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Case: A 70 year-old Thai Female

• ผู้ป่วยหญิงไทยคู่ อายุ 70 ปี (สามารถใช้ชีวิตประจำวันได้ตามปกติ)
• TBW 94.5 kg , Ht 146 cm BMI 44.3 kg/m2

• โรงพยาบาล 1 (9-15/1/64)
• CC: รู้สึกมีไข้เป็นๆ หายๆ ไอ มีเสมหะ มีน้ำมูก 
• HPI: 

• 9 days PTA สัมผัสญาติที่เป็น confirmed case COVID-19
• 1 day PTA กินได้ลดลง

• Underlying disease 
• T2DM (Last HbA1C 6.8%)
• DLP
• HT
• ESRD (urine output 200-300 ml/day) 
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Case: A 70 year-old Thai female

• 9/1/64
• Lab
• DTX 27%, BUN 58, Scr 6.4 (baseline 3.6), Na 135, Cl 110, K 4.86, Ca 6.3, PO4 4.6, Alb 4.3, TB 

0.2, DB 0.1, SGOT 30, SGPT 15, ALP 82
• Hb 10.2, Hct 30, WBC 7600 N 50%, L 6.4%, plt 221,000, INR 1.14
• Nasopharyngeal swab for SARS-Co-V2 PCR positive  
• 10/1/64 
• CXR: reticular infiltration, cardiomegaly 
• Echo EF  70%
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Updated guideline for COVID-19
Lasted review 9 Feb 2021 
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Confirmed case : 
asymptomatic COVID-19

Symptomatic COVID-19 
without pneumonia and 
no risk factors for severe 

disease 

Symptomatic COVID-19 
with risk factors for severe 

disease or having co-morbidity 
or mild pneumonia

Pneumonia with tachypnia (< 2 
mo >60 bpm, 2-12 mo > 50 
bpm, 1-5 years >40 bpm, >5 

years >30 bpm)

Children <15 years

Risk factor 
1. Age >60 yo, or < 1 yo
2. COPD, chronic lung disease 
3. CKD
4. Cardiovascular disease, 

congenital heart disease 
5. Cerebrovascular disease 
6. Uncontrolled DM 
7. Obesity BW > 90 kg 
8. Cirrhosis
9. Immunocompromised 

patient
10. Lymphocyte <1,000 

cells/mm3

7 DEC 2020
7. Obesity BMI ≥ 35 

kg/m2
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FPV 5 d

FPV
5-10 d

Corticosteroid

FPV
5-10 d
LPV/r
5-10 d

• การให ้FPV ภายใน 4 วัน เป็นปัจจัยท่ีลด high flow oxygenation, 
invasive ventilator, ICU admission, death

• ลดปริมาณไวรัสได้ดี 
• ควรเร่ิมยาก่อนท่ีผู้ป่วยมีอาการหนัก พิจารณาให้ FPV ในผูท่ี้ มีอาการมาก 
หรือมีไข้ทุกคน

• SpO2 <94% on room air
• non-invasive หรือ invasive 

ventilation 
• ECMO

RDV
ข้อพิจารณาอื่น
• มีข้อห้ามในการบริหารยาทางปาก หรือมี

ปัญหาการดูดซึม 
• ไม่ตอบสนองต่อยาอื่นภายใน 72 ชั่วโมง
• เลือกใช้ FPV หรือ RDV อย่างใดอย่างหนึ่ง 

Symptomatic COVID-19 
without pneumonia and 

no risk factors for severe disease 

Symptomatic COVID-19 
with risk factors for severe disease 

or having co-morbidity or mild 
pneumonia

Pneumonia with tachypnia (< 2 mo
>60 bpm, 2-12 mo > 50 bpm, 1-5 

years >40 bpm, >5 years >30 bpm)

Children <15 years
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Health-care Development

Timing of tracheostomy
Emerging virological data
A systematic review comparing health-care workers who 
did an aerosol-generating procedure with those who did 
not during the 2003 SARS outbreak found an increased 
risk of contracting SARS in those who did a tracheal 
intubation (odds ratio 6·6 [95% CI 2·3–18·9]) and 
tracheostomy (4·2 [1·5–11·5]), and those who put 
patients on non-invasive ventilation (3·1 [1·4–6·8]) and 
manual ventilation before intubation (2·8 [1·3–6·4]).2 
Although data on SARS-CoV-2 infectivity are scarce, 
infection and death among health-care workers have 
been reported.3,12

The median time from SARS-CoV-2 exposure to onset 
of symptoms (incubation period) is approximately 5 days 
(range 4–14).13,14 SARS-CoV-2 is normally most abundant 
around the time of symptom onset, as determined by 
PCR of viral RNA from mucosal samples from the upper 
respiratory tract. After symptom onset, viral load typically 
decreases over the following 3–4 days.15 In most patients, 
samples from the lower respiratory tract remained PCR-
positive for SARS-CoV-2 after samples from the upper 
respiratory tract had become negative, for up to 39 days.16 
In patients with severe disease, the viral RNA load is 
significantly higher and decreases more slowly than in 
those with mild disease.17,18

The immune response (antiviral antibody) typically 
appears both in the respiratory secretions and in the 
blood around 7 days after symptom onset, and is 
detectable in 90% of patients by 12 days after symptom 
onset.17 The presence of antibody inhibits the infectivity 
of detectable virus. The presence of viral RNA detected 
by PCR (so-called viral shedding), does not necessarily 
indicate infectivity, especially in the presence of antiviral 
antibodies. True infectivity can only be assessed by viral 
culture in cells in vitro, or be inferred from clinical or 
epidemiological data.

Detailed analysis of nine individuals who developed 
COVID-19 established virus replication culture at 
several anatomical sites.19 Pharyngeal viral RNA peaked 
during the first week of symptoms, reaching 7 × 10⁸ 
copies per throat swab on day 4, persisting beyond the 
duration of symptoms. By cell culture, infectious viruses 
were present in samples from the throat and lungs, but 
not from stool (despite high viral RNA concentrations 
in faeces); infectious virus was never detected in blood 
or urine. Serum antibodies were detected after 7 days in 
half of cases, and in all individuals by day 14. All 
individuals had mild disease courses. The authors of 
this study predicted little residual risk of infectivity 
beyond 10 days after symptom onset, when the patient 
had less than 100 000 viral RNA copies per mL of 
sputum.19

A timeline of the typical clinical course of severe 
SARS-CoV-2 infection is shown in figure 1, based on 
authors’ local data and published case series.13,17,19–23 
Further studies are required to define the immune 

response to SARS-CoV-2 in critically ill patients and in 
those with comorbidities and those who are immuno-
compromised, and to establish the viral burden that 
various aerosol-generating procedures generate in these 
patients.

Tracheostomy during the COVID-19 pandemic
Outside the context of the COVID-19 pandemic, con-
troversy exists about the timing of tracheostomy.24,25 
Although several guidelines support early tracheostomy 
in select groups of patients, such as those with traumatic 
brain injury and patients with trauma-related injuries in 
general, most tracheostomies are done on a case-by-case 
basis.26,27

Although delaying tracheostomy for patients with 
COVID-19 might reduce risks for staff, extended dur-
ation of translaryngeal intubation, sedation, mechanical 
ventilation, and ICU stay associated with such delays 
can lead to complications. We suggest that decision 
making during the COVID-19 pandemic reflect the 
range of applicable considerations (figure 2; 
appendix pp 2–7). Patient selection for attempted 

Correspondence to: 
Prof David J Feller-Kopman, 
Interventional Pulmonology, 
Johns Hopkins University, 
Baltimore, MD 21205, USA 
dfk@jhmi.edu

See Online for appendix

Figure 1: Typical clinical course, viral PCR, and antiviral antibody detection and infectivity of severe 
SARS-CoV-2 infection
The transparent red box shows the suggested window for tracheostomy, on ICU days 10–21, which corresponds 
with 16–30 days from symptom onset.  The solid bars and curves represent the proportion of all cases. Time zero is 
symptom onset (the x-axis is not to scale). Timeline data are from authors’ local data and published case 
series.13,17,19–22 Pooled data from two studies describing SARS-CoV-2 detection by PCR and antiviral antibody were 
used to generate stylised curves.16,18 181 patients were included in the pooled viral and antibody data, of whom 
32 (18%) were defined as critically ill and 72 (40%) were estimated to have severe disease on the basis of 
overlapping case series.17 These data are representative of the population of interest, 16–20% of whom are likely to 
need admission to the ICU.19 ICU=intensive care unit. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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Timing of tracheostomy
Emerging virological data
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did an aerosol-generating procedure with those who did 
not during the 2003 SARS outbreak found an increased 
risk of contracting SARS in those who did a tracheal 
intubation (odds ratio 6·6 [95% CI 2·3–18·9]) and 
tracheostomy (4·2 [1·5–11·5]), and those who put 
patients on non-invasive ventilation (3·1 [1·4–6·8]) and 
manual ventilation before intubation (2·8 [1·3–6·4]).2 
Although data on SARS-CoV-2 infectivity are scarce, 
infection and death among health-care workers have 
been reported.3,12

The median time from SARS-CoV-2 exposure to onset 
of symptoms (incubation period) is approximately 5 days 
(range 4–14).13,14 SARS-CoV-2 is normally most abundant 
around the time of symptom onset, as determined by 
PCR of viral RNA from mucosal samples from the upper 
respiratory tract. After symptom onset, viral load typically 
decreases over the following 3–4 days.15 In most patients, 
samples from the lower respiratory tract remained PCR-
positive for SARS-CoV-2 after samples from the upper 
respiratory tract had become negative, for up to 39 days.16 
In patients with severe disease, the viral RNA load is 
significantly higher and decreases more slowly than in 
those with mild disease.17,18

The immune response (antiviral antibody) typically 
appears both in the respiratory secretions and in the 
blood around 7 days after symptom onset, and is 
detectable in 90% of patients by 12 days after symptom 
onset.17 The presence of antibody inhibits the infectivity 
of detectable virus. The presence of viral RNA detected 
by PCR (so-called viral shedding), does not necessarily 
indicate infectivity, especially in the presence of antiviral 
antibodies. True infectivity can only be assessed by viral 
culture in cells in vitro, or be inferred from clinical or 
epidemiological data.

Detailed analysis of nine individuals who developed 
COVID-19 established virus replication culture at 
several anatomical sites.19 Pharyngeal viral RNA peaked 
during the first week of symptoms, reaching 7 × 10⁸ 
copies per throat swab on day 4, persisting beyond the 
duration of symptoms. By cell culture, infectious viruses 
were present in samples from the throat and lungs, but 
not from stool (despite high viral RNA concentrations 
in faeces); infectious virus was never detected in blood 
or urine. Serum antibodies were detected after 7 days in 
half of cases, and in all individuals by day 14. All 
individuals had mild disease courses. The authors of 
this study predicted little residual risk of infectivity 
beyond 10 days after symptom onset, when the patient 
had less than 100 000 viral RNA copies per mL of 
sputum.19

A timeline of the typical clinical course of severe 
SARS-CoV-2 infection is shown in figure 1, based on 
authors’ local data and published case series.13,17,19–23 
Further studies are required to define the immune 

response to SARS-CoV-2 in critically ill patients and in 
those with comorbidities and those who are immuno-
compromised, and to establish the viral burden that 
various aerosol-generating procedures generate in these 
patients.

Tracheostomy during the COVID-19 pandemic
Outside the context of the COVID-19 pandemic, con-
troversy exists about the timing of tracheostomy.24,25 
Although several guidelines support early tracheostomy 
in select groups of patients, such as those with traumatic 
brain injury and patients with trauma-related injuries in 
general, most tracheostomies are done on a case-by-case 
basis.26,27

Although delaying tracheostomy for patients with 
COVID-19 might reduce risks for staff, extended dur-
ation of translaryngeal intubation, sedation, mechanical 
ventilation, and ICU stay associated with such delays 
can lead to complications. We suggest that decision 
making during the COVID-19 pandemic reflect the 
range of applicable considerations (figure 2; 
appendix pp 2–7). Patient selection for attempted 
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Figure 1: Typical clinical course, viral PCR, and antiviral antibody detection and infectivity of severe 
SARS-CoV-2 infection
The transparent red box shows the suggested window for tracheostomy, on ICU days 10–21, which corresponds 
with 16–30 days from symptom onset.  The solid bars and curves represent the proportion of all cases. Time zero is 
symptom onset (the x-axis is not to scale). Timeline data are from authors’ local data and published case 
series.13,17,19–22 Pooled data from two studies describing SARS-CoV-2 detection by PCR and antiviral antibody were 
used to generate stylised curves.16,18 181 patients were included in the pooled viral and antibody data, of whom 
32 (18%) were defined as critically ill and 72 (40%) were estimated to have severe disease on the basis of 
overlapping case series.17 These data are representative of the population of interest, 16–20% of whom are likely to 
need admission to the ICU.19 ICU=intensive care unit. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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or urine. Serum antibodies were detected after 7 days in 
half of cases, and in all individuals by day 14. All 
individuals had mild disease courses. The authors of 
this study predicted little residual risk of infectivity 
beyond 10 days after symptom onset, when the patient 
had less than 100 000 viral RNA copies per mL of 
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A timeline of the typical clinical course of severe 
SARS-CoV-2 infection is shown in figure 1, based on 
authors’ local data and published case series.13,17,19–23 
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those with comorbidities and those who are immuno-
compromised, and to establish the viral burden that 
various aerosol-generating procedures generate in these 
patients.

Tracheostomy during the COVID-19 pandemic
Outside the context of the COVID-19 pandemic, con-
troversy exists about the timing of tracheostomy.24,25 
Although several guidelines support early tracheostomy 
in select groups of patients, such as those with traumatic 
brain injury and patients with trauma-related injuries in 
general, most tracheostomies are done on a case-by-case 
basis.26,27

Although delaying tracheostomy for patients with 
COVID-19 might reduce risks for staff, extended dur-
ation of translaryngeal intubation, sedation, mechanical 
ventilation, and ICU stay associated with such delays 
can lead to complications. We suggest that decision 
making during the COVID-19 pandemic reflect the 
range of applicable considerations (figure 2; 
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Figure 1: Typical clinical course, viral PCR, and antiviral antibody detection and infectivity of severe 
SARS-CoV-2 infection
The transparent red box shows the suggested window for tracheostomy, on ICU days 10–21, which corresponds 
with 16–30 days from symptom onset.  The solid bars and curves represent the proportion of all cases. Time zero is 
symptom onset (the x-axis is not to scale). Timeline data are from authors’ local data and published case 
series.13,17,19–22 Pooled data from two studies describing SARS-CoV-2 detection by PCR and antiviral antibody were 
used to generate stylised curves.16,18 181 patients were included in the pooled viral and antibody data, of whom 
32 (18%) were defined as critically ill and 72 (40%) were estimated to have severe disease on the basis of 
overlapping case series.17 These data are representative of the population of interest, 16–20% of whom are likely to 
need admission to the ICU.19 ICU=intensive care unit. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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Anti-viral/Ig
Anti-inflammatory 

agent

Stage I 
(Early infection)

Time to start antiviral 
Stage I (mild)—early infection
• Early intervention 
• Targeting the viral replication 

• Achieve viral clearance 
• Reduced duration of symptoms
• Minimize contagiousness

(shortening the period of 
infectiousness)

• Prevent progression to severity 

Stage II
(pulmonary phase)

Stage III
(systemic hyperinflammation) 9



Symptomatic COVID-19 
without pneumonia and 

no risk factors for severe disease 

Symptomatic COVID-19 
with risk factors for severe disease 

or having co-morbidity or mild 
pneumonia

Pneumonia with hypoxia (resting 
O2 saturation <96 % or exercise-

induced hypoxemia positive 
(decreasing of SpO2 ≥3%) or 

progression of pulmonary infiltrates

Thai CPG 28 Jan 2021 IDSA GL 5 Feb 2021 WHO 2020 

Non-severe 
Absence of signs of severe or critical 

disease

Severe
• SpO2 <90% on room air
• RR > 30 in adult
• Raised respiratory rate in 

children 
• Signs of severe respiratory 

distress

Critical illness 
• Requires life sustaining 

treatment 
• ARDS
• Sepsis 
• Septic shock

Critical illness
• Mechanical ventilation
• ECMO 
• ARDS
• EOD - sepsis/septic shock 

• SpO2 <94% on room air
• non-invasive หรือ invasive 

ventilation 
• ECMO

Severe
• SpO2 ≤94% on room air
• on supplemental oxygen

Non-severe
• not  requiring supplement 

oxygen or
• SpO2 >94% on room air
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HCQ/CQ
HCQ+Azit
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RDV
Non-severe

Corticosteroid
severe 

Severe

⨁⨁⨁◯/ ⨁⨁◯◯

RDV
Critical illness

RDV
Severe

⨁⨁⨁◯

⨁◯◯◯
Duration- 5 
days rather 
than 10 days⨁⨁◯◯

⨁⨁⨁◯

Corticosteroid
critical ⨁⨁⨁◯

⨁⨁⨁◯

Corticosteroid
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tocilizumab

convalescent 
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bamlanivimab
casirivimab/imdev
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Ivermectin

baricitinib
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Only in clinical trial, knowledge gap

conditional

mild-to-moderate who are at high risk for 
progressing to severe these are reasonable 
option after informed decision-making 

Severe group or who non-invasive ventilation 
who has C/I for corticosteroid, conditional

Severe, 
conditional

Outpatient  only in 
clinical trial, conditional

Famotidine
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IDSA GL 5 Feb 2021

darunavir/cobicistat
• not effective in achieving viral clearance at day seven post randomization, compared to conventional treatments
• rate of critical illness and mortality 14 days after randomization, have not been reported to date

LPV/r+RBV+IFN β-1b

• compared with LPV/r for 14 days, in non-critically ill
• significantly shorter median time to suppress the viral load in nasopharyngeal specimen
• significantly shorter time to alleviate symptoms
• resulted in shorter hospital stay
• IFN β-1b: no significant improvement in time to clinical response, the overall mortality at 28 days was reduced (19% vs. 43.6%, p= 0.015)

Ribavirin
• less potent in vitro compared to CQ, RDV. 
• limited clinical studies in SARS-CoV-1 and MERS-CoV infections

• NSAIDs, due to upregulation in ACE2 in human target cells
• In the setting of bacterial pneumonia, NSAIDs may impair recruitment of polymorphonuclear cells
• case-control study from Italy did not demonstrate an increased risk of SARS-CoV-2 infection in those taking NSAIDs chronically
• Ongoing RCT

NSAIDS be stopped?

• From individuals who have recovered from SARS-CoV-2
• Open-label RCT  patient with SPO2 ≤96% on ≥4 liters O2 by nasal cannula but not on mechanical ventilation
• three days of IVIg (n=16) or no IVIg (n=17); methylprednisolone was provided with each IVIg dose, unbalanced interventions
• Result : Mechanical ventilation 2 vs 7, died 1 vs 3

Intravenous 
immunoglobulin

ACEI, ARBs be 
stopped?

• two contrasting hypotheses
• ACEIs and ARBs may increase the risk of infection and severity of COVID-19 via increased ACE2 expression
• infection with other coronaviruses have been shown to decrease ACE2 levels in vitro, which may lead to increased angiotensin II activity 

resulting in pulmonary, cardiovascular and other end organ damage in patients with COVID-19.
• Observational study: ACEI and ARBs do not increase the risk of acquiring COVID-19, developing severe,  disease or death; increase risk of renal 

dysfunction in severe COVID-19
• Most professional scientific and medical societies have recommended that ACEI or ARBs be continued in people who have an indication for 

these medications 13
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LPV/r
(เม็ด 200/50 mg/tab, 
นํ้า 80/20 mg/mL)

RDV

Corticosteroid 

วันที่ 1: 1800 mg (9 เม็ด) วันละ 2 คร้ัง วันต่อมา: 800mg(4เม็ด)วันละ2
คร้ัง ถ้านํ้าหนักตัว >90 กิโลกรัม
วันที่ 1: 2,400 mg (12 เม็ด) วันละ 2 คร้ัง วันต่อมา: 1,000mg(5เม็ด)วันละ
2คร้ัง 

วันที่ 1: 60 mg/kg/day วันละ 2 คร้ัง วันต่อมา: 20mg/kg/day วันละ2คร้ัง 

2 เม็ด ทุก 12 ชั่วโมง อายุ 2 สัปดาห์-1 ปี 300/75 mg/m2/dose วันละ 2 คร้ัง
อายุ 1-18 ปี 230/57.5 mg/m2/dose วันละ 2 คร้ัง
ขนาดยาชนิดเม็ดตามนํ้าหนักตัว
15-25 กิโลกรัม 25-35 กิโลกรัม 35 กิโลกรัมข้ึนไป
200/50 mg วันละ 2 คร้ัง 300/75 mg วันละ 2 คร้ัง 400/100 mg วันละ 2 
คร้ัง

Remdesivir
วันที่ 1: 200 mg IV
วันที่ 2-5: 100 mg IV วันละคร้ัง
(US-NIH แนะนําให้ 5 วันในกรณีที่อาการไม่รุนแรง มาก แต่ถ้ามีอาการ
รุนแรงมากต้องใช้ ECMO แนะนําให้ 10 วัน)

วันที่ 1: 5 mg/kg IV วันละคร้ัง วันต่อมา : 2.5 mg IV วันละคร้ัง

Dexamethasone 6 mg IV or PO for 10 days (or until discharge) or 
equivalent glucocorticoid
• methylprednisolone 32 mg 
• prednisone 40 mg

ให้ปรึกษาแพทย์ผู้เชี่ยวชาญ

FPV
200 mg/tab
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Mechanism of action 
of potential therapeutic targets

Nat Rev Microbiol. 2020 Oct 6;1-14.

• CQ/HCQ
• Favipiravir
• Lopinavir/ritonavir
• Remdesivir
• Tocilizumab
• Dexamethasone

15



REMDESIVIR
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Remdesivir: formulation

• COVIFOR (Remdesivir for injection 100 mg/vial)
• Formulation : Lyophilized powder white-yellow, single use
• Sulfobutylether-β-cyclodextrin sodium salt (SBECD) 3 g

• Veklury (Remdesivir for injection 100 mg/vial)
• Formulation : injection solution, single use
• Sulfobutylether-β-cyclodextrin sodium salt (SBECD) 6 g

17



Remdesivir: Pharmacodynamics

Drug Des Devel Ther. 2020; 14: 3215–3222.18



Drug Des Devel Ther. 2020; 14: 3215–3222.19



Remdesivir: Pharmacokinetics
A Poor. The oral route will result in hydrolysis of the prodrug to Nucleoside-MP in the GI tract 

and will not be absorbed.

D PB: Remdesivir: 88-93.6%
GS-441524: 2%

GS-441524

Acta Pharmacol Sin. 2020 Oct 12;1-6.20



Remdesivir: Pharmacokinetics
M

Remdesivir: CES1 (80%); cathepsin A (10%); CYP3A (10%)
GS-441524: Not significantly metabolized

E Remdesivir: 1 hr
GS-441524: 27 hr, excreted via glomerular filtration and active tubular secretion, 50% found in urine

Antimicrob Agents Chemother. 2020 Nov; 64(11): e01521-20.22



Remdesivir: dosing
• For 12 years & older with BW at least 40 kg) with pneumonia requiring supplemental oxygen
• Renal impairment: no dosage adjustment but caution use in e-GFR < 30 ml/min

Body weight LD (Day 1) MD(Day 2 – 5)
3.5 kg to less than 40 kg

5 mg/kg 2.5 mg/kg

40 kg and higher 

200 mg 100 mg

23



Remdesivir: 
Special population

24



Remdesivir: special population

• SBECD containing 3 g/vial
• occurred in rats at the maximum dose of 3000 mg/kg, which is approximately 50-fold 

greater than the SBECD dose typically administered in man, as well as higher than 
exposure during a 5-10 days course of remdesivir. 
• SBECD is dialyzable (46% removed by an ~4-hour dialysis session)
• CRRT: no dosage adjustment 

Nephrol Dial Transplant. 2012 Mar;27(3):1207-12. Crit Care 2015; 19(1): 32. J Pharm Sci. 2010 Aug;99(8):3291-301.

Does Remdesivir induced-AKI ?
Does Remdesivir safe for renal impairment patient ?

25



• The incidence of AKI was 
associated with the age, 
disease severity and race 
of patients.

• Remdesivir treatment do 
not increase the risk of AKI 
in COVID-19 patients 
showing OR 0.80 (95% CI 
0.44-1.46, P>0.05).

The pooled estimated incidence of AKI in all hospitalized COVID-19 
patients was 12.0% (95% CI 9.0%-15.0%) 

The incidence of AKI in hospitalized COVID-19 patients using Remdesivir was 
6% (95% CI 3%-13%) Zhenjian X, Ying T, Qiuyan H, Sha F, Xiaomei L, Baojuan

L, et al. BMC Nephrology. 2021.

Does it induced-AKI ?

26



Does it safe for renal impairment patient ?

Safety
• Transient behavioral changes were noted in 5 cases
• Acute gout was observed in 1 patient
• Liver function remained stable in 28 (60.9%) cases. 3

(6.5%) patients were found to have newly occurring 
grade 1 elevations of AST/ALT during therapy.

• No patient had a severe rise in AST/ALT >5 times 
the upper limit of normal

• No renal function abnormalities attributable to drug 
were observed

From 46 Patients, Renal diagnoses 
were ESRD in 16 (34.7%) and AKI in 
30 (65.2%%) patients.
• The median number of days 

from hospital admission to 
starting remdesivir was 5 days 
(range 1–26 days).

• The median duration of 
follow-up was 15.5 days 
(range 6–81 days).

Thakare S, Gandhi C, Modi T, Bose S, Deb S, Saxena N, et al. Kidney Int Rep. 2021;6(1):206-10.
27



Remdesivir: special population

• No RDV-related adverse outcomes 
were observed in our patients. 

• 7 have reached successful clinical 
outcome

• but 1 patient with serious clinical 
status died due to complications. 
However, she received RDV very late 
after the first COVID-19 symptom

Eur J Pediatr. 2020 Nov 16;1-6.28



Remdesivir: special population

• At baseline, 40% of pregnant women 
(median gestational age, 28 weeks) required 
invasive ventilation, in contrast to 95% of 
postpartum women (median gestational age 
at delivery 30 weeks). 

• By day 28 of follow-up, the level of oxygen 
requirement decreased in 96% and 89% of 
pregnant and postpartum women, 
respectively. 

• Low incidence of serious adverse events 
(AEs) (16%)

Clin Infect Dis. 2020 Oct 8;ciaa1466.29



Remdesivir: 
special population
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Remdesivir: Administration
• IV only, not use IM
• reconstitution in SWFI 19 ml/vial
• Dilution: 0.9 % NSS 250 ml, IV infusion 30-120 min [Max conc. 2 mg/ml] 
• After reconstitution, the total storage time before administration should not exceed 4 hours at room temperature or 24 hours 

at refrigerated temperature (2°C to 8°C)

31



Remdesivir: DIs

Clin Transl Sci. 2020 Sep;13(5):842-844.

32



Remdesivir: ADRs monitoring

• Anaphylaxis reaction
• nausea, anemia, AKI, pyrexia, hyperglycemia, elevated ALT, ASL
• Hepatitis: LFTs (discontinue when ALT ≥ 5 or ALT elevated + clinical)
• BUN, Serum creatinine (e-GFR)

Monitor LFTs and RFTs daily
Before and after start of tx.

33



FAVIPIRAVIR
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Feb 
3, 

2014
approved for influenza in Japan (stockpiling against influenza pandemics) 

Timeline of approval and distribution of favipiravir use 

Feb 
2020

approved for treatment of novel influenza 
in China
available for use in Thailand (emergency) UAE 

Jun 
19, 

2020

approved for treatment of mild and moderate 
COVID-19 in India (emergency)

approved for treatment of in-hospital COVID-19 in Russia 
(emergency)

Jun 
2020

Include in treatment guideline

Saudi 
Arabia

Italy 

Approved for clinical trial

Comercial lunch

Agrawal U, et al. Med J Armed Forces India. 2020 Oct; 76(4): 370–376.

2014
-

2015
Ebola virus outbreak initiated in West Africa 
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Avigan® 200 mg 
Film-coated tablet

Fujiflim, Japan
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Favilavir® 200 mg
Zhejiang Hisun Pharmaceutical Co., Ltd. 

(HISUN), China

Favivir® 200 mg tablet
Hetero healthcare, India

FabiFlu® 200 mg tablet
Glenmark Pharmaceuticals, 

India

Avifavir ® 200 mg tablet
ChemRar, Russia 
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Chemical structure of favipiravir (T-705). 
Formula : C5H4FN3O2
IUPAC name: 6-fluoro-3-hydroxy-2-
pyrazinecarboxamide 
Pyrazine analogue
Purine analogue (Guanosine)

Hu B, Guo H, Zhou P, Shi Z-L. Nature Reviews Microbiology. 2020.

Guanosine

favipiravir (T-705)

Fujifilm’s Toyama Chemical Co., 
Ltd. 2014

logP 0.25

MW=157.1 g/mol
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Once incorporated into host cells, favipiravir undergoes phosphoribosylation and 
further phosphorylation to become favipiravir-RTP, which blocks viral RNA-
dependent RNA-polymerase (RdRp). Inhibit viral replication / transcription 

Furuta Y, et al. Proc Jpn Acad Ser B Phys Biol Sci. 2017;93(7):449-463.
Du, Y.-X. and Chen, X.-P. (2020), Clin. Pharmacol. Ther., 108: 242-247. 

T-1105 T-1106

Favipiravir (Prodrug)

Favipiravir ribofuranosyl-5’-triphosphate

VOLUME 108 NUMBER 2 | Month 2020 | www.cpt-journal.com244

similar to those of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) SARS-CoV-2 and Middle East respiratory syn-
drome coronavirus 2 (MERS-CoV-2).8–10 Therefore, favipiravir 
is considered as one of the potential candidates for COVID-19,2 
although confirmed in vitro and preclinical animal studies are not 
available yet. A clinical trial to evaluate the safety and efficacy of fa-
vipiravir in the treatment of COVID-19 (ChiCTR2000029600) 
was conducted in Shenzhen, with 80 patients recruited.11 The 
results showed that the 35 patients in the favipiravir arm demon-
strated significantly shorter viral clearance time as compared with 
the 45 patients in the control arm (median 4 days vs. 11 days). 
X-ray examinations confirmed a higher rate of improvement in 
chest imaging in the favipiravir arm (91.43% vs. 62%).11 A mul-
ticentered randomized clinical study (ChiCTR200030254) also 
suggested effective control of favipiravir on COVID-19.12 For 
ordinary patients with COVID-19, 7 day’s clinical recovery rate 
increased from 55.86% to 71.43% with favipiravir treatment. For 
ordinary patients with COVID-19 and patients with hypertension 
and/or diabetes, the time of fever reduction and cough relief in the 
favipiravir treatment group was also decreased significantly.12

PHARMACOKINETICS OF FAVIPIRAVIR
Studies from healthy Japanese volunteers showed that the maxi-
mum plasma concentration of favipiravir occurred at 2 hours after 
oral administration, and then decreased rapidly with a short half-
life time of 2–5.5 hours.13 The plasma protein binding of favipira-
vir was 54% in humans.14 The bound percentages of favipiravir to 
human serum albumin and α1-acid glycoprotein were 65.0% and 

6.5%, respectively.15 The parent drug undergoes metabolism in the 
liver mainly by aldehyde oxidase (AO), and partially by xanthine 
oxidase, producing an inactive oxidative metabolite T-705M1 ex-
creted by the kidneys.13 The rapid appearance of favipiravir in the 
liver, followed by the gall bladder and segments of the intestinal tract 
after venous injection in mice, suggests rapid excretion of favipira-
vir by the liver in mice.16 Pharmacokinetic analysis of intravenous 
favipiravir in cynomolgus macaques after repeated doses indicates 
obvious nonlinear pharmacokinetics over time and over a range 
of doses, and a continuous decline in plasma concentration after 
7 days of continuous administration in the nonhuman primates is 
also observed.17 Data obtained from 66 patients for experimental 
treatment with favipiravir for EVD (named as the JIKI trial) indi-
cated that the steady-state trough concentration notably decreased 
on day 4 (25.9 µg/mL) as compared with day 2 (46.1 µg/mL), which 
supports a decrease in drug concentration after continuous use.18

To further understand the in vivo biodistribution and kinetics 
of uptake and clearance of favipiravir after a single and repeated 
administration, an 18F radiolabeled favipiravir ([18F]favipiravir) 
was developed.16 Dynamic distribution of [18F]favipiravir was 
assessed by positron emission tomography dynamic scans and 
gamma counting in naïve mice and favipiravir predosed mice 
(oral administration, loading dose: 250 mg/kg b.i.d., day 1; main-
taining dose: 150 mg/kg, twice daily for 3 days) as well. In naïve 
mice, tail venous injection of [18F]favipiravir resulted in rapid 
uptake and clearance through the liver, kidneys, and intestine. 
In contrast, in the predosed mice, the plasma concentration de-
creased by 25–50% and tissue distributions in the liver, stomach, 

Figure 1 Mechanism of action of favipiravir (T-705) against the virus. Favipiravir is incorporated into cells and converted to favipiravir 
ibofuranosyl-5′-triphosphate (favipiravir-RTP) by host cells. The triphosphate form, favipiravir-RTP, inhibits the activity of RNA dependent RNA 
polymerase (RdRp) of RNA viruses. AO, aldehyde oxidase; RMP, ribosyl monophosphate.

MINI-REVIEW

Mechanism of action 
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Pharmacodynamics
• Possible mechanism of the interaction of favipiravir- RTP with RdRp

molecule 
• misincorporated in a nascent viral RNA, or it may act by binding to conserved 

polymerase domains

• virucidal drug. (uncertain for SARS-CoV2)
• Favipiravir inhibited proliferation of RNA viruses but not of DNA viruses 
• Favipiravir-RTP (1000 !mol/L) no inhibitory effect on " human DNA 

polymerase, 9-13% inhibitory effect on #, 11-49% inhibitory effect on 
$
• Broad spectrum antiviral of RNA viruses:  Influenza, Ebola, bunyavirus, 

filovirus, West Nile virus, yellow fever virus, foot-and-mouth-disease 
virus etc. 

Furuta Y, et al. Proc Jpn Acad Ser B Phys Biol Sci. 2017;93(7):449-463. 
Wang, M.. et al. Cell Res 30, 269–271 (2020) 11.
AVIGAN® (favipiravir) 200 mg [prescribing information]. Tokyo, Japan: Toyama Chemical Co Ltd; January 2017.

Fig. 1 The antiviral activities of the test drugs against 2019-nCoV in vitro. a Vero E6 cells were infected with 2019-nCoV at an MOI of 0.05 in
the treatment of different doses of the indicated antivirals for 48 h. The viral yield in the cell supernatant was then quantified by qRT-PCR.
Cytotoxicity of these drugs to Vero E6 cells was measured by CCK-8 assays. The left and right Y-axis of the graphs represent mean % inhibition
of virus yield and cytotoxicity of the drugs, respectively. The experiments were done in triplicates. b Immunofluorescence microscopy of virus
infection upon treatment of remdesivir and chloroquine. Virus infection and drug treatment were performed as mentioned above. At 48 h p.i.,
the infected cells were fixed, and then probed with rabbit sera against the NP of a bat SARS-related CoV2 as the primary antibody and Alexa
488-labeled goat anti-rabbit IgG (1:500; Abcam) as the secondary antibody, respectively. The nuclei were stained with Hoechst dye. Bars,
100 μm. c and d Time-of-addition experiment of remdesivir and chloroquine. For “Full-time” treatment, Vero E6 cells were pre-treated with
the drugs for 1 h, and virus was then added to allow attachment for 2 h. Afterwards, the virus–drug mixture was removed, and the cells were
cultured with drug-containing medium until the end of the experiment. For “Entry” treatment, the drugs were added to the cells for 1 h before
viral attachment, and at 2 h p.i., the virus–drug mixture was replaced with fresh culture medium and maintained till the end of the experiment.
For “Post-entry” experiment, drugs were added at 2 h p.i., and maintained until the end of the experiment. For all the experimental groups,
cells were infected with 2019-nCoV at an MOI of 0.05, and virus yield in the infected cell supernatants was quantified by qRT-PCR c and NP
expression in infected cells was analyzed by Western blot d at 14 h p.i.
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Fig. 1 The antiviral activities of the test drugs against 2019-nCoV in vitro. a Vero E6 cells were infected with 2019-nCoV at an MOI of 0.05 in
the treatment of different doses of the indicated antivirals for 48 h. The viral yield in the cell supernatant was then quantified by qRT-PCR.
Cytotoxicity of these drugs to Vero E6 cells was measured by CCK-8 assays. The left and right Y-axis of the graphs represent mean % inhibition
of virus yield and cytotoxicity of the drugs, respectively. The experiments were done in triplicates. b Immunofluorescence microscopy of virus
infection upon treatment of remdesivir and chloroquine. Virus infection and drug treatment were performed as mentioned above. At 48 h p.i.,
the infected cells were fixed, and then probed with rabbit sera against the NP of a bat SARS-related CoV2 as the primary antibody and Alexa
488-labeled goat anti-rabbit IgG (1:500; Abcam) as the secondary antibody, respectively. The nuclei were stained with Hoechst dye. Bars,
100 μm. c and d Time-of-addition experiment of remdesivir and chloroquine. For “Full-time” treatment, Vero E6 cells were pre-treated with
the drugs for 1 h, and virus was then added to allow attachment for 2 h. Afterwards, the virus–drug mixture was removed, and the cells were
cultured with drug-containing medium until the end of the experiment. For “Entry” treatment, the drugs were added to the cells for 1 h before
viral attachment, and at 2 h p.i., the virus–drug mixture was replaced with fresh culture medium and maintained till the end of the experiment.
For “Post-entry” experiment, drugs were added at 2 h p.i., and maintained until the end of the experiment. For all the experimental groups,
cells were infected with 2019-nCoV at an MOI of 0.05, and virus yield in the infected cell supernatants was quantified by qRT-PCR c and NP
expression in infected cells was analyzed by Western blot d at 14 h p.i.
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In vitro activity to SARS-CoV-2
(Vero E6 cells) 

61.88 μmol/L = 9.721 μg/ml
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Pharmacokinetics
Bioavailability 94%

Cmax 2 hr (afer single dose)

t1/2 2-5.5 hours 

Protein binding
Albumin
"1-acid glycoprotein 

54%
65%
6.5%

Low volume distribution 10-20 L

Metabolism • Aldehyde oxydase (AO), inhibit AO activity in concentration-dependent and time-dependent manners (self inhibitor) 
• Increasing in T-705/T-705M1 facilitate the cellular uptake and trapping of favipiravir in the tissue by gradient
• repeated doses indicates obvious nonlinear pharmacokinetics over time and over a range of doses, continuous 

administration decrease in drug concentration 
• Xanthine oxydase 
• >>> inactive oxidative metabolite T-705M1 
• rapid excretion of favipiravir by the liver in mice
• It is not metabolized by the cytochrome P450 system, but inhibits one of its components (CYP2C8) 

Excretion Favipiravir is mainly renally excreted (90.5%), of which the majority exists as M1 (82.0–92.4%) 

Agrawal U, et al. Med J Armed Forces India. 2020 Oct; 76(4): 370–376.
Du, Y.-X. and Chen, X.-P. (2020), Clin. Pharmacol. Ther., 108: 242-247.

Pharmacokinetic 
• non-linear Pharmacokinetic
• rapidly absorbed with a tmax ranging from 0.5 to 1 hour
• BA 97%
• 53.4 to 54.4% 
• จากการศึกษาในลิงพบว่า อัตราส่วนของระดับยา ในเนื้อเยื่อปอดต่อระดับยาในกระแส
เลือดคิดเป็น 50% ใน 30 นาที หลังได้ยา

• Protein binding 53.4-54.4% 
• เปล่ียนสภาพผ่านทาง aldehyde oxidase และ บางส่วนผ่าน xanthine oxidase 
• AVIGAN is not metabolized by cytochrome P-450, mostly metabolized by 

aldehyde oxidase (AO), and partly metabolized by xanthine oxidase (XO). 
• inter-individual variation of AO
• Plasma elimination half-life 2–5.5h
• Renal clearance of metabolites 

 
-3-

(2) Other adverse reactions Note 1 
If the following adverse reactions occur, appropriate 
measures should be taken according to the 
symptoms. 

Note 1 Adverse reactions observed in Japanese clinical studies 
and the global phase III clinical study (studies 
conducted with dose levels lower than the approval 
dosage). 

5. Use in the Elderly 
Since the elderly often have reduced physiological 
functions, AVIGAN should be administered with care to 
them by monitoring their general conditions. 

6. Use during Pregnancy, Delivery or Lactation6,7 
(1) Do not administer AVIGAN to women known or 

suspected to be pregnant. 
(Early embryonic deaths [rats] and teratogenicity 
[monkeys, mice, rats and rabbits] have been observed 
in animal studies with exposure levels similar to or 
lower than the clinical exposure.) 

(2) When administering AVIGAN to lactating women, 
instruct to stop lactating. 
(The major metabolite of AVIGAN, a hydroxylated 
form, was found to be distributed in breast milk.) 

7. Pediatric Use8 
AVIGAN has not been administered to children. 
 (In a one month study with juvenile dogs [8 weeks old], 
death cases have been reported after day 20 with a 
dosage [60 mg/kg/day] which was lower than the lethal 
dosage for young dogs [7 to 8 months old]. In juvenile 

animals [6-day-old rats and 8-week-old dogs], abnormal 
gait, atrophy and vacuolation of skeletal muscular fiber, 
degeneration/necrosis/mineralization of papillary muscle 
have been reported.) 

8. Precautions concerning Use 
Precautions regarding dispensing: 

For drugs that are dispensed in a press-through package 
(PTP), patients should be instructed to remove the drug 
from the package prior to use. (It has been reported that, 
if the PTP sheet is swallowed, the sharp corners of the 
sheet may puncture the esophageal mucosa, resulting in 
severe complications such as mediastinitis.) 

9. Other Precautions9,10  
In animal studies, histopathological changes of testis in  
rats (12 weeks old) and young dogs (7 to 8 months old),  
and abnormal findings of sperm in mice (11 weeks old)  
have been reported. Recovery or tendency of recovery  
has been observed in those studies after the  
administration was suspended. 

PHARMACOKINETICS 
1. Blood Concentrations 

The following table shows pharmacokinetic parameters 
of favipiravir after an oral administration in 8 healthy 
adults at 1600 mg twice daily for 1 day, then 600 mg 
twice daily for 4 days followed by 600 mg once daily for 
1 day (1600 mg/600 mg BID).  

 
Pharmacokinetic parameters of favipiravir 

Note 2 Geometric mean (CV%) 
Note 3 Day 1: AUC0-�, Day 6: AUCĲ 

Note 4 Median (minimum, maximum)  
Note 5 Mean±SD 

 

 

 

 

 

 

 

 

 
 

 
 

Figure 1 Time course of plasma concentration of favipiravir 
(mean±SD)  

 
Following multiple oral administration of favipiravir for 
7 days Note 6 to an healthy adult who appeared to have 
little AO activity, the estimated AUC of unchanged drug 
was 1452.73 ȝg㺃hr/mL on Day 1 and 1324.09 ȝg㺃hr/mL 
on Day 711. 
Note 6 1200 mg + 400 mg on Day 1, then 400 mg twice daily 

on Days 2 to 6 followed by 400 mg once daily on Day 7. 
The approved dosage of favipiravir is “1600 mg orally 
twice daily for 1 day followed by 600 mg orally twice 
daily for 4 days”. 

 � 1% 0.5 - < 1% < 0.5% 
Hypersen
sitivity 

 Rash Eczema, pruritus 

Hepatic 

AST (GOT) 
increased, 
ALT (GPT) 
increased, 
Ȗ-GTP 
increased 

 Blood ALP 
increased, blood 
bilirubin 
increased 

Gastroint
estinal 

Diarrhoea 
(4.79%) 

Nausea, 
vomiting, 
abdominal 
pain 

Abdominal 
discomfort, 
duodenal ulcer, 
haematochezia, 
gastritis 

Hematolo
gic 

Neutrophil 
count 
decreased, 
white blood 
cell count 
decreased 

 White blood cell 
count increased, 
reticulocyte count 
decreased, 
monocyte 
increased 

Metabolic 
disorders 

Blood uric 
acid increased 
(4.79%), 
blood 
triglycerides 
increased 

Glucose urine 
present 

Blood potassium 
decreased 

Respirato
ry 

  Asthma, 
oropharyngeal 
pain, rhinitis, 
nasopharyngitis

Others 

  Blood CK (CPK) 
increased, blood 
urine present, 
tonsil polyp, 
pigmentation, 
dysgeusia, bruise, 
vision blurred, 
eye pain, vertigo, 
supraventricular 
extrasystoles

Dosage  Cmax 
Note 2

(ȝg/mL)
AUC Note 2, 3 
(ȝg㺃hr/mL) 

Tmax 
Note 4

(hr) 
T1/2 

Note 5

(hr) 

1600 mg/
600 mg 
BID 

Day 1 64.56 
(17.2) 

446.09 
(28.1) 

1.5 
(0.75, 4)

4.8±1.1

Day 6 64.69 
(24.1) 

553.98 
(31.2) 

1.5 
(0.75, 2)

5.6±2.3

 (n=8)
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Clinical trials
P I, C O

China 
Chen, C., et al., Favipiravir 
versus Arbidol for COVID-
19: A Randomized Clinical 
Trial. medRxiv, 2020: p. 
2020.03.17.20037432.
prospective, open-label 
multi- centric trial RCT 1:1
(n=240)

clinically confirmed COVID-19
• aged 18 years or older
• initial symptoms were 

within 12 days
• Diagnosed as COVID-19 

pneumonia.
• (PCR pos 46% in 

favipiravir gr. , 38% in 
arbidol gr.)

• (mostly mod clinical)
• Exclude 
• ALT/AST (>6x upper limit 

of normal range) or with 
chronic liver disease 
(cirrhosis at grade Child-
Pugh C) 

• pregnancy

• umifenovir (Arbidol) (200 mg 
thrice a day) 

• favipiravir (1600 mg twice daily 
followed by 600 mg twice daily) 
for 7 days (extendable to 10 
days)

• clinical recovery rate at day 7 did not differ 
significantly (61.21% for favipiravir vs 51.67% for 
umifenovir, 95% CI: 0.0305 to 0.2213, p = 0.1396)

• Post hoc: favipiravir-treated patients showed a 
trend toward clinical improvement at day 7 among 
those with moderate COVID-19 (71.43% vs 55.86%, 
95% CI: 0.0271 to 0.2843, P 1⁄4 0.0199) and earlier 
resolution of fever and cough (p < 0.0001)

• auxiliary oxygen therapy or noninvasive 
mechanical ventilation did not differ 

• Mild side effect 
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Clinical trials
P I, C O

China
Cai Q, et al. Engineering 
(Beijing) 2020;6(10):1192-
1198.
open-labeled 
nonrandomized study 
before-after controlled

• nasopharyngeal swabs 
positive for SARs-CoV-2

• disease onset <7 days
• past 7 days and mild-

moderate disease
• (aged 16-74)
• (normal LFT at 

baselinne)

• favipiravir (day 1: 1600 mg twice 
daily; days 2e14: 600 mg twice 
daily) 

• LPV/r (day 1-14: 400/100 twice 
daily)

• Both groups received interferon-
alpha (5 million units twice 
daily) by nasal inhalation.

• Significant  viral clearance on Day 14 median time 
4 d (IQR 2.5–9) vs 11 d (IQR: 8–13), P < 0.001

• Significant change in CT scan on Day 14 after 
treatment 91.43% versus 62.22% , P = 0.004

clearance. The time of viral clearance was set as the TIME variable,
viral clearance (0 = no, 1 = yes) was set as the status, and the vari-
ables that were significant (P < 0.10) in the univariate Cox regres-
sion analysis or were professionally significant (including age,
and whether underlying diseases were present or not) were set
as independent variables. The result showed that the model was
significant (P = 0.003). The significant factors were as follows: T
lymphocyte count (hazard ratio (HR) = 1.002, 95%CI = 1.000–
1.005) and antiviral therapy (HR = 3.434, 95%CI = 1.162–10.148).
This means that the treatment and T lymphocyte count were inde-
pendent factors that affected the viral clearance after we controlled
the other confounding factors. As the result shows, compared with
LPV/RTV, FPV has a greater effect on viral clearance (Table 4).

3.6. Adverse events after medication

The total number of adverse events in the FPV arm of the study
was four (11.43%), which was significantly fewer than the 25
adverse events (55.56%) in the control arm (P < 0.001). Two
patients had diarrhea, one had a liver injury, and one had a poor
diet in the FPV arm. Meanwhile, there were five patients with diar-
rhea, five with vomiting, six with nausea, four with rash, three with
liver injury, and two with chest tightness and palpitations in the
control arm (Table 5).

4. Discussion

In this open-label comparative controlled study of patients with
COVID-19, those treated with FPV appeared to have faster viral
clearance and better chest CT changes than patients treated with
LPV/RTV. As this is not a randomized, double-blind, parallel trial,
further well-designed and large-scale confirmatory trials are war-
ranted. However, given the huge influence caused by the spread
of COVID-19 worldwide, our results may provide useful informa-
tion of treatments for this emerging disease.

FPV, which is known as a prodrug, is a novel RNA-dependent
RNA polymerase (RdRp) inhibitor, which has been shown to be
effective in the treatment of influenza and Ebola virus [8,11–15].
Recently, a report from Wang et al. [7] showed that both FPV and
remdesivir were effective in reducing the SARS-CoV-2 infection
in vitro (EC50 = 61.88 lmol!L"1, CC50 > 400 lmol!L"1, SI > 6.46).
This study highlighted FPV as a potential clinical intervention for
COVID-19.

The quasi-experimental design of the present study might have
been open to selection bias in patient recruitment. However, given
the large number of patients presenting simultaneously and the
very high infectivity of the disease, it was ethically unacceptable
to allocate patients to receive different experimental drugs, and a
randomization process was infeasible. Furthermore, in the context
of rumors and distrust of hospital isolation, using a randomized
design at the outset might have led even more patients to refuse
being isolated. Therefore, we chose to conduct a before-after
designed trial, in which patients consecutively admitted to the

Fig. 3. Kaplan–Meier survival curves for the length of time until viral clearance for
both kinds of antiviral therapy (P < 0.001).

Table 2
Chest CT changes in patients with COVID-19 after treatment.

Chest CT changes COVID-19 patients (N = 80)

FPV (N = 35) LPV/RTV (N = 45) P value

Day 4 after treatment
Improved 8 (22.86%) 8 (17.78%) —
Worse 9 (25.71%) 15 (33.33%) —
Constant 18 (51.43%) 22 (48.89%) 0.42

Day 9 after treatmenta

Improved 18 (56.25%) 16 (35.55%) —
Worse 8 (25.00%) 16 (35.55%) —
Constant 6 (18.75%) 13 (28.90%) 0.11

Day 14 after treatment
Improved 32 (91.43%) 28 (62.22%) —
Worse 1 (3.23%) 9 (20.00%) —
Constant 2 (6.45%) 8 (17.78%) 0.004

a For three patients in the FPV arm, the chest CT scan on Days 6–9 after medi-
cation was not carried out.

Fig. 4. Time of viral clearance and improving chest CT scan on Day 14 after
treatment.

Table 3
Logistic regression of changes in chest CT.

Factors Partial regression coefficient Standard error Wald P value OR OR 95%CI

Age "0.019 0.018 1.167 0.280 0.981 0.947–1.016
Antiviral therapy 1.160 0.572 4.121 0.042 3.190 1.041–9.780
Fever 1.287 0.630 4.177 0.041 3.622 1.054–12.442
Underlying diseases 0.279 0.961 0.084 0.771 1.322 0.201–8.693
Severity in baseline 21.080 40192.970 0 1.000 1.43 # 109 0"1
Constant 0.036 1.040 0.001 0.973 1.036 —

1196 Q. Cai et al. / Engineering 6 (2020) 1192–1198
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Clinical trials
P I, C O

Japan 
Investigator-initiated, 
individually randomized, 
open-label trial 
Doi, Y., et al., A 
Prospective, Randomized, 
Open-Label Trial of Early 
versus Late Favipiravir 
Therapy in Hospitalized 
Patients with COVID-19. 
Antimicrobial Agents and 
Chemotherapy, 2020. 
64(12): p. e01897-20.
55 hospitals
89 patient 

• age of 16 years or older, 
• inpatient status, 
• positive RT-PCR for SARS-

CoV-2 collected within 
14 days

• ECOG performance 
status of 0 or 1

• Exclude severe hepatic 
disease, need for 
dialysis, pregnancy 

• Early FPV use (within 6 days) • Viral clearance by day 6 was achieved in 66.7% vs 
56.1% aHR 1.42; 95% CI 0.76 to 2.62

• 30 patient who has fever on day1. Defervescence
2.1 days (95% CI, 1.421 to 2.846) in the early 
treatment group and 3.2 days (95% CI, 2.390 to 
3.918)

age !65 (8/9 [88.9%] versus 0/5 [0%]). However, there was an imbalance in the initial
viral load between the two groups despite stratified randomization (104.3 copies/ml
versus 107.7 copies/ml). The early treatment group was also more likely to achieve viral
clearance than the late treatment group for patients who were randomized !4 days
(median) after the first positive RT-PCR (HR, 2.829, 95% CI, 1.198 to 6.683).

Safety. A total of 144 adverse events were reported among the 82 patients in the
safety population, consisting of patients who received at least one dose of favipiravir.
The most common was hyperuricemia, which occurred in 69/82 (84.1%). Of 32 patients
who had serum uric acid level determined on the 16th or 28th day (early treatment
group) or on the 28th day (late treatment group), 24 patients had the level normalized
to below 7mg/dl, with the highest being 8.8 mg/dl. Other reported adverse events
included serum triglyceride elevation (9/82 [11.0%]) and serum alanine aminotransfer-
ase elevation (7/82 [8.5%]).

DISCUSSION
In this randomized clinical trial of asymptomatic to mild COVID-19 patients, there

was no significant difference in the rate of SARS-CoV-2 clearance by day 6 between

TABLE 2 Outcomes in the infected ITT and ITT populations

Population and parameter

Value for:

Effect estimate (95% CI)aEarly treatment Late treatment
Infected ITT population 36 33

Primary outcome
SARS-CoV-2 clearance by day 6, % 66.7 56.1 HR ! 1.416 (0.764–2.623)

Secondary outcomes
SARS-CoV-2 clearance by day 10, % 86.1 83.1 HR ! 1.271 (0.744–2.172)
50% logarithmic reduction in the SARS-CoV-2 viral load by day 6, % 94.4 78.8 OR ! 4.750 (0.876–25.764)
Median time until SARS-CoV-2 clearance by local RT-PCR, days 12.8 17.8 HR ! 1.416 (0.764–2.623)

Post hoc analysis
Median time until hospital discharge, days 14.0 21.5 HR ! 2.677 (1.672–4.285)

ITT population 44 44
Exploratory outcomes

Disease progression or death, %b 0.0 0.0 ND
Post hoc analysis

Median time until hospital discharge, days 14.5 20.0 HR ! 1.963 (1.331–2.894)

ITT population (only patients with fever on day 1) 16 14
Exploratory outcomes

Duration of fever of !37.5°C, days 2.1 3.2 HR ! 1.880 (0.812–4.354)
Duration of fever of !37.0°C, days 2.5 3.2 HR ! 1.428 (0.700–2.911)

aAll effect estimates were adjusted for age and days between collection of the SARS-CoV-2-positive specimen and enrollment.
bDisease progression was defined as need for mechanical ventilation or intensive care unit (ICU) admission. ND, not determined.

FIG 2 Viral clearance by day 6 among the infected intention-to-treat population. *, HR is adjusted for age
and days between collection of the SARS-CoV-2-positive specimen and enrollment.
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those who received favipiravir from day 1 and those who received it from day 6. There
was also no significant difference in the time to defervescence among patients who had
fever on day 1 using the prespecified adjusted Cox proportional hazard method, but
the P value computed by the generalized Wilcoxon test indicated statistical significance
(Fig. 3). The body temperature, adjusted for day 1, was consistently lower between days
2 and 5 in the early treatment group than in the late treatment group until they
converged on day 6, and the difference on day 2 was statistically significant. This is in
line with the observations that the difference in the viral load decrease was largest
between day 1 and day 2 and that the 50% logarithmic reduction in viral load by day
6 was numerically greater in the early treatment group, suggesting the presence of
modest antiviral activity in this setting. It has been suggested that antiviral therapy may
be more efficacious if given early in the course of COVID-19 than that in the terminal
stage of illness (7). Favipiravir, which is active in vitro against SARS-CoV-2 and can be
administered orally, is an agent which may fit this paradigm. The fact that none of the
patients in this study had progressive disease or death is reassuring. It is not clear,
however, why viral clearance in the nasopharynx by RT-PCR was less robust in this study
than in earlier studies that used formulations of favipiravir which are expected to be
equivalent to Avigan (5, 6). From a mechanistic standpoint, favipiravir is expected to
limit viral replication but may not necessarily expedite clearance of SARS-CoV-2. The
prespecified subgroup analysis indicated that a significantly higher rate of viral clear-
ance by the sixth day occurred among those whose age was !65 and had received
favipiravir. However, there was also a significant imbalance between the baseline viral
loads; thus, the finding should be interpreted with caution.

The viral loads and viral clearance in RT-PCR were key elements in this study, as they
may differ depending on the types of RT-PCR kits and reagents used. In this study, we
employed the N2 primer-probe set, which is widely carried out by one-step quantitative
RT-PCR (qRT-PCR) targeting SARS-CoV-2 for molecular diagnosis of COVID-19 in Japan
(8). The N2 set is one of the more sensitive qRT-PCR assays of the N coding region
compared with various primer-probe sets posted through the World Health Organiza-
tion (8, 9). The N2 set has no cross-reactivity with SARS-CoV or other respiratory viruses.
Thus, the N2 set has high specificity and sensitivity for SARS-CoV-2 detection and is
reliable for viral RNA quantification (8–10).

The most common adverse event associated with favipiravir is hyperuricemia (4.79%
according to the package insert), which is associated with inhibition of OAT1, OAT3, and
URAT1 by this agent (11). The incidence was much higher in this trial, at 84.1%, which
is likely due to the higher dose used than is approved of for influenza in Japan
(1,600 mg twice followed by 600 mg twice a day [b.i.d.]). There was no apparent
incremental increase in the serum uric acid level after 5 to 10 days of administration;
thus, the effect appeared to be dose dependent rather than cumulative. Hyperuricemia

FIG 3 Time to defervescence (!37.5°C) among the intention-to-treat population. Only those with
temperatures of !37.5°C on day 1 are included. *, HR is adjusted for age and days between collection
of the SARS-CoV-2-positive specimen and enrollment.

Doi et al. Antimicrobial Agents and Chemotherapy

December 2020 Volume 64 Issue 12 e01897-20 aac.asm.org 6

 on February 10, 2021 by guest
http://aac.asm

.org/
D

ow
nloaded from

 43



Clinical trials
P I, C O

Russia
Phase II/III clinical trial
Ivashchenko, A.A., et al., 
AVIFAVIR for Treatment of 
Patients with Moderate COVID-
19: Interim Results of a Phase 
II/III Multicenter Randomized 
Clinical Trial. Clin Infect Dis, 
2020.
1:1:1

• PCR-confirmed COVID-19
• >18 yo
• Non-pregnant woman 

• AVIFAVIR 1600 mg BID on Day 1 
followed by 600 mg BID on Days 2-
14 (1600/600 mg)

• AVIFAVIR 1800 mg BID on Day 1 
followed by 800 mg BID on Days 2-
14 (1800/800 mg)

• Standardof care : HCQ or CQ 75%, 
LPV/r 5%

• viral clearance in 62.5% within 4 days similar in both 
dosing regimens
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Clinical trials
P I, C O

Japan
Japanese observational study 
group

• All severity COVID-19 • more than 90 percent of cases, 
favipiravir was administered at a 
dose of 1800 mg orally on day 1 
followed by 800 mg twice daily on 
subsequent days

• median duration of therapy was 11 
days

• no control arm

• Rates of clinical improvement at 7 and 14 days/ 
mortality rate 

• Mild  73.8% and 87.8% / 5.1%
• Moderate 66.6% and 84.5%/ 12.7%
• Severe 40.1% and 60.3% /31.7%
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Clinical trials
P I, C O

Retrospective observational 
study
Rattanaumpawan, P., et al., 
Real-world Experience with 
Favipiravir for Treatment of 
COVID-19 in Thailand: Results 
from a Multicenter 
Observational Study. medRxiv, 
2020: p. 2020.06.24.20133249.

• hospitalized  adult patients 
247 COVID-19 patients, 63 
(23.0%) received 1 dose of 
favipiravir

• 27.0% required an O2-nasal 
cannula

• 9.5% required non-invasive 
ventilation and/or high-flow 
O2-therapy

• 6.4% required invasive 
mechanical ventilation 
and/or ECMO

• Median baseline NEWS2 
score was 5(0–16)

• Age 22-85 
• CKD 6.4% 
• Chronic liver disease 4.8%

• Thai CPG March-May 2020
• 1600 mg twice daily on Day 1, 

followed by 600 mg twice daily on 
Days 2–5

• ถ้า BMI ≥ 35 kg/m2
วันที่ 1: 60 mg/kg/day แบ่งให้วันละ 2 
คร้ัง 

• วันต่อมา: 20 mg/kg/day แบ่งให้วันละ 2 
คร้ัง 

• maximal loading dose of 3000 mg 
twice daily on Day 1 and a 
maintenance dose of 1200 mg 
twice daily on Days 2–9 were safely 
used in a previous Ebola study

• chloroquine-based agent (98.4%) , a 
protease inhibitor (96.8%), 
azithromycin (49.2%), steroid 
(12.7%) or tocilizumab (6.4%)

• The Day-7 clinical improvement rate
• 66.7%[53.7–78.0%] in all patients
• 92.5%[75.7%–99.1%] in patients who did not require O2-

supplementation
• 47.2%[0.4%–64.5%] in patients who required O2-

supplementation
• No life-threatening adverse events were identified

• The 28-day mortality rate was 4.8%. 

• Multivariate analysis revealed three poor prognostic 
factors for Day-7 clinical improvement 

1. older age [0.94 (0.89–0.99); p=0.04], 
2. higher baseline NEWS2 score [0.64 (0.47–0.88); p=0.006], 
3. lower favipiravir loading dose ( 45 mg/kg/day) [0.04 

(0.005–0.4); p=0.006].
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Ongoing Clinical trials
outcome

double-blind, placebo-
controlled trial
Researchers at Stanford 
Medicine in the US

outpatients Favipiravir for 2 weeks reducing symptoms and viral 
shedding

Italian Pharmaceuticals Agency 
AIFA 

Therapy for Early COVID-19
A Critical Need

While coronavirus disease 2019 (COVID-19) is pre-
dominantly self-limited, up to 20% of symptomatic in-
dividuals will progress to severe or critical disease
with clinical manifestations including pneumonia,
acute respiratory distress syndrome, multiorgan sys-
tem dysfunction, hypercoagulation, and hyperinflam-
matory manifestations. There have been more than
47 million cases of COVID-19 globally resulting in more
than 1.2 million deaths. Additionally, a growing body of
data suggests that somepatientswithCOVID-19, includ-
ing individualswithmild symptoms,will have a variably
prolonged course of recovery including fatigue, cogni-
tive impairment, and cardiopulmonary dysfunction.1

While treatment options for patients with severe dis-
ease requiring hospitalization are now available, with
corticosteroids emerging as the treatment of choice for
critically ill patients, interventions that can be adminis-
tered early during the course of infection to prevent
disease progression and longer-term complications are
urgently needed.2,3

Recent attention has been focused on the poten-
tial of early treatment for individuals with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fection at high risk for serious outcomes. Yet, there is
a noteworthy absence of treatments proven to be

efficacious for patients with early or mild infection.
Immediate benefits of such treatments include im-
provementof patient outcomesandpreventionof hos-
pitalizations. Longer-term benefits may include pre-
vention of the chronic sequelae of infection as
well as prevention of transmission by shortening
the period of infectiousness. Outpatient treatments
for COVID-19, coupled with an effective vaccine,
would have significant implications for the ability to
end this pandemic.

Recent successes in the development of effective
treatments for moderately to severely ill hospitalized
patients have been reported. The Adaptive COVID-19
Treatment Trial (ACTT), a phase 3, randomized,
placebo-controlled trial, demonstrated that the antivi-
ral agent remdesivir was effective in reducing time to
recovery in adults hospitalized with COVID-19.4 These
findings helped to support Food and Drug Administra-
tion approval for use of remdesivir in hospitalized
patients. Additionally, the RECOVERY trial, a large,

adaptive trial designed to evaluate efficacy of several
therapeutic interventions, compared with standard of
care, revealed that dexamethasone reduced mortality
in hospitalized patients requiring mechanical ventila-
tion or high-flow oxygen.5 Both remdesivir and dexa-
methasone have now been endorsed globally by mul-
tiple COVID-19 treatment guideline committees and
have led to improvements in patient outcomes among
those requiring hospitalization.

However, effective treatments for people with
mild to moderate disease have been more elusive.
Remdesivir requires daily infusions for up to 10 days4

and is not suitable for an ambulatory setting. Dexa-
methasone has not been tested in early, mild disease,
but its immune-suppressive effects could potentially
worsen clinical outcomes in this setting. Several drugs,
such as hydroxychloroquine, have failed to show effi-
cacy in rigorous clinical trials despite early uncontrolled
studies suggesting a positive effect.6 Moreover, the
risk-benefit calculus in mild to moderate disease differs
from that of severe disease. Treatments for outpatients
with mild disease must be safe with few adverse
effects, easy to administer, and scalable. Despite these
hurdles, a cadre of new treatments has now entered
the clinical development pipeline.

Several antivirals approved or in
development for other viral infections,
such as HIV, hepatitis C virus, and ebo-
laviruses, are under investigation for
early treatment of COVID-19. These
investigations have not yet yielded
clinically actionable results; however,
many trials are ongoing. Examples of

antivirals in trials for early treatment of COVID-19 are
MK-4482 (EIDD-2801), an orally bioavailable ribo-
nucleoside inhibitor that was originally developed
for influenza (NCT04575597); SNG001, a nebulized
formulation of interferon-β1a developed for viral
infections in patients with chronic obstructive pul-
monary disease (NCT04385095); and camostat
mesylate, a serine protease inhibitor approved for
treatment of chronic pancreatitis and postoperative
reflux esophagitis (NCT04353284).

Immune-modulatingdrugsarebeingextensivelyex-
amined for treatment ofmoderate to severe COVID-19.
Even though these agents are less likely tobeasbenefi-
cial as antivirals during early infection, this approach is
alsobeing explored for early,mild disease. Additionally,
approaches to prevent some of the more severe com-
plications of COVID-19 are being tested. Several clinical
trials, including the National Institutes of Health–
sponsoredACTIV-4 trial (COVID-19 PositiveOutpatient
Thrombosis Prevention Trial [NCT04498273]) are

Outpatient treatments for COVID-19,
coupled with an effective vaccine,
would have significant implications
for the ability to end this pandemic.
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Therapy for Early COVID-19
A Critical Need
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pitalizations. Longer-term benefits may include pre-
vention of the chronic sequelae of infection as
well as prevention of transmission by shortening
the period of infectiousness. Outpatient treatments
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end this pandemic.

Recent successes in the development of effective
treatments for moderately to severely ill hospitalized
patients have been reported. The Adaptive COVID-19
Treatment Trial (ACTT), a phase 3, randomized,
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Benefit of early effective treatment 
• improvement of patient outcomes 
• prevention of hospitalizations
• prevention of the chronic sequelae of infection 
• prevention of transmission by shortening the period 

of infectiousness.

Kim, P.S., S.W. Read, and A.S. Fauci, Therapy for Early COVID-19: A Critical Need. JAMA, 2020. 324(21): p. 2149-2150.
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Dosage regimen

ผู้ใหญ่
วันท่ี 1: 1800 mg (9 เม็ด) วันละ 2 คร้ัง 
วันต่อมา: 800 mg (4 เม็ด) วันละ 2 คร้ัง 
ถ้านํ้าหนักตัว >90 กิโลกรัม
วันท่ี 1: 2,400 mg (12 เม็ด) วันละ 2 คร้ัง 
วันต่อมา: 1,000 mg (5 เม็ด) วันละ 2 คร้ัง 

Thai Gl 28 Jan 2021
ผู้ใหญ่
วันท่ี 1: 1600 mg (8 เม็ด) วันละ 2 คร้ัง 
วันต่อมา: 600 mg (3 เม็ด) วันละ 2 คร้ัง 
ถ้า BMI ≥ 35 kg/m2

วันท่ี 1: 60 mg/kg/day แบ่งให้วันละ 2 คร้ัง 
วันต่อมา: 20 mg/kg/day แบ่งให้วันละ 2 คร้ัง 

Thai Gl 7 Dec 2020

เด็ก
วันท่ี 1: 30 mg/kg/dose วันละ 2 คร้ัง
วันต่อมา: 10 mg/kg/dose วันละ 2 คร้ัง

เด็ก
วันท่ี 1: 60 mg/kg/dose วันละ 2 คร้ัง
วันต่อมา: 20 mg/kg/dose วันละ 2 คร้ัง
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Dosage regimen
• Ebola dose based on preclinical 

studies showing the target 
concentrations needed to inhibit 
the Ebola virus EC50: 67 mM (JIKI 
trial the predicted target 
concentrations could not be 
achieved when PK studies)
• Influenza EC50: 0.48 mM
• SARS-CoV-2 EC50: 61.88
• it is difficult to ascertain the basis 

on which the current dose 

J. Clin. Med. 2021, 10, 273 3 of 16

Table 1. Favipiravir (FPV) dosing regimens used in various viral infections in humans presented in the best documented clinical trials.

Type of Viral Diseases FPV Dosage References

Treatment of uncomplicated influenza
Studies before drug registration

Low-dose regimen:
Day 1: 2000 mg (1000 mg twice a day)
Day 2–5: 800 mg (400 mg twice a day)

High-dose regimen:
Day 1: 2400 mg (1200 mg twice a day)

Day 2–5: 1600 mg (800 mg twice a day)

[20]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–5: 1600 mg (800 mg twice a day) [21]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–5: 1600 mg (800 mg twice a day) [22]

The approved FPV dose for influenza in Japan Day 1: 3200 mg (1600 mg twice a day)
Day 2–5: 1200 mg (600 mg twice a day) [19]

Treatment of severe influenza patients
(combination therapy FPV and oseltamivir)

Day 1: 3200 mg (1600 mg twice a day)
Day 2–5: 1200 mg (600 mg twice a day) [23]

Treatment of Ebola virus disease (EVD)

Adults:
Day 1: 6000 mg ((first dose: 2400 mg; second dose (8 h
after the first dose): 2400 mg; third dose (8 h after the

second dose) 1200 mg.
Day 2–10: 2400 mg (1200 mg twice a day)

Children:
The dose was adapted according to body weight

[24]

Day 1: 1600 mg (800 mg twice a day)
Subsequent days, ranging from 3 to 11 days: 1200 mg

(600 mg twice a day) until discharge, transfer, or death
[25]

Treatment of COVID-19 patients

Day 1: 3200 mg (1600 mg twice a day)
Day 2–10: 1200 mg (600 mg twice a day) [26]

Day 1: 3200 mg (1600 mg twice a day)
Day 2–14: 1200 mg (600 mg twice a day) plus interferon

(IFN)-↵ by aerosol inhalation twice daily
[27]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–14: 1600 mg (800 mg twice a day) plus standard

supportive care
[28]

Day 1: 3600 mg (1800 mg twice a day)
Day 2 for a total of up to 19 doses over 10 days; 1600 mg

(800 mg twice a day)
[29]

The first dose was 1600 mg or 2200 mg orally, followed
by 600 mg each time, three times a day, and the duration

of administration was not more than 14 days.
[30]

Day 1: 3200 mg (1600 mg twice a day)
Day 2–14: 1200 mg (600 mg twice a day) or

Day 1: 3600 mg (1800 mg twice a day)
Day 2–14: 1600 mg (800 mg twice a day)

[31]

In 2016, Fujifilm licensed FPV to Zhejiang Hisun Pharmaceutical Co. of China (Shang-
hai, China). It became a generic drug in 2019, allowing the company to produce it in China.
In 2019, the patent of the compound of this agent expired, and it became a generic drug
that other manufacturers could produce.

4. Absorption, Distribution, and Route of Elimination
FPV has complex, nonlinear, time, dose, and weight-dependent pharmacokinetics [3,19,32].

Phase III clinical trials showed that FPV is both metabolized by and inhibits aldehyde
oxidase (AO), so an initial oral loading is required to obtain adequate blood levels [3,33].

Agrawal U, et al. Med J Armed Forces India. 2020 Oct; 76(4): 370–376.
Łagocka R, et al. J Clin Med. 2021 Jan 13;10(2):273.
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Table 1. Favipiravir (FPV) dosing regimens used in various viral infections in humans presented in the best documented clinical trials.

Type of Viral Diseases FPV Dosage References

Treatment of uncomplicated influenza
Studies before drug registration

Low-dose regimen:
Day 1: 2000 mg (1000 mg twice a day)
Day 2–5: 800 mg (400 mg twice a day)

High-dose regimen:
Day 1: 2400 mg (1200 mg twice a day)

Day 2–5: 1600 mg (800 mg twice a day)

[20]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–5: 1600 mg (800 mg twice a day) [21]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–5: 1600 mg (800 mg twice a day) [22]

The approved FPV dose for influenza in Japan Day 1: 3200 mg (1600 mg twice a day)
Day 2–5: 1200 mg (600 mg twice a day) [19]

Treatment of severe influenza patients
(combination therapy FPV and oseltamivir)

Day 1: 3200 mg (1600 mg twice a day)
Day 2–5: 1200 mg (600 mg twice a day) [23]

Treatment of Ebola virus disease (EVD)

Adults:
Day 1: 6000 mg ((first dose: 2400 mg; second dose (8 h
after the first dose): 2400 mg; third dose (8 h after the

second dose) 1200 mg.
Day 2–10: 2400 mg (1200 mg twice a day)

Children:
The dose was adapted according to body weight

[24]

Day 1: 1600 mg (800 mg twice a day)
Subsequent days, ranging from 3 to 11 days: 1200 mg

(600 mg twice a day) until discharge, transfer, or death
[25]

Treatment of COVID-19 patients

Day 1: 3200 mg (1600 mg twice a day)
Day 2–10: 1200 mg (600 mg twice a day) [26]

Day 1: 3200 mg (1600 mg twice a day)
Day 2–14: 1200 mg (600 mg twice a day) plus interferon

(IFN)-↵ by aerosol inhalation twice daily
[27]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–14: 1600 mg (800 mg twice a day) plus standard

supportive care
[28]

Day 1: 3600 mg (1800 mg twice a day)
Day 2 for a total of up to 19 doses over 10 days; 1600 mg

(800 mg twice a day)
[29]

The first dose was 1600 mg or 2200 mg orally, followed
by 600 mg each time, three times a day, and the duration

of administration was not more than 14 days.
[30]

Day 1: 3200 mg (1600 mg twice a day)
Day 2–14: 1200 mg (600 mg twice a day) or

Day 1: 3600 mg (1800 mg twice a day)
Day 2–14: 1600 mg (800 mg twice a day)

[31]

In 2016, Fujifilm licensed FPV to Zhejiang Hisun Pharmaceutical Co. of China (Shang-
hai, China). It became a generic drug in 2019, allowing the company to produce it in China.
In 2019, the patent of the compound of this agent expired, and it became a generic drug
that other manufacturers could produce.

4. Absorption, Distribution, and Route of Elimination
FPV has complex, nonlinear, time, dose, and weight-dependent pharmacokinetics [3,19,32].

Phase III clinical trials showed that FPV is both metabolized by and inhibits aldehyde
oxidase (AO), so an initial oral loading is required to obtain adequate blood levels [3,33].

Agrawal U, et al. Med J Armed Forces India. 2020 Oct; 76(4): 370–376.
Łagocka R, et al. J Clin Med. 2021 Jan 13;10(2):273.
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Table 1. Favipiravir (FPV) dosing regimens used in various viral infections in humans presented in the best documented clinical trials.

Type of Viral Diseases FPV Dosage References

Treatment of uncomplicated influenza
Studies before drug registration

Low-dose regimen:
Day 1: 2000 mg (1000 mg twice a day)
Day 2–5: 800 mg (400 mg twice a day)

High-dose regimen:
Day 1: 2400 mg (1200 mg twice a day)

Day 2–5: 1600 mg (800 mg twice a day)

[20]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–5: 1600 mg (800 mg twice a day) [21]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–5: 1600 mg (800 mg twice a day) [22]

The approved FPV dose for influenza in Japan Day 1: 3200 mg (1600 mg twice a day)
Day 2–5: 1200 mg (600 mg twice a day) [19]

Treatment of severe influenza patients
(combination therapy FPV and oseltamivir)

Day 1: 3200 mg (1600 mg twice a day)
Day 2–5: 1200 mg (600 mg twice a day) [23]

Treatment of Ebola virus disease (EVD)

Adults:
Day 1: 6000 mg ((first dose: 2400 mg; second dose (8 h
after the first dose): 2400 mg; third dose (8 h after the

second dose) 1200 mg.
Day 2–10: 2400 mg (1200 mg twice a day)

Children:
The dose was adapted according to body weight

[24]

Day 1: 1600 mg (800 mg twice a day)
Subsequent days, ranging from 3 to 11 days: 1200 mg

(600 mg twice a day) until discharge, transfer, or death
[25]

Treatment of COVID-19 patients

Day 1: 3200 mg (1600 mg twice a day)
Day 2–10: 1200 mg (600 mg twice a day) [26]

Day 1: 3200 mg (1600 mg twice a day)
Day 2–14: 1200 mg (600 mg twice a day) plus interferon

(IFN)-↵ by aerosol inhalation twice daily
[27]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–14: 1600 mg (800 mg twice a day) plus standard

supportive care
[28]

Day 1: 3600 mg (1800 mg twice a day)
Day 2 for a total of up to 19 doses over 10 days; 1600 mg

(800 mg twice a day)
[29]

The first dose was 1600 mg or 2200 mg orally, followed
by 600 mg each time, three times a day, and the duration

of administration was not more than 14 days.
[30]

Day 1: 3200 mg (1600 mg twice a day)
Day 2–14: 1200 mg (600 mg twice a day) or

Day 1: 3600 mg (1800 mg twice a day)
Day 2–14: 1600 mg (800 mg twice a day)

[31]

In 2016, Fujifilm licensed FPV to Zhejiang Hisun Pharmaceutical Co. of China (Shang-
hai, China). It became a generic drug in 2019, allowing the company to produce it in China.
In 2019, the patent of the compound of this agent expired, and it became a generic drug
that other manufacturers could produce.

4. Absorption, Distribution, and Route of Elimination
FPV has complex, nonlinear, time, dose, and weight-dependent pharmacokinetics [3,19,32].

Phase III clinical trials showed that FPV is both metabolized by and inhibits aldehyde
oxidase (AO), so an initial oral loading is required to obtain adequate blood levels [3,33].
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Type of Viral Diseases FPV Dosage References

Treatment of uncomplicated influenza
Studies before drug registration

Low-dose regimen:
Day 1: 2000 mg (1000 mg twice a day)
Day 2–5: 800 mg (400 mg twice a day)

High-dose regimen:
Day 1: 2400 mg (1200 mg twice a day)

Day 2–5: 1600 mg (800 mg twice a day)

[20]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–5: 1600 mg (800 mg twice a day) [21]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–5: 1600 mg (800 mg twice a day) [22]

The approved FPV dose for influenza in Japan Day 1: 3200 mg (1600 mg twice a day)
Day 2–5: 1200 mg (600 mg twice a day) [19]

Treatment of severe influenza patients
(combination therapy FPV and oseltamivir)

Day 1: 3200 mg (1600 mg twice a day)
Day 2–5: 1200 mg (600 mg twice a day) [23]

Treatment of Ebola virus disease (EVD)

Adults:
Day 1: 6000 mg ((first dose: 2400 mg; second dose (8 h
after the first dose): 2400 mg; third dose (8 h after the

second dose) 1200 mg.
Day 2–10: 2400 mg (1200 mg twice a day)

Children:
The dose was adapted according to body weight

[24]

Day 1: 1600 mg (800 mg twice a day)
Subsequent days, ranging from 3 to 11 days: 1200 mg

(600 mg twice a day) until discharge, transfer, or death
[25]

Treatment of COVID-19 patients

Day 1: 3200 mg (1600 mg twice a day)
Day 2–10: 1200 mg (600 mg twice a day) [26]

Day 1: 3200 mg (1600 mg twice a day)
Day 2–14: 1200 mg (600 mg twice a day) plus interferon

(IFN)-↵ by aerosol inhalation twice daily
[27]

Day 1: 3600 mg (1800 mg twice a day)
Day 2–14: 1600 mg (800 mg twice a day) plus standard

supportive care
[28]

Day 1: 3600 mg (1800 mg twice a day)
Day 2 for a total of up to 19 doses over 10 days; 1600 mg

(800 mg twice a day)
[29]

The first dose was 1600 mg or 2200 mg orally, followed
by 600 mg each time, three times a day, and the duration

of administration was not more than 14 days.
[30]

Day 1: 3200 mg (1600 mg twice a day)
Day 2–14: 1200 mg (600 mg twice a day) or

Day 1: 3600 mg (1800 mg twice a day)
Day 2–14: 1600 mg (800 mg twice a day)

[31]

In 2016, Fujifilm licensed FPV to Zhejiang Hisun Pharmaceutical Co. of China (Shang-
hai, China). It became a generic drug in 2019, allowing the company to produce it in China.
In 2019, the patent of the compound of this agent expired, and it became a generic drug
that other manufacturers could produce.

4. Absorption, Distribution, and Route of Elimination
FPV has complex, nonlinear, time, dose, and weight-dependent pharmacokinetics [3,19,32].

Phase III clinical trials showed that FPV is both metabolized by and inhibits aldehyde
oxidase (AO), so an initial oral loading is required to obtain adequate blood levels [3,33].
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•Favipiravir (Toyama Chemical, 200-mg 
tablets that can be crushed and mixed 
with liquid) was given orally. 
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Critically Ill Patients
• P : Critically ill patients with PCR confirmed COVID-19 who were 

admitted to the ICU on mechanical ventilation and administered FPV 
tablets
• 1,600 mg of FPV twice on day 1, followed by 600 mg twice daily from 

day 2 to day 5
• The suspensions were prepared by dissolving FPV tablets in water at 

55°C. The administration procedure was followed as instructed by the 
manufacturer and stability was confirmed.
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Pharmacokinetics of FPV in Severe COVID-19
Irie et al.

A pharmacokinetic (PK) study of FPV in healthy subjects 
and few influenza patients was conducted during drug de-
velopment.9 However, little is known about the PKs of FPV in 
critically ill patients admitted to ICUs and requiring invasive 
oxygenation. In ICU patients, PKs are dramatically changed 
owing to increased cardiac output, capillary leak, renal and 
hepatic clearance, and altered protein binding properties.10

The PK study of FPV in critically ill patients would support 
the efficacy and safety of the drug for treating COVID-19. 
Therefore, in this study, we evaluated the PK of FPV in pa-
tients with COVID-19 who were admitted to the ICU and 
placed on mechanical ventilation.

METHODS
Patients
Critically ill patients with COVID-19 who were admitted to 
the ICU on mechanical ventilation and administered FPV 
tablets (AVIGAN tablet 200 mg; Toyama Chemical, Tokyo, 
Japan) between March 19, 2020, and April 16, 2020, in 
Kobe City Medical Center General Hospital were eligible for 
this observational study. FPV was not approved for treat-
ment of COVID-19 in Japan, and the efficacy and dosage 
were not established. Therefore, FPV was administered on 

a compassionate-use basis to the patients included in this 
study. Demographic and clinical characteristics, including 
age, sex, body mass index, aspartate aminotransferase, 
alanine aminotransferase, serum creatinine, comorbidities, 
other drugs for COVID-19, comedications, possible adverse 
drug reactions of FPV, and clinical status after starting FPV 
treatment were investigated. This study was conducted in 
accordance with the Declaration of Helsinki and approved 
by the Ethics Committee of the Kobe City Medical Center 
General Hospital (Approval number: Zn200418, Approval 
date: March 31, 2020). All study participants or their families 
provided informed consent.

FPV administration
According to the dosage indicated for influenza, patients 
were administered 16,00 mg of FPV twice on day 1, fol-
lowed by 600 mg twice daily from day 2 to day 5 (or more 
if needed). Patients on mechanical ventilation while in the 
ICU were administered suspensions of FPV tablets through 
nasogastric tubes. The suspensions were prepared by dis-
solving FPV tablets in water at 55°C. The administration 
procedure was followed as instructed by the manufacturer 
and stability was confirmed.

Table 1 Patients’ baseline characteristics before initiation of FPV and treatment outcome

Age Sex BMI

Time after COVID-
19 diagnosis/

Hospitalization/ICU 
admission (days)a Comorbidities

Other 
drugs for 
COVID-19

AST 
(IU)

ALT 
(IU)

SCr (mg/
dL)

Patient 1 78 Female 25.1 7/7/6 Chronic subdural hematoma, 
uterine fibroid

Ciclesonide 
inhaler

34 30 0.48

Patient 2 75 Male NE 7/8/8 Hypertension, hyperlipidemia, 
benign prostatic hyperplasia, 

gout

Ciclesonide 
inhaler

41 37 0.92

Patient 3 75 Female NE 10/9/9 Parkinson’s disease, 
hypertension

Ciclesonide 
inhaler

58 51 1.26

Patient 4 76 Male 19.0 6/2/−1 Hypertension, prostate cancer, 
primary biliary cholangitis

– 65 30 0.52

Patient 5 66 Male 27.6 1/0/−1 Type 2 diabetes mellitus – 91 53 1.22

Patient 6 41 Male 29.9 0/1/1 – – 85 69 1.01

Patient 7 66 Male NE 0/0/0 Type 2 diabetes mellitus, 
hyperuricemia

– 64 19 1.47

Clinical status after starting FPV with body temperature and PaO2/FiO2

Day 1 Day 2 Day 3 Day 4 Day 5 Day 7 Day 14

6 (37.4°C, 150)b 6 (37.7°C, 169) 6 (37.1°C, 193) 6 (37.7°C, 231) 4 (37.7°C, 299) 4 (36.9°C, 254) 3 (36.7°C, NE)

6 (38.0°C, 171) 6 (37.9°C, 166) 6 (37.0°C, 164) 6 (37.4°C, 175) 6 (38.4°C, 210) 6 (38.5°C, 201) 6 (37.6°C, 277)

6 (39.0°C, 134) 6 (38.7°C, 156) 6 (39.2°C, 178) 6 (38.9°C, 169) 6 (38.1°C, 154) 6 (37.7°C, 150) 6 (36.8°C, 150)

4 (39.5°C, 143) 6 (38.9°C, 190) 6 (38.5°C, 227) 6 (38.6°C, 214) 6 (39.2°C, 196) 6 (38.5°C, 264) 3 (36.6°C, NE)

4 (39.2°C, 115) 6 (39.3°C, 152) 6 (39.7°C, 140) 6 (38.7°C, 178) 6 (39.0°C, 235) 6 (39.7°C, 113) 6 (38.4°C, 198)

6 (38.6°C, 89) 6 (38.2°C, 210) 6 (38.9°C, 134) 6 (39.5°C, 74) 6 (39.8°C, 77) 6 (38.6°C, 124) 4 (37.4°C, 214)

6 (38.8°C, 113) 6 (39.8°C, 130) 6 (39.2°C, 99) 6 (38.2°C, 124) 6 (38.3°C, 109) 6 (38.0°C, 106) 6 (40.0°C, 232)

Clinical status (seven-category ordinal scale); (1) non-hospitalization, no limitation of activities; (2) non-hospitalization, limitation of activities; (3) hospitaliza-
tion, not-required oxygen; (4) hospitalization, required oxygen by mask or nasal prongs; (5) hospitalization, required noninvasive ventilation and/or high-flow 
oxygen; (6) hospitalization, required oxygen (invasive) and/or extracorporeal membrane oxygenation; and (7) death.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; COVID-19, coronavirus disease 2019; FPV, favipiravir; NE, not evalu-
ated; SCr, serum creatinine.
aDays from COVID-19 diagnosis, Hospitalization, or admission to intensive care unit up to FPV initiation.
bBest score of clinical status (highest body temperature, lowest PaO2/FiO2) at each day.
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A pharmacokinetic (PK) study of FPV in healthy subjects 
and few influenza patients was conducted during drug de-
velopment.9 However, little is known about the PKs of FPV in 
critically ill patients admitted to ICUs and requiring invasive 
oxygenation. In ICU patients, PKs are dramatically changed 
owing to increased cardiac output, capillary leak, renal and 
hepatic clearance, and altered protein binding properties.10

The PK study of FPV in critically ill patients would support 
the efficacy and safety of the drug for treating COVID-19. 
Therefore, in this study, we evaluated the PK of FPV in pa-
tients with COVID-19 who were admitted to the ICU and 
placed on mechanical ventilation.

METHODS
Patients
Critically ill patients with COVID-19 who were admitted to 
the ICU on mechanical ventilation and administered FPV 
tablets (AVIGAN tablet 200 mg; Toyama Chemical, Tokyo, 
Japan) between March 19, 2020, and April 16, 2020, in 
Kobe City Medical Center General Hospital were eligible for 
this observational study. FPV was not approved for treat-
ment of COVID-19 in Japan, and the efficacy and dosage 
were not established. Therefore, FPV was administered on 

a compassionate-use basis to the patients included in this 
study. Demographic and clinical characteristics, including 
age, sex, body mass index, aspartate aminotransferase, 
alanine aminotransferase, serum creatinine, comorbidities, 
other drugs for COVID-19, comedications, possible adverse 
drug reactions of FPV, and clinical status after starting FPV 
treatment were investigated. This study was conducted in 
accordance with the Declaration of Helsinki and approved 
by the Ethics Committee of the Kobe City Medical Center 
General Hospital (Approval number: Zn200418, Approval 
date: March 31, 2020). All study participants or their families 
provided informed consent.

FPV administration
According to the dosage indicated for influenza, patients 
were administered 16,00 mg of FPV twice on day 1, fol-
lowed by 600 mg twice daily from day 2 to day 5 (or more 
if needed). Patients on mechanical ventilation while in the 
ICU were administered suspensions of FPV tablets through 
nasogastric tubes. The suspensions were prepared by dis-
solving FPV tablets in water at 55°C. The administration 
procedure was followed as instructed by the manufacturer 
and stability was confirmed.

Table 1 Patients’ baseline characteristics before initiation of FPV and treatment outcome

Age Sex BMI

Time after COVID-
19 diagnosis/

Hospitalization/ICU 
admission (days)a Comorbidities

Other 
drugs for 
COVID-19

AST 
(IU)

ALT 
(IU)

SCr (mg/
dL)

Patient 1 78 Female 25.1 7/7/6 Chronic subdural hematoma, 
uterine fibroid

Ciclesonide 
inhaler

34 30 0.48

Patient 2 75 Male NE 7/8/8 Hypertension, hyperlipidemia, 
benign prostatic hyperplasia, 

gout

Ciclesonide 
inhaler

41 37 0.92

Patient 3 75 Female NE 10/9/9 Parkinson’s disease, 
hypertension

Ciclesonide 
inhaler

58 51 1.26

Patient 4 76 Male 19.0 6/2/−1 Hypertension, prostate cancer, 
primary biliary cholangitis

– 65 30 0.52

Patient 5 66 Male 27.6 1/0/−1 Type 2 diabetes mellitus – 91 53 1.22

Patient 6 41 Male 29.9 0/1/1 – – 85 69 1.01

Patient 7 66 Male NE 0/0/0 Type 2 diabetes mellitus, 
hyperuricemia

– 64 19 1.47

Clinical status after starting FPV with body temperature and PaO2/FiO2

Day 1 Day 2 Day 3 Day 4 Day 5 Day 7 Day 14

6 (37.4°C, 150)b 6 (37.7°C, 169) 6 (37.1°C, 193) 6 (37.7°C, 231) 4 (37.7°C, 299) 4 (36.9°C, 254) 3 (36.7°C, NE)

6 (38.0°C, 171) 6 (37.9°C, 166) 6 (37.0°C, 164) 6 (37.4°C, 175) 6 (38.4°C, 210) 6 (38.5°C, 201) 6 (37.6°C, 277)

6 (39.0°C, 134) 6 (38.7°C, 156) 6 (39.2°C, 178) 6 (38.9°C, 169) 6 (38.1°C, 154) 6 (37.7°C, 150) 6 (36.8°C, 150)

4 (39.5°C, 143) 6 (38.9°C, 190) 6 (38.5°C, 227) 6 (38.6°C, 214) 6 (39.2°C, 196) 6 (38.5°C, 264) 3 (36.6°C, NE)

4 (39.2°C, 115) 6 (39.3°C, 152) 6 (39.7°C, 140) 6 (38.7°C, 178) 6 (39.0°C, 235) 6 (39.7°C, 113) 6 (38.4°C, 198)

6 (38.6°C, 89) 6 (38.2°C, 210) 6 (38.9°C, 134) 6 (39.5°C, 74) 6 (39.8°C, 77) 6 (38.6°C, 124) 4 (37.4°C, 214)

6 (38.8°C, 113) 6 (39.8°C, 130) 6 (39.2°C, 99) 6 (38.2°C, 124) 6 (38.3°C, 109) 6 (38.0°C, 106) 6 (40.0°C, 232)

Clinical status (seven-category ordinal scale); (1) non-hospitalization, no limitation of activities; (2) non-hospitalization, limitation of activities; (3) hospitaliza-
tion, not-required oxygen; (4) hospitalization, required oxygen by mask or nasal prongs; (5) hospitalization, required noninvasive ventilation and/or high-flow 
oxygen; (6) hospitalization, required oxygen (invasive) and/or extracorporeal membrane oxygenation; and (7) death.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; COVID-19, coronavirus disease 2019; FPV, favipiravir; NE, not evalu-
ated; SCr, serum creatinine.
aDays from COVID-19 diagnosis, Hospitalization, or admission to intensive care unit up to FPV initiation.
bBest score of clinical status (highest body temperature, lowest PaO2/FiO2) at each day.

55Irie K, et al. Clin Transl Sci. 2020 Sep;13(5):880-885. 



• FPV trough (after 12 hours) concentration in healthy subjects was 20–60 μg/mL 
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Table 2 Favipiravir serum concentration in severely ill patients with COVID-19

FPV concentration, µg/mL

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

1,600 mg 1,600 mg 600 mg 600 mg 600 mg 600 mg 600 mg 600 mg 600 mg 600 mg 600 mg
600  
mg 600 mg

600  
mg 600 mg

600  
mg 600 mg

600  
mg

600  
mg

600  
mg

Patient 1 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 2.7 NA NA NA

(8 hours) (11 hours) (11 hours) (12 hours) (10 hours) (11 hours) (10 hours)

Patient 2 2.5 1.2 < 1.0 < 1.0 < 1.0 NA NA NA NA NA

(8 hours) (12 hours) (11 hours) (11 hours) (9 hours)

Patient 3 3.9 5.5 1.7 2.4 3 NA NA NA NA NA

(10 hours) (12 hours) (11 hours) (10 hours) (9 hours)

Patient 
4a

45.6, 38.8, 
34.0

17.4, 16.8 8.8 5.3 2.4 NA NA NA NA NA

(8, 9, 
10 hours)

(10, 
10.3 hours)

(13 hours) (9 hours) (11 hours)

Patient 
5a

41.6 25.8 5.6 < 1.0 2.8, < 1.0 < 1.0 NA NA NA NA NA

(6 hours) (6 hours) (11 hours) (11 hours) (5, 
11 hours)

(10 hours)

Patient 6 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0

(12 hours) (11 hours) (11 hours) (11 hours) (11 hours) (11 hours) (12 hours) (10 hours) (12 hours) (12 hours)

Patient 7 < 1.0 23 3 < 1.0 < 1.0, < 1.0 < 1.0 NA NA NA NA NA

(1 hours) (9 hours) (12 hours) (10 hours) (10, 
12 hours)

(11 hours)

() indicates blood sampling time after administration.
COVID-19, coronavirus disease 2019; FPV, favipiravir; NA, not applicable.
aFPV (1,600 mg) was taken twice orally on day 1.

half-maximal effective concentration (9.7 µg/mL) 56
Irie K, et al. Clin Transl Sci. 2020 Sep;13(5):880-885. 



Critically Ill Patients
• Outcome 
• 1 of 7 patients (14.3%) showed improvement and was weaned from mechanical 

ventilation 7 days after starting FPV. 
• 3 of 7 patients (42.9%) improved and were weaned from mechanical ventilation 

after 14 days 
• 2 patients (28.6%) did not require oxygenation after 14 days. 
• Mild aspartate aminotransferase increase was observed in patient 5 as an adverse 

event related to FPV, but multiple other drugs were suspected to cause this 
event.

57Irie K, et al. Clin Transl Sci. 2020 Sep;13(5):880-885. 



Renal dysfunction 
• In the global phase III study, no patients with eGFR < 30 mL/min were included
• No PK data about the group of patients with eGFR 50–80 mL/ min
• CKD : no data , Plasma concentrations are increased around 1.3-2.5 fold in patients with renal 

insufficiency 
• Phase III trial (not COVID-19) rate of ADR 43.4% in mild renal impairment, 30.3% normal renal function

• ESRD : no data possibility of adverse events caused by accumulation of M1 should be considered, 
favipiravir increases uric acid levels in urine, which should be further investigated in patients with 
renal impairment 
• PD : no data

Kodhi E, et al. CEN Case Rep. 2021 Feb; 10(1): 126–131 58

Marra, F., Smolders, E.J., El-Sherif, O. et al. Recommendations for Dosing of Repurposed COVID-19 Medications in Patients 
with Renal and Hepatic Impairment. Drugs R D (2020).



Renal dysfunction 
• IHD : clinical data is lacking regarding clearance by dialysis. 
• molecular weight 157 Da
• PB 54% 
• Vd ~20 L
• >>>suggesting that dialysis would eliminate 
• case report 1 : 3600 mg loading dose followed by 1600 mg administered orally 

daily in two divided doses >> effective, no documented side effect 

Kodhi E, et al. CEN Case Rep. 2021 Feb; 10(1): 126–13159



Renal dysfunction 
• Case report 2 
• A 72-year-old man, IHD 2-3
• half-maximal effective 

concentration of favipiravir
against SARS-CoV-2 infection 
is 9.7 μg/mL, but blood 
concentrations after day 9 
were all below this level 
• sudden clinical deterioration 

and died

Supplementary Material
Supplementary File (PDF)
Item S1: Methods for administration of favipiravir and measurement
of blood concentration.
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Corticosteroids and COVID-19: What
Could Be the Best Bet in Treating Active
Glomerular Diseases in Patients With
Concomitant Early COVID-19?
To the Editor:

Patients with early mild or asymptomatic coronavirus
disease 2019 (COVID-19) who require intense immu-
nosuppression for underlying immune-mediated diseases
pose a dilemma to physicians. In severe COVID-19, or-
gan salvaging measures may not seem a top priority.
However, because 80% of COVID-19 illnesses are mild,
lasting about a week, starting or delaying intense
immunosuppression in early mild COVID-19 and active
glomerular diseases should be based on informed deci-
sion making.

Corticosteroids, often at high doses, remain the
cornerstone of treating most glomerular diseases. Use of
high-dose (≥1 mg/kg per day) but not low-dose (<1 mg/
kg per day) corticosteroids (methylprednisolone or
equivalent) was found to result in prolonged viral shed-
ding (with possible increased hospital stay)1 and increased
risk for mortality2 in patients with COVID-19. The RE-
COVERY trial3 found low-dose corticosteroid treatment (6
mg of dexamethasone) for up to 10 days to be beneficial
among hospitalized patients with severe or critical COVID-
19. However, the long-term effect of corticosteroids or
longer duration of corticosteroid treatment on outcomes of
patients with COVID-19 is currently unknown.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
0.0 0.0 0.0 0.0 48 52 8.0 23 5.1 5.1 5.7 6.8 6.4 4.5 2.5 5.8 3.0
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Figure 1. Blood concentrations of favipiravir. Hemodialysis was performed on days 3, 6, 11, 13, and 17. Abbreviation: PCR, poly-
merase chain reaction.
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hemodialysis and peritoneal dialysis available, respectively. Both 
dialysis modalities contributed less e!ect on lopinavir/ritonavir 
and azithromycin removal (17, 18). Although chloroquine and 
hydroxychloroquine are not potentially excreted via CRRT due 
to high Vd, there was only one pharmacokinetic study of chloro-
quine in hemodialysis patients published. Chloroquine hemodial-
ysis clearance was only 14.5% compared with total body clearance 
in normal patients (19). We suggest no dosage adaptation required 

in lopinavir/ritonavir, azithromycin, chloroquine, and hydroxy-
chloroquine for patients receiving CRRT. Potential antiviral dos-
ing adaptation during CRRT was suggested in Table 2.

PATIENTS RECEIVING ECMO
"e ECMO circuits have large surface areas due to membrane 
oxygenator, conduit tubing, and other circuit components. Drugs 

can be bound into membrane sur-
faces and consequently increasing 
Vd (14, 22). Furthermore, hemodilu-
tion from a large volume of priming 
#uid and physiologic changes related 
to severe illness can also increase Vd. 
"ese factors may decrease drug con-
centrations (14, 22). Generally, the 
drug lipophilicity is de$ned by logP. 
Drugs with higher logP values confer 
higher lipophilicity. Lipophilic drugs 
tend to be bound in the ECMO cir-
cuits comparing with hydrophilic 
agents due to the higher solubility in 
the circuit. In addition, drugs with 
the high PB are lost in the circuit 
due to drug sequestration despite 
similar lipophilicity. "erefore, the 
lipophilicity and PB are mainly con-
sidered for dosage adjustment dur-
ing ECMO therapy (14). Applying 

TABLE 2. Drug Dosing Suggestions of Selected Antiviral Agents of Coronavirus Disease 2019 
Infection Treatment for Critically Ill Patients Receiving Continuous Renal Replacement 
Therapy and Extracorporeal Membrane Oxygenation

Drugs
Literature-Based Dosing  

Regimens (2, 20, 21) CRRT 
Extracorporeal Membrane  

Oxygenation 

Azithromycin 500 mg on day 1 followed by 
250 mg/d for the next 4 d

No dosage adjustment necessary No dosage adjustment necessary

Chloroquine 500 mg q 12 hr × 7 d No dosage adjustment necessary Increased dosage may be required

Darunavir 600 mg q 12 hr with ritonavir No dosage adjustment necessary Increased dosage may be required and 
may increase up to 800 mg q 12 hr

Dexamethasone 6 mg daily × 10 d May increase daily dose by 110% Increased dosage may be required

Favipiravir 1,600 mg q 12 hr on day 1 followed  
by 600 mg q 12 hr × 7–10 d

No dosage adjustment necessary  
and may increase when high  
volume CRRT is required

No dosage adjustment necessary

Hydroxychloroquine 400 mg q 12 hr on day 1 followed by 
200 mg q 12 hr × 5 d or 200 mg q 
8 hr × 10 d

No dosage adjustment necessary Increased dosage may be required

Lopinavir 400 mg q 12 hr × 14 d with ritonavir No dosage adjustment necessary Increased dosage may be required

Remdesivir 200 mg IV loading dose, then  
100 mg IV daily for 5–10 d

No dosage adjustment necessary  
and may increase when high  
volume CRRT is required

Increased dosage may be required

Ritonavir 100 mg q 12 hr × 14 d No dosage adjustment necessary Increased dosage may be required

CRRT = continuous renal replacement therapy.

Figure 1. Probability of drug removal via extracorporeal therapy based on physicochemical properties and 
pharmacokinetic variables. CRRT = continuous renal replacement therapy, ECMO = extracorporeal membrane 
oxygenation, MW = molecular weight, PB = protein binding, Vd = volume of distribution.

Chaijamorn, W., et al., Antiviral Dosing Modification for Coronavirus Disease 2019–Infected Patients Receiving Extracorporeal Therapy. Critical Care 
Explorations, 2020. 2(10): p. e0242.
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Case report

A 62-year-old man (weight 67 kg, body mass index 
23.2 kg/m2) was transferred to the ICU of the Univer-
sity Medical Center Utrecht suffering from respiratory 
insuf!ciency due to a severe community acquired pneu-
monia. The patient had been admitted to a general ward 
for 2 days with a fever and symptoms of pneumonia 
which had gradually worsened over several days before 
admission. At time of transfer, the patient was neutro-
penic with leukocyte count 0.38×109/l, neutrophil count 
0.3×109/l and lymphocyte count 0.05×109/l due to treat-
ment for multiple myeloma. Mechanical ventilation was 
started together with antibiotic treatment and the antivi-
ral drug oseltamivir, based on a throat swab positive for 
in"uenza virus type A using a rapid RT-PCR assay [8]. 
The loading dose of oseltamivir was 150 mg twice daily 
orally on day 1 followed by a maintenance dose of 75 
mg twice daily orally taking an impaired renal func-
tion (estimated glomerular !ltration rate [eGFR] 45 ml/
min/1.73 m2) into account. Multi-organ failure with 
ARDS and cardiomyopathy developed for which ven-
tilation in prone position and high doses of vasopres-
sors and inotropes were needed. High doses of "uids 
were administered with positive "uid balances of 5 l/day 
for the !rst 3 days, hereafter maintaining positive up 
to 3.5 l/day. Albumin levels were low (<20 g/l) for all 
days of treatment. Microbiological investigations on 
bronchoalveolar lavage "uid (BAL) revealed an infec-
tion with in"uenza virus A (H1N1)pdm09 with a high 
viral load (real time PCR CT-value <20) [9]. No other 
pathogens were detected in BAL, sputum and blood. 
On the fourth day of ICU admission the patient devel-
oped acute kidney injury (eGFR <20 ml/min/1.73 m2) 
necessitating CVVH (Prisma"ex£ HF1000 Set; Gambro 
[Lund, Sweden], blood"ow 200 ml/min, citrate "ow 70 
ml/h, post-!lter substitution "uid; SH44Hep, Dirinco, 
2,000 ml/h). Despite all efforts, there was no improve-
ment in the patient’s clinical condition. Experimental 
treatment with favipiravir was added, because in vitro 

studies showed that a combination of favipiravir and 
oseltamivir has a synergistic effect [3]. Consent was 
obtained from the family as well as the manufacturer 
and regulatory authorities to use favipiravir. The loading 
dose was 1,800 mg orally twice daily on day 1 followed 
by 400 mg orally twice daily for 4 days. Half of the 
recommended maintenance dose was given because the 
effects of CVVH on clearance were unknown. On day 
6 of ICU admission, amphotericin B was added because 
of concurrent suspected Aspergillus fumigatus infec-
tion (galactomannan of 3.34 in BAL). A sputum sample 
was still positive for in"uenza virus A (H1N1)pdm09, 
albeit with a lower viral load (CT-value 23–24) com-
pared to the BAL. Although leukopenia was recovered 
(5.25×109/l), lymphocytopenia (0.18×109/l) was not. 
There was a steady decline in the clinical condition of 
the patient with ongoing septic shock with multi-organ 
failure. Eleven days after admission to the ICU, support-
ive therapy was stopped and the patient died.

Multiple blood samples were collected before and 
after administration of favipiravir on day 3 of treat-
ment. Additionally, CVVH samples were collected 5 h 
after administration of both 1,800 mg and 400 mg: 
pre-!lter, post-!lter and ultra!ltrate. The samples were 
analysed by Medivector, Inc. (Boston, MA, USA) and 
PK parameters were estimated by a non-compartmental 
analysis using the KinFit module in MWPharm (Medi-
ware, Zuidhorn, the Netherlands).

Favipiravir PK parameters of our patient and healthy 
volunteers from previous studies are shown in Table 1. 
After both the loading dose and maintenance dose, sim-
ilar concentrations of favipiravir pre-!lter, post-!lter 
and in the ultra!ltrate were measured (data not shown). 
Membrane passage was represented by the sieving 
coef!cient (S), which was calculated by the following 
formula: S = [concentration drug ultra!ltrate]/[con-
centration drug plasma] [10]. S was found to be 1.1, 
indicating free membrane passage of favipiravir. How-
ever, the total amount of "uid extracted using CVVH 
is low compared to the patient’s apparent volume of 

Route Time D, mg Cmax, µg/ml AUC, µg•h/ml tmax, h t1/2, h CL/F, l/h Vd/F, l

Healthy volunteers [2]
Oral First day 400 16.59 39.41 0.25-0.75 1.6 10.15 23.4
Oral First day 1,600 59.43 397.79 0.5-1.5 4.6 4.02 26.7
Oral First day 2,400 92.17 1,297.56 0.75-3 4.5 1.85 12.0
Oral Steady state 400 BID 30.56 193.69 0.5-2 4.5 2.07 13.4
Oral Steady state 600 BID 61.50 470.53 0.5-1.5 5.8 1.28 10.7
Patient case 
Oral Steady state 400 BID 4.43 8.90 0.21 1.28 44.95 83.17

Table 1. Pharmacokinetic parameters of favipiravir

Healthy volunteers tmax data presented as lowest and highest value within the group. AUC, area under the curve; BID, twice daily, Cmax, maximum plasma concentration; D, 
dose; tmax, time to maximum plasma concentration; t1/2, elimination half-life; CL/F, apparent total clearance after oral administration; Vd/F, apparent volume of distribution.  
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Favié LM, et al. Pharmacokinetics of favipiravir during continuous venovenous haemofiltration in a critically ill patient 
with influenza. Antivir Ther. 2018;23(5):457-461.

Case report 62-year-old man BW 67 kg
Diagnosis influenza virus type A pneumonia 
Multi-organ failure with ARDS and cardiomyopathy

4th day of ICU admission the patient developed AKI (eGFR 
<20 ml/min/1.73 m2) necessitating CVVH 
Favipiravir 1,800 mg orally twice daily on day 1 followed 
by 400 mg orally twice daily for 4 days
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hemodialysis and peritoneal dialysis available, respectively. Both 
dialysis modalities contributed less e!ect on lopinavir/ritonavir 
and azithromycin removal (17, 18). Although chloroquine and 
hydroxychloroquine are not potentially excreted via CRRT due 
to high Vd, there was only one pharmacokinetic study of chloro-
quine in hemodialysis patients published. Chloroquine hemodial-
ysis clearance was only 14.5% compared with total body clearance 
in normal patients (19). We suggest no dosage adaptation required 

in lopinavir/ritonavir, azithromycin, chloroquine, and hydroxy-
chloroquine for patients receiving CRRT. Potential antiviral dos-
ing adaptation during CRRT was suggested in Table 2.

PATIENTS RECEIVING ECMO
"e ECMO circuits have large surface areas due to membrane 
oxygenator, conduit tubing, and other circuit components. Drugs 

can be bound into membrane sur-
faces and consequently increasing 
Vd (14, 22). Furthermore, hemodilu-
tion from a large volume of priming 
#uid and physiologic changes related 
to severe illness can also increase Vd. 
"ese factors may decrease drug con-
centrations (14, 22). Generally, the 
drug lipophilicity is de$ned by logP. 
Drugs with higher logP values confer 
higher lipophilicity. Lipophilic drugs 
tend to be bound in the ECMO cir-
cuits comparing with hydrophilic 
agents due to the higher solubility in 
the circuit. In addition, drugs with 
the high PB are lost in the circuit 
due to drug sequestration despite 
similar lipophilicity. "erefore, the 
lipophilicity and PB are mainly con-
sidered for dosage adjustment dur-
ing ECMO therapy (14). Applying 

TABLE 2. Drug Dosing Suggestions of Selected Antiviral Agents of Coronavirus Disease 2019 
Infection Treatment for Critically Ill Patients Receiving Continuous Renal Replacement 
Therapy and Extracorporeal Membrane Oxygenation

Drugs
Literature-Based Dosing  

Regimens (2, 20, 21) CRRT 
Extracorporeal Membrane  

Oxygenation 

Azithromycin 500 mg on day 1 followed by 
250 mg/d for the next 4 d

No dosage adjustment necessary No dosage adjustment necessary

Chloroquine 500 mg q 12 hr × 7 d No dosage adjustment necessary Increased dosage may be required

Darunavir 600 mg q 12 hr with ritonavir No dosage adjustment necessary Increased dosage may be required and 
may increase up to 800 mg q 12 hr

Dexamethasone 6 mg daily × 10 d May increase daily dose by 110% Increased dosage may be required

Favipiravir 1,600 mg q 12 hr on day 1 followed  
by 600 mg q 12 hr × 7–10 d

No dosage adjustment necessary  
and may increase when high  
volume CRRT is required

No dosage adjustment necessary

Hydroxychloroquine 400 mg q 12 hr on day 1 followed by 
200 mg q 12 hr × 5 d or 200 mg q 
8 hr × 10 d

No dosage adjustment necessary Increased dosage may be required

Lopinavir 400 mg q 12 hr × 14 d with ritonavir No dosage adjustment necessary Increased dosage may be required

Remdesivir 200 mg IV loading dose, then  
100 mg IV daily for 5–10 d

No dosage adjustment necessary  
and may increase when high  
volume CRRT is required

Increased dosage may be required

Ritonavir 100 mg q 12 hr × 14 d No dosage adjustment necessary Increased dosage may be required

CRRT = continuous renal replacement therapy.

Figure 1. Probability of drug removal via extracorporeal therapy based on physicochemical properties and 
pharmacokinetic variables. CRRT = continuous renal replacement therapy, ECMO = extracorporeal membrane 
oxygenation, MW = molecular weight, PB = protein binding, Vd = volume of distribution.

Chaijamorn, W., et al., Antiviral Dosing Modification for Coronavirus Disease 2019–Infected Patients Receiving 
Extracorporeal Therapy. Critical Care Explorations, 2020. 2(10): p. e0242. 63



Liver dysfunction
• There was a roughly 2.1 fold rise and 6.3 fold rise in the Cmax and AUC, 

respectively, when favipiravir was given to patients with severe liver 
dysfunction (Child-Pugh classification C) compared to healthy 
participants, which warrants a cautious use of favipiravir in patients with 
liver dysfunction.
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Children
• ควรระวังการใช้ยา favipiravir ในผู้ป่วยเด็กอายุน้อยกว่า 12 เดือน 
เนื่องจากการพัฒนาเอนไซม ์ aldehyde oxidase ที่ใช้ในการ
metabolize favipiravir ยังไม่สมบูรณ์   หากมีความจำเป็นต้องใช้
ยา favipiravir ในผู้ป่วยกลุ่มนี้ บุคลากรทางการแพทย์ต้องคุยความ
เส่ียงและประโยชน์ที่จะได้รับกับผู้ปกครอง

Neonate
0-1 mo

Infant
1 mo -1 yr 

Bouazza N, et al. Favipiravir for children with Ebola. Lancet. 2015;385(9968):603–604. 65



Pregnancy
• Early embryonic deaths [rats] and teratogenicity [monkeys, mice, rats and rabbits] have been 

observed in animal studies with exposure levels similar to or lower than the clinical 
exposure. 
• When administering AVIGAN to women of child-bearing potential, confirm a negative pregnancy test 

result before starting the treatment. Explain fully the risks and instruct thoroughly to use most effective 
contraceptive methods with her partner during and for 7 days after the end of the treatment
• AVIGAN is distributed in sperm the drug to male patients, explain fully the risks and instruct thoroughly 

to use most effective contraceptive methods in sexual intercourse during and for 7 days after the end 
of the treatment (men must wear a condom). In addition, instruct not to have sexual intercourse with 
pregnant women

• งานวิจัยแบบ Randomized controlled trial ส่วนใหญ่ได้คัดกลุ่มประชากรกลุ่มเด็กและหญิงตั้งครรภ์ออกทำ
ให้มีข้อมูลการใช้ยาในการรักษาสำหรับประชากรกลุ่มดังกล่าวจำกัด

AVIGAN® (favipiravir) 200 mg [prescribing information]. Tokyo, Japan: Toyama Chemical Co Ltd; January 2017.
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• หญิงต้ังครรภ์ต้ังแต่ไตรมาสที่ 1 ที่อาการไม่
รุนแรง ไม่มีปอดอักเสบ ให้รักษาตามอาการ 
• หญิงต้ังครรภ์ต้ังแต่ไตรมาสที่ 2 ขึ้นไป ถ้า
แพทย์พิจารณาแล้วว่าจะได้ประโยชน์จาก 
favipiravir มากกว่าความเส่ียง อาจจะ
พิจารณาใช้favipiravir โดยมีการตัดสินใจ
ร่วมกับป่วยและญาติ
• หญิงต้ังครรภ์ทุกไตรมาสที่มีปอดอักเสบ อาจ
พิจารณาใช้ remdesivir เนื่องจากมีข้อมูล
ความปลอดภัยของการใช้ remdesivir ใน
หญิงต้ังครรภ์จานวนหนึ่งและไม่มีรายงานผล
รายในทารก ทั้งนี้เพื่อให้สอดคล้องกับข้อ
บ่งชี้ที่ว่า remdesivir จะให้ประโยชน์เฉพาะ
ในผู้ที่มีปอดอักเสบและต้องใช้ออกเจนรักษา
เท่านั้น

การใช้ favipiravir ในหญิงตั้งครรภ์ตามคำแนะนำ Thai CGP 28 Jan 2021
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Lactation

• stop lactating while administering AVIGAN
• (The major metabolite of AVIGAN, a hydroxylated form, was found to 

be distributed in breast milk.)
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Adverse drug reaction 

Final data are being analyzed and under review but we can

reveal23 that there was 28.7% faster viral clearance in the
favipiravir-treated patients compared with those who
received SOC (5 versus 7 days) with 2/3rd of favipiravir-
treated patients achieving viral clearance in week 1. Treat-
ing clinicians judged 70% of patients in the favipiravir limb
to be clinically cured by day 4 versus 44% in the SOC arm.
These initial results were indeed promising but need to be
confirmed in larger studies.

Side effects/adverse effects

The Japanese study18 discussed previously found that
adverse reactions were seen in around 20% of the patients
who received favipiravir (at a dose lower than approved for
COVID-19). The adverse effects were relatively minor and
included hyperuricemia and diarrhea in 5% of the partici-
pants and reduced neutrophil count and transaminitis in
2% of the participants. One study showed occurrence of
psychiatric symptoms in association with favipiravir. Effect
of favipiravir in QTc prolongation is still uncertain, with

some pharmacodynamic studies suggesting a positive as-
sociation,24 but a Japanese study suggesting otherwise.25

Overall, favipiravir has a good safety profile, as was
confirmed by a large systematic review.26 In the following
sections, we give a brief overview of the adverse effect
profile of this drug:

Hyperuricemia

Favipiravir use results in a dose-dependent increasing trend in
the prevalence of hyperuricemia.24 A systematic review con-
ducted by Pilkington et al. found similar trends across multi-
ple studies.26 This is however not associated with clinical

manifestations. There has been no evidence that hyperurice-

mia caused by favipiravir leads to clinical manifestations;
however, longer follow-up periods would be required to fully
assess this risk.

Teratogenicity

There is evidence that favipiravir has a teratogenic potential
and embryotoxicity. The Japanese drug safety bureau
approval advises that favipiravir be given a strong warning

against use in women of reproductive age and recommends
precautionary statements on packaging and prescription
alerts. The bureau also recommends that favipiravir should be
avoided where alternative drugs could be used.24 Effective
contraceptive methods during and for 7 days after the end of
treatment need to be instructed to men who have received
this treatment. Before favipiravir is prescribed to women of
child-bearing age, it is imperative to rule out pregnancy with a
negative urine pregnancy test.

The following figure lists the adverse effect profile of this
drug and the frequency with which these are encountered

(Fig. 3).

Dose and cost

The recommended dosage of favipiravir for adults is 1800 mg
orally twice daily on 1st day followed by 800 mg orally twice
daily, up to maximum of 14 days. The 14-day course in India
costs Rs 10,200.

DCGI approval

Considering the emergency and unmet medical need in
COVID-19, Glenmark was granted permission to manufacture

Fig. 3 e Figure depicting adverse effects of favipiravir (source: Fabiflu monograph).

med i c a l j o u rn a l a rm e d f o r c e s i n d i a 7 6 ( 2 0 2 0 ) 3 7 0e3 7 6374
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show that the most common adverse effects of favipir-
avir are diarrhea, raised liver enzymes, hyperuricemia, 
and QT prolongation.23,29,38 Prolongation of QT interval 
by favipiravir is controversial; it is reported to be the 
outcome of drug interactions of favipiravir with conco-
mitant drugs rather than favipiravir alone. Further stu-
dies are required to elucidate the association of 
Favipiravir with the occurrence of QT prolongation.45,46

The results of our study exhibited that the majority 
of the ADEs were related to the investigations (16%), 
which primarily included raised liver function tests 
(23.66%) and QT prolongation (5.37%), followed by 
skin and subcutaneous tissue disorders (15.4%). 
Favipiravir is metabolized in the liver mainly by the 

Table 1 Characteristics of Adverse Drug Events (194 ADEs 
Reported from 93 Individuals) Reported for Favipiravir in 
WHO Database

Parameters Frequency 
(%)

Age (N = 194) <18 Years 2 (1.03)
18–64 Years 131 (67.52)

≥65 Years 48 (24.74)

Not reported 13 (6.70)

Gender (N = 194) Female 75 (38.66)
Male 118 (60.82)

Not reported 1 (0.5)

The seriousness of ADE  

(N =194)

Serious 63 (32.47)
Non-Serious 130 (67.01)
Not reported 1 (0.51)

Route of Administration  
(N =194)

Oral 182 (93.81)
Unknown 8 (4.12)

Not reported 4 (2.06)

Dechallenge Action  

(N =194)

Does not changed 14 (7.21)
Drug has withdrawn 29 (14.94)
Unknown 22 (11.34)

Not reported 129 (66.49)

Dechallenge Outcome  

(N =194)

Fatal 1 (0.51)
No effect observed 7 (3.60)

Reaction abated 14 (7.21)
Effect unknown 19 (9.79)

Not Reported 153 (78.86)

Rechallenge Action 

(N=194)

Rechallenge 3 (1.54)
Not Reported 191 (98.45)

Rechallenge Outcome 

(N=194)

Effect unknown 3 (1.54)

Not Reported 191 (98.45)

Table 2 Adverse Drug Events Suspected to Be Caused by 
Favipiravir, as Reported in the WHO Database (N=93)

Adverse Drug Events Frequency

Intentional product use issue 65 (69.89)

Hepatic enzyme increased 22 (23.66)

Nausea and Vomiting 13 (13.98)
Tachycardia 9 (9.68)

Diarrhoea 7 (7.52)

Electrocardiogram QT prolonged 5 (5.37)
Headache 5 (5.37)

Pruritus 5 (5.37)
Rash 5 (5.37)

Erythema 4 (4.30)

Hepatotoxicity 4 (4.30)
Thrombocytopenia 4 (4.30)

Bradycardia 3 (3.22)

Abdominal pain 2 (2.15)
Abdominal pain upper 2 (2.15)

Constipation 2 (2.15)

Hypotension 2 (2.15)
Rash maculopapular 2 (2.15)

Anemia 2 (2.15)

Acute kidney injury 1 (1.07)
Arthritis 1 (1.07)

Asthenia 1 (1.07)

Atrial fibrillation 1 (1.07)
Bronchospasm 1 (1.07)

Colitis 1 (1.07)

Cough 1 (1.07)
Cystic fibrosis 1 (1.07)

Death 1 (1.07)

Dizziness 1 (1.07)
Dyspnoea 1 (1.07)

Hemorrhage 1 (1.07)

Hair color changes 1 (1.07)
Hepatic function abnormal 1 (1.07)

Hyperglycaemia 1 (1.07)

Hypersensitivity 1 (1.07)
Hypertension 1 (1.07)

Leukopenia 1 (1.07)

Muscle contractions involuntary 1 (1.07)
Musculoskeletal pain 1 (1.07)

Nail discoloration 1 (1.07)

Palpitations 1 (1.07)
Purpura 1 (1.07)

Pyrexia 1 (1.07)

Respiratory distress 1 (1.07)
Rhabdomyolysis 1 (1.07)

Seizure 1 (1.07)

Syncope 1 (1.07)
Urticaria 1 (1.07)

Vasculitis 1 (1.07)

Visual impairment 1 (1.07)
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show that the most common adverse effects of favipir-
avir are diarrhea, raised liver enzymes, hyperuricemia, 
and QT prolongation.23,29,38 Prolongation of QT interval 
by favipiravir is controversial; it is reported to be the 
outcome of drug interactions of favipiravir with conco-
mitant drugs rather than favipiravir alone. Further stu-
dies are required to elucidate the association of 
Favipiravir with the occurrence of QT prolongation.45,46

The results of our study exhibited that the majority 
of the ADEs were related to the investigations (16%), 
which primarily included raised liver function tests 
(23.66%) and QT prolongation (5.37%), followed by 
skin and subcutaneous tissue disorders (15.4%). 
Favipiravir is metabolized in the liver mainly by the 

Table 1 Characteristics of Adverse Drug Events (194 ADEs 
Reported from 93 Individuals) Reported for Favipiravir in 
WHO Database

Parameters Frequency 
(%)

Age (N = 194) <18 Years 2 (1.03)
18–64 Years 131 (67.52)

≥65 Years 48 (24.74)

Not reported 13 (6.70)

Gender (N = 194) Female 75 (38.66)
Male 118 (60.82)

Not reported 1 (0.5)

The seriousness of ADE  

(N =194)

Serious 63 (32.47)
Non-Serious 130 (67.01)
Not reported 1 (0.51)

Route of Administration  
(N =194)

Oral 182 (93.81)
Unknown 8 (4.12)

Not reported 4 (2.06)

Dechallenge Action  

(N =194)

Does not changed 14 (7.21)
Drug has withdrawn 29 (14.94)
Unknown 22 (11.34)

Not reported 129 (66.49)

Dechallenge Outcome  

(N =194)

Fatal 1 (0.51)
No effect observed 7 (3.60)

Reaction abated 14 (7.21)
Effect unknown 19 (9.79)

Not Reported 153 (78.86)

Rechallenge Action 

(N=194)

Rechallenge 3 (1.54)
Not Reported 191 (98.45)

Rechallenge Outcome 

(N=194)

Effect unknown 3 (1.54)

Not Reported 191 (98.45)

Table 2 Adverse Drug Events Suspected to Be Caused by 
Favipiravir, as Reported in the WHO Database (N=93)

Adverse Drug Events Frequency

Intentional product use issue 65 (69.89)

Hepatic enzyme increased 22 (23.66)

Nausea and Vomiting 13 (13.98)
Tachycardia 9 (9.68)

Diarrhoea 7 (7.52)

Electrocardiogram QT prolonged 5 (5.37)
Headache 5 (5.37)

Pruritus 5 (5.37)
Rash 5 (5.37)

Erythema 4 (4.30)

Hepatotoxicity 4 (4.30)
Thrombocytopenia 4 (4.30)

Bradycardia 3 (3.22)

Abdominal pain 2 (2.15)
Abdominal pain upper 2 (2.15)

Constipation 2 (2.15)

Hypotension 2 (2.15)
Rash maculopapular 2 (2.15)

Anemia 2 (2.15)

Acute kidney injury 1 (1.07)
Arthritis 1 (1.07)

Asthenia 1 (1.07)

Atrial fibrillation 1 (1.07)
Bronchospasm 1 (1.07)

Colitis 1 (1.07)

Cough 1 (1.07)
Cystic fibrosis 1 (1.07)

Death 1 (1.07)

Dizziness 1 (1.07)
Dyspnoea 1 (1.07)

Hemorrhage 1 (1.07)

Hair color changes 1 (1.07)
Hepatic function abnormal 1 (1.07)

Hyperglycaemia 1 (1.07)

Hypersensitivity 1 (1.07)
Hypertension 1 (1.07)

Leukopenia 1 (1.07)

Muscle contractions involuntary 1 (1.07)
Musculoskeletal pain 1 (1.07)

Nail discoloration 1 (1.07)

Palpitations 1 (1.07)
Purpura 1 (1.07)

Pyrexia 1 (1.07)

Respiratory distress 1 (1.07)
Rhabdomyolysis 1 (1.07)

Seizure 1 (1.07)

Syncope 1 (1.07)
Urticaria 1 (1.07)

Vasculitis 1 (1.07)

Visual impairment 1 (1.07)
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hospital during two separate periods were included in two groups,
respectively. As the baseline characteristics of the two groups were
comparable and the results remained after adjustment for poten-
tial confounders, the influence due to confounding bias, if any,
should not be a major concern.

The current study also found that early viral clearance con-
tributed to the improvement of chest CT on Day 14. This finding
suggests that improvement of the disease may depend on inhibi-
tion of the SARS-CoV-2, and that FPV controls the disease progres-
sion of COVID-19 by inhibiting the SARS-CoV-2. Until recently, the
pathogenesis of COVID-19 had not been well clarified. Since the
infection of SARS-CoV-2 was thought to be self-limited and charac-
terized by systemic inflammation reaction, symptomatic and sup-
portive treatment was mainly recommended by the WHO and the
National Health Commission of the People’s Republic of China. This
description is similar to MERS-CoV, for which nonspecific thera-
peutic interventions are often introduced to prevent severe mor-
bidity and mortality [16]. How antivirals would contribute to
control of the disease is controversial. Although there have been
many registered clinical trials focusing on antiviral drugs for
COVID-19, the timing, duration of treatment, and study endpoints
have not been unified. In the current study, the time of viral clear-
ance was introduced as a primary endpoint to evaluate the antivi-
ral effect of FPV on the SARS-CoV-2 and successfully identify the
priority of FPV. The relationship between the time of viral clear-
ance and the improvement in chest CT indicates that viral clear-
ance is an ideal surrogate for the clinical endpoint. A limitation
of the present study was that the relationship between the viral
titer and the clinical prognosis was not well clarified. Future
research could pay more attention to this point.

More adverse events occurred in the control arm than those in
the FPV arm, and the adverse event rate was similar to previous
studies of LPV/RTV in patients with acquired immune deficiency
syndrome (AIDS). It is worth mentioning that the treatment dura-
tion of FPV in the present study was twice as long as that used for
treating influenza. However, the adverse events in the experimen-
tal arm were rare and tolerable, and none of the patients needed to

discontinue FPV treatment. These results suggest that the treat-
ment duration of FPV may be prolonged if necessary. All the
patients were discharged with 2 consecutive negative RNA detec-
tion (interval above 24 h) and clinical improvement, and were iso-
lated at designated isolation location and followed for another 14 d
after discharge.

SARS-CoV-2 infection has been spreading quickly all over the
world; while specific drugs have not yet been consolidated for
the time being. The task at hand was to run a well-designed trial
to identify effective treatments based on a high level of evidence.
However, at the beginning of this study, certain conditions did
not allow the randomization of patients to receive either standard
care or an experimental drug. In this pilot study of a before-after
controlled trial, we found that FPV showed better treatment out-
comes in COVID-19 patients in terms of their disease progression
and viral clearance. Our results provided preliminary evidence
for treatment of the SARS-CoV-2 infection. Furthermore, we intro-
duced the time of viral clearance, which can be used as a primary
endpoint for trials on antiviral treatment, and might be a useful
surrogate outcome for designing protocols investigating COVID-
19 related treatments as well.
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Table 4
Cox regression of viral clearance.

Factors Partial regression coefficient Standard error Wald P value HR HR 95%CI

WBC !0.866 0.602 2.072 0.150 0.421 0.129–1.368
Hb 0.002 0.017 0.011 0.917 1.002 0.969–1.036
PLT 0.011 0.006 2.818 0.093 1.011 0.998–1.024
Neutrophils 0.805 0.657 1.500 0.221 2.236 0.617–8.105
T lymphocyte count 0.002 0.001 5.165 0.023 1.002 1.000–1.005
CD8+ T lymphocyte !0.003 0.002 1.557 0.212 0.997 0.993–1.002
Time from onset to treatment 0.196 0.102 3.675 0.055 1.217 0.996–1.486
FPV versus LPV/RTV 1.234 0.553 4.980 0.026 3.434 1.162–10.148
Age 0.015 0.988 1.000 0.971–1.029
Underlying diseases !0.785 1.006 0.609 0.435 0.456 0.064–3.275

Table 5
Statistics of adverse reactions after medication.

Characteristic Treatment

FPV
(N = 35)

LPV/RTV
(N = 45)

P value

Total number of adverse reactions 4 (11.43%) 25 (55.56%) < 0.001
Diarrhea 2 (5.71%) 5 (11.11%) 0.46
Vomiting 0 (0%) 5 (11.11%) 0.06
Nausea 0 (0%) 6 (13.33%) 0.03
Rash 0 (0%) 4 (8.89%) 0.13
Liver and kidney injury 1 (2.86%) 3 (6.67%) 0.63
Others 1 (2.86%) 2 (4.44%) 1.00
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Table 1. Summary of the characteristics of all studies identified as providing evidence of the safety of the use of favipiravir in humans. Trials are organised 
into those phase 2 and 3 studies reporting safety data, trials with further safety evidence, studies for which results were inaccessible (grey) 
and ongoing trials (blue)

n c type

et al. et al.

et al. l

(ClinicalTrials.gov)

et al.

et al.

et al.

et al.

et al.

et al.

et al.

et al.

open label

single arm

hydroxycholoquine

care arm

t

FPV: favipiravir; PYFU: person-years-of-follow-up; TG: triglycerides; CCK: creatinine phosphate kinase
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Table 2. Summary of the safety data extracted from the six phase 2 and 3 controlled studies with adverse event reporting. Extracted data for six reported safety endpoints is displayed for each included study

1–4 AE eleva!ons acid eleva!ons

vsChen et al.

Cai et al. vs

vs

vs

vs

vs

Total (Average)

AE: adverse events; DcAE: discontinuations due to adverse events; SAE: serious adverse events; GI: gastrointestinal; FPV: favipiravir; LFT: liver function tests; LPV/r: lopinavir /ritonavir; PYFU: person-years-of-follow-up.

Serious ADEs were more common among those aged 64 and above than those aged below 64 (48% vs 26%, respectively) 
Pilkington V, Pepperrell T, Hill A. A review of the safety of favipiravir – a potential treatment in the COVID-19 pandemic? Journal of Virus Eradication. 2020;6(2):45-51.
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Drug interaction 
• Inhibited irreversibly AO in a dose and time dependent manner 
• Inhibited CYP2C8 in a dose dependent manner
• no inhibitory activity to XO 
•Weakly inhibited :

• CYP1A2, 2C9, 2C19, 2D6, 2E1 and 3A4 {active drug}
• CYP1A2, 2C8, 2C9, 2C19, 2D6, 2E1 and 3A4 {hydroxylated metabolite} 
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Drug interactions
• Favipiravir มีการเปล่ียนสภาพท่ีตับส่วนใหญ่ผ่านทางเอนไซม์ aldehyde oxidase (AO) และมีบางส่วนท่ีเปล่ียนสภาพ
ผ่านทางเอนไซม์ xanthine oxidase (XO) ไม่มีการเปล่ียนสภาพโดยผ่าน CYP450 แต่มีความสามารถในการยับยั้ง 
CYP2C8 และ AO จึงต้องระวังการเกิดอันตรกิริยาระหว่างยา เช่น 
• การใช้ร่วมกับยา Paracetamol ทำให้ระดับยา Paracetamol เพิ่มขึ้น แนะนำขนาดยา Paracetamol ไม่เกิน 3 กรัม
ต่อวัน
• Pyrazinamide: Concomitant use of pyrazinamide with favipiravir increases the levels of uric acid. 
เน่ืองจากมีการดูดซึม uric acid กลับเพิ่มขึ้นท่ีท่อหน่วยไต และผู้ป่วยโรคเก๊าท์ แนะนำการติดตามระดับ uric acid 
• Repaglinide: Favipiravir inhibits the metabolism of repaglinide through the CYP2C8 pathway, thus 

increasing its potential to cause toxicity (hypoglycemia, headache, increase incidence of upper 
respiratory tract infections, etc). Cautious concomitant use is recommended. 
• Theophylline: Theophylline increases the blood levels of favipiravir and adverse reactions to 

favipiravir may occur. 
• Famciclovir, sulindac: Efficacy of these drugs may be reduced when coadministered with favipiravir. 
• Acyclovir: Acyclovir may delay the conversion of favipiravir into the active moiety, thus reducing its 

antiviral efficacy. 
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CONCLUSION
Favipiravir provides a substitute for compassionate use in 
COVID-19 based on its mechanism of action inhibiting virus 
RdRp and safety data in previous clinical studies. Data obtained 
from influenza treatment and proof-of-concept clinical trial in 
EVD aids the determination of dose regimen in clinical trials 
or experimental use of the drug in COVID-19. However, the 
exact efficacy of favipiravir awaits further clinical confirmation. 

Potential DDIs due to AO inhibition should not be ignored in 
the clinical setting.

SEARCH STRATEGY AND SELECTION CRITERIA
References have been searched using the PubMed database with 
the key words “Favipiravir” or “T705” and “Pharmacokinetics” 
or “Clinical trials.” Information about the clinical trials for 
COVID-19 was searched in the ClinicalTrials.gov website 

Table 2 Inhibition of drugs and xenobiotics on human AO at 50 µM and the IC50 values

Drug Indication or use
Percentage of control activity 

(mean ± SD)
IC50 (μM)

(mean ± SE)

Raloxifene Antiosteoporotic <1.0 0.0029 ± 0.0003

Perphenazine Antipsychotic 1.2 ± 0.2 0.033 ± 0.011

Thioridazine Antipsychotic 7.1 ± 3.9 0.16 ± 0.07

Menadione Prothrombogenic 4.1 ± 0.5 0.20 ± 0.04

Trifluoperazine Antipsychotic 8.0 ± 1.9 0.24 ± 0.08

Amitriptyline Antidepressant 9.4 ± 4.7 0.26 ± 0.07

Estradiol Estrogen 7.4 ± 3.3 0.29 ± 0.07

Felodipine Antihypertensive/anti-anginal 7.0 ± 5.4 0.30 ± 0.08

Clomipramine Antidepressant 18 ± 6 0.48 ± 0.17

Loratadine Antihistaminic 7.3 ± 1.4 0.49 ± 0.13

Promethazine Antipsychotic 10 ± 3 0.51 ± 0.26

Chlorpromazine Antipsychotic 3.1 ± 2.5 0.57 ± 0.15

Ethinyl estradiol Oral contraceptive 6.2 ± 8.1 0.57 ± 0.15

Norclomipramine Antidepressant 11 ± 2 0.60 ± 0.14

Amodiaquine Antimalarial 11 ± 3 0.74 ± 0.07

Nortriptyline Antidepressant 7.5 ± 0.7 0.85 ± 0.46

Maprotiline Antidepressant 6.6 ± 2.0 1.4 ± 0.3

Quetiapine Antipsychotic 6.0 ± 0.0 1.4 ± 0.6

Promazine Antipsychotic 13 ± 0 1.6 ± 0.5

Loperamide Antidiarrheal 20 ± 4 10 ± 6

Erythromycin Antibacterial 16 ± 2 15 ± 6

Ondansetron Anti-emetic 5.9 ± 3.1 2.1 ± 0.8

Tamoxifen Anti-estrogen 8.9 ± 4.5 2.2 ± 1.5

Loxapine Anxiolytic 12 ± 5 2.3 ± 0.8

Propafenone Anti-arrhythmic 20 ± 9 2.5 ± 1.0

Domperidone Anti-emetic 10 ± 5 3.0 ± 1.4

Cyclobenzaprine Muscle relaxant 19 ± 4 3.1 ± 1.2

Quinacrine Anthelmintic/antimalarial 16 ± 6 3.3 ± 0.3

Verapamil Anti-anginal/anti-arrhythmic 16 ± 4 3.5 ± 1.5

Ketoconazole Antifungal 19 ± 8 3.5 ± 1.6

Metoclopramide Anti-emetic 14 ± 10 31 ± 1

Clozapine Antipsychotic 18 ± 2 4.4 ± 1.8

Tacrine Cognitive enhancer 8.0 ± 4.5 5.0 ± 3.8

Amlodipine Antihypertensive/anti-anginal 12 ± 6 5.5 ± 1.9

Olanzapine Antipsychotic 13 ± 7 6.0 ± 2.0

Salmeterol Bronchodilator 11 ± 2 9.9 ± 6.8

AO, aldehyde oxidase; IC50, half-maximal inhibitory concentration.

MINI-REVIEW

Du, Y.-X. and Chen, X.-P. (2020), Clin. Pharmacol. Ther., 108: 242-247. 76



Back to the case…
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Case: A 70 year-old Thai woman

• ผู้ป่วยหญิงไทยคู่ อายุ 70 ปี (สามารถใช้ชีวิตประจำวันได้ตามปกติ)
• TBW 94.5 kg , Ht 146 cm BMI 44.3 kg/m2

• โรงพยาบาล 1 (9-15/1/64)
• CC: รู้สึกมีไข้เป็นๆ หายๆ ไอ มีเสมหะ มีน้ำมูก 
• HPI: 

• 9 days PTA สัมผัสญาติที่เป็น confirmed case COVID-19
• 1 day PTA กินได้ลดลง

• Underlying disease 
• T2DM (Last HbA1C 6.8%)
• DLP
• HT
• ESRD (urine output 200-300 ml/day) 
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Case: A 70 year-old Thai female

• 9/1/64
• Lab
• DTX 27%, BUN 58, Scr 6.4 (baseline 3.6), Na 135, Cl 110, K 4.86, Ca 6.3, PO4 4.6, Alb 4.3, TB 

0.2, DB 0.1, SGOT 30, SGPT 15, ALP 82
• Hb 10.2, Hct 30, WBC 7600 N 50%, L 6.4%, plt 221,000, INR 1.14
• Nasopharyngeal swab for SARS-Co-V2 PCR positive  
• 10/1/64 
• CXR: reticular infiltration, cardiomegaly
• Echo EF  70%
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Leading question from case study

• Does she need to receive and antiviral ? Which one ?
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Symptomatic COVID-19 
without pneumonia and 

no risk factors for severe disease 

Symptomatic COVID-19 
with risk factors for severe disease 

or having co-morbidity or mild 
pneumonia

Pneumonia with hypoxia (resting 
O2 saturation <96 % or exercise-

induced hypoxemia positive 
(decreasing of SpO2 ≥3%) or 

progression of pulmonary infiltrates
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• การให ้FPV ภายใน 4 วัน เป็นปัจจัยท่ีลด high flow oxygenation, 
invasive ventilator, ICU admission, death

• ลดปริมาณไวรัสได้ดี 
• ควรเร่ิมยาก่อนท่ีผู้ป่วยมีอาการหนัก พิจารณาให้ FPV ในผู้ท่ี มีอาการมาก 
หรือมีไข้ทุกคน

• SpO2 <94% on room air
• non-invasive หรือ invasive 

ventilation 
• ECMO

RDV
ข้อพิจารณาอื่น
• มีข้อห้ามในการบริหารยาทางปาก หรือมี

ปัญหาการดูดซึม 
• ไม่ตอบสนองต่อยาอื่นภายใน 72 ชั่วโมง
• เลือกใช้ FPV หรือ RDV อย่างใดอย่างหนึ่ง 81

Risk factor 
1. Age >60 yo, or < 1 yo
2. COPD, chronic lung disease 
3. CKD
4. Cardiovascular disease, 

congenital heart disease 
5. Cerebrovascular disease 
6. Uncontrolled DM 
7. Obesity BW > 90 kg 
8. Cirrhosis
9. Immunocompromised 

patient
10. Lymphocyte <1,000 

cells/mm3



Drug dosing in obese adults
• BMI can be used as a guide and clinicians should start to reconsider drug dosing 

in patients with a BMI over 30
• Vd is important for determining the loading dose (LD)

• Hydrophilic drugs typically remain in extracellular fluid and their Vd correlates with lean 
mass, should not be significantly influenced by excess adipose tissue

• Lipophilic drugs  volume of distribution is more likely to correlate with total body weight.
• Drugs with a large volume of distribution often require loading doses followed by a constant 

dose rate to maintain steady-state plasma concentrations. Steady- state concentrations are 
dependent on drug clearance.

• CL is important to determine the maintenance dose
• Clearance is correlated to lean rather than adipose weight as adipose tissue has little 

metabolic activity.

Barras M, Legg A. Drug dosing in obese adults. Aust Prescr. 2017;40(5):189-193. 
doi:10.18773/austprescr.2017.053 82
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Drug clearance represents the functional capacity of 
the body to metabolise and excrete a drug. Clearance 
is correlated to lean rather than adipose weight as 
adipose tissue has little metabolic activity.12 

As clearance determines a drug’s maintenance dose, 
clinicians should consider how lean body weight, 
rather than total body weight, impacts dosing. 
When lean body weight increases there will be a 
corresponding increase in drug clearance and an 
increased dose may be required. 

Commonly used weight-based drugs that may 
require dose adjustment and monitoring in obesity, 
and in particular morbid obesity, are listed in Table 2. 
Individual drug monographs in the Australian 
Medicines Handbook should be consulted to identify 
if weight-based dosing is required. 

Clearance has been correlated with lean body weight 
for opioids such as fentanyl,10 anaesthetics such as 
propofol,10 ranitidine, lithium and enoxaparin.8

Volume of distribution 
Volume of distribution is related to structural aspects 
of the body. Hydrophilic drugs generally have a high 
plasma concentration relative to dose, and a smaller 
volume of distribution. In contrast, lipophilic drugs 
distribute more readily into adipose tissue, resulting 
in lower plasma concentrations and a larger volume 
of distribution. 

Table 2   Drugs that require dose adjustment in obesity 

Drug Patient monitoring * 

Low-molecular-weight heparins (enoxaparin, dalteparin) TDM – anti-Xa monitoring, clinical response

Digoxin TDM – serum digoxin, clinical response 

Phenytoin TDM – serum phenytoin, clinical response 

Aciclovir clinical response

Antibiotics – macrolide (e.g. erythromycin†), 
fluoroquinolone (e.g. ciprofloxacin†)

clinical response, microbiological response

Antibiotics – glycopeptides (e.g. vancomycin), 
aminoglycosides (e.g. gentamicin, tobramycin), 
beta-lactams† (e.g. penicillins, cephalosporins)

TDM – all, clinical response, microbiological response

Antifungals (e.g. amphotericin, voriconazole, fluconazole) TDM – serum voriconazole, clinical response, 
microbiological response

Unfractionated heparin TDM – aPTT monitoring, clinical response

Monoclonal antibodies TDM – clinical response 

Ciclosporin TDM – serum ciclosporin, clinical response

TDM therapeutic drug monitoring      aPPT activated partial thromboplastin time
* Response refers to both effectiveness (e.g. cure) or adverse effects. 
† Dose adjustment is generally required at high intravenous doses. 

Drug dosing in obese adults

Fig.    Body composition in a 
normal-weight and obese patient

A pictorial comparison of a normal-weight patient  
(~BMI 25 kg/m2) and an obese patient  
(~BMI 30 kg/m2) highlighting the approximate 
proportions of lean and adipose weight. 
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(excess adipose weight 20-40%)

Lean : adipose weight ratio 4:1 3:2

83



Total body weight Lean body weight Adjusted body 
weight 

Body surface area Ideal body weight 

Issue to be 
consider 

• we cannot assume that a 150 
kg patient eliminates a drug 
twice as fast as a 75 kg

• Arbitrary dose reductions or 
‘caps’ are used to avoid these 
toxicities, but if too low can 
result in sub-therapeutic 
exposure and treatment 
failure.

• reflects the weight of 
all ‘non-fat’ body 
components

• contributes to 
approximately 99% 
of a drug’s clearance 
it is useful for guiding 
dosing in obesity 

• Cheymol’s fomula

• mainly used for 
aminoglycosides

• It was developed to 
account for adipose 
tissue, which does 
not affect drug 
clearance.

• function of weight
• and height and has 

been shown to 
correlate with 
cardiac output, 
blood volume and 
renal function

• it is controversial in 
patients at extremes 
of size because it 
does not account for 
varying body 
compositions \

• ‘capped’ (commonly 
at 

• 2 m2) potentially 
resulting in sub-
therapeutic 

• developed for 
insurance purposes 
not for drug dosing

• does not consider 
body composition

• generally, results in 
under-dosing

Body size descriptors used to calculate drug doses
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Hydrophilic drugs (e.g. aminoglycosides, lithium, 
aciclovir, glycopeptides, beta-lactams, low-molecular-
weight heparins) typically remain in extracellular fluid 
and their volume of distribution correlates with lean 
mass. This implies that the distribution of hydrophilic 
drugs should not be significantly influenced by excess 
adipose tissue.

For lipophilic drugs, volume of distribution is more 
likely to correlate with total body weight.6 Highly 
lipophilic drugs (phenytoin, midazolam, voriconazole, 
propofol) distribute extensively into adipose tissue, 
resulting in a larger volume of distribution compared 
to less lipophilic drugs. 

Drugs with a large volume of distribution often require 
loading doses followed by a constant dose rate to 
maintain steady-state plasma concentrations. Steady-
state concentrations are dependent on drug clearance.

Body size descriptors used to 
calculate drug doses
Several different body descriptors can be used to 
calculate drug doses (Table 3).13-16

Total body weight 
Using total body weight assumes that the 
pharmacokinetics of the drug are linearly scalable 
from normal-weight patients to those who are obese. 
This is inaccurate. For example, we cannot assume 
that a 150 kg patient eliminates a drug twice as fast 
as a 75 kg patient and therefore double the dose. 
Clinicians are alert to toxicities with higher doses, 
for example nephro- and neurotoxicity with some 
antibiotics and chemotherapeutics, and bleeding with 
anticoagulants. Arbitrary dose reductions or ‘caps’ are 
used to avoid these toxicities, but if too low can result 
in sub-therapeutic exposure and treatment failure.6,11,12 

Lean body weight
Using a lean body weight metric encompasses a 
more scientific approach to weight-based dosing. 
Lean body weight reflects the weight of all ‘non-fat’ 
body components, including muscle and vascular 
organs such as the liver and kidneys. As lean body 
weight contributes to approximately 99% of a drug’s 
clearance,5 it is useful for guiding dosing in obesity.

This metric has undergone a number of 
transformations. The most commonly cited formula 
derived by Cheymol7 is not optimal for dosing across 
body compositions and can even produce a negative 
result. A new formula has been developed (see 
Table 3) that appears stable across different body 
sizes, in particular the obese to morbidly obese.15 

A practical downfall of the calculation of lean body 
weight (and other body size descriptors) is the 
numerical complexity, which may not be palatable 

to a busy clinician. Often limited time is available 
for prescribing and an immediate calculation is 
required. Lean body weight calculators are available 
online, for example in the Therapeutic Guidelines.17 

Adjusted body weight 
Calculating doses based on adjusted body weight is 
mainly used for aminoglycoside antibiotics.14 It was 
developed to account for adipose tissue, which does 
not affect drug clearance. A correction factor of 0.4 
is used to estimate adjusted body weight (Table 3). 
The aminoglycosides dose is then calculated using 
the resultant weight. This descriptor is rarely used in 
other drug classes, although there is some evidence 
for other antibiotics in the morbidly obese.9,14 

Body surface area
Body surface area16 is traditionally used to dose 
chemotherapeutics. It is a function of weight 
and height and has been shown to correlate with 
cardiac output, blood volume and renal function. 
However, it is controversial in patients at extremes 
of size because it does not account for varying 
body compositions. As a consequence, some 
older drugs such as cyclophosphamide, paclitaxel 
and doxorubicin were ‘capped’ (commonly at 
2 m2) potentially resulting in sub-therapeutic 
treatment.11 Recent guidelines suggest that unless 
there is a justifiable reason to reduce the dose 

Table 3    Body size descriptors commonly used in  
drug dosing 

Name Formula

Total body weight (kg) –

Ideal body weight (kg)13 45.4 + 0.89 x (height (cm) – 152.4) + (4.5 if male) 

Adjusted body weight (kg)14 Correction factor* x (TBW – IBW) + IBW

Lean body weight (kg)15

males

females

Body surface area (m2)16 

TBW total body weight
IBW ideal body weight 
BMI body mass index
* Correction factor is 0.4 for aminoglycosides.

9270 x TBW (kg)

6680 + 216 x BMI (kg/m2)

9270 x TBW (kg)

8780 + 244 x BMI (kg/m2)

height (cm) x TBW

3600

Barras M, Legg A. Drug dosing in obese adults. Aust Prescr. 2017;40(5):189-193. doi:10.18773/austprescr.2017.053
84



Leading question from case study

In case of disease progression after the treatment of favipiravir, 
what we should do next ?   
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Case: A 70 year-old Thai female

• 10/1/64 on O2 canula 3 LPM (SpO2 100%)
• Favipiravir (200) 8 tabs po q 12 h x 2 doses then 3 tabs po q 12 h (plan for 10 days)
• Dexamethasone 6 mg iv OD (10-14/1/64) then dexamethasone 10 mg iv q 8 h (14/1/64)
• On CVVH 12-13/1/64 
• Ceftriaxone 2 g iv OD + azithromycin 250 mg 2 tabs po ac OD (11-13/1/64)
• 13/1/64 on mask with bag (SpO2 92-95%)>>HFNC FiO2 1.0 Flow 60 LPM 
• 14/1/64 on ETT No 7.0 depth 22 cm PEEP due to ARDS Ventilator volume A/C RR 32 TV 350 flow 50 

PEEP 18 FiO2 0.9 fentanyl (10:1) iv 10 ml/h , Midazolam (1:2) iv 4 ml/h, Cisatracurium (1:2) iv 8 ml/h
• Step up to meropenem 1 g iv q 8 h x 3 dose then 1 g iv q 24 h (14-15/1/64) 
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Case: A 70 year-old Thai female

• 14/1/64 (โรงพยาบาล 1) Remdesivir 200 mg iv OD x1 dose 
• ส่งต่อโรงพยาบาล 2 
• Remdesivir 100 mg +NSS 100 ml iv drip in 1 h 
• Meropenem 500 mg + NSS 50 ml iv drip in 3 g q 24 h 
• Dexamethasone 
• V/S BT 35.5, BP 140/67, E1V1VT QTc 409 
• LAB : 
• Hb 9.3, Hct 28.3, MCV 91, WBC 9420, N 92.2, L 5.4, Plt 232,000, INR 1.13 
• BUN 74, Scr 3.8, TB 0.2, DB 0.1, SGOT 23, SGPT 14, Alb 3.3, Ca 7.5, PO4 5.7, Na 139, K 4.4, Cl104, 

HCO3 20 
• 18/1/64 BUN 119, Scr 5.6 SLED 6 h 
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การใชDยา Remdesivir ในโรงพยาบาลจุฬาลงกรณP
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Pharmacist’s role during COVID-19 pandemic

• Medication reconciliation 
• Current drug reviewing for COVID-19 tx
• Consultant for dosing
• Consultant for drug interaction
• Consultant for monitoring ADRs
• Etc.
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Colorized scanning electron micrograph of a cell heavily infected with 
SARS-CoV-2 virus particles (yellow), isolated from a patient sample.

Thank you for your attention


