issued US patents and multiple applications pending

• Manufactured at our ISO 13485 certified facility in New Jersey, USA
• One of the highest grade medical sorbents on the medical market today
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State of the Art Technology
 ISO 10993 Certified: Biocompatible, hemocompatible, non-genotoxic, non-

cytotoxic, no acute sensitivity, no complement activation
 Very Pure: no residual organics, no leachables, meets USP particulate

standards for large parenteral injections
 Treats Whole Blood: High flow, low resistance
 Gentle & Well Tolerated: 160 canine and 9,000+ human treatments
 Massive Capacity: >7 football fields of surface area/300mL
 Solid State Chemistry: No cells, biologics or other perishable materials
 Excellent Logistics: suited for stockpiling with indefinite shelf-life in dry

state, and 3-year shelf life at room temperature in wet state
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CytoSorb Targets Removal of the Primary Causes of
Harmful Excess Inflammation and Organ Damage
Pancreatic Trypsin
Toxic Shock Syndrome Toxin
IL-18, Pancreatic Chymotrypsin
HMGB1
TGF-β
TNF-α trimer

IL-1a
TNF-α monomer
IFN-γ monomer
IL-6
IL-1Ra
sFas ligand
MCP-1
IL-13
sTNFR
Complement C5a
IL-10
MCP-1 glycosylated
Complement C3a
IL-4
Alpha-hemolysin
IL-8
G-CSF
IFN-γ dimer
MIP-1α
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CytoSorb Broadly Reduces Cytokines
Cytokine reduction over time during in vitro perfusion with serum (or buffer)
IL-6

IL-1a

TNF-a

IL-1ra

IL-10

IL-8

The two lines on each graph represent CytoSorb cytokine removal from serum (triangle) or buffer (square)
Valenti, I “Characterization of a Novel Sorbent Polymer for the Treatment of Sepsis” 2008
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CytoSorb Removes Free Hemoglobin

Removal of free hemoglobin from
partially hemolyzed whole citrated
bovine blood following incubation with
1:8 v/v CytoSorb beads (L to R: T0, 3,
18 h) at 12 rpm. Plasma fractions are
shown following centrifugation.
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Hours of Incubation
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Intra-operative versus Post-Operative
•

CytoSorb is being used today in standard clinical practice, particularly for
complex cardiac surgery cases such as endocarditis, aortic reconstruction, etc.

•

There are more than 20 investigator initiated studies in process or being
planned for pre-emptive intra-operative use (using a heart-lung machine), as
well as post-operatively (using a standard dialysis machine) to treat post-op
SIRS

Intra-operatively in
Heart-Lung Machine

Post-operatively in
Dialysis Machine
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Simple, Rapid Implementation on HLM
CytoSorb is platform independent and can be implemented
on cardiopulmonary bypass equipment within minutes and
without needing another machine
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Example of CytoSorb in Cardiac Surgery
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KardioTechnik 2014
Retrospective 40 patient cardiac surgery study
•
•

•
•

20 patient (with CytoSorb) vs 20 patient (without CytoSorb)
used intra-operatively with heart-lung machine
Patients underwent high risk surgery with hypothermic
cardiac arrest and anterograde cerebral perfusion
Treatment was associated with statistically significant
reduction of IL-6 and PCT in the 3 day post-operative period
Gives visibility on U.S. pivotal trial in cardiac surgery

Control

Control

CytoSorb
CytoSorb
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Cardiac Surgery IIT Updates
At the 2nd International CytoSorb Users Meeting, preliminary results were presented from
three safety and inflammatory mediator biomarker studies using CytoSorb® intraoperatively in a heart-lung machine in low risk cardiac surgery patients:
• University of Hamburg-Eppendorf: 20 patient RCT pilot study – Complete
• Medical University of Vienna: 37 patient RCT pilot study – Complete
• University of Cologne: Interim data from 142 of 300 patients comparing off-pump surgery (n=21),
on-pump surgery without CytoSorb (n=61), and on-pump surgery with CytoSorb (N=60)
• Therapy was well-tolerated and safe without device-related issues, including no removal of
heparin, no bleeding or coagulation issues, no device set-up concerns
• Preliminary initial cytokine data show that some cytokines are removed in CytoSorb® treated
patients compared to control, but overall inflammation in these shorter, lower risk surgeries, was
not high. Cytokine and other inflammatory mediator analysis is continuing. Similarly, the risk of
adverse events and mortality were low in both treatment and control groups
• Now that safety has been determined, all three trial sites are interested in extending their
treatment experience to complex cardiac surgery, where the risk of inflammation and adverse
events are much higher
• The completed studies are in the process of being prepared for journal submission
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REFRESH Overview
REduction in FREe Hemoglobin
•

40 patient, 8-center randomized controlled feasibility study using
CytoSorb intra-operatively in a bypass circuit during complex cardiac
surgery lasting more than 180 minutes
•

Standard of care (control) vs CytoSorb + Standard of care (treatment)

•

Primary safety endpoint: Safety

•

Primary efficacy endpoint: Reduction in plasma free hemoglobin

•

Secondary endpoints:
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•

Ventilator time, time in the ICU, days in the hospital, incidence and progression to AKI,
30-day mortality

•

Biomarker reduction: Cytokines and other inflammatory mediators
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REFRESH Overview
REduction in FREe Hemoglobin Trial
•

Started enrollment in November 2015

•

Working with major cardiac surgery centers in this trial
•

•
•
•
•
•
•
•

Baylor College of Medicine
Baystate Medical Center
Columbia University
Cooper University Hospital
University of Kentucky
University of Maryland
University of Pennsylvania
University of Pittsburgh Medical Center

•

Expected to be completed by mid-2016

•

Intended to support pivotal REFRESH 2 Trial, for US FDA approval

CytoSorbents

TM

®

CytoSorb Is Ideally Suited for Use in Cardiac Surgery
 Used safely intra-operatively in more than 1,000 cardiac surgeries in

Germany and Austria and post-operatively in more than 200 treatments
 Effective removal of excess cytokines and free hemoglobin
 Installs into CPB circuit easily and within minutes
 Drop-in replacement for leukoreduction filters
 Utilizes blood flow generated by the CPB circuit; No need for perfusionist to

worry about another machine to run
 Blood in, blood out; No dialysate, ultrafiltrate to be concerned about
 High flow, low resistance and can accommodate high blood flow rates at

least to 400 mL/min; Has been tested to 1L/min without hemolysis
 7+ football fields of surface area vs 1-3 m2 in membrane-based filters
 Compatible with systemic heparin anti-coagulation used during CPB
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Contact Us
Working to Save Lives
Through Blood Purification
NASDAQ: CTSO
Phillip Chan, MD, PhD
Chief Executive Officer
7 Deer Park Drive, Suite K
Monmouth Junction, NJ 08852
pchan@cytosorbents.com
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