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Table 2 | Clinical trials with mRNA
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DC EP with autologous viral
Ag and CD40L mRNAs (i.d)

Argos
Therapeutics

1. Therapeuncs I

1 CureVacAG 1 RNActive viral Ag mRNA
e N g (m,id)
Erasmus Medical  DC loaded with viral Ag
Center mRNA with TriMix (i.nod.)
Fundacié Clinic  Viral Ag mRNA with TriMix /
per la Recerca (NA) /
Biomeédica /
Massachusetts DC loaded with wrah,lg
General Hospital mRNA (i.d.)
McGill University DC EP with au(olbgous viral
Health Centre Agand CDJO[‘:RNAs (i.d)
I Moderna | N-LICTe(;ld: modified viral ;g

-

HIiv-1 7/ *NCT00672191(1) = Completed'™
/ *NCT01069809 (I)  »Completed; results NA
/ * NCT02042248 (I « Completed; results NA
/
Rabjes virus NCT02241135() Active®#
; AR
’ fiv-1 NCT02888756(l)  Recruiting
HIV-1 NCT02413645 () Active
HIV-1 NCT00833781 (ll) Completed™
HIV-1 NCT00381212(/1)  Completed*®
ZikaviruZE R R RCT03014089 (/) Recruiting®
Ing igus  NCT03076385()  Ongoing®

The table summarizes the clinical trials registered at (.unu.alll xaL. goy as of 5 May 2017. Ag, antigen; CD40L, CD40 ligand; DC,
dendritic cell; EF, electroporated; 1.d,, intradermal; i.m., intramuscular; i.nod., intranodal; NA, not available.
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Moderna’s mRNA Vaccine Approach #ER#

Closely mimics a native viral infection leading to B and T cell responses
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GS-5734 s effective against a diverse array of human
and zo0notic CoV in HAE
CoV host speifiity and entry into bost cells are guided by the viral
spike glycoprotein whose extensive genetic variation s a reflection
of host specics diversity and ariation in virus receptor usage (Fig 3A).
Conversdly, the oV’ RdRp nsp12 s highly conserved between CoV's
especially within genogroups (Fig, 3A), making it a potentially beoadly
applicable drug target.
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Because we observee an antiviral effect against the two members of

genogroup 2 (SARS-CoV' and MERS-CoV), we sought fo assess the | HCOVMSY | BstCovHKUS  BtCovhul  BSiCo/SCHON BotCoVWVI_
breadth of antiviral actvty against a geneticaly diverse array of ho. o
man and zoonotic bat CoV in HAE cells. Treatment of HAE cultures 16 ) =
with GS-5734 infected with human CoV NL&3, a circulatiog growp £ 105) o - s . -
1 human CoV’ that typically causes bronehitis (12), resulted in a pro- 3 '°, s o -
nounced 3 log,, reduction in virus production at 0.1 M and unde- & 10 o +
tecuble virus at h.,m concntraions (g 3. Likew 5734 E o’ - . -
treatment inhibited replication of very diverse SARS-C pop g2 2 > -
2b (HKU3, WIVL, and SHODI4) and MERS-CoV- Ih-puup 2 (HKUS) \ * o
bat GV Ao he, WIVI s OO pe patict: concen PTATY Taiw taiw T o 1o e
“prepandemitc strain,” which can infect HAE culures without adapta- 1 5
T and are ths potiod for emergenoe I b (5, 6. Wi 1 pM 3 o -
GS-57M, inflctious virus production of bat CoV was reduced by 15logiy 5 -1 " “,, ]
102 Jogyo and leves of iral genomes and subgenomic transeripts were S 24 g g g . ::L
reduced by 1 loguo to 2 Jogyo (Fig 3B). Together, thew data suggest that 3 3 A N "y . 2
GS-5734 can inhibit a breud range of diverse CoV including circulating 2 -4 [}
wuman CoV, zocnotic bat CoV, and prepandemic zoonotic CoV. RS
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Study
NCT . . Study .
Interventions Phase Study Design Completio Enrollment
Number Y 9 Start 5
Severe 2019-nCoV Remdesivir RCT (APhase 3 . .
N h « Allocation: Randomized
Randomized, Double-blind, Placebo-controlled, ) . . ) .
. y « Drug: Remdesivir « Intervention Model: Parallel Assignment
NCT04257 i Multicenter Study to Evaluate the Efficacy and . A . 452
s - « Drug: Remdesivir | Phase 3 i« Masking: Quadruple (Participant, Care 6-Feb-20 | 1-May-20 o
656 Safety of Remdesivir in Hospitalized Adult X ) participants
P . - " placebo Provider, Investigator, Outcomes Assessor)
Patients With Severe 2019-nCoVRespiratory . K
Ve . « Primary Purpose: Treatment
P Disease. )
Mild/Moderate 2019-nCoV Remdesivir RCT . .
7 - : * Allocation: Randomized
(A Phase 3 Randomized, Double-blind, L N .
. « Drug: Remdesivir « Intervention Model: Parallel Assignment
NCT04252 : Placebo-controlled Multicenter Study to Evaluate L ) . 308
. . « Drug: Remdesivir ; Phase 3 |« Masking: Quadruple (Participant, Care 5-Feb-20 i 27-Apr-20 s
664 the Efficacy and Safety of Remdesivir in lacebo Provider, Investigator, Outcomes Assessor) participants
Hospitalized Adult Patients With Mild and P . Priman} Pur sge' Trleatment
Moderate 2019-nCoV Respiratory Disease. ) po
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TABLE 1 EC,, and CC,, values of GS-441524 or GS-5734 in MERS-CoV- or SARS-CoV-
infected HAE cultures®

GS-441524 GS-5734Bi8%5 GS-5734
Virus ECyy (uM) [ EC,, (uM) CCyo (M)
MERS 086 * 078 >100 0074 = 0023 >10
SARS 018 = 014 >100 {0069 * 0036 : >10

“Values represent the average (mean = SD) from HAE cultures from at least three donors.
March/April 2018 Volume 9 Issue 2 e00221-18

A GS-440152445H3 E GS-5734%k3
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Therapeutic GS-5734 substantially reduced the
SARS-CoV-induced weight loss in infected
animals (Fig. 6, A and B) and significantly sup-
pressed virus lung titers (P = 0.0059), thus de-
monstrating that therapeutic administration of
GS-5734 can reduce disease and suppress repli-
cation during an_ongoing infection (Fig. 6C).
Therapeutic treatment significantly (P = 0.003)
improved pulmonary function (that is, reduced Penh scores) as com-
pared to vehicle-treated controls (Fig. 6D). We then explored the

zells. Text color of the virus
rach neighbor-joining tree
3) Top: Antiviral efficacy of
oV from group 2b (HKU3,
2 presence of GS-5734 in
nt represents the titer per
n the top panel.
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. . Therapeutic intervention i
Type of intervention

i

Ribavirin

FESHK

SARSHIMERS £ 1347 T Fida i Therapeutic interventions used in

patients with SARS and MERS

Treatment effects

No significant effect on clinical outcome

MERERZEBEAE

Ribavirin, lopinavir-ritonavir +
corticosteroids

HESK, BILBE-FRERH+

Antiviralsii iz &

Patients who received ribavirin, lopinavir-ritonavir and a corticosteroid had lower 21-day ARDS
and death rates than those who received ribavirin and a corticosteroid

MET AL BRFESHME, 20X UTFREBSAMARDS)RERMETRE(R

Interferona-1 + corticosteroid

ol-FIRE+ RRKERH

Associated with improved oxygen saturation and more rapid resolution of radiographic lung
opacities than systemic corticosteroid alone (uncontrolled study)

ML RMRFET, KETETNEERNEAS, SHBRKFEFAEEBEX (ENR
HE)

Treatments used for
SARS patients EfE &AM
FRELUTRTE

Corticosteroids® i  Pulsed methylprednisolone B &
R EBORATT

I 5T

Associated with an increased 30-day mortality rate (adjusted OR = 26.0, 95% CI = 4.4-154.8).
Disseminated fungal infection and avascular osteonecrosis occurred following prolonged
systemic corticosteroid therapy

KURFATE, 0ARRAELT, ARESRBE, ROMBFE

A randomized, placebo-controlled study showed that plasma SARS-CoV RNA levels in weeks
2-3 of the illness were higher in patients given hydrocortisone (n = 10) than those given normal
saline (n = 7) in the early phase of the illness, suggesting that early use of pulsed
methylprednisolone might prolong viraemia

B- RRFINBARE R, AREERK, SHTNMEABERRE2-3F MEKSARS-Cov RNA
KEHE, BRERTREAREKHE MEE

S mxmmwwatxﬁimwm .\
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b . el digimn
sz
blood cells \
Py 13
EEESHEGAANE  xeABERR AR BAAHREREORERNA

Convalescent-phase
plasma therapy %%
il

Convalescent-phase plasma

therapy 8 %457

Has been used for severe respiratory tract infections including SARS and influenza. A systematic
review and exploratory meta-analysis of patients with SARS or influenza treated with
convalescent-phase plasma showed a reduction in-mortality, but the treatment success was
determined by its availability and timely administration

FERREMEE MRERTEE, BRI KT Mm% RIBE TR

Among 80 non-randomized SARS patients who were given convalescent-phase plasma, the
discharge rate at day 22 was 58.3% for patients (n = 48) treated within 14 days of illness onset
versus 15.6% for those (n = 32) treated beyond 14 days

FepEtLX RAIBOPISARSBERST Bn, REMMBERBUXATIMNIAXEEE, mE2X
HEEFIRE58.3% (n=48) 156 (n=32)

WEsTRE: (1) 87 (2) MRl SERTRToES; )8
BINVIES,; (4) SRRuarT, WAbEsK, WEMES, ECMO,

TEIRSTRE: ZEN AR, BSUERIER, (ERMETEE
), wER TR, ]
IR E NI EAEAE, FOERR RS RN, Bl (3~5
X) (EMRMEENE, EYFIRABHELTRRRR ~
2mg/kged; EIRBKATILAS100mL/B, SEIKAT,; SIfEmREm
EMAESTETSH, 4EHSIAERMAESTE, FMMRMEEER, AR
TR el RS RAMIRIATY, BE MRS MANEE, RnsEc

RS,

Ribavirin + interferon alfa-2a or
interferon alfa-2b

FlESHh+FitFa-2af FILE

Combination of b

No significant effect on clinical outcome; case—control study showed significantly improved
survival (14 out of 20 and 7 out of 24 in the treated and control groups, respectively; P=0.004)
at 14 days, but not at 28 days

MERERRERELE

antivirals and
Ribavirin, lopinavir- ritonavir +

Treatments used for  interferonsHliRZ 44 e sl Sa
3 S b4 A
M pateneiry  MTURBEE  neen, moms-nmws

(ENZ) +THh%Ea-2a

Viraemia resolved 2 days after commencement of treatment in a patient with severe MERS

ESEMERSEH AT BRE ME2R N3 E

Ribavirin + interferon beta-1a

FESHTILEB-1a

Retrospective analyses showed no significant effect on clinical outcome

MR ERERRENEXE

Corticosteroids

BREER

Pulsed methylprednisolone

BEREMAET

Patients with severe MERS who were treated with systemic corticosteroid with or without
antivirals and interferons had no favourable response

MERS BEERNASHYNTAERENELE, FEREHENE

KR!

Nature, BEZ, E£IEEWR
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Figure 1. Steps of the replication of different viruses affected by
chloroquine (marked by red rectangles). Chloroquine inhibits the replication
of different viruses either at the early or late stages of viral replication.
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Innate and adaptive
immune responses

Biological responses

Multi-organ failure

medisted viral

Some viruses enter their target cells by endocytosis. This

S B EIRESHS(MOF)

Multiple organ falure
« Pulmonary nfitrates
* Lung injury

« Acute respiratory distress syndrome
+ Cardhovascular shock

+ Disserinated intravascular coagulant
+ Rarad

Mdchmmhlmm\nowﬁm
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lymph hages results in anti-inflam

process targets the virus to the lysosomal comy
where the low pH, along with the action of enzymes,
disrupts the viral partide, thus liberating the infectious
nudeic acid and, in several cases, enzymes necessary for
viral replication. Chloroquine has been shown to inhibit
different viruses requiring a pH-dependent step for entry,
such as the Borna disease virus,* the minute virus of mice
MVMp," and the avian leucosis virus.” Of particular

Cnloroquine

o«

Monocyte
activation

TNFR

X

TNFa

Vascular lumen

Upregulation
of LAM

Opening
of tight
junctions

: X

and
propertics, and has ked to its dlinical use in conditions such as
theumatoid arthritis, lupus erythematosus, and sarcoidosis,
the last being characterised by an overproduction of tumour
necrosis factor @ (TNFa) by the alveolar macrophages.*
Chloroquine/hydroxychloroquine reduces the secretion of
these proinflammatory cytokines and in particular TNFa, as
shown in a murine macrophage cell line.” and in primary cells
ERERER
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Safety considerations ¢ izt
The studies reviewed here show that chloroquine/
hydroxychloroquine has in-vitro antiviral effects and anti-
inflammatory properties that may be of interest in those viral
infections associated with inflammation and/or immune
activation. Before analysing the potential effects of a drug on
a disease, safety criteria have to be met, to estimate the
risk/benefit ratio.

Chloroquine/hydroxychloroquine has a well-studied
toxicity profile. The half-century-long use of this drug in the
therapy of malaria demonstrates the safety of acute
admlmmauon of d\loroqulm to human bemgs The use of

in rh c diseases and
fur anumal.mal prophyl.nus showed a low incidence of
adverse events during chronic administration of this drug for
periods of up to a few years. In these cases, the most serious
toxic effect is a macular_retinopathy, which depends on the
cumulative dose rather than on the daily dose, and permanent
d; may_be prevented with re r_visual monitoriny
during treatment.”™ A recent study” provided encouraging
results on the safety of a high dosage of the drug (up to 500 mg
of chloroquine base per day) even during pregnancy.
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1 2 3
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