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The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 JANUARY 3, 2013 VOL. 368 NO.1

Transfusion Strategies for Acute Upper Gastrointestinal
Bleeding

Candid Villanueva, M.D., Alan Colomo, M.D., Alba Bosch, M.D., Mar Concepcién, M.D.,
Virginia Hernandez-Gea, M.D., Carles Aracil, M.D., Isabel Graupera, M.D., Marfa Poca, M.D.,
Cristina Alvarez-Urturi, M.D., Jordi Gordillo, M.D., Carlos Guarner-Argente, M.D., Miquel Santalé, M.D.,
Eduardo Mufiz, M.D., and Carlos Guarner, M.D.
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EEFEWR{A (artificial oxygen carriers ) DRFEDESL

Fluosol-DA Green Cross (Japan) Perfluorocarbon Perfluolochemical emulsion Approved by FDA in 1990, production discontinued in 1993
PEG-Hb Enzon (USA) Bovine Hb PEGylated Phase Ib, tumor radiosensitization, discontinued in 1996
HemAssist Baxter (USA) Human Hb Intramolecular diaspirin - Phase Il cardiac surgery, acute normovolemic hemodilution,
(DCLHb) crosslinking trauma/stroke, dioscontinued in 1999
Optro Somatogen (USA) Recombinant Intramolecular crosskined - Phase Il, discontinued in 1999
Hb chain mutation (108Lys)
PHP Ajinomoto (Japan) A Human Hb Polyoxyethylele conjugated Phase lll, distributed shock, as an NO scavenver, discontinued in
Apex Bioscience (USA) pyridoxalated 2015
Oxygent Alliance Pharmaceut. (USA) Perflubron Perfluolochemical emulsion Phase lll, discontinued in 2001
Hemolink Hemosol (Canada) Human Hb Intra- and inter-molecular Phase Il/lll, surgery, acute normovolemic hemodilution / cardiac
crosslinking with o-raffinose surgery, discontinued in 2004
PolyHeme Northfield (USA) Human Hb Glutaraldehyde polymerized Phase lll, trauma, surgery, discontinued in 2009
Hemospan Sangart Inc. (USA) Human Hb Maleimide-PEGylated Phase Il published, Phase Il completed, discontinued in 2015
(MP4)
Perftoran Perftoran (Russia) Perfluorocarbon Perfluorocarbon emulsion Approved in Russia (and Mexico?)
Hemopure Biopure (USA) A Bovine Hb Glutaraldehyde polymerized Phase lll, perioperative, cardiac surgery. Approved in South Africa
HbO, Therapeutics (USA) and Russia for perioperative treatment if anemia in elective surgery.
Available for expanded access in USA.
Sanguinate Prolong Pharmaceut. (USA) Bovine Hb PEGylated, CO-bound Phase Il in progress for sickle cel disease with vaso-occlusive crisis
HemO,Life Hemarina (France) Marine Intact and native Approved for organ preservation fluid.
invertebrate gigantic Hb molecule
Hb-vesicles Academic Consorcium of Human Hb Liposome encapsulated Phase | completed in 2021, and published in 2022
(HbV) Nara Med. Univ. (Japan)

Partly cited from Jahr et al., Anesth. Analg. 2021:132(1):119-129
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Cell-Free Hemoglobin-Based Blood
Substitutes and Risk of Myocardial
Infarction and Death

A Meta-analysis

Charles Natanson, MD
Steven J. Kern, BS
Peter Lurie, MD. MPH
Steven M. Banks, PhDt
Sidney M. Wolfe, MD

HE DEVELOPMENT OF A BLOOD

substitute—an infusible lig-

uid that eliminates the need

for refrigeration and cross-
matching, has a long shelf life, and re-
duces the risk of iatrogenic infection—
would provide a potentially lifesaving
option for surgical patients and trauma
patients with hemorrhagic shock, es-
pecially in rural areas and military set-
tings. To date, a large proportion of
blood substitutes in development have
been hemoglobin-based products. Yet
randomized controlled trials com-
pleted as early as 1996' have raised
questions about the safety of these prod-
ucts and have failed to demonstrate
clinical benefit. Nonetheless, at least 1
of these products is approved for use
outside the United States and new clini-
cal trials are being conducted or
planned worldwide.*®

Context Hemoglobin-based blood substitutes (HBBSs) are infusible oxygen-
carrying liquids that have long shelf lives, have no need for refrigeration or cross-
matching, and are ideal for treating hemorrhagic shock in remote settings. Some trials
of HBBSs during the last decade have reported increased risks without clinical benefit.

Objective To assess the safety of HBBSs in surgical, stroke, and trauma patients.

Data Sources PubMed, EMBASE, and Cochrane Library searches for articles using
hemoglobin and blood substitutes from 1980 through March 25, 2008; reviews of
Food and Drug Administration (FDA) advisory committee meeting materials; and In-
ternet searches for company press releases.

Study Selection Randomized controlled trials including patients aged 19 years and
older receiving HBBSs therapeutically. The database searches yielded 70 trials of which
13 met these criteria; in addition, data from 2 other trials were reported in 2 press
releases, and additional data were included in 1 relevant FDA review.

Data Extraction Data on death and myocardial infarction (MI) as outcome
variables.

Results Sixteen trials involving 5 different products and 3711 patients in varied
patient populations were identified. A test for heterogeneity of the results of these
trials was not significant for either mortality or MI (for both, 1?’=0%, P=.60), and
data were combined using a fixed-effects model. Overall, there was a statistically
significant increase in the risk of death (164 deaths in the HBBS-treated groups and
123 deaths in the control groups; relative risk [RR], 1.30; 95% confidence interval
[CI], 1.05-1.61) and risk of MI (59 MIs in the HBBS-treated groups and 16 MlIs in
the control groups; RR, 2.71; 95% Cl, 1.67-4.40) with these HBBSs. Subgroup
analysis of these trials indicated the increased risk was not restricted to a particular
HBBS or clinical indication.

Conclusion Based on the available data, use of HBBSs is associated with a signifi-
cantly increased risk of death and MI.

TAMIA. 2008, 299(19).(dor- 10. 1007 jama. §§,7§./rv§0007)

www.jama.com

JAMA299, 230412 (2008)
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WHEN BLOOD IS

3 Address

' 670 West Baltimore Street

HSRF III, 8th Floor

Baltimore, Maryland 21201, USA

R4 ErythroMer

299—2vayh

Discover ErythroMer™

https://www.kalocyte.com

KaloCyte is developing ErythroMer, a dried, bio-inspired artificial red blood cell, to treat life-

threatening blood loss when stored red blood cells are unavailable, undesirable or in short supply.

- Ffizcld. Prof. Allan Doctor (University of
Maryland, Center for Blood Oxygen Transport
and Hemostasis) T& B,

; o FITERARABRICEENEL TRV, BhERX MRS
« Biodigestible to ‘natural' peptides j'(;; ‘t‘;—(’]‘ljﬁwrlg ) 7:-: 153»\ gﬁumgéﬁ%mb\‘xﬂﬂfﬁéo
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Synthetic “artificial cell”

+ Nano-encapsulated human hemoglobin

Bioengineered to mimic RBCs

« Universal option for all blood types

+ Highly effective O, delivery, avoids

Freeze-dried, sterilized powder

* Long-term storage, no refrigeration

* Rapid reconstitution with IV fluids

Lyophilized for Rapid. easy
ong-term storage reconstitution
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DARPA AWARDS $46 MILLION TO
DEVELOP ARTIFICIAL WHOLE BLOOD

SUBSTITUTE

February 02, 2023

The Defense Advanced Research Projects Agency (DARPA), a research and development agency of the United
States Department of Defense, has awarded $46 million to fund the development of a field-deployable, shelf-
stable whole blood equivalent that can be used to resuscitate trauma patients when donated blood products are
not available.

DARPA’s Fieldable Solutions for Hemorrhage with bio-Artificial Resuscitation Products (FSHARP) program
selected Allan Doctor, MD, a physician-scientist at the University of Maryland School of Medicine (UMSOM) in
Baltimore to lead the four-year research collaboration. The project will also include the University of Maryland
School of Pharmacy (UMSOP) and more than a dozen universities and biotech companies.

Doctor has assembled a consortium faculty members to work on the artificial oxygen carrier (red blood cell)
component that he pioneered in earlier studies. The team will also collaborate on pharmacology, computational
modeling, and machine learning to optimize the combined product.

During the project’s first phase, the research team plans to integrate multiple bio-artificial and synthetic
components to deliver oxygen, stop bleeding and replace volume—key therapeutic functions of whole blood in
resuscitation. In the second phase, investigators will evaluate the product’s efficacy and safety in increasingly
complex and realistic trauma models. This phase will also include developing strategies to stabilize the product for
months without cold storage and in extreme environments.

Throughout both phases, the team will also plan, develop and refine manufacturing methods to address real-
world, pragmatic challenges of production, scaling, packaging and quality control.

Additional information on the FSHARP program is available in the broad agency announcement.
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Bleeding Infusion
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Efficacy of resuscitative infusion with hemoglobin 7

vesicles in rabbits with massive obstetric hemorrhage oo 8
ERMEMNEITETIL (TYF) - BEEACKT)/BEEARH) il Vs
RBC/PPP group (n=5) 2 23 T
iHIR28 HEH (BEEHIRIARI29-358)(C. FEENIRE UIT 5% HSA group (n=6) ,‘
Lchmst, HinEERE0RERZRS U, / At
: - (' f'@
o 80 14 \ N J
£ =
g 70 0.8
% o0 go.e
& 50 E
o S04
g N 502 *
[} 2
E 30
§ 20 min 0 ‘ ‘
@ Before 15 30 45 60" 0 10 20 0
=  experiment Mean + SD
3
k) 12 ¥
e 10
2 8
S 6
§ 4
8 %
Qo Before 15 30 45 :
+ experiment (min)
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AT FRMmER: Hb/Mef&k (Hb-V)

BEEFE> TSI

T SRR
EiT559 > /)\UDMREBEREE

Fik I K5k

AMEE (%) Mean = SE,n=3
bk EERE M —
Hb-V IR0 ER
. Dilution 5 times
{E3REMm With pure water 0.4 £ 0.0 94.0 = 0.7
. Freezing by Liquid N,
HERAE _, 25 °C thawing 204 1.2 776 £ 1.2
- From Naja mossambica
E*ﬁ'* & S5 mossambica 0.1 % 0.0 17.7 £ 0.7
Phospholipase A, (37°C, 2 hrs)
E‘Hﬂ?ﬂ'ﬁﬁ Cone-plate rheometer, 0.6 + 0.8 48+ 03
Shear-stress 1500 s, 25 °C, 2 hrs) T T T
REFEHM =R T25M AE T 48R

Sakai et al.Bioconjugate Cheni1, 42532 (2000)
J. Biomed. Mater. Res. 90, 110719 (2009) 27
Kure & Sakai, ACS Biomaterials Sci.&Eng (6), 283544 (2021)
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- YMA1T 8
1) BERDBIEEME(HIV, HCV..)
< Window Period”~ s &
2) MREAR—E

3) RIFHARI SN 3 38R0 : 5nm @@
4) SFBBEOEAICRE T
5) L F Bt DesE (. a /14 4Nv4nY 1)

MARENE R L
RO VAN

N

1) MRERL

2) RGURIR L

3) ERC 2 FfHRF
4) MRESH
5) S \EEzRERLAE
6) EFMERL

— 7) RIFAR
DFEESE. B FHEEZEE(C ARFZFE L TSz, Protein Expr. Purif 1993; Biotechnol Progr 1996;J Biochem 2002; Langmuir 2007;  Bioconjugate Chem

1997, 2000, 2004, 2009; J Pharm Sci 2004; Biomaterials 2004;J  Biol Chem 2008; J Phys Chem B 2009; Biomacromolecules 2009; Langmuir 2017,
ACS Biomaterials Sci.&Eng. 2021
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5T BofI 7 EIRBNEREH (155FEE5,020,525 5), BERFIAEREERERE] (85253119%); Pharmaceutical composition containing artificial oxygen carrier
(US 7,417,118, EU 1,466,649); /I\I{ADRISE (F5:7556,061,3432, EP2695607B1, CN2149942);
HbD X MEilF#ae =B I S ALRMmEk (PCT/IP2017/008187). (Fh'

ARF| (FMMOBMBERZAR TS, BIaFaMTI Dk Ed. 31
Ffz. WM TIEEEOEFRVEE, 4RI, Unmet Medical Needs (CHBESZRAEER & L CHANTE 3,
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8 9
6061343 , EP2695607B1, CN2149942

Kure T, Sakai H.

Preparation of artificial red cells (hemoglobin vesicles) usir
kneading method for high encapsulation efficiency.

ACS Biomaterials Sci. & Eng(6), 28352844 (2021).
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AREERKLE(FE NS D BEHETAEME) - >0 - AF - SROEEENEE. MROAEFE (ST,
DFEEET2027F (L1008 ADDIMBNAE = BREMRZE ATRMEKCBEL. BRFAT D,

[t et et

ATI/RMEKFEFE - FRICDZRE :

RFEEVMHRRBFTH D, FED/\—RILAEEWN. - (ERICEVESEIEORE, KRERSZRITR.

BRI R DIHMEARMKZED DS AT LALEN, - FHREARTEAREIDOBEHEN TS NE,
- IS IENBRRE TR, - BRARERERD T O b )L ZIIZR LIS L,

AMED ESERIAZS - SABRHE AR B %

[mE - BRAKSHEJEER AT/ RMEKERIDERIEZBIE I tHIT] (H27 - H29)
MEEREAEE AT K (RREERKE)

— BE|DORE L=, EEEMHZIHRE T DPhase 15E(CHETRGLPIEERRERERDE

AMED EHERS — X 2Rz S

[RE - BRAKSHOJEER A L /RMEKERIDEERADIEE UIAZT] (H30 - R2)
mEEREAZEE: R B (BIERKE)

— PHTZ TV ERICKDEBREGMPERIE L., EEBRMZWHRE I DPhase 1D

37



AL7RMEk Phase 1E&RPREER(First-in-human)

JAREE ¢ BMAE S U TRVBIAEIOEI AT J)LEEINMU-HbVOERM A BEZE SR E UTIEE 1 2R
JBEREMETEEES ©  HbV-101 (jRCT2011200004) :
BERER . BREASEEZNRELVTURSULERERZHNT S, HETHRRBEOAEZITS.
MEREFHD . 205 L - 50T

Ehtiffisr :  ALBEXRFRI BRIKAFKRERETZ> 5 — Phase 11-w b

SiEEEH ;R RIX

BEREER ¢ TBIIERKT BRIRAFTSHE T > 5 —. WRE/MNETS | (LEMT 2R

'*E;::a’ g | EELEEC || EARS |gEEnSHDED
==} i B,
Q HE AH
e 50ke) Y BT o S (AHD)
4

10 mL 0.2 mL/kg 0.29% 30 min 1.0 mL/min =

50 mL 1.0 mL/kg 4 1.43% 76 min 2.5 mL/min 0.14 g/dL
100 mL 2.0 mL/kg 4 2.86% 96 min 2.5 mL/min 0.29 g/dL

, PMDA RS MBS (#P437)R EZ B THMZERE, /ALY > /LER/MRE/ MRERE/ MRS /A FRIEE/PK/
PEGH#A#&BEZ ST . WBC, RBC, MCV, MCH, MCHC, Hb, Hct, PLT, ATPP, Fibrinogen, TP, Alb, Bil, UN, CRE, UA, Na, K, Cl,
Ca, Mg, Lipid, T-chol, TG, HDL, LDL, AST, ALT, ALP, gamma-GTP, CPK, C3, C4, CH50, CRP, HBs antigen, TPLA, HCV
antigen, HIV antigen, MAP, HR, etc.

. ERRE(IEE MAOBIRRY 1 — ABREZLE T D28, IR52(FHEATI00 mLE U,
. ISEEE ARERSHEOEERIBKIGSOREZET (I5HEE 1.0 mL/min—2.5 mL/min).

, R5EN100 mMLUTDBER. BREFREEETHIN. HESNDMPHbE(ERE(C(FMmBHRDHE)D EFEE40.3
g/dL(ERR(C(EHHREARRICKLDBIRED D LDRKIETH S EEZISND)THD.

. OR— b33 BHEERICKD T LUILF— RIS/ FEBRICZ INE U TEE.
. BESER : Infusion reaction&EHSNBRIG(RBARE)VDEE TN WITNEERBRLTWLS,

Azuma et al.Blood Advance2022;6(21):57156715
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" ) __ 140
FERE % 0/4 1%/4 013 5 120
s
_“Ej 60
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§ 20
0.4
- ‘ 3 0a (min) ) (day)
2 . al
m . 50T o HWREL ®
52 ) i a1 Y : *&Eﬁ% 2 @ 140
| 5 0.2, $
7 ==- Hees T 120
SRE G T o Lo 100
g 80
!; f 1 j o . . '- 60
mEw . 0 5 10 15 20 25 30 40
*FR2h o 24h 0 48h 155 BB e RIS (n) 20
O ePosi 10 203040 506070 1 2 4 6 8 2 3 4
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Hbv 17 7]”

EEpagiES

B LABOSPECT 008z ZELFIRE

w2 TILOELY KL

: P QZs Hovx T Wo AMI ExpT3.Q 61° 9 mE 06
M 606Bhpout Oo3=sxW=t1AMI Exp ~ 62M6s ®it. pl CAB X
OMI Exp 0 g/dL 1 g/dL 1.5g/dL | 2g/dL 25¢g/dL | 3g/dL
Z 0o 0 0.95 1.39 1.81 2.22 2.61
Tp ®u 1ml 1ml 1ml 1iml 1iml 1ml
20; /oL oml 0.05 ml 0.075ml | 0.1 ml 0.125ml | 0.15 ml
OMI Exp
£ f 10 o " 3000rppm" 10 mpio"4 6~ 06°
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RREXCHT S EMEELIROME

dk—bk
#

HEHZOHD
K58

kY = L — =N ==
5% IEE 1RSSR (#50kg) | &
100 2.0ml/kg 4
| EW. E_ (100 mL) _ 100 2.0ml/kg 4
ERE 200 s0mikg 4
:
R R R EESETEEE S _ 400 8.0 mL/kg 4
s ——
Day123 5 8 15 | EW. E, (100 mL)
é 4
\ :
—A—r ® & e ? TR HREER
Day12345 8 15 Day123 5 8 15 I E L. EZ (200 mL)
& 4
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L A B A ——r # g
1 2 ap——]> ¢
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é 4
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MANRE — KEER T EE (AUC) SXRUNHEFRHE (T,,) ZHET D,

1 2 4FH-|H_I —_—

Dayl12 345 8 15

= #HESND

W | e )

2.9 % #1909 2.5 mL/min 0.29 g/dL
2.9 % #9704 5.0 mL/min 0.29 g/dL
5.7 % #3909 5.0 mL/min 0.57 g/dL
11.4 % #9130 5.0 mL/min 1.15g/dL
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