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Background: Persistence of Ebola virus (EBOV) in semen remains of deep concern, as sexual transmission of
EBOV seems plausible up to 6 months after acute phase of Ebola virus disease (EVD). Favipiravir, a broad
spectrum antiviral product, has been evaluated in reducing EVD mortality in Guinea in 2014-2015 in the JIKI
trial, the pharmacokinetic results of which suggest that an increase of dose might be necessary to achieve a
Favipiravir therapeutically relevant exposure. In FORCE trial, we aimed at evaluating the tolerance and activity of high
Ebola SUrvivors doses of favipiravir in male EVD survivors with EBOV RNA detection in semen in Guinea.
QTc Case: In 2016, we launched a phase Ila open-labeled multicenter dose escalation study. Male survivors of
EVD with EBOV RT-PCR positive on semen received a loading dose of 2400 mg BID of favipiravir on day 1
then a maintenance dose of 1800 mg BID from day 2-14. The primary outcome was the tolerance, assessed
daily during period treatment and up to day 90. Unfortunately only two participants were included and the
trial was stopped for lack of recruitment. No clinical adverse event of grade 3/4 was reported for both
patients. One patient experienced a grade 3 hypocalcemia at day 10 and 14.
Conclusions: High doses of favipiravir were well tolerated in these two participants. Better characterized
tolerance and pharmacokinetics of high doses of favipiravir are of utmost importance considering that
favipiravir is a candidate treatment for a variety of emerging severe viral diseases with poor prognosis.

© 2022 Published by Elsevier Ltd.
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Introduction transmission of Marburg virus another filovirus has been docu-

mented in 1968 [1], sexual transmission of EBOV seems definitely

Between December 2013 and June 2016, West Africa has ex-
perienced the largest outbreak of Ebola in history: 28,616 cases of
patients with Ebola virus disease (EVD) have been reported in
Guinea, Liberia and Sierra Leone. Besides, it has resulted in an un-
precedented number of EVD survivors around 17,300 people.
Whereas the dynamic of the epidemic slowed down by the week
30-2015 in Guinea, persistence of Ebola virus (EBOV) in bodily fluids
including semen remains of deep concern. Moreover, as sexual
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plausible.

Studies from the West Africa outbreak gave rise to two significant
findings. First, sexual transmission of EBOV seems plausible up to 6
months after acute phase of the disease. Clusters with sexual
transmission from men survivors have been identified in Liberia and
in Guinea, months after the end of outbreak was declared in these
countries [2]. Second, findings from Sierra Leone and Guinea survi-
vors provide evidence of long-term persistence of EBOV RNA in
semen, up to 531 days after disease onset (DO) [3]. Linear mixed-
effect modeling of dynamics of virus persistence in seminal fluid
over time led to the estimation that 50% of male survivors have RT-
PCR-detectable EBOV RNA in seminal fluid 115 days after DO (90%
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prediction interval (PI) 72-160) and 10% have detectable virus 294
days after DO (90%PI 212-399) [4].

Favipiravir (T-705) is a broad-spectrum direct antiviral targeting
the RNA-dependant RNA polymerase. The product is approved in
Japan for the treatment of non-complicated influenza infections. It
has been evaluated in reducing EVD mortality in Guinea in
2014-2015 in the JIKI trial (NCT02329054). Favipiravir was ad-
ministered to 126 patients at the dose of 6000 mg at day 1 (HO:
2400 mg, H8: 2400 mg, H16: 1200 mg) then 1200 mg BID from day 2
to day 10. JIKI results were inconclusive on mortality rate but the
pharmacokinetic results showed that favipiravir residual con-
centrations in Ebola patients at day 2 and day 4 after treatment
initiation were lower than those predicted from the favipiravir po-
pulation pharmacokinetic model used to define the dosing regimen
of the JIKI trial [5]. In addition, the diffusion of favipiravir from
plasma to testicular tissue in monkey is limited, as indicated by the
tissue/plasma ratio much lower than 1, i.e. 0.21 and 0.67 at 0.5 and
4 h after treatment initiation, respectively [6]. Taking into account
the low tissue/plasma ratio and a possible binding of favipiravir to
tissue protein compartment, the active residual concentration of
favipiravir in the sperm would be much lower than that in the
plasma, which may be already lower than produced in the in vivo
ICso [7]. Taken together, these results suggest that an increase of
dose, especially of the maintenance dose, might be necessary to
achieve a therapeutically relevant exposure. A two-fold increase of
the maintenance dose could be necessary to achieve targeted con-
centrations. The loading dose aims to reach as fast as possible the
targeted plasma concentration without reaching peak concentration
that would expose patients to an increased toxicity risk (data from
modeling).

In this context, we launched in 2016 the FORCE trial aiming at
evaluating the tolerance and activity of high doses of favipiravir in
male EVD survivors harboring EBOV RNA detection in semen in
Guinea (clinicaltrials.gov registered NCT02739477). This trial was a
phase Ila open-labeled multicenter dose escalation study based on
tolerance, with three cohorts of six patients.

Unfortunately only two men were included in April 2016 and the
trial was stopped for lack of recruitment as no other survivors could
be found EBOV semen positive. Here we report clinical and biological
assessments of two EVD survivors harboring EBOV RNA detection in
semen who received high doses of favipiravir for 14 days.

The protocol was approved by the Guinean Comité National
d’Ethique pour la Recherche en Santé on February 8th 2016, the IRB
of the Institut National de la Santé et de la Recherche Médicale
(Inserm, France) on February 9th 2016, and the Commission
Recherche Ebola en Guinée on February 10th 2016. All patients
provided written informed consent to participate in the study.

Case reports

The trial took place at two sites: Conakry and Nzerekore, Guinea.
Patients were recruited from EVD survivors whose semen has al-
ready been tested positive for EBOV and who were still followed in
the POSTEBOGUI cohort [19]. Male survivor of biologically confirmed
EVD aged 18 years or older with EBOV RT-PCR on semen with cycle
threshold [Ct] < 38 were enrolled. Main exclusion criteria were:
EBOV RT-PCR on blood with CT < 38; biological abnormality higher
than grade 2 according to CTCAE (v4.03) on following parameters:
creatinine, AST, ALT, alkaline phosphatase, total bilirubin or any
medical condition that could interfere with results interpretation or
compromise participants' health; Fridericia corrected QT interval
(QTc)> 450 ms; concomitant use of QT/QTc interval-prolonging
drugs; previous gout attack or ongoing treatment for gout or hy-
peruricemia.

Follow-up visits were scheduled at day -7, day 1 (initiation of
treatment), day 3, day 7, day 10, day 14, day 21 and day 90. Clinical
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assessment and favipiravir intake were monitored by daily phone
call at days 2, 4-6, 8, 9, 11-13. A 12-lead electrocardiogram (ECG)
were performed at each visit and sent to an independent centralized
cardiac data analysis center in France for analysis by a board-certi-
fied cardiologist. At day 1 repeated ECG measurements were taken
(3 measurements 2 min apart) before favipiravir initiation and 2 h
after drug intake. Mean QTc value was recorded.

Blood samples were taken in EDTA and dry tubes at day -7, day 1,
day 3, day 7, day 10, day 14, day 21 for hematological and bio-
chemical testing; semen samples were collected by masturbation
after a 3 days abstinence at day -7, day 1, day 7, day 14, day 21 and
day 90 for virological assessment. Biochemical and hematological
assays were performed using the Piccolo Xpress (Abaxis®) system.
Corrected serum calcium (Cac) was computed as follow: Cac (mmol/
L) = Calcium (mmol/L) + 0.025 x (40 - Albumine g/L). Viral RNA
extraction was performed using QIAamp viral RNA isolation kit
(Qiagen®) and detection of EBOV material in semen was made using
a semi-quantitative RT-PCR assay (RealStar Ebolavirus Screen RT-PCR
Kit 1.0, Altona Diagnostics®) according to manufacturer re-
commendations. The results were expressed in terms of Ct, whose
value is inversely proportional to viral load. The Ct cutoff value for
positivity was < 40.

The main clinical characteristics of the two participants at in-
clusion are presented in Table 1. Both participants received a loading
dose of 4800 mg of favipiravir on day 1 then a dose of 1800 mg BID
from day 2 to 14. Longitudinal data on QTc with Fridericia’s correc-
tion, heart rate, blood pressure, biochemistry, and RT-PCR in semen
for both patients are presented in Fig. 1. No clinical adverse event of
grade 3 or 4 was reported for Patient 1 and 2.

Both participants experienced a slight QTc interval prolongation
during treatment period. Patient 1 had a QTc interval of less than
450 ms during treatment and follow-up period. In Patient 2, the QTc
interval increased from 420 ms at day 1-441, 450 and 453 ms (grade
1 adverse event) at days 7, 10 and 14, respectively, and decreased to
444 ms at day 21. Resulting maximum AQTc was of 31 ms between
day 1 (397 ms) and day 10 (428 ms) and of 33 ms between day 1
(420 ms) and day 14 (453 ms) for patient 1 and 2, respectively.

Notably, transaminases remain within laboratory normal values
for both participants during treatment period. Patient 1 experienced
a grade 3 hypocalcemia at day 10 and day 14 with a Cac at
1.57 mmol/L and 1.66, respectively (< 1.75-1.5mmol/L, CTCAE
v4.03). Cac could not be computed at day 21 as albuminemia was not
available at this visit. Of note is that patient 1 had low Cac at day -7
(corresponding to a grade 1 adverse event) and at days 1, 3 and 7
(grade 2 adverse event).

No biological adverse event of grade 3 or 4 was reported for
Patient 2. Patient 2 experienced following biological grade 2 adverse
events according to CTCAE v4.03: hyperkalemia at day 3, he-
moglobin increased at day 10 and high blood pressure at day 10
(155/90 mmHg with vertigo) and day 37 (150/90 mmHg). This ad-
verse event was not related to favipiravir according to the in-
vestigator.

The RT-PCR in semen was negative from day 1 and day 14 for
patient 1 and 2, respectively, and remains negative until the end of
follow-up at day 90.

Table 1
Baseline characteristics of participants.
Patient 1 Patient 2
Age, years 29 56
BMI, kg/m? 221 24.6
Antecedent (Ebola virus disease)
Time from Ebola treatment centers admission, 14.1 17.7
months
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— = QTcF=450ms Treatment period

Patient 1

| | Patient 2

450 1

ms

£ 425

QTcF

400

3751

D-7 D1 D3 D7 D10 DI4 D21 D-7 D1 D3 D7 D10 D14 D21

QTcF, ms 385 397* 404 404 428 411 415 441 420* 403 441 450 453 444

Semen RT-PCR, Ct 30 >40 NA >40  NA >40 >40 322 32 30.7 NA NA >40 >40
Temperature, °C  36.4 37.536.4 37 365 36.5 365 368 36.436.6 36.5 363 36.4 36.2

Heart rate, bpm 66 70 60 60 65 60 70 61 58 56 59 52 50 58

SBP, mm Hg 120 120 120 130 130 130 130 130 136 140 130 155 134 130

DBP, mm Hg 80 70 80 90 70 70 80 96 80 80 90 88 90

Sodium, mmol/L. 138 140 136 132 131 134 133 133 130 NI 138 NI 138
Potassium, mmol/L. 4.3 35 42 4 32 33 4.2 42 5.7 NI 38 NI 38
Blood Urea Nitrogen, mmol/L.  5.04 457435 411 3.91 328 393 3.933.93 NI 25 NI 2.86
Creatinine, pmol/L. 98 95 92 81 91 88 107 107 98 NI 80 NI 80
Glucose, mmol/L.  4.68 5.924.84 4.67 4.76 4.82 45 45433 NI 483 NI 4.11
Calcium, mmol/L.  2.12 2.151.98 1.92 1.78 1.83 215 215 2 NI 223 NI 2.15
Corrected calcium, mmol/LL.  2.02 1.981.87 1.78 NA 22 22 21 NI 241 NI 225
Albumin, g/l. 439 46.744.6 458 448 NA 38 38 36 NI 33 NI 36
AST,U/L. 28 20 21 2 32 30 25 25 28 NI 30 NI 26

ALT,UL 39 22 23 21 23 21 21 21 17 NI 28 NI 19

Total bilirubin, pmol/L. 17 15 15.8 16.4 13.2 143 137 13.713.7 NI 103 NI 17.1
CPK,U/L 50 56 52 53 41 NA 238 238 243 NI 214 NI 282
Haemoglobin, g/dL. 108 119 12 11.9 11.9 109 144 14.415.9 142 20.1 14.7 14.8
Haematocrit, % 35.3 35.632.4 364 346 36.7 344 417 41.7 61 403 588 42 44

Fig. 1. Individual clinical and biological results during follow-up. Shaded frames represent treatment period (D1-D14). Dashed line represents threshold of QTcF duration of
450 ms. Abbreviation: ‘D’ indicates day; ‘NA’ indicates non-available data, ‘NI’ indicates non-interpretable data. Values in bold boxed text were grade 3 observations according to
CTCAE v4.03. QTcF values at D1 for both patients (*) were mean of three measurements (before the start of treatment). Corrected calcium was calculated with formula:

calciummmoly +0.025(40-Albuming ) and was rounded to 107",
Discussion

Recently a case report underlines the concomitant prescription of
favipiravir and other drugs with QTc prolongation potential [8].
However, from this specific report, we think that favipiravir defi-
nitely cannot be considered as the unique causative factor for the
observed QTc prolongation [9]. Otherwise, a randomized controlled
double-blind study (4 groups, 4 periods in cross-over with placebo
and moxifloxacin) was conducted in 56 Japanese participants to
analyze the effect of favipiravir on the QT/QTc interval and showed
no particular warning signs in a single oral administration at doses
of 1200 mg and 2400 mg [10]. In any case, close cardiac monitoring
should be planned when evaluating high doses of favipiravir, and
particular care would be taken not to combine favipiravir with other
QTc-lengthening drugs.

One of the scientific arguments supporting the need for better
characterization of tolerance and pharmacokinetics profile of high
doses of favipiravir is the definition of the dosage of favipiravir to be
administered in the event of a new outbreak of EVD, Marburg virus
disease (MVM) or Lassa fever. Indeed, although trials conducted
during the Ebola epidemic (EBOV) in 2014-2015 failed to demon-
strate the efficacy of WHO-prioritized treatment candidates (in-
cluding favipiravir), two independent studies conducted by the
REACTION! consortium and USAMRIID, respectively, demonstrated
the effect of prophylactic administration of high-dose favipiravir in
non-human primate models of Ebola and Marburg disease [11,12].

Hence, favipiravir remains of particular interest for the management
of patients with MVE, MVM or Lassa fever, potentially in combina-
tion with other promising compounds identified in non-human
primate models, or in contact individuals for post-exposure pro-
phylaxis. Preclinical studies have identified effective plasma con-
centrations of the order of 70-80 ug/mL for MVE. But the complexity
of the pharmacokinetics of thi molecule that is characterized with
dose- and time-dependent non-linearity [13] makes difficult to
identify the dose necessary to achieve these above concentrations in
humans. Hence, this calls for characterization of the pharmacoki-
netics profile of favipiravir for doses likely to be used in humans, in
order to be able to achieve these target concentrations.

Moreover, it becomes of growing interest considering that favi-
piravir is a candidate treatment for a variety of emerging infectious
viral diseases with poor prognosis and for which there is little or no
documented curative counter-measure or vaccine. This is particu-
larly the case for Nipah virus infection [14], and Crimean-Congo viral
hemorrhagic fever [15] of which two cases have recently been re-
ported in Spain. Of note in Belgium, an imported case of Junin fever
was recently managed with the drug as specific targeted therapy
[16]. More recently, favipiravir has shown antiviral activity against
SARS-CoV-2 both in vitro and in animal studies [17,18] and is cur-
rently undergoing several clinical trials in various countries world-
wide in the treatment of coronavirus disease 2019 (COVID-19) [19],
even though the doses used are unlikely to achieve target drug
concentrations against SARS-CoV-2 [20].
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In addition, another area of indication to be considered refers to
the ability of favipiravir to cross the blood-meningeal barrier and
reach the anatomically or immunologically preserved sanctuaries
(central nervous system, male genital tract) constituting the re-
servoir from which the chronic disease (relapse, prolonged carriage
in fluids) of emerging viral infections such as - although not ex-
clusively - Ebola virus infection is expressed.

We are convinced of the necessity of performing dose-ranging
studies with high doses of favipiravir in healthy volunteers to inform
any further development of favipiravir for treatment or prophylaxis
of various virus infections.
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