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Rationale to Choose Potential Therapeutics 
in the Context of Disease Patterns*

• Currently available

• Antiviral activities against SARS-CoV-2
• PK/PD
• Clinical studies
• Tolerable safety profile

• Convenient administration

*Viral kinetics & Host response
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Disease Pattern of COVID-19 

2WHO China Joint Mission on Coronavirus Disease 2019

1 wk

Mild: 2 wks; Severe/critical: 3-6 wks

1-7 wks

80%

14%

06%



Clinical Courses of Hospitalized COVID-19 Patients
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Zhou F, et al. Lancet. 2020

LVP/r: 21%; time to LVP/r, 14 days

Steroid: 30%; time to steroid, 12 days
IVIG 24%; time to IVIG, ?



High SARS-CoV-2 Viral Loads at Symptom Onset

4To K, et al. Lancet Infect Dis. 2020

78% Patients Receiving LPV/r- based Therapy



Prolonged SARS-CoV-2 Shedding, Esp. Severe Patients

Liu Y, et al. Lancet Infect Dis. 2020
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Kupferschmidt K, et al. Science. 2020

Favipiravir



Repurposing & Developing Therapeutics for 
SARS-CoV-2

• Remdesivir, favipiravir

• Chloroquine/ Hydroxychloroquine

• Lopinavir/ritonavir ± Interferons

• Kinase inhibitors

• Mycophenolic acid

• Cyclosporin

• Estrogen modulating drugs
7

Likely

Zumla A, et al. Nat Rev Drug Discov. 2016; Mo Y, et al. J Antimicrob Chemother. 2016; Dyall J et al. Drugs. 2017

Solidarity Trial



Summary of Potential Therapeutics
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Medication Mechanism of Action Status
In silico 
analysis

In Vitro 
studies

Animal 
experiments

Human 
studies

Remdesivir RdRp inhibitors

Chloroquine/ 
Hydroxychloroquine

Increasing the 
intracellular pH & 

interfering with ACE2 
glycosylation

Favipiravir RdRp inhibitors

Lopinavir Protease inhibitors

Interferon Exogenous interferon

Marketed for other indications ;        Phase III;        SARS-CoV;       MERS-CoV;        SARS-CoV-2;         No data.



In Vitro Efficacies (EC50, µM)
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SARS-CoV MERS-CoV SARS-CoV-2 Plasma Conc.
(µM)

Remdesivir 0.07 0.07-0.3 0.77 4.9-5.6

Chloroquine 4.4-8.8 3.0-6.3 1.13-5.47 1.38-10

Hydroxychloroquine 34 - 0.72-4.51 1.38-2.99

Favipiravir - - 61.88 165.0-412.0

Lopinavir 24.4 8-11.6 - 9.4-19.1

Biot C, et al. J Med Chem. 2006; Chan J, et al. Clin Microbiol Rev. 2015; Zumla A, et al. Nat Rev Drug Discov. 2016; Dyall J et al. Drugs. 2017; 
Sheahan TP, et al. Sci Transl Med. 2017; Sheahan TP, et al. Nat Comm. 2020; Wang M, et al. Cell Res. 2020; Yao X, et al. Clin Infect Dis. 2020; Liu J, 

et al. Cell Discov. 2020; Gautret P, et al. Int J Antimicrob Agent. 2020; Yao X, et al. Clin Infect Dis. 2020; Liu J, et al. Cell Discov. 2020 



Endpoints for Efficacy/Effectiveness of 
Therapeutics 

• Survival

• Clinical response

• Virological response

• Radiological response

• Composite endpoints 
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REMDESIVIR
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Remdesivir, Severe COVID-19
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Remdesivir

Nasopharyngeal swab                            +(18-20, Ct)                +(23-24, Ct)                              +(33-34, Ct)  +(37-40, Ct)

Oropharyngeal swab                              +(21-22, Ct)                +(32-33, Ct)                              +(36-40, Ct)   -ve

Holshue ML, et al. N Engl J Med. 2020

Time to Antiviral: 11d



Remdesivir, Severe COVID-19
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ICU ICU

Lescure FX, et al. Lancet Infect Dis. 2020

Early discontinuation of RDV in patient 1 due to ALT > 3X ULN with maculopapular rash



Remdesivir, Critical COVID-19
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ICU

Lescure FX, et al. Lancet Infect Dis. 2020



Remdesivir, Moderate/Severe COVID-19

15
Kujawski SA, et al. MedRxiv. 2020



Excipient: β-cyclodextrin

• Potential nephrotoxicity

Renal insufficiency as one of exclusion criteria 
in current clinical trials

• β-cyclodextrin containing medications: 
voriconazole

16https://clinicaltrials.gov, NCT04280705 & NCT04302766 [As of April 9, 2020]



CHLOROQUINE & 
HYDROXYCHLOROQUINE
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Chemical Structures

18Zhou D, et al. J Antimicrob Chemother. 2020

氯喹 羥氯喹



The Proposed Antiviral Mechanisms of CQ & HCQ

19
Zhou D, et al. J Antimicrob Chemother. 2020



Comparisons of CQ & HCQ Activities 
Against SARS-CoV-2

20
Wang M, et al. Cell Res. 2020; Yao X, et al. Clin Infect Dis. 2020; Liu J, et al. Cell Discov. 2020

MOI=0.05

CQ, EC50=1.13

MOI=0.01

CQ, EC50=5.47

HCQ, EC50=0.72

MOI=0.01

CQ, EC50=2.71

HCQ, EC50=4.51



HCQ ± Azithromycin vs. Standard, 
Mild/Moderate COVID-19

Time to Antiviral: 4d

21Gautret P, et al. Int J Antimicrob Agent. 2020

HCQ conc. 
0.45±0.2 μg/ml

600mg/day
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https://www.isac.world/news-and-publications/official-isac-statement

https://www.isac.world/news-and-publications/official-isac-statement


LOPINAVIR/ RITONAVIR
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HIV Protease Inhibitors May Not be Choices Against CoVs

24

Li G, et al. Nat Rev Drug Discov. 2020; 
Chang YC, et al. Preprint. 2020

• C2-symmetric site: only existing in HIV
• Aspartate protease vs. Cysteine protease (HIV vs. CoVs)



LPV/r vs. Standard, Severe COVID-19
Time to Antiviral: 13d 

25
Cao B, et al. N Engl J Med. 2020
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Cao B, et al. N Engl J Med. 2020

LPV/r vs. Standard, Severe COVID-19
Time to Antiviral: 13d 



LPV/r, Severe COVID-19
Time to Antiviral: 6d
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Total, 
n=18

O2 
Supply, 

n=6

LPVr, 
n=5

Young B, et al. JAMA. 2020
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FAVIPIRAVIR
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29
Li G, et al. Nat Rev Drug Discov. 2020



FPV+INF-α1b vs. LPV/r+ INF-α1b, 
Mild/Moderate COVID-19

Time to Antiviral: w/in 7d 

30
Cai Q, et al. Engineering. 2020

Withdrawn



FPV vs. Arbidol, Mixed Severity
Time to Antiviral: w/in 12d 

31
Chen C, et al. medRxiv. 2020

• The recovery of fever, respiratory rate, oxygen saturation and cough relief after treatment were defined 
as clinical recovery, and the recovery state lasted >72 hrs

• Ordinary: has a fever, respiratory symptom, can be observed by imageology methods



Adverse Events

32Chen C, et al. medRxiv. 2020; 疾病管制署公費流感抗病毒藥劑Avigan使用方案

*本藥劑具致畸胎性，不可使用於兒童、已知/準備懷孕及授乳者，用藥期間及用藥後7天應避

孕，授乳者用藥需停止授乳。



Other Potential Therapeutics for CoVs

• Convalescent plasma and immunoglobulins

• Monoclonal/Polyclonal antibodies

• Vaccines

• Steroid

33

Zumla A, et al. Nat Rev Drug Discov. 2016 
Mo Y, et al. J Antimicrob Chemother. 2016 
Dyall J et al. Drugs. 2017
Russell CD, et al. Lancet. 2020
Shen C, et al. JAMA. 2020



STEROID & OTHER IMMUNOMODULATORS
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Clinical evidence does not support corticosteroid 
treatment for 2019-nCoV lung injury

35Russell CD, et al. Lancet. 2020



Steroid, Critical COVID-19 (ARDS)
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Time to Steroid/ Dose/ Duration ?

Wu C, et al. JAMA Int Med. 2020

Log-rank, P = 0.003



IL-6 as a Risk Factor for Complications

37
Coomes, EA, et al. MedRxiv. 2020

2.9X

3.24X



IL-6 as a Risk Factor for Mortality

38Zhou F, et al. Lancet. 2020; Wu C, et al. JAMA Int Med. 2020



Immune & Inflammatory Response to COVID-19 - Rationale

Zhou Y, et al. Natl Sci Rev. 2020
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Blockade of AP2-associated Protein Kinase 1

41
Richardson P, et al. Lancet. 2020; Wu D, et al, JMII. 2020



Adverse Events

42
Chan J, et al. Clin Microbiol Rev. 2015; Zumla A, et al. Nat Rev Drug Discov. 2016; Dyall J et al. Drugs. 2017

Sheahan TP, et al. Sci Transl Med. 2017; Sheahan TP, et al. Nat Comm. 2020

Medication Common Occasional Rare

Remdesivir
Elevated transaminases, 

N/V
? ?

Hydroxychloroquine Prolonged QTc
Visual disturbance, 

Hemolysis with G6PD 
deficiency

Retinopathy, peripheral 
neuropathy, Rash

Favipiravir
Elevated transaminases, 

leukopenia, 
hyperuricemia

N/V, Diarrhea Elevated CPK

Lopinavir Diarrhea Hepatitis, N/V Rash, prolonged OTc

Interferon

Flu-like syndrome, GI 

intolerance, 

Neuropsychiatric 

toxicity, Hepatitis, Rash

Marrow suppression

Suicidal ideation or 

behavior, thyroiditis, 

ITP/TTP, retinopathy 
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https://www.covid19-druginteractions.org/ [As of April 9, 2020]

https://www.covid19-druginteractions.org/
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“…engendering 
false hope will 
cause…lasting 
damage if science 
overpromises.”

H. Holden Thorp

Editor-in-Chief,
Science journals.



新型冠狀病毒感染臨床處置暫行指引

!目前沒有來自RCT研究的證據支持任何抗病毒藥物治療疑

似或確診SARS-CoV-2感染病例。

!目前國外有多個SARS-CoV-2治療的相關臨床試驗正在進行

中…WHO正進行中之多國臨床試驗(SOLIDARITY trial) 則包括

remdesivir、lopinavir/ritonavir、lopinavir/ritonavir加

interferon-β與chloroquine或hydroxychloroquine四組。

452020年3月26日第五版 [As of April 1, 2020]



新型冠狀病毒感染臨床處置暫行指引

!考量SARS-CoV-2個案臨床嚴重度、傳播力、治療可能的效

益與風險及藥物適應症外使用之倫理議題與

hydroxychloroquine藥物動力學參數，建議經主治醫師評估

與充分告知後，可考慮對確診個案早期給予治療。建議可

以使用hydroxychloroquine治療七天：…

- 懷孕或已告知對治療藥物過敏之患者，則不建議給予治

療

- Hydroxychloroquine曾被報告有視網膜病變、心臟毒性

(QT prolongation)等不良反應，使用時應特別注意…
462020年3月26日第五版 [As of April 1, 2020]



新型冠狀病毒感染臨床處置暫行指引

✔由於SARS-CoV-2臨床實證資料不停更新，本指引將依最

新實證修訂治療建議。

✔由於抗病毒藥物亦有藥物交互作用，使用時須注意其並

用藥物。

✔未獲官方同意的治療方案僅能在倫理委員會批准的臨床

研究中採用，且需要進行嚴密的監測。

472020年3月26日第五版 [As of April 1, 2020]



Thanks! Any Comments?


