Therapeutic Strategy of

Human Ebola Virus Infection Basing on Available Agents
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Confirmed, probable, and suspect cases and deaths from Ebola virus disease

in Guinea, Liberia, Nigeria, and 5Sierra Leone, as of 20 August 2014

Suinea
Cases
Ceaths

Liberia
Patrick Cases
Saxvyer Ceaths

Migeria
Cases
Ceaths

Sierra Leone

Cases

o

Deaths
Totals
Cases

Deaths

MNew (1)

28
10

110
43

18

142
¥r

Confirmed

443
264

259
222

12

04

353

15628
g4

FProbable

139
139

bo4
267

40
34

F33
4410

Suspect

25

259

135

G5

354
143

1. Mew cases were reported between 19 and 20 August 2014

Totals

BOT
406

1082
624

16
910
392

2 B15

1427
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Why we need a treatment protocol for Ebola
virus 1n Africa ?

The treatment could engender hope to
encourage people with symptoms and their
close contacts to come to hospital to limit
spread of the disease.

This also could help 1n recruiting and
maintaining adequate levels of hospital
staffs who are at high risk of catching the







Ebola SARS
; Total Infected 2615 1755
Death 1427 299

.. HCW death 120 (~240 infected) 6 (386)

Numbers of Probable Cases of SARS, Deaths,
and Healthcare Workers Infected in Selected
Countries and Globally

Cumulative Workers

No. of Deaths Infected

Cases No. (°%) No. (°96)
Canada 251 41 (17) 108 (43)
China 5,327 349 (/) 1,002 (19)
Hong Kong 1,755 299 (17) 386 (22)
Taiwan 346 37 (11) 68 (20)
Philippines 14 2 4 (29)
Singapore 238 33 @7 41)
Thailand Q 2 1 C11)
Vietnam 63 5 36 (57)

Glob-:::ll 1,707 (21)
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Black Death (1333-1369) killed 1/3 of the population of Europe and 2/3 of population of China

& 1755 SARS patients in 2003 and ~ 10% infected patient during the first wave of
. novel HIN1 with <0.1% mortality in 2009 has pushed our medical system to the limit

The Perspective of Ebola Virus outbreak in Hong Kong
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Negative-stranded RNA linear genome, about 18-19 kb in size. Encodes for seven proteins.

The 18 9- kb Hinear, non—segmented negative-sense, single-stranded RNA genome of

E‘bola Virus e-ncodes seven structural proteins and Uils non—structuraLprotem



Ebola virus, protected from the host interferon
response by 1ts encoded VP35 and VP24 protein,
has resulted a heavy viral load leading to
cytopathic damage and cytokine dysregulation.

Ebola virus is a RNA virus with limited coding
capacity. It has utilized the host metabolic
pathway for its replication and propagation and
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This demonstrate viral load contributes to mortality and the inability of IFN-a to suppress
Ebola virus replication. Ebola virus infection is associated with robust IFN-a production,
with plasma concentrations of IFN-a that greatly (60- to 100-fold) exceed those seen in
other viral infections, but little IFN-p production.

The effect of interferon on experimental Ebola virus infection in Rhesus monkey. E. T. W. Bowen
Interferon-f therapy prolongs survival in rthesus macaque models of Ebola and Marburg hemorrhagic fever. Smith LM et al. J Infect Dis. 2013;208:310-8
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How Ebola virus counters the interferon s system
; thi-A thlmann S, Zoonoses Public Health 2012 59 Suppl 2:316:3].



Filowiral proteins counter the host IFIN response through mmltiple mechanisms in
order fo limit host antiviral responses.
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Cytopathic damage and cytokine dysregulation lead to
necrosis of cells to facilitate nuclear export of vVRNP
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Ebola virus

Infection
|
I p ]
Endosomal TLR3 1Cytosol IRF-3

(dsRNA) and ROS (RE-overload) . (9'PPP-ssRNA) |
[ |Pre-transcriptional |

o |Pre-transcriptiona

NAC and COX-II inhibitor IFN-B production
A A
4 3

Anti-viral activity

Pro-inflammatory activity

Bacteria TLR2/TLR4
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Mitochondrion
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88 Heavy viral load (dsRNA) might lead to profound TLR3, NFxB and IRF-3 activation
and interferon dysregulation. Ebola virus can induce massive dose of IFN —alpha.
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& WHO has advised that the use of experimental

% medications and vaccines under the exceptional
?i' circumstances of this outbreak 1s ethically
Justlﬁable However, existing supplies of all these
1 experimental medications are either extremely
limited or exhausted.

Before all these agents are available, in
combating such unprecedented global public-
health crisis, alternative intervention that might
be effective against Ebola virus, are affordable,
can be stockpilec yuld be ilable on t]

-.“ i.r[..
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Filovirus entry: a novelty in the viral fusion world. Hunt CL et al. Viruses. 2012;4(2):258-75.



Host factor

hindin ,{% Ebola virus entry requires

the cholesterol transporter
: Niemann-Pick Cl1

IFN inducible Cholesterol-25-hydroxylase (CH25H),
,&n enzyme that converts cholesterol to an oxysterol

&ulled 25-hydroxycholesterol (25HC),
%,
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pH- dependent (Chloroquine) IFN-B
GP activation by Amiodarone Additional factor?
cathepsin B/L NPC1 binding Membrane fusion

Host cell factors in filovirus entry: novel players, new insights. Hofmann-Winkler H et al. Viruses. 2012 Dec;4(12):3336-62.
The clinically approved drugs amiodarone, dronedarone and verapamil inhibit filovirus cell entry. Gehring G et al. J Antimicrob Chemother. 2014
Aug;69(8):2123-31.

Su-Yang Liu et al. 2012. Interferon-Inducible Cholesterol-25-Hydroxylase Broadly Inhibits Viral Entry by Production of 25-Hydroxycholesterol. Zmmunity, volume 38, issue 1, 92-105:
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Treatment

o Chloroquine !

{ Cationic amphiphiles
* Amiodarone !

* Dronedarone !
s © Verapamil 2

~:{ « Clomiphene 3

* Toremifene !

| Favipiravir

; Interferon- beta
1 (IFN-B)

Available Therapeutic Strategies For Ebola Virus Infection in Africa

Mechanism

Increase the endosomal pH to prevent the pH-dependent
activation of cysteine proteases cathepsin B/L essential for the
cleavage of ZEBOV GP

These agents induce a Niemann-Pick C-like phenotype and block
the entry of Ebola virus through late endosomes.

Favipiravir inhibit proliferation of Ebola virus through
suppression of viral RNA polymerase.

IFN-B 1s able to induce interferon-inducible transmembrane
proteins (IFITMP) production to restrict entry of Ebola virus.
IFN-B may reduce viral load and pro-inflammatory cytokine
production.

=4 1: Chloroquine, Amiodarone, Dronedarone and Toremifene administration is associated with an
p-5% increased risk of QT prolongation and Torsades de pointes.

: 2: Verapamil should be avoided in patient with hypotension.



EE. Y. Furuto et al. /Anfiviraf Research 100 (2013 446-454
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E T __ Favipiravir is able to suppress the replication of EBOV in cell culture. Favipiravir, initiated at day 6 post
!1.,, o EBOV infection, induced rapid virus clearance, reduced biochemical parameters of disease severity, and
87, prevented a lethal outcome in 100% of mice lacking the type I interferon receptor
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Amiodarone

Block Ebola viral entry (99% reduction) at late endosome phase by
inducing a Niemann-Pick C-like phenotype. Significant inhibition
seen in most endothelial and epithelial cells (macrophage, monocyte,
endothelial cells) except primary hepatocyte and fibroblast.

IC, of amiodarone for EBOV 1s 0.25 ug/ml and serum level of
amiodarone 1.5-2.5 ug/ml at dose for management of arrhythmia.

Inhibitory effect on EBOV entry dose dependent and reversible upon
removal of drug. Prolonged exposure to amiodarone will not lead to
compensatory change in host cell.

Available in both oral and intravenous preparation and both long




125 - IC5=0.25+1.09ug/mL
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Amiodarone (ug/mL)

o

Amiodarone inhibition of authentic EBOV infection. EAhy cells
were exposed to purified Zaire Ebola virus in the presence or absence of
amiodarone at the indicated concentrations. After 20 h cells were fixed
and stained for Ebola NP protein. The percentage of cells infected with
authentic EBOV in the absence of drug was set to 100%. Means + SD

from n=3 independent experiments are shown. Significant inhibition is
indicated by asterisks (*P < 0.05, **P < 0.01).

Serum level of amiodarone is 1.5-2.5 ug/ml at dose for management of arrhythmia
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. B Amiodarone 1.5 pg/mL

- B Amiodarone 4 Sug/iml
B
8
< 80- .
S |w "
*J 60 +r A
3 *
o) b .
c 40- .
E . L] "
= 20" . ; " it
O-I' """" 1 '"""'"""""""""""'""I l' """" 1
N U I ' 0 ®& o I wn m e O
Ii%‘:l%é%ﬂ%wgilgm@:
I R A G
A oo
| Endothelal} | Epithelil 1 Fibroblost |

| Filoviral GP-mediated entry into endothelial cells and in macrophages derived
$% from primary human monocytes was significantly inhibited at amiodarone
;..' concentrations below 1 ug/mL while amiodarone had no effect on the transduction
f

"'Gc,hrmg G et al. J Antimicrob Chemother 2014
4 U R Bk 8 Aug,69(8) 2123-3%C '

|




Clomiphene and toremifene

Clomiphene and toremifene does not disrupt the interaction between
primed GP, and NPCI but mediate the entry block indirectly through
NPC1 by targeting other endosomal/lysosomal proteins involved in the
cholesterol uptake pathway whose function may be regulated by NPC1.

Clomiphene and toremifene at 60 mg/kg every other day have been
shown to produce a 90% and 50% survival respectively in EBOV
infected mice compared with 100% mortality in the control group in an
in vivo murine Ebola infection model. They are effective in both male
and female mice.

Therapeutic dose against EBVO with tolerable side effect can be
achieved with toremifene at an oral dose used in human trial for the
treatment of advanced carcinoma of breast. However therapeutic dose

-

( Hertte amlodarone and toremifene may have a complementary role
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e Clomiphene and toremifene at 60 mg/kg every other day have been shown to
' produce a 90% and 50% survival respectlvely n EBOV infected mice.

, Hoffstrom 7- , Dewald

I -'"’;" LE,|Sch0mbelg KL, Scully G Lehar J, Hensley LE, Whlte M, Ohnger GG FDA- apploved

selectwe'esthgkn receptor modulators inhibit Ebola VII'U.S 1nfect10rr Sa Transl Med 2013 Jun



Pharmacokinetic challenges

Animal studies in this paper dosed both toremifene and clomiphene at 60 mgfkg. This dose i1s
" substantially higher than the dose used in humans, raising a question of whether it would be
pharmacokinetically feasible to use these drugs.

Cloemiphene dosing at 50 mg achieves a serum concentration of 8-2 ng/mL, which is equal to 0.014
uld and thus far below the 1C-50 of clomiphene for Zaire Ebolavirus {11.1 ul).  This suggests that
'-!-,.' it would not be feasible to treat Zaire Ebolavirus using clemiphene as currently formulated.

Toremifene seems to have better pharmaccekinetics including aral kioavailability of 100% and a half-
i life of five days allowing intermittent dosing. The |C-50 of toeremifine for Zaire Ebolavirus 1s 1.73
A uld, which equals 1 ug/mL. Although this cencentration is higher than levels required for
¥ _,4 management of breast cancer, concentrations well above 1 ug/mL were achieved in phase | trnals.
: For example, Bishop 1992 found that toxicity emerged at a dose of 400 mg/mZiday and therefore
ﬁ recommended a dose of 300 mg/m2/day for subsequent trials (1). Of note, 300 mg/mZ/day
i achieved an average trough level of 2.2 ug/mL and peak level of 4 ug/ml.  Wiebe 1230 found that
at a dose of 400 mg/day, the average steady state concentration was 3.4 ug/ml. In order to
) achieve steady-state levels rapidly it might be helpful to start with a loading dose perhaps equal to
' twice the maintenance dose.

e In human trials. toremifene produces a series of metabolites which have biologic activity.  For
: example, MN-desmethylioremifene has equivalent ability to hind to estrogen receptors, and
1 accumulates to about three times higher concentrations than toremifene itself (Kohler 1990).
g Given the ability of multiple estrogen receptor antageonists to impair Ebelavirus, it 1s possible that
iy c8Fs these metabolites could also have antiviral activity.

Could estrogen receptor antagonlsts treat Ebola? Josh Farkas

http /7‘WWW pu]mcrqt'brg/2014/08/could -estrogen- receptor—antagﬂmstsdmnl
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Interferon beta

IFN-P is able to induce interferon-inducible transmembrane
proteins production to restrict entry of Ebola virus.

Early postexposure treatment with IFN-f significantly
increased survival time of rhesus macaques infected with a
lethal dose of Ebola virus, although IFN-3 alone failed to alter
mortality. [IFN-f treatment was associated with a trend towards
lower plasma and tissue viral burden and proinflammatory
cytokines production.

IFN-B may have potential as an adjunctive postexposure
therapy for high risk exposure such as needle prick injury
because the reduction 1n viral load and cytokine dysregulation
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Why Cocktail Therapy

Ebola viruses have underwent a rapid mutation (50 mutations within
1 month during its spread through humans).

Ebola virus 1s RNA virus whose replication is highly error prone with
nearly one viral mutation occurs during each cycle of replication. The
genetic and antigenic diversity produced allows the viral population
to evolve resistance to antiviral drugs and vaccines. Therefore
combination therapy are introduced in the treatment of RNA virus
infection such as HIV and hepatitis C virus: to prevent the develop of
drug resistance.

The goal of a cocktail regime containing anti-viral medications
targeting different cycles of EBOV replication is to achieve maximal
suppressmn of viral replication to prevent the rap1d develop of EBOV
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Therapeutic Strategies Basing on Available Agent

' For Ebola Virus Prophylaxis and Treatment

f&.  Ebola Virus Available Agent

__; Prophylaxis ! Amiodarone
aig® Post Needle Prick IFN-B + Amiodarone (macrophage, monocyte &
dothelial cell) * toremifene (liver) 23 +

s Injury. endothelial ce ) T toremifene (liver)

Bk Prophylaxis Favipiravir
ot - Treatment Amiodarone (macrophage, monocyte & endothelial
fe cell) + toremifene (liver) 2 - + Favipiravir +

supportive care + correction of coagulopathy +
early nutritional support

& 1. 1ml of blood may contain 10 % virions in terminally ill patient and pin-prick injury may
i ' lead to injection of over 1 million virions. Prophylactic therapy may prevent our
’ macrophage, monocyte and endothelial cells immediately from infection after needle prick
. injury and allow time for consideration of IFN- and Favipiravir therapy.

& '#J 2. Amiodarone is unable to protect liver cells from Ebola virus infection.

. 3. Both amiodarone and toremifene can increase the risk of QT prolongation and
B Torsades de pointes




Proposed High Risk Exposure 1n
HCW (Needle Injury)

After complete surface disinfection

= Exogenous B-interferon to protect uninfected cells. (IFN can restrict
spread and pathogenesis of Ebola virus in mice A. Kuhl 2012) (IFN-
can increase IFN-inducible transmembrane proteins 1-3)

Amiodarone loading followed by maintenance dose (Gehring G et al. J
Antimicrob Chemother. 2014 Aug;69(8):2123-31.) and Toremifene
loading dose followed by maintenance dose

i1
o

= Favipiravir prophylaxis to control viral replication

Zofran (oral) to prevent nausea and vomiting due to medication

Monitor for the symptoms and serological evidence of infection
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This article is dedicated to Dr. Lillian Lai Lan Fong, the founder of the Intensive Care
Unit of Queen Elizabeth Hospital, Hong Kong.

The recent outbreak of human Zaire ebolavirus (EBOV) in West Africa countries such
as Guinea, Liberia, Nigeria and Siemra Leone has resulted in 3069 infected patients
with 1552 deaths, as of 28™ August 2014. Human EBOV haemorrhagic fever has a
case fatality rate of up to 90%. Neither licensed vaccne nor spedific therapy is
available for the treatment of human EBOV infection. ***

Type | Alpha/beta interferons (IFN-afB), encoded by a single IFN-B and 13
homologous IFN-a genes in humans, represent an essential element of host defense
against virus infection, induding Fbola viruses* Human Ebola virus infection is
associated with robust IFN-a production, with plasma concentrations of IFN-a that
greatly (60- to 100-fold) exceed those observed in other viral infections, but little
IFN-B production.” Ebola virus, protected from the host interferon response by its
encoded VP35575519 and VP24 protein'**13, has produced a heavy viral load™,

* world Health Organization Global Alert and Response Ebola virus disease
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