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Agenda

• Rationale for pathogen reduction, emerging pathogens, and 
pandemic preparedness
• Technology
• Riboflavin + UVB
• Amustaline-GSH

• Clinical experience
• Conclusions
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History of Global Emerging and Re-Emerging Pathogens Entering 
Humans and the Blood Donor Population

Morens and Fauci 2020 Cell ; 182:1077-1092
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Suitability of Climate in Europe for the Asian Tiger Mosquito
Climate Change is Changing the Range of Insect Vectors

Transmits 25 different arboviruses
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Bacteria in RBC Concentrates- Unrecognized Donor Risk of Periodontitis
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48% 52%

No safe level of bacteria
in blood products
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Technology for Pathogen Reduction 
of RBC
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Amustaline-GSH
Amustaline- GSH Pathogen Reduction
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S-303 MECHANISM OF ACTION
• Specific adduct formation by 

alkylation
• Does not require reactive 

oxygen species
• Degradation to inactive by-

products
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Reactive Sites

Non-Reactive Products
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Reactive O2

Action Spectrum Inactivation

DNA
Rf

UV Dose Range 280 – 400 nm
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Pathogen Reduction Technology: Clinical Trials

• Amustaline-GSH
• Phase 2: radiolabel post transfusion recovery and lifespan 35-day RBC
• Phase 3

• EU: Acute anemia – cardiovascular surgery (n = 52)
• EU: Chronic anemia – transfusion dependent thalassemia (n = 80)
• US: Acute anemia – all cause of acute anemia ongoing (n = 600)
• US: Acute anemia – cardiovascular surgery, ongoing (n = 290)

• Riboflavin-UVB
• Phase 2: radiolabel post transfusion recovery and lifespan 21-day RBC
• Phase 3: prevention of transfusion transmitted plasmodia by WB
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Amustaline-GSH RBC Clinical Data
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• No difference in 24-hour post transfusion recovery
• Difference in survival, but within physiologic ranges
• No difference in area under the curve (AUC)
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Linear clearance without random destruction
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• Population: Elective adult cardiovascular surgery patients
• Intervention: Amustaline-GSH RBC Concentrates in SAGM
• Comparison: Conventional RBC Concentrates in SAGM
• Primary Outcome: Hemoglobin content of RBC Concentrates
• Timing: 7 days of RBC transfusion support, immune surveillance through day 90
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In Vitro Efficacy 
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Parameter TEST (n) CONTROL (n) Treatment Difference - P

Hemoglobin Content (g) 53.6 ± 5.6 (389) 56.3 ± 6.0 (365) -2.6, -1.9: p < 0.001

Hemoglobin EOS QC (g) 53.1 ± 5.7 (301) 55.8 ± 5.9 (261) -2.8, -1.92: p < 0.001

Hemolysis EOS QC (%) 0.28 ± 0.12 (301) 0.35 ± 0.16 (261) -0.09, -0.04: p < 0.001

ATP EOS (umol/g) 2.8 ± 0.9 (294) 2.4 ± 0.7 (262) 0.33, 0.59: p< 0.001

Plasma free HB EOS (g/dL) 1.42 ± 0.64 (263) 1.79 ± 0.88 (225) -0.49, -0.23: p < 0.001

Plasma Protein (mg/dL) 68.0 ± 25.6 (301) 228.8 ± 34.7 (298) -166, 156: p < 0.001
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Clinical Outcomes
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OUTCOME TEST (25) CONTROL (26) P-VALUE

Renal Failure 5 (20%) 3 (11.5%) 0.412

Hepatic Failure 1 (4%) 0 0.371

6 MWT – day 1 (m) 44.8 53.1 0.472

6 MWT – day 13 (m) 95.5 97.7 0.626
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STUDY DESIGN: Randomized Crossover 12 transfusions 80 Patients TDT

VARIABLE HEMOGLOBIN CONTENT OF RBC COMPONENTS

• Population: Transfusion Dependent Thalassemia
• Intervention: Amustaline-GSH RBC
• Comparison: Conventional RBC
• Outcome: Hemoglobin Use Over 6 months
• Timing: 6  Months Transfusion Support
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Primary Endpoint: Hemoglobin Use per Day per Kg
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1 g of hemoglobin = 3.7 mg Fe
Hemoglobin Use of A-GSH RBC was not-inferior 
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MCH as an Index of RBC Production Suppression
Decrease Erythroid Hyperplasia
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• MCH of Endogenous Thalassemia RBCs is < 25 pg
• Endogenous RBC Production was effectively suppressed

Thalassemia RBC

20
21

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
21

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e



Pathogen Reduction RBC Concentrates SFTS 24 Nov 2021 37

Cell panels with varying levels of S-303 adducts to
detect antibodies to S-303 RBC
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• 10,721 sera from transfused 
hospitalized patients  
• 998 Chronically transfused 
patients
• 17 positive sera detected. 
primarily non-IgG1,3 all low titer
• 0.15% incidence of native Abs
• Primarily anti-acridine specific 
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• Patients Exposed to S-303 RBC in 
Clinical Trials: No Immune 
Responses Observed
• 81 transfusion dependent 
thalassemia patients transfused for 
six months
• Large phase registry study for 
chronically transfused patients is 
expected as part of post marketing 
surveillance

Pathogen Reduction RBC Concentrates SFTS 24 Nov 2021 39

20
21

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
21

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e



Riboflavin UV Clinical Data
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• Population: Plasmodia negative + Anemia
• Intervention: Riboflavin-UV WB  Plasmodia + Donors
• Comparison: Conventional WB Plasmodia + Donors
• Outcome: Transfusion Transmitted Plasmodia
• Timing: Transfusion with 28 day follow up
• Design: Randomized, Controlled 
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Prevention of Transfusion Transmitted Malaria
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The incidence of TT Malaria was reduced by Riboflavin-UVB Treatment of Whole Blood
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Summary and Conclusions
• Riboflavin-UV RBC is in clinical development, no ongoing trials at present
• Amustaline-GSH RBC completed clinical trials for CE mark registration

• Dossier submitted to TUV and Competent Authority  for MDR review
• Initial indication is for anemia due to ineffective RBC production
• Pathogen and leukocyte inactivation are effective
• Post-transfusion RBC viability is within therapeutic range for 35-day RBC
• RBC components contain adequate levels of hemoglobin
• Amustaline-GSH RBC were non-inferior for support of transfusion dependent 

thalassemia in a blinded RCT
• Immune responses are infrequent, and thus far not physiologically active
• Post marketing immune surveillance and registry are required
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THANK YOU, TOGETHER WE CAN MAKE A DIFFERENCE
EFS is an important collaborative partner
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