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Abstract 
Background: This is a standardized, pre-positioned protocol for the 
coordinated evaluation of Lassa fever therapeutics. The protocol is the 
product of discussions that took place in 2021 and 2022 among 
international investigators from a wide range of scientific and medical 
disciplines working together within the West Africa Lassa fever 
Consortium (WALC). 
Methods: This is a clinical Phase II/III multicentre randomised 
controlled platform trial using a superiority framework with an equal 
allocation ratio and a composite primary endpoint of all-cause 
mortality OR new onset of i) acute kidney failure (AKF), OR ii) acute 
respiratory failure (ARF), OR iii) shock assessed from enrolment (D0) to 
D28. 
Discussion: This pre-positioned protocol was developed by the WALC 
and made available for adaptation and implementation by the wider 
Lassa fever research community in order to generate efficient, 
reliable, and comparable evidence for Lassa fever therapeutics.
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Administrative information
Guidance for researchers using this pre-positioned 
protocol
A pre-positioned protocol is a proposed protocol for a clinical  
trial. Its authors have no present intention to implement the  
trial at the time of publication of this article. The intention of 
this pre-positioned protocol is to share a potential trial design  
that has been developed among the Lassa fever research com-
munity in order to harmonise clinical trial activities. Research  
groups who wish to implement this protocol may use it exactly 
as described herein or make adaptations to the proposed  
design.

This pre-positioned protocol has been structured according to  
the SPIRIT template1,2. The brackets {} included in the  
headings indicate the corresponding SPIRIT checklist item. The 
text included in this pre-positioned protocol contains the mini-
mum information set for the study described. Modifications  
may be required based on: 1) the setting in which the protocol  
is implemented to comply with local regulations around the 
conduct of clinical trials; 2) the operational requirements  
of the study.

Boxes include guidance on the additional information that may 
be required ahead of a protocol being submitted to regulatory  
authorities or ethics committees for review and some rec-
ommendations for additions or adaptations to the eventual  
design. These boxes help identify context-specific adaptations  
and provide information to help investigators decide on  
study design options. 

If you make modifications/translations/improvements we would 
be grateful if you would consider sharing these - however minor 
they are - with the international community through WALC  
(research@isaric.org).

Note that the wording in the sections titled ‘Consent and 
assent’, ‘Adults who lack the capacity to provide informed 
consent’, ‘Adults who are unable to read’, ‘Participant with-
drawal’, ‘Data management’ and ‘Definition of adverse events’ 
is based on the wording provided in the clinical trial protocol  
templates developed by the University of Oxford.

Open-source license
This pre-positioned protocol was created by members of  
WALC (West Africa Lassa fever Consortium) and is distrib-
uted under the Creative Commons Attribution Non-commercial  
ShareAlike Licence version 4.0 (http://creativecommons.org/
licenses/by-nc-sa/4.0). It is freely available for you to copy,  
adapt, distribute and transmit under the conditions that: a) the 
original source is attributed; b) the work is not used for com-
mercial purposes; c) any altered forms of this document are  
distributed freely under the same conditions.

Pre-positioned protocol version {3}
Version 1.0 date 04 Aug 2022

Introduction {6a}
This is a standardized protocol for the coordinated evaluation  
of Lassa fever therapeutics. The protocol is the product of  
discussions that took place in 2021 and 2022 among an inter-
national group of investigators from a wide range of scien-
tific and medical disciplines working together within the West  
Africa Lassa fever Consortium (WALC). The WALC is a col-
laboration, rooted in West Africa, between a broad range  
of stakeholders with the objective of outlining clinical devel-
opment pathways for the successful development of Lassa 
fever therapeutics. One objective of the consortium was to 
develop and agree upon a methodology for the evaluation of  
Lassa fever therapeutics in Phase II and III clinical trials  
– the output of which is described here in this protocol.  
Surrounding this objective were other complementary objec-
tives addressed by the WALC that aim to address capacity  
strengthening for clinical trials in West Africa, develop a  
Target Product Profile for novel therapeutics and consider an  
end-to-end framework for the development, manufacturing 
and availability of effective drugs in Lassa-endemic countries.  
The outputs of these objectives are described elsewhere3.

Background and rationale
Lassa fever is an acute haemorrhagic disease caused by the 
Lassa virus. Although the virus has been found in a number 

          Amendments from Version 1
A summary of the applied changes to our manuscript are as 
follows:

•   Under “Administrative Information: Guidance for researchers 
using this protocol”, we have added an explanation of what a 
pre-positioned protocol is and clarified how to use the boxes in 
the main body of the protocol

•   In the “Introduction” section, we have clarified the scope of the 
protocol publication and signposted where other related outputs 
can be found

•   In the “Background and rationale” section, we have added 
some more information about the distribution of the burden of 
Lassa fever across West Africa. We have also indicated the types 
of heath facilities that would most likely be selected to participate 
in a future trial based on the case burden.

•   Under the “Secondary objectives”, we have amended the 
wording from “evaluate the prevalence of complications” to 
“evaluate the frequency of complications”

•   In the “Choice of endpoints” section, the wording has been 
updated to reflect that the number of mortality events expected 
in a clinical trial would be too low to detect significant differences 
between treatment arms – rather than there being low overall 
mortality in Lassa fever

•   In the “Choice of comparators” section, a summary of the 
therapeutics progressing through the R&D pipeline has been 
provided

•   In “Table 5: Schedule of events” the frequency of the blood 
sampling for RT-PCR has been increased to cover multiple 
timepoints in order for the secondary endpoint “time to viral 
clearance” to be accurately assessed

•   In the “Allocation” section, clarification has been added that all 
patients will be randomised to treatment following consent and 
enrolment.

Any further responses from the reviewers can be found at 
the end of the article

REVISED
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of rodent species, Mastomys natalensis is the primary reser-
voir and, once infected, is able to shed the virus through urine 
and droppings4,5. While M. natalensis can be found throughout  
Sub-Saharan Africa, the virus is endemic to West Africa, 
where it is estimated to cause up to 300,000 new clinical cases  
per year4,6,7.

The highest regional burden of Lassa fever is found in Nigeria 
where, in 2020 (the last year for which data was available  
on the Nigeria Centre for Disease Control website), a total 
of 1181 confirmed cases were detected which resulted in 242 
(20%) deaths8. Cases are also reported annually in Sierra  
Leone9 and Liberia10, with more sporadic events reported in 
Guinea11, Benin12 and Togo13. There are several specialist  
Lassa fever treatment centres in Nigeria14, of which those in 
Edo, Ondo, Ebonyi and Bauchi States see ~75% of all cases15,  
and one in Sierra Leone9; health facilities of varying sizes 
and capacities in other countries occasionally receive cases of  
Lassa fever as they arise3.

Transmission to humans occurs primarily through contact with 
contaminated surfaces, but human-to-human and laboratory  
transmission can also occur16, particularly in low-resource  
settings with sub-optimal infection prevention and control 
practices17. Healthcare workers, pregnant women and children 
are at considerable increased risk of both infection and poor  
outcomes18,19.

Onset of Lassa fever symptoms usually occur within 6 – 21 days  
of infection and are typically characterised by non-specific  
symptoms, such as fever, headache, vomiting, diarrhoea and 
muscle pain16. In severe cases, symptoms can include acute  
kidney injury, shock, haemorrhage and encephalopathy16. Lassa 
fever is estimated to cause approximately 5,000 deaths per 
year with a case fatality rate (CFR) between 12% – 30% for  
hospitalised cases and approximately 1–2% overall6,20,21. 

No drug has yet received regulatory approval for the treat-
ment of Lassa fever. Ribavirin is currently used off-licence 
in conjunction with supportive care22. Evidence for this treat-
ment recommendation derives from results of a study conducted  
in the 1980s23; no further clinical trials to assess Lassa fever 
therapeutics, including ribavirin, have been conducted. Concerns 
however have been raised about lack of rigorous randomised  
trial data to inform treatment guidelines and reliability 
of the trial performed in 1980s due to the limitations of the  
study design24. A recent reanalysis of the data suggests increased 
mortality in patients who received ribavirin with serum AST 
<150 IU/L25. There is therefore an urgent need to evaluate  
other therapeutic options.

Here we present a pre-positioned clinical trial protocol for a  
Phase II/III multi-centre randomised controlled platform trial.

Given the small number of potential trial sites – in the interest  
of conducting a cost-effective and efficient trial, the five sites  
in the areas of Nigeria and Sierra Leone that see the highest  

incidence of Lassa fever would likely be prioritised – and  
patients who can be enrolled throughout the Lassa-endemic 
areas, combined with the prospect of having a number of 
potential treatment candidates to test, the customary approach  
of individual separate trials will be inadequate and ineffective,  
thus requiring a pre-positioned platform trial design. 

We selected a platform trial design approach as there are a 
number of drug candidates that are ready, or will shortly be ready,  
for evaluation: one existing antiviral drug (favipiravir) that 
could potentially be repurposed for Lassa fever, and three 
experimental drug candidates. Of the three, one is in phase I  
clinical development (LHF-535, small chemical, under US 
Investigational New Drug (IND) application), and two are in 
advanced pre-clinical development nearing US IND application 
(one small chemical, ARN-75039, and one monoclonal antibody,  
Arevirumab-3)26. Evaluating these drugs under a single protocol 
has several advantages, including: ensuring the harmonisation  
and comparability of results and conditions of testing;  
efficiency in using a limited Lassa fever patient population;  
accelerating the generation of results; and cost-effectiveness  
from using a shared clinical trial infrastructure. Platform  
trials also have the advantage of providing a framework in 
which new treatment arms can be added as new drugs become  
available, or treatment arms of combination regimens.

A combined Phase II/III approach will also allow the gather-
ing of consistent coherent information on the disease and to  
test drugs using the same parameters across phases.

Methods
Overview
This is a Phase II/III multicentre individually randomised  
controlled platform trial using a superiority framework with 
an equal allocation ratio and a composite primary endpoint of  
all-cause mortality OR new onset of i) acute kidney failure (AKF),  
OR ii) acute respiratory failure (ARF), OR iii) shock assessed 
from enrolment (D0) to D28 (see Figure 1 for an illustration of 
the trial design and Table 3 for the definition of the components  
of the clinical outcome).

Objectives {7}
Primary objective
The primary objective of this protocol is to evaluate the safety,  
tolerability and efficacy of new Lassa fever therapeutics.

Secondary objectives
The secondary objective of this protocol is to evaluate the  
frequency of complications associated with Lassa fever.

Other study objectives

Additional information required:

(i) Add information on whether PK/PD studies are going to be 
performed in parallel;

(ii) Add information on whether additional characterisation of the 
infection, either on the host or virus, will be performed.
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Trial design {8}
Choice of endpoints
As is the case for many emerging infectious diseases, clinical  
research on Lassa fever faces several challenges, including  
fluctuating annual case numbers which are heavily influenced  
by climate, and difficult field conditions. These different  
factors, that limit the capacity to recruit study participants, 
together with the number of mortality events that would be  
too small to detect significant differences between treatment 
arms, which has implications to the study sample size, impact  
the feasibility of clinical trials. Where a clinically relevant 
composite endpoint can be agreed that reflects unfavourable  
outcome, the risk of this outcome will be greater than the risk 
of mortality alone. A higher risk of unfavourable outcome  
will correspond to a smaller sample size requirement to 
detect differences between arms, compared to the sample size  
requirement when using mortality as endpoint. Another advan-
tage of using a clinically relevant composite outcome relates 
to improved external validity of the trial results. Availability  
of medical resources for supportive care, which likely influ-
ences risk of mortality, varies considerably in areas where  
Lassa fever is endemic; by including as components of the 
composite outcome clinical conditions such as acute kidney  
failure and shock, treatment effects observed in the trial 
would capture improved survival in settings with limited  
resources (e.g. where dialysis is not available).

Since only very limited data are available to inform the  
frequencies of components of a composite outcome both at 
admission and after hospital admission, this protocol uses an  
innovative design approach that first assesses the validity and  
frequency of a composite outcome to allow the use of a more 
frequent endpoint, compared to the death outcome. The protocol  
will also allow the concurrent assessment of multiple thera-
peutic options, after the initial validation of the composite 
endpoint, to effectively use the limited case numbers. This 
approach will provide the most efficient means of generating 
the evidence required to find an optimal treatment regimen for  
Lassa fever.

Choice of comparators {6b}
Although unlicensed, ribavirin, used off-label, in addition to 
supportive care is the only recommended treatment for Lassa  

fever and will therefore be used as the control intervention  
in this study. In particular, we investigated the acceptability  
of use of placebo in the comparator group in the West  
Africa Lassa fever Consortium (WALC) and, following  
consultation with local clinicians (through surveys and discus-
sions that took place within the working group), it was deter-
mined that the use of placebo would not be well-supported  
at participating sites and therefore would not be feasibly incor-
porated under a trial protocol. The WALC found that 60%  
of the doctors involved in the consultation stated they would  
not be willing to enrol patients in a study in which some  
patients would receive supportive care alone.

For the treatment interventions, in addition to detailed infor-
mation on the drugs that will be included in the initial com-
parison of the trial, information on future treatment arms will 
be presented in amendments of this protocol, as annexes.  
Candidate therapeutics that are currently progressing through 
the R&D pipeline for Lassa fever and could be included 
in the interventional arm include favipiravir27, LHF-53528,  
ARN-7503929, and Arevirumab30.

Additional information required:

(i) Add information of chosen ribavirin regimen and references 
to the evidence supporting the choice of regimen;

(ii) Add information on the drugs that will be included in the first 
comparison;

(iii) Information on the therapies that will be added to the trial 
after recruitment starts should be included as annexes to the 
protocol.

Initial interim analysis {21b}
The trial will involve at least one interim analysis to assess the 
validity and frequency of the composite outcome and allow for 
sample size re-estimation. Due to the uncertainty around the  
frequencies of the events included in the composite 
endpoint – due to the highly variable prevalence of the 
events reported in the existing academic literature – the 
trial will initially be powered for an all-cause mortality  
endpoint, which may require a large sample size. After 300  
participants are recruited or after one year of recruitment, which-
ever comes first, an analysis of the validity of the composite 

Figure 1. Trial design. MAMS: Multi-Arm Multi-Stage Trial design.
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outcome will be performed. The focus of this analysis will be 
to describe the prevalence of the component events of the com-
posite endpoint at the time of randomisation. If the composite  
outcome is deemed valid, the frequency of the composite end-
point will be used to re-estimate the required sample size. If, 
in this initial interim analysis, it is shown that the sample size 
can be feasibly achieved using the composite endpoint, the  
sample size will be adjusted via an amendment and the trial 
will continue with the composite endpoint as the primary  
outcome measure. If it is shown that composite outcome is not  
a valid endpoint (e.g. most study participants are diagnosed with  
multiple components of the composite outcome on admission)  
or that its frequency is not considerably higher than the  
frequency of death outcome in the study population, the trial 
team will consider the feasibility of continuing the study with a  
mortality endpoint and make the relevant amendments to the 
protocol (see additional information on the sections on sample  
size and interim analyses).

The assessment of the validity of the composite outcome meas-
ure, to be conducted by an independent panel, will be based  
on:

•   �The proportion of patients enrolled in the trial who 
present with one or more of the components of the  
composite endpoint on admission

•   �The proportion of patients experiencing a new event, 
defined as one of the components of the composite  
outcome, following admission

•   �The variation of the frequency of the events by study 
site and over time, as the profile of patients recruited 
to the trial and the time from infection to hospital  
admission might change.

Suggestions:

(i) Note that whilst we suggested that the analysis to assess 
the validity of the composite outcome is performed after 300 
patients are recruited, which corresponds approximately to 
the expected number of patients recruited in one year, the trial 
team might choose a different approach, for example related 
to desired level of precision for the frequency of outcome. The 
rationale for this relatively high number of patients recruited 
before the initial interim analysis relates to the seasonality of 
Lassa fever incidence (if interim analysis can be performed just 
after the first transmission season) and to having sufficient data 
before initial analysis to reduce the impact of initial temporal 
changes that might happen in the recruitment of patients (e.g. 
patients might present earlier in the course of their disease as 
recruitment progresses, due to increased awareness).

(ii) In addition to the sample size re-estimation, the trial team 
will have three options to consider:

(a)	� no interim analyses using efficacy or futility stopping 
rules are performed;

(b)	� efficacy stopping rule is used with the primary 
endpoint after validity of composite outcome is 
assessed;

(c)	� futility stopping rule is used with the primary endpoint 
after validity of composite outcome is assessed. 
Considerations on the use of stopping rules are 
presented in the Sample Size section.

Figure 1 below illustrates the design, where an initial group 
of patients will be recruited (for example, here we considered 
an initial recruitment of 300 patients or one year, whichever  
comes first). The validity of the composite outcome will be 
assessed during this initial analysis and sample size might be  
re-estimated. After establishing that the composite outcome 
can be used as the primary outcome, additional treatment arms  
can be added to the study (see below). 

Inclusion of new study arms
The initial analysis to establish the validity of the compos-
ite outcome is essential for the conduct of the trial. After estab-
lishing the composite outcome can be the primary endpoint 
of the trial, the inclusion of new arms to be compared to the  
control arm will be possible. The protocol will follow the 
approach used in the Pamoja Tulinde Maisha (PALM [“Together 
Save Lives” in the Kiswahili language]) trial, for Ebola virus  
disease treatment31. In that trial, control of the type I error in 
the analysis did not account for multiple pairwise comparisons 
(each treatment arm versus control arm). Many of the argu-
ments used to justify that decision are valid for Lassa fever 
trials, in particular: high mortality in hospitalised patients,  
including outside study settings; intermittent epidemics, which 
implies uncertainties in patient recruitment; and urgency to  
identify effective therapies. Furthermore, methodological work 
suggests control of family-wise error rate in trials involving  
multiple pairwise comparisons to a single control arm is not  
essential if the different treatment arms being compared do  
not generate evidence that will support the approval of a single 
class of drugs32,33. The timing of the inclusion of new arms will  
depend on considerations on its impact on the recruitment 
to the existing arms and on the management of the trial and  
its logistics.

Study setting {9}
This is a multicentre trial taking place in tertiary-level health  
centres in West Africa.

Additional information required:

Add information on the study sites, including if available 
information on expected number of patients with Lassa fever 
admitted per year.

Study population and eligibility criteria {10}
This trial will enrol adult, non-pregnant hospitalised patients  
with Lassa fever at participating health centres in West Africa. 

A blood sample will be taken from potential participants for 
laboratory confirmation of Lassa fever by reverse transcriptase 
polymerase chain reaction (RT-PCR) as part of routine care 
according to local guidelines. The sample used for confirmation  
of Lassa fever (LF) will be taken before enrolment in the study.

Inclusion criteria
All patients included in the trial must meet the following criteria:

•   �RT-PCR confirmation of LF

•   �Adult participants (defined as a person who has attained 
the age of majority according to national regulations  
in their country of enrolment)
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Note: Depending on the drugs being tested, women of  
childbearing potential (WOCBP) must have a negative preg-
nancy test in order to participate in the study (see section on  
inclusion of women of childbearing potential). 

Exclusion criteria
Patients will be excluded from the trial if they meet any of the  
following criteria:

•   �Patients receiving end-of-life care for another illness

•   �Involvement in another clinical trial

•   �Unwilling to provide informed consent

•   �History of allergic reaction or other contra-indication  
to trial drugs

•   �Received drug therapy for Lassa fever (excluding  
supportive care) prior to inclusion

Additional information required:

Add other exclusion criteria based on drug profile and trial 
design.

Inclusion of women of childbearing potential
WOCBP are defined as fertile, following menarche and 
until becoming post-menopausal unless permanently sterile.  
Permanent sterilisation methods include hysterectomy, bilateral 
salpingectomy and bilateral oophorectomy. A postmenopausal 
state is defined as no menses for 12 months without an alterna-
tive medical cause. The inclusion of WOCBP requires use of 
a highly effective contraceptive measure following a negative  
pregnancy test.

Acceptable contraceptive measures include:

•   �Combined (estrogen and progestogen containing) hormonal  
contraception associated with inhibition of ovulation:

○   Oral

○   Intravaginal

○   Transdermal

•   �Progestogen-only hormonal contraception associated with  
inhibition of ovulation:

○   Oral

○   Injectable

○   Implantable

•   Intrauterine device (IUD)

•   Intrauterine hormone-releasing system (IUS)

•   Bilateral tubal occlusion

•   Vasectomised partner

•   Sexual abstinence

Contraception should be maintained during treatment and until  
the end of relevant systemic exposure period.

At the end of the systemic exposure period, a final urine/serum 
pregnancy test must be taken by all enrolled WOCBP.

Inclusion of male partners of women of childbearing 
potential
Male participants are considered fertile after puberty unless  
permanently sterile by bilateral orchiectomy.

All fertile male participants meeting the above definition should 
use condoms during treatment and until 90 days after the  
end of relevant systemic exposure.

Interventions {11a}
This is a multi-arm platform trial and will allow the compari-
son of multiple investigational treatment regimens. Participants 
randomised to the control arm will receive ribavirin. Informa-
tion on the drugs tested in the initial comparison is presented 
below; information on therapies that will be included later  
in the trial will be included as annexes of the protocol.

Additional information required:

(i) Add details of all regimens (including regimens to be used in 
sub-populations e.g. pregnant women, where applicable) for 
all drugs included in the protocol that will be used in the initial 
comparison.

(ii) For any drugs added to the study after study initiation, 
include this information in annexes of the protocol, as 
amendments.

Modifications {11b}
For a given trial participant, the assigned study intervention 
may need to be modified or discontinued by trial investigators 
for various reasons, including as a result of adverse events or  
withdrawal of consent.

Additional information required:

Describe criteria for modifications and discontinuations

Regardless of any decision to modify or discontinue their 
assigned intervention, study participants should be retained in the 
trial whenever possible to enable follow-up data collection and  
prevent missing data.

Adherence {11c}
Patients enrolled in this study will be inpatients and their  
treatment will be administered directly by the research team.  
Information on drug, dose and timing of dosing will be  
recorded on the eCRF and monitored throughout the study.

Supportive care
All patients enrolled in the trial will receive supportive care. 
However, it may not be feasible to standardise the supportive  
care available to all patients enrolled across participating  
sites, as the availability of treatment and equipment is highly 
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variable and requires significant investment and capacity  
strengthening that extends beyond the scope of this trial.

A minimum standard of supportive care will therefore be 
defined in this protocol up until the point that an interven-
tion is required or the trial endpoint is met. At this point, the 
treating clinician will be responsible for deciding the onward  
management of the patient.

All other supportive care will be at the discretion of the  
treating clinician.

Acute Kidney Injury
The supportive care defined below follows the KDIGO  
Clinical Practice Guideline for Acute Kidney Injury (AKI)34.

AKI is defined as:

•   �Increase in Serum Creatinine (SCr) by ≥0.3 mg/dl  
(≥26.5 lmol/l) within 48 hours; or

•   �Increase in SCr to ≥1.5 times baseline, which is 
known or presumed to have occurred within the prior  
7 days; or

•   �Urine volume <0.5 ml/kg/h for 6 hours

SCr should be measured at least every 72 hours for the first 
two weeks of hospitalisation. Sites should have the capacity to  
monitor urine output via urinary catherization as needed.

AKI should be staged according to the KDIGO criteria  
(Table 1)34

This protocol recommends the following treatment for AKI:

•   �Isotonic crystalloids should be used in the initial  
management of AKI

•   �Diuretics should only be used in the management of  
volume overload

•   �Shock should be managed according to the section  
on Shock below

The decision to start dialysis will be at the discretion of the 
treating clinician.

Clinicians should aim to achieve a total energy intake of  
20–30 kcal/kg/d in patients with any stage of AKI, with  
nutritional supplements or nasogastric feeding as appropriate

Respiratory Failure
The supportive care described below has been informed by 
the Scandinavian clinical practice guideline on fluid and drug  
therapy in adults with acute respiratory distress syndrome35.

Respiratory failure is defined as oxygen saturation <92%.

Oxygen saturation should be monitored at least 3 times per 
day using a pulse oximeter. Target oxygen saturation should  
be 92%.

This protocol recommends the treatment of respiratory failure via:

•   �Oxygen support (through any available method) should 
be given to patients when oxygen saturation reaches  
≤92%

•   �A restrictive fluid therapy should be considered in 
patients with respiratory failure secondary to pulmonary  
oedema or volume overload

Once the patient has SpO2/FiO2 ≤ 315, all onward care 
is at the discretion of the treating clinician, including the  
decision to initiate non-invasive or mechanical ventilation.

Shock
The supportive care described below has been informed by the 
Recommendations for sepsis management in resource-limited  
settings36.

Shock is defined as Mean Arterial Pressure <65 mm Hg.

Temperature, heart rate, oxygen saturation and blood pres-
sure should be monitored at least 3 times daily. Target MAP  
should be ≥65 mm Hg. Urine output should be monitored  
ideally with a urinary catheter.

Table 1. KDIGO AKI staging criteria.

Stage Serum Creatinine Urine output

1 1.5–1.9 times baseline 
OR 
≥0.3 mg/dl (≥26.5 mmol/l) increase

<0.5 ml/kg/h for 6–12 hours

2 2.0–2.9 times baseline <0.5 ml/kg/h for ≥12 hours

3 3.0 times baseline 
OR 
Increase in serum creatinine to ≥4.0 mg/dl (≥353.6 mmol/l) 
OR 
Initiation of renal replacement therapy 
OR, 
In patients <18 years, decrease in eGFR to <35 ml/min per 1.73 m2

<0.3 ml/kg/h for ≥24 hours 
OR 
Anuria for ≥12 hours
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This protocol recommends the following treatment for shock:

•   �Patients in shock should receive broad-spectrum  
antibiotics

•   Use crystalloids for fluid resuscitation

•   �Noradrenaline is the vasopressor of choice but adren-
aline or dopamine can be used if noradrenaline  
is not available

•   �Steroids are not routinely recommended in patients  
with Lassa fever who are hypotensive

Encephalopathy
Encephalopathy is defined as an altered level of consciousness  
with or without the presence of seizures37.

The patient’s consciousness should be assessed at least three  
times per day using the ACVPU scale.

This protocol recommends the following treatment for  
encephalopathy:

•   �Diazepam should be given as the first-line treatment  
for seizures

•   �Broad-spectrum antibiotics (ceftriaxone) should be 
given to all patients with signs of meningism, focal  
neurology or seizures

Bleeding
All patients should be monitored for signs of bleeding. Hb  
should be measured at least every 72 hours during the first  
14 days of hospitalisation.

All sites should have the ability to monitor clotting parameters.

All patients should be graded according to the WHO Bleeding 
Scale (Table 2).

This protocol recommends that a blood transfusion should be  
provided to patients with Hb <8 g/dL.

Outcomes {12}
Primary outcome measure
The trial will evaluate the proportion of patients meeting 
any one of the components of the below composite endpoint  
(Table 3):

Secondary outcome measures
The trial will evaluate the secondary outcome measures  
described in Table 4.

Participant timeline {13} 
The schedule of events is described in Table 5.

Assessments
HIV RDT
All participants will be offered an optional HIV rapid diagnostic 
test (RDT) at admission.

Malaria RDT
A malaria RDT will be performed for all patients at admission.

Pregnancy testing
All WOCBP (see Supplementary File 1) must take a urine/serum 
pregnancy test prior to enrolment.

Table 2. WHO bleeding scale.

Grade Examples

2    •   Epistaxis, with the total duration of all episodes over 30 minutes in 24 hours. 
   •   Purpura over 2.5 cm (1 inch) in diameter. 
   •   Joint bleeding. 
   •   Melanotic stool. 
   •   Haematemesis. 
   •   Gross/visible haematuria. 
   •   Abnormal vaginal bleeding (more than spotting). 
   •   Haemoptysis. 
   •   Visible blood in body cavity fluid. 
   •   Retinal bleeding without visual impairment. 
   •   Bleeding at invasive sites.

3    •   Bleeding needing red blood cell transfusion over routine transfusion needs. 
   •   Bleeding associated with moderate haemodynamic instability.

4    •   Bleeding associated with severe haemodynamic instability. 
   •   Fatal bleeding. 
   •   Central nervous system bleeding on imaging study with or without dysfunction
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Table 3. Composite primary endpoint.

Parameter (any of the following): Measurement definition Assessment timepoint

Death Y/N Day 0 - 28

New onset of acute kidney failurea KDIGO 3b

D0 – discharge from 
hospital

New onset of acute respiratory failurea SpO2/FiO2 ≤ 315 
Based on 2 consecutive measurements taken at 
least 4 hours apart meeting the above criteria

New onset of shocka MAP < 65 mmHg 
Based on 2 consecutive measurements taken at 
least 4 hours apart meeting the above criteria

a The composite endpoint assesses the new onset of an event from the point of inclusion.
b 3.0 times baseline, OR increase in serum creatinine to ≥4.0 mg/dl (≥353.6 mmol/l), OR initiation of renal replacement therapy21.

In each case of delayed menstrual period (over one month 
between menstruations), the participant must take a urine/serum  
pregnancy test to confirm the absence of pregnancy.

Vital signs
The following assessments will be made at least three times daily:

•   �Temperature

•   �Blood pressure

•   �Heart rate

•   �Oxygen saturation

•   �Level of consciousness

Assessment of urine output will be at the discretion of the  
treating clinician on a case-by-case basis (see also recommenda-
tions for shock and AKI in Supplementary File 2).

Audiometry
Hearing loss will be assessed using an audiometer on  
admission and discharge from hospital.

Haematology
Complete blood count, including Hb, will be conducted at  
least every 72 hours for the first 14 days of hospitalisation.

Biochemistry
A blood samples will be taken for the following investigations  
at least every 72 hours for the first 14 days of hospitalisation:

•   Serum creatinine

•   Liver function

○    Aspartate aminotransferase (AST)

○    Alanine aminotransferase (ALT)

Urinalysis
A urine dipstick test should be performed on admission.

Lassa fever RT-PCR
Confirmation of LF will be conducted by Lassa virus RT-PCR  
as part of routine care before enrolment.

Subsequent blood samples for RT-PCR testing will be col-
lected for research purposes at the timepoints specified  
in 5.

Sample size {14}
The sample size calculation will initially conservatively assume 
the frequency of composite outcome is the same as the all-
cause mortality outcome (13–15% mortality in the control 
arm based on previous studies, including unpublished data)20.  
Table 6 and Figure 2 present sample size calculations for a 
range of relative risk reductions, assuming a mortality out-
come of 15% in the control arm, 90% power and 10% loss to  
follow-up.

Suggestion:

Please modify the previous paragraph to state the assumption 
on relative risk reduction that is judged relevant for the trial.

As explained above, after 300 patients are recruited or at the  
end of the first year of study, an analysis of the validity of the 
composite endpoint will be performed, and the required sample  
size will be re-estimated based on the data on frequency 
of the composite outcome. The approach to be used in the  
sample size re-estimation will be described in the statistical  
analysis plan that will be shared with the independent panel 
responsible for the interim analysis of validity of the compos-
ite endpoint before the initiation of the study. To ensure trial  
integrity38, details on the sample size re-estimation and deci-
sion process will not be shared with investigators to avoid indi-
rect inferences from the interim data. Importantly, as suggested 
by the FDA guideline for adaptive designs39, the independent 
panel will need to be involved in the discussions on the details 
of the design and discuss potential scenarios with the sponsor  
in advance.
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Table 5. Schedule of events.

STUDY PERIOD

Enrolment Allocation Treatment Follow-up

TIMEPOINT** -t1
f 0f t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 tx D14 D28

ENROLMENT  

Screening X  

Informed consent X  

Randomisation X  

Demographics X  

Comorbidities X  

Signs and symptoms X X X X X X X X X X X X X X

HIV RDT X  

Malaria RDT X  

Pregnancy test X X  

Concomitant medication X X X X X X X X X X X X X X

INTERVENTIONS:  

Ribavirin X X X X X X X X X X X  

Intervention Ba  

Intervention Ca  

ASSESSMENTS:  

Vital signsb X X X X X X X X X X X X X X

Audiometry X Xg X

Blood sample for hematologyc X X X X X X  

Blood sample for biochemistryd X X X X X X  

Urinalysise X  

Blood sample for RT-PCR X X X X X X

Adverse events X X X X X X X X X X X X X X
a Interventions and timepoints at which they are administered to be added as they become available
b Performed 3 times daily (see Section 9.1.4)
c Including haemoglobin
d Complete blood count
e Protein and blood on urine dipstick
f Days -t1, 0 and t1 may be the same day
g Upon discharge from hospital

RDT – rapid diagnostic test.

Table 6. Initial sample sizes.

Relative reduction Sample size (per arm)

50% 371

35% 825

≤30% >1000
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Suggestion:

Whilst the trial team have multiple options when considering 
the sample size re-estimation, below are some considerations:

(i) FDA guideline on adaptive designs suggest that non-
comparative interim results have only limited effect on type I 
error;39

(ii) Comparative approaches are also available, but involve 
unblinding; approaches are available to preserve type I error by 
combining test statistics or p-values from different stages of the 
trial.

If investigators decide to use efficacy stopping rules in interim 
analyses, stringent criteria will be used. In particular, the 
O’Brien-Flemming and Lan-DeMets alpha spending approaches  
will be considered to preserve type I error42. Nonbinding futil-
ity stopping rules do not affect type I error39. As the primary 
outcome being considered is defined within a relatively short 
time window, stopping rules analyses would use the same  
endpoint as the final analysis.

Suggestion:

Although there is overlap in the objectives of sample size re-
estimation and group sequential design stopping rules, the trial 
team could be interested in having stopping rules, in addition 
to the sample size estimation. If this is the case, the following 
could be considered:
(i) For futility, several approaches are possible (conditional 
power, group sequential approach). Nonbinding futility rules are 
preferred over binding rules43.
(ii) If comparative sample size re-estimation is performed, 
interim analyses beyond the first initial analyses might not be 
necessary.
(iii) Statistical software programmes for different approaches 
that combine sample size re-estimation and stopping rules in 
the interim analysis are available for example in 44.

Recruitment {15}
The participant or their representative must personally sign and 
date the latest approved version of the informed consent form  
before any trial specific procedures are performed.

Screening and eligibility assessment
Patients who are clinically suspected of Lassa fever will be 
identified and approached to participate in the trial by a mem-
ber of staff at the participating site, who has been trained on  
the trial protocol and delegated this task by the site Investigator.

A suitably trained and qualified member of the site trial team 
will check that the patient meets the enrolment criteria before 
the patient is approached. The inclusion criteria and exclusion  
criteria must also be checked.

The enrolment and eligibility criteria will be cross-checked 
by the site Investigator (or a co-Investigator where the site 
Investigator completes the initial enrolment and eligibility  
assessment).

Consent and assent {26a}
The participant must personally sign and date the latest 
approved version of the informed consent form before any trial  
specific procedures are performed.

Written and verbal versions of the participant information 
sheet and informed consent form will be presented to the par-
ticipants detailing no less than: the exact nature of the trial;  
what it will involve for the participant; the implications and 
constraints of the protocol; the known side effects and any 
risks involved in taking part. It will be clearly stated that the  
participant is free to withdraw from the trial at any time for 
any reason without prejudice to future care, without affect-
ing their legal rights and with no obligation to give the reason  
for withdrawal.

Figure 2. Sample size estimations for mortality endpoint.
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The participant will be allowed as much time as wished to con-
sider the information, and the opportunity to question the 
Investigator, their medical practitioner or other independent  
parties to decide whether they will participate in the trial. 
Written informed consent will then be obtained by means of  
participant dated signature and dated signature of the per-
son who presented and obtained the Informed Consent. The 
person who obtained the consent must be suitably qualified 
and experienced, and have been authorised to do so by the  
Chief/Principal Investigator. A copy of the signed informed 
consent will be given to the participant. The original signed  
form will be retained at the trial site.

Adults who lack the capacity to provide informed 
consent
If a potential participant does not have the capacity to provide 
consent for themselves, a suitable consultee should be sought 
by the site study team. In the first instance, the site study team 
should try to identify a “personal consultee”, which means a  
person who is:

•   �engaged in caring for the participant (not profession-
ally or for payment) or is interested in his/her welfare,  
and

•   �is prepared to be consulted.

This will normally be the participant’s usual carer or another 
person closely concerned with their welfare. This may or may  
not be the nearest relative.

If no appropriate person can be identified who is willing to 
act as a personal consultee, the researcher may consult a  
'nominated consultee', i.e. a person independent of the project.

It is a matter of judgment for the researcher, in consultation 
with the participant’s care team, to identify the most appropriate  
person to act as a consultee. The responsibility to decide 
whether the participant should be entered into the research at  
all lies ultimately with the researcher.

Once a suitable consultee has been identified, they will be pro-
vided with the appropriate consultee information sheet, which 
includes the same level of information that the participant  
would receive if they had capacity.

Note: For those lacking capacity but with some measure of 
understanding, they should be provided with a simplified  
information sheet.

Nominated and personal consultees will complete the rel-
evant record of consultation form which will contain their  
advice about the inclusion of the participant in the study.

Adults who are unable to read
For adults who are unable to read, verbal information will be 
provided describing no less than: the exact nature of the trial; 
what it will involve for the participant; the implications and  
constraints of the protocol; the known side effects and any 
risks involved in taking part. It will be clearly stated that the 

participant is free to withdraw from the trial at any time for  
any reason without prejudice to future care, without affecting 
their legal rights and with no obligation to give the reason for  
withdrawal.

If the patient wishes to consent to participate, they will pro-
vide a finger print in place of their signature on the informed  
consent form.

A witness who can read must be present during the consent 
process to ensure the verbal information provided is coherent  
with that of the patient information sheet and consent form.  
The witness must also sign the informed consent form.

Additional documentation of this process will be in  
compliance with national regulations.

Children
In the event that children should be included in later iterations 
of the trial, age-appropriate information will be provided to 
the patient explaining key elements of the trial after which the 
child will be given the opportunity to ask questions and assent  
will be requested. Active objection will be taken seriously 
in all children, regardless of age. The assent process will be 
documented in the medical notes and children will be asked 
to complete an assent form where they are of an appropriate  
age to do so.

Written consent will be obtained from a parent or caregiver  
following the process described above.

Enrolment
After the patient has signed the consent form and the enrol-
ment and exclusion criteria have been checked by the site 
Investigator, the patient can be enrolled in the study and any  
trial-specific procedures can be carried out.

Please note: patients can start treatment as soon as they have  
been enrolled.

Inclusion
Upon receipt of a positive RT-PCR result for LF, the patient can 
be included in the trial providing they (or their representative)  
sign the informed consent form.

Allocation
This is a randomised trial. All patients will be randomised 
to treatment following consent and enrolment in the trial. 
This applies to patients who are enrolled before the interim  
analysis and after the interim analysis.  

Sequence generation {16a}
Sequence generation will be stratified by study centre.

Additional information required:

The trial team needs to describe the method that will be used 
for random sequence generator here. See the SPIRIT statement 
for additional guidance.
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Concealment mechanism {16}

Additional information required:

The trial team needs to describe the concealment mechanism 
used.

Implementation {16c}

Additional information required:

The trial team needs to describe the implementation of the 
concealment mechanism used.

Blinding and masking {17a}
As this study is a platform trial in which new drugs with poten-
tially diverse formulations can be added at any time, it may 
not be possible for either participants or healthcare staff to be  
blind to allocation.

The study database will be implemented so that researchers  
involved in the conduct and analysis of the study, who are 
not part of the patient’s healthcare team, can access and  
analyse data blind to treatment allocation.

The Data Safety and Monitoring Board (DSMB) will be the 
only group outside the patient’s healthcare team who may be  
provided with data containing treatment allocation.

Emergency unblinding {17b}
It is unlikely that neither the participant nor their direct 
healthcare team will be blinded to treatment allocation. The 
DSMB will maintain oversight of the study with access to  
unblinded data on request.

Data collection methods {18a}
All trial data will be entered on to paper case report forms  
(CRFs) and/or entered on to eCRF software. 

The participants will be identified by a unique trial spe-
cific number and/or code in any database. The name and any 
other identifying detail will NOT be included in any trial  
data electronic file.

No identifiable, personal data will be retained centrally (i.e. 
by the sponsoring organisation), but rather this will be held at  
individual sites only.

Additional information required:

Describe where, and for how long data and/or samples will 
be retained depending on local regulations in participating 
countries.

Please refer to the data management plan for further details.

Retention {18b}
All participants who complete scheduled trial visits until 
D28 will have fulfilled the clinical and laboratory evaluation  
requirements of the trial.

Once a patient is randomized, the study site will make every  
reasonable effort to follow the patient for the entire study  
period.

Study site staff are responsible for developing and implement-
ing local standard operating procedures to achieve this level  
of follow-up.

Participant withdrawal
The type of withdrawal and reason for withdrawal will be  
recorded in the CRF.

During the course of the trial a participant may choose to with-
draw early from the trial treatment at any time. Participants 
may choose to stop treatment and/or study assessments but 
may remain on study follow-up. This may happen for a number  
of reasons, including but not limited to: 

1)   �The occurrence of what the participant perceives as  
an intolerable adverse event (AE). 

2)   Inability to comply with trial procedures

3)   Participant decision.

Participants may also withdraw their consent, meaning that 
they wish to withdraw from the study completely. How par-
ticipants wish to withdraw their consent must be recorded on the  
CRF:

1)   �Participants may withdraw from active follow-up and 
further communication but allow the trial team to 
continue to access their medical records and any rel-
evant hospital data that is recorded as part of routine  
standard of care; 

2)   �Participants can withdraw from the study but per-
mit data and samples obtained up until the point of 
withdrawal to be retained for use in the study analy-
sis. No further data or samples would be collected after  
withdrawal;

3)   �Participants can withdraw completely from the study 
and withdraw the data and samples collected up until 
the point of withdrawal. The data and samples already 
collected would not be used in the final study analy-
sis, but they may have been used in any interim anal-
yses that have taken place before the participant’s  
withdrawal of consent.

In addition, the Investigator may discontinue a participant from 
the trial treatment at any time if the Investigator considers it  
necessary for any reason including, but not limited to:

1)   Pregnancy

2)   �Ineligibility (either arising during the trial or retrospec-
tively having been overlooked at screening)

3)   Significant protocol deviation

4)   �Significant non-compliance with treatment regimen or trial 
requirements
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5)   �An adverse event which requires discontinuation of the 
trial medication or results in inability to continue to  
comply with trial procedures

6)   �Disease progression which requires discontinuation  
of the trial medication or results in inability.

Participants who withdraw from trial treatment due to the deci-
sion of the Investigator will continue to attend scheduled trial  
follow-up visits where possible and appropriate. Alternatively, 
if the reason for the participant’s withdrawal means they are 
unable to attend follow-up visits, data should be collected from 
medical records following any further visits or procedures  
as part of routine care.

If the participant is withdrawn due to an adverse event, the 
Investigator will arrange for follow-up visits or telephone calls  
until the adverse event has resolved or stabilised.

If a participant is withdrawn from treatment due to pregnancy  
the pregnancy will be followed-up to outcome. 

Data management {19}
The data management aspects of the study are summarised  
here with details fully described in the data management plan. 

Source data
Source documents are where data are first recorded, and from 
which participants’ CRF data are obtained. These include, but 
are not limited to, hospital records (from which medical his-
tory and previous and concurrent medication may be sum-
marised into the CRF), clinical and office charts, laboratory 
and pharmacy records, diaries, microfiches, radiographs, and  
correspondence.

CRF entries will be considered source data if the CRF is the site 
of the original recording (e.g. there is no other written or elec-
tronic record of data). All documents will be stored safely in 
confidential conditions. On all trial-specific documents, other 
than the signed consent, the participant will be referred to by  
the trial participant number/code, not by name.

Access to data
Direct access will be granted to authorised representatives from 
the Sponsor, host institution and the regulatory authorities to  
permit trial-related monitoring, audits and inspections.

Statistical methods
Outcomes {20a}
For the primary endpoint, the intervention arm(s) will be com-
pared to the control arm. Unadjusted one-tailed test with sig-
nificance level of 0.025 will be used; note that if efficacy or  
futility rules are used, interim analyses will control for type 
I error (e.g. using O’Brien-Flemming and Lan-DeMets alpha 
spending approaches). The primary endpoint to be analysed 
in the final analysis will depend on the findings of the initial  
interim analysis to validate the endpoint, i.e. a single or  
composite outcome measure.

Assuming the composite outcome is found to be valid, the 
final analysis will evaluate the primary endpoint based on 
the occurrence of new events, as a modified intention-to-treat  
analysis (mITT). Patients who meet the criteria for having an 
event at admission would not be eligible to experience that same 
component outcome in the mITT analysis; however, the occur-
rence of another component outcome) would be considered  
for the primary endpoint.

Each comparative analysis between treatment arms (interim 
or final) will only include concurrently randomised control  
data.

A statistical analysis plan will be prepared and shared with  
the DSMB for review and approval before the start of the trial.

Additional information required:

Specify each analysis the study team intends to carry out 
comparing study groups.

Additional analyses {20b}
In addition to the primary comparison described above, adjusted 
analyses will be performed using multivariate logistic regres-
sion. Variables that will be used for adjustment include sex,  
age and clinical severity at presentation. Modification of the 
effect of the treatment on the frequency of the primary end-
point by age and clinical severity will be assessed at the multi-
plicative scale by including an interaction term in the regression  
model; effect estimates will also be presented by strata of 
these variables. In addition to comparisons of frequencies of 
the primary endpoint, the frequency of the death outcome will 
also be compared between treatment arms, as will secondary  
outcomes; the latter analyses will be unadjusted.

Additional information required:

Specify any additional or subgroup analyses the study team 
intends to carry out. 

Analysis population

Additional information required:

As described above, the primary analysis for each pairwise 
comparison will be an intention-to-treat analysis modified as 
described above. 

Safety reporting {22}
Reporting period
Adverse events (AEs) and serious adverse events (SAEs) must 
be reported from consent until 30 days after the patient received 
their last dose of study treatment, unless the site investigator  
considers that the event is related to the study treatment in which 
case AEs and SAEs should be reported at any time until the  
end of the study.

AEs and SAEs occurring after a subject is discontinued from 
the study will not be reported unless the investigator deter-
mines that the event may have been caused by the study drug  
or a study procedure.
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Assessment of causality
The relationship of each adverse event to the trial medication 
must be determined by a medically qualified individual accord-
ing to the World Health Organisation – Uppsala Monitoring  
Centre definitions45:

Unassessable/unclassifiable: Report suggesting an adverse 
reaction; Cannot be judged because information is insufficient  
or contradictory; Data cannot be supplemented or verified

Conditional/unclassified: Event or laboratory test abnormal-
ity; More data for proper assessment needed; Additional data  
under examination

Unlikely: Event or laboratory test abnormality, with a time 
to drug intake that makes a relationship improbable (but 
not impossible); Disease or other drugs provide plausible  
explanations

Possibly: Event or laboratory test abnormality, with reason-
able time relationship to drug intake; Could also be explained 
by disease or other drugs; Information on drug withdrawal may  
be lacking or unclear

Probably: Event or laboratory test abnormality, with reason-
able time relationship to drug intake; Unlikely to be attributed 
to disease or other drugs; Response to withdrawal clinically  
reasonable; Re-challenge not required

Certain: Event or laboratory test abnormality, with plausible 
time relationship to drug intake; Cannot be explained by disease 
or other drugs; Response to withdrawal plausible (pharmaco-
logically, pathologically); Event definitive pharmacologically or  
phenomenologically (i.e. an objective and specific medi-
cal disorder or a recognised pharmacological phenomenon);  
Re-challenge satisfactory, if necessary.

Events that are considered possibly, probably and certainly 
related to the trial drugs will be classified as ((suspected unex-
pected) serious) adverse reactions. Events that are unassessable/ 
unclassifiable, conditional/unclassified and unlikely to be related 
to the trial drugs will be classified as serious adverse events  
only.

Expectedness
Expectedness of SARs will be determined according to the 
relevant RSI section of the Investigators’ brochure/summary 

Definitions of adverse events

Adverse event 
(AE)

Any untoward medical occurrence in a participant to whom a medicinal product has been administered, including 
occurrences which are not necessarily caused by or related to that product.

Adverse reaction 
(AR)

An untoward and unintended response in a participant to an investigational medicinal product which is related to 
any dose administered to that participant. 
The phrase “response to an investigational medicinal product” means that a causal relationship between a trial 
medication and an AE is at least a reasonable possibility, i.e. the relationship cannot be ruled out. 
All cases judged by either the reporting medically qualified professional or the Sponsor as having a reasonable 
suspected causal relationship to the trial medication qualify as adverse reactions.

Serious adverse 
event (SAE)

A serious adverse event is any untoward medical occurrence that: 
• results in death
• is life-threatening
• requires inpatient hospitalisation or prolongation of existing hospitalisation
• results in persistent or significant disability/incapacity
• consists of a congenital anomaly or birth defect*.

Other ‘important medical events’ may also be considered a serious adverse event when, based upon appropriate 
medical judgement, the event may jeopardise the participant and may require medical or surgical intervention to 
prevent one of the outcomes listed above. 
NOTE: The term “life-threatening” in the definition of “serious” refers to an event in which the participant was at risk 
of death at the time of the event; it does not refer to an event which hypothetically might have caused death if it 
were more severe. 
*NOTE: Pregnancy is not, in itself an SAE. In the event that a participant or his/her partner becomes pregnant whilst
taking part in a clinical trial or during a stage where the foetus could have been exposed to the medicinal product (in 
the case of the active substance or one of its metabolites having a long half-life) the pregnancy should be followed 
up by the investigator until delivery for congenital abnormality or birth defect, at which point it would fall within the 
definition of “serious”. 

Serious adverse 
reaction (SAR)

An adverse event that is both serious and, in the opinion of the reporting Investigator, believed with reasonable 
probability to be due to one of the trial treatments, based on the information provided.

Suspected 
unexpected 
serious adverse 
reaction (SUSAR)

A serious adverse reaction, the nature and severity of which is not consistent with the reference safety information 
for the medicinal product in question set out:

•    �in the case of a product with a marketing authorisation, in the approved summary of product characteristics
(SmPC) for that product

•    �in the case of any other investigational medicinal product, in the approved investigator’s brochure (IB) relating
to the trial in question.
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of product characteristics. The RSI used will be the current  
Sponsor approved version at the time of the event  
occurrence.

Procedures for reporting adverse events
All AEs occurring during the safety window for the trial as 
defined above that are observed by the Investigator or reported  
by the participant, will be reported on the trial CRF.

The following information will be reported on the CRF: 
description, date of onset and end date, severity, assessment of  
relatedness to trial medication, other suspect drug or device 
and action taken. Follow-up information should be provided as  
necessary.

The severity of events will be assessed on the following 
scale: 1 = mild, 2 = moderate, 3 = severe, 4 = life-threatening,  
5 = fatal.

All non-serious AEs will be followed up until resolution.

It will be left to the treating clinician’s clinical judgment to 
decide whether or not an AE is of sufficient severity to require 
the participant’s removal from the trial. A participant may 
also voluntarily withdraw from treatment due to what he or  
she perceives as an intolerable AE. 

Reporting procedures for serious adverse events
All SAEs (other than those defined in Section 17.6 as not requir-
ing reporting) must be reported on the SAE reporting form 
to the Sponsor or delegate within 24 hours of site study team  
becoming aware of the event being defined as serious.

The site study team will complete an SAE report form for all 
reportable SAEs with as much information as is available at  
the time of reporting.

The SAE report form will be scanned and emailed to the  
Sponsor contact/entered on to the SAE eCRF within 24 hours  
of site study team becoming aware of the event.

The site study team will provide additional, missing or follow  
up information in as soon as it becomes available.

The Sponsor will provide a causality assessment of the SAE  
within 1 business day of receipt.

If the SAE is a SAR, the Sponsor will perform an expected-
ness assessment using the Sponsor-approved Reference Safety  
Information (RSI) current at the time of the event.

Events exempt from immediate reporting as SAEs
The following events do not require reporting as SAEs:

•   �Hospitalisation for a pre-existing condition, includ-
ing elective procedures planned prior to study entry,  
which has not worsened.

Additional information required:

Add any other trial-specific events that may be exempt from 
reporting.

Data monitoring
Formal committee {21a}
A data and safety monitoring board (DSMB) will oversee patient 
safety, monitor trial conduct, and, when appropriate, assess  
interim data.

The DSMB will be formed of members independent of the  
Sponsor and study. Members will declare any competing  
interests ahead of being formally appointed.

The DSMB will advise the Trial Steering Committee of any 
actions it deems necessary for the continuation, or termina-
tion, of the study. Furthermore, an independent panel will be 
responsible to assess the validity of the composite endpoint and  
make decisions regarding sample size re-estimation.

Interim analyses {21b}
An essential component of the design is to first characterise 
the frequency and validity of the proposed primary compos-
ite endpoint. After recruitment of 300 patients or after one year  
after recruitment, whichever happens first, an analysis of the 
number and percentage of patients experiencing each of the 
composite endpoint events at admission and within a short  
pre-specified time period will be performed. Specifically, the 
criteria that will be used by the independent panel to assess the  
validity of the composite endpoint consist of:

•   �The proportion of patients enrolled in the trial who 
present with one or more of the components of the  
composite endpoint on admission

•   �The proportion of patients experiencing a new event, 
defined as one of the components of the composite  
outcome, following admission

•   �The variation of the frequency of the events by study 
site and over time, as the profile of patients recruited 
to the trial and the time from infection to hospital  
admission might change.

In particular, the independent panel will assess whether the 
onset of any of the component events of the composite outcome 
typically occurs before randomisation, in which case the panel  
might chose to remove the component event from the defini-
tion of the composite outcome. Any challenges for the use of 
the composite outcome as a primary endpoint for the trial would  
be examined carefully.

Access to data and results would be limited to a pre-specified 
small group to allow an independent panel of experts, including 
an independent statistician, to make recommendations for deci-
sion making to approve the composite outcome as the primary  
endpoint of the trial. 
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Only after assessment of the validity of the composite out-
come, the independent panel will proceed with the following 
steps: (i) assessment of efficacy and/or futility stopping rules, 
if these were planned and described in the statistical analysis  
plan; (ii) sample size re-estimation.

The sample size assumptions for a trial powered to evaluate  
the composite endpoint as the primary endpoint would be  
re-estimated, based on these data and a decision would be  
made as to whether to make the sample size adjustment in  
a protocol amendment.

Additional interim analyses

Suggestion:

Please specify the number and timing of additional interim 
analyses, and whether efficacy or futility will be tested. If no 
additional interim analyses are performed, this subsection can 
be deleted.

In addition to the analysis that will be used for the valida-
tion of the composite outcome, additional interim analyses will 
be performed applying efficacy (or futility) stopping rules. In  
the statistical analysis plan that will be shared with the DSMB 
before the first interim analysis, the statistical approaches taken 
to control for type I error and to account for potential reduc-
tion in study power will be described based on this number 
of interim analyses. In particular, we will prioritise use of  
well-established approaches, such as O’Brien-Flemming or 
Pocock, or alpha spending function, for control of type I error, 
when efficacy stopping rules are used. For futility stopping 
rules, which do not affect type I error, but can affect the study  
power33,46, group sequential approaches, including beta-spending  
function, or conditional power approaches can be used;  
recommendations on the conditional power thresholds to be  
used are described for example in 43.

Harms {22}
Outcome measures related to harms are assessed as part of the  
primary and secondary outcome measures.

Pregnancy reporting will also be a requirement for partici-
pants who enter the study and receive a positive pregnancy 
test result either before or during treatment. Pregnancy report-
ing will also be required for partners of male participants who  
receive a positive pregnancy test result either before or dur-
ing the participant’s treatment. In these scenarios the preg-
nancy will be followed up until its outcome, which should be  
recorded on the pregnancy report form.

Monitoring {25}

Additional information required:

Please describe the monitoring procedures for the trial.

Protocol amendments
Any amendments that are made to the protocol and associ-
ated study documents will be reviewed by the applicable eth-
ics committees and/or regulatory authorities in the responsible  
countries involved in the research.

Confidentiality {27}
All paper-based study-related information will be stored securely 
at the study site and all electronic study data will be held 
securely on servers located at the research team’s institution.  
Any electronic data held locally on-site will be stored on 
encrypted devices that are password protected with restricted  
access to only those authorised to work on the trial.

All study samples and data will be identified by a study par-
ticipant ID only to maintain participant confidentiality. All 
records that contain participant names or contact information, 
such as informed consent forms, will be stored separately from  
study records identified by code number.

All study data will be protected by local laws and regulations  
governing data protection.

Participants’ study data will not be viewed by anyone outside 
the study team, except for monitoring and auditing purposes 
by the Sponsor organisation or regulatory bodies to review  
study conduct.

Ancillary and post-trial care {30}

Additional information required:

Please describe the arrangements for ancillary and post-trial 
care here.

Dissemination policy {31a}

Additional information required:

Please describe the dissemination policy here.

Ethics approval and consent to participate {32}
This is a pre-positioned protocol. At the time of publication of 
this pre-positioned protocol, no study is planned. It has been 
written and published in preparation for adaptation and imple-
mentation by the Lassa fever research community. Any research 
group who implements this protocol would be required to 
obtain regulatory and/or ethical approval in line with local and  
international guidelines.

Consent for publication {32}
Not applicable.

Discussion
This article describes a pre-positioned protocol for the 
evaluation of multiple therapeutics for Lassa fever.
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While it is clear that the current standard of care – ribavi-
rin – requires reassessment due to important safety concerns,  
it is unlikely that a trial could be implemented without ribavi-
rin or any other active treatment. A survey conducted by the  
WALC found that West African clinicians have clearly 
expressed their opposition to trials not including ribavirin or 
a putative active drug on top of supportive care, i.e. placebo- 
controlled trials. Further, conducting trials comparing the  
different ribavirin regimens is unlikely to be cost-effective and 
time-efficient given the additional pre-clinical and phase II  
pharmacokinetic studies that would be needed to do this in a  
robust manner. Finally, given the possible safety concerns  
that have been raised about ribavirin and the fact that the pre- 
clinical data is not comprehensive enough, it could be con-
sidered unethical to conduct any trials of ribavirin in Lassa  
fever.

A potential limitation of this design is that any trial of new 
therapy will need to be tested against ribavirin, despite ribavi-
rin potentially being ineffective or indeed harmful. This could  
theoretically lead to a situation in which a new drug is found 
to be superior to ribavirin, when in fact it represents the new 
drug simply not being harmful in comparison to ribavirin. A 
potential solution to this problem is to replace ribavirin with 
the new drug in the control arm if the efficacy of a new drug is  
established.

The safety and efficacy of new treatments assessed under this 
protocol will be evaluated using a composite primary endpoint 
that consists of mortality or new onset of three critical Lassa 
fever complications: Acute Kidney Failure, Acute Respiratory  
Failure or shock. It is clear that, as death occurs in approxi-
mately 12% of Lassa fever cases managed in a hospital setting 
– a relatively low frequency to detect significant improvements 
with new treatments – using mortality alone as a primary out-
come measure in a clinical trial would generate an unfeasibly  
large, unachievable sample size.

The challenge in implementing this composite primary out-
come measure is that insufficient information exists on the fre-
quencies of the above complications which hinders the accurate  
estimation of the trial’s sample size. To obtain an accurate esti-
mate of the required sample size, the trial would be initially 
powered for a mortality outcome measure, but an interim analy-
sis would be conducted after 300 patients have been included in  
the study to assess the frequencies of the events in the  
composite outcome measure and validate the use of a compos-
ite outcome measure. These data would then be used to con-
firm the required sample size to provide adequate power for  
subsequent analyses.

This pre-positioned protocol was developed by the WALC 
and made available for adaptation and implementation by 
the wider Lassa fever research community in order to gener-
ate efficient, reliable, and comparable evidence for Lassa fever  

therapeutics. This protocol has been reviewed by clinicians, 
regulators, researchers and members of ethics committees in  
West Africa and other international stakeholders.
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Extended data

Reporting guidelines
This article has been written according to the SPIRIT guidelines.
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Juan de la Torre   
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This is an updated version of paper proposing the structure of a standardized, pre-positioned 
protocol for a Phase II/III clinical trial to evaluate multiple therapeutics for the treatment of Lassa 
fever disease caused by the mammarenavirus Lassa virus (LASV). 
 
This updated version 2 of the paper has incorporated the appropriate changes to address the 
issues raised by Dr. George O. Akpede about the originally submitted paper. 
 
I concur with Dr.Emmanuel Bottieau that this updated version still lacks details about the specific 
regimen for the ribavirin treatment that will be used as benchmark.  
 
In addition, I think that the protocol should provide a more detailed description about the RT-PCR 
procedures, as the readout of this assay will be used as a main inclusion criteria. Details about the 
protocols and controls to be used across the different sites should be established ahead of 
initiating recruitment. It would be important to establish experimental conditions to minimize the 
possibility of false negatives due to lack of genetic coverage.
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Reviewer Expertise: My area of expertise is molecular and cell biology of mammarenaviruses 
including LASV, and development of therapeutics against hemorrhagic fever causing 
mammarenaviruses.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 28 August 2024
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© 2024 Simons D. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
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David Simons  
Department of Anthropology, The Pennsylvania State University, State College, PA, USA 

Pre-positioned protocols for platform trials for sporadic or outbreak associated endemic zoonoses 
are an excellent opportunity to allow healthcare researchers to rapidly respond to outbreaks and 
guide the production of an evidence base for safety and efficacy of novel or repurposed drugs in 
clinical management. The development and implementation of the RECOVERY trial and 
PANORAMIC trial in COVID-19 was vital in providing a secure evidence base for COVID-19 
treatments and the development of a similar approach for Lassa fever would be fantastic. 
 
This protocol begins this process for Lassa fever and has been developed by the West African 
Lassa Fever Consortium. The consortium comprises collaborators and centers in the Lassa fever 
endemic region with direct experience in the identification of individuals suffering with 
symptomatic Lassa fever and their management. 
 
As the WALC highlight clinical trials are urgently needed for the management of Lassa fever in 
endemic settings. Developing and making this protocol available is a vital first step in improving 
the quality of clinical evidence for unproven therapeutics. I would hope that consortia such as the 
WALC that encompass specialist clinical settings across the endemic region are able to action this 
protocol with appropriate support in the near future. 
 
I have no major comments. The protocol appears well thought through with clear directions to 
those who will implement it what further information would be required. 
 
Minor comments. 
My understanding of the patient pathway for LF, in Sierra Leone at least, is that patients are 
referred to the specialist centre rather than admitted from within the site. This may limit the 
approach for screening and enrolment if the recruitment team is solely based at the tertiary 
centre. It may be worth considering the need for satellite recruitment to reduce the delay in 
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enrolment if current processes are followed. 
 
"Transmission to humans occurs primarily through contact with contaminated surfaces" - Perhaps 
consider changing to "Transmission to humans is expected to occur primarily....". The evidence for 
mode of infection in Lassa fever is unclear and to my knowledge it is unclear whether direct 
contact with contaminated surfaces or aerosolisation of rodent excreta lead to human infection. 
 
In the paragraph describing the symptomatology of LF it may be worth highlighting that a 
substantial number of infections are likely asymptomatic, given the incongruence between human 
serology studies and the identification of clinical cases in endemic regions. This could be 
considered alongside the inclusion criteria for any clinical trials as asymptomatic/ pauci-
symptomatic LF may not be suitable for consideration for enrolment and treatment given 
concerns about side-effect rates in current Standard-of-care treatment with Ribavirin. It may be 
that this represents a very small proportion of individuals that are confirmed to be infected with LF 
but should asymptomatic infections be excluded from enrolment? 
 
The justification for the potential use of the composite endpoint and the associated sample size 
estimations are clear and appear valid. 
 
Choice of comparators. The issues around evidence for Ribavarin have previously been discussed. 
It would be of interest to know how prevalent it's use is currently. Is there available information on 
how many of the hospitalised cases within the WALC receive Ribavirin and how many don't? 
 
Respiratory failure. No changes required for this protocol but it may be worth considering the 
accuracy of SpO2 monitoring in endemic settings (i.e., Henry NR, et. al., 2022 [Ref 1]) 
 
Is it intended that consent forms will be provided in English or the participants preferred 
language? 
 
Date of symptom onset may be a valuable assessment to aid interpretation as part of the 
additional analysis given expected delays in presentation. 
 
References 
1. Henry NR, Hanson AC, Schulte PJ, Warner NS, et al.: Disparities in Hypoxemia Detection by Pulse 
Oximetry Across Self-Identified Racial Groups and Associations With Clinical Outcomes.Crit Care 
Med. 2022; 50 (2): 204-211 PubMed Abstract | Publisher Full Text  
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I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.
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Emmanuel Bottieau   
Department of Clinical Sciences, Institute of Tropical Medicine, Antwerp, Belgium 

Thank you for all clarifications regarding this great protocol, which is now fine to me. As a final 
comment, I still regret however that there is no more available information on:

The current knowledge on the disease characterization: 
I understand that it is challenging to provide a synopsis of the Lassa complications, at 
presentation and during the course of the disease, because the data are extremely 
heterogeneous. This issue has been debated by the WALC group apparently, and the 
information was perceived as “insufficient” to establish an adequate composite primary 
endpoint. It is a pity that no meeting minutes are provided in a transparent way to support 
this conclusion. Most external readers and researchers are used to these kinds of study 
limitations. The collected information could have been summarized with some warnings, 
and prioritizing the studies of highest quality (prospective, large sample size,…). This 
knowledge gap leads to the innovative - but unusual - two-stage design of this trial. 
Classically, good prospective observational studies on a disease are the necessary step prior 
to the design and conduct of interventional trials. I hope this approach “under constrains” 
will be understood and accepted by trialists and ethicists. 
 

1. 

The choice of the ribavirin regimen(s) for the trial: 
For the same reason, there seems to exist no consensus within the WALC group on the best 
ribavirin regimen to offer in the control arm of the trial. Here again providing a Table 
summarizing the pros and cons of the different regimens “in competition” would be great, 
as this is a step any researcher will need to undertake while designing the trial. If the 
rationale to select an option is also considered as insufficient, the preference should likely 
go the safest regimen.   

2. 

 
I suggest these two limitations related to the lack of consensus between experts are more clearly 
stated in the Discussion and mentioned also in the amendment, as major points of attention for 
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Introductory remarks: 
There is no doubt that a new effective product for the treatment of Lassa fever, a long-neglected 
tropical disease, could have more than a salutary impact on the outcome but its efficacy would 
need to be shown in clinical trials. Bourner et al.’s work1 in developing a de facto master protocol 
for phases II/III trials of such products is thus to be highly welcomed. The authors have carried out 
an important assignment with due diligence, thoughtfulness and foresight and should be 
commended. Nonetheless, it seems to me also important to acknowledge and realistically 
appraise the place of ribavirin in the treatment of LF, not minding the recent controversies as to its 
efficacy and safety in patients with LF. Added to these two issues, which are interrelated, is the 
third issue of what should be the totality of the expected benefits from the forthcoming clinical 
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trials of LF vaccines and new therapeutics. My comments and remarks on the protocol are 
modulated by these three considerations. Before I proceed, however, I should note that the paper 
is generally well written, and indeed, I was tempted to recommend it outright for approval but for 
a few observations that might further strengthen the message(s) therein. 
 
For ease of understanding but perhaps also of convenience and considering their potential 
significance, I have elected to present my remarks in three groups: First, observations and 
remarks of a cross-cutting nature that in my view could have impact for the conceptualization, 
rationale and design of the protocol; second, issues that might have to do with writing style but 
does have potential for impact on protocol implementation and clinical outcomes. These might 
therefore also have ethical connotations; and third, issues which I think should be clarified to 
enhance understanding and facilitate implementation of the protocol. The three introductory 
remarks which I made in the preceding paragraph have in the main to do with the cross-cutting 
issues. At the same time, however, I should emphasize that neither of the group of comments is of 
course, expected to be unconnected. 
 
Observations and remarks of a cross-cutting nature with potential for impact on the 
conceptualization, rationale, and design of the protocol: 
The paper1 has some fundamental uncertainties and contestable claims, that could have been 
resolved or avoided through enhancement of the background information from a more 
comprehensive review of the available pool of observational data. I did not find any or sufficient 
reference to this in the paper and consider it a major weakness, with its implications for the 
rationale undergirding the recommendation for platform trials, study objectives, protocol design 
and recommendations on choice of endpoints: 
 
It may be necessary to revisit the justification for the choice of platform trials and study 
design. For example, a more comprehensive review of extant literature, especially from recent 
times,2-7 might not support the claim that cases of LF in endemic areas are “few and sporadic” 
with a “small number of patients” excepting if these descriptions are made to take on meanings 
beyond their ordinary usage. Then, the allusion made to some parallels between LF, and Ebola 
may have overlooked important differences between them that might be of equal or greater 
significance. For example, LF outbreaks2,3,7-10 are typical annual and recurrent unlike Ebola 
outbreaks11 and whereas until recently there was no ‘specific treatment’ for Ebola, ribavirin, 
formally approved or not, has been available for decades for the treatment of LF12 not minding 
the recent controversies as to its safety and efficacy.13,14 And, granted that there are a “small 
number of trial sites … in Lassa-endemic areas” could the number not be built up before the 
proposed trials in order that it does not become a permanent fixture? And with respect to the 
worry that “the customary approach of individual separate trials” could be wasteful, we don’t think 
that this line of argument is sustainable. 
 
Then, the position taken on ribavirin seems too conclusive when weighed against the available 
evidence. I suggest that it be reviewed as it has implications for the trial protocol design. The 
recent reviewers of the McCormick et al.’s12 trial report and data did not discount the effectiveness 
of ribavirin in the treatment of severe LF and other than the concerns expressed over the study 
design and execution, the major reservation were questions of the efficacy and safety concerns 
among putatively mildly ill patients (defined as those with AST levels <150 iu/L) treated with 
ribavirin.13,14  Bourner et al.1 should have interrogated some of the conclusions from these 
reviews in taking a position. For example, what is the correlation between AST levels and other 
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indices of illness severity, and could its sole use not potentially misclassify some cases? Also, to 
what extent have the safety concerns been confirmed in subsequent observational studies?4,15-17 
I do not dismiss the supposed reticence of “local clinicians” towards further trials of the efficacy of 
ribavirin as alluded to in the paper,1 but I am of the view that this could be managed through 
further engagement with them. And by the way, more information should have been given on the 
“consultation” with them, for example, what was the nature, exactly what issues were discussed 
and how representative of the group were the respondents? 
 
Furthermore, what has the trialing the efficacy of ribavirin got to do with “conducting trials 
comparing the different ribavirin regimens” and for that matter on what basis was it thought that 
such a trial “is unlikely to be cost-effective”? In the end, no ribavirin regimen was recommended 
for use in the protocol but is it not intuitive that the ‘Irrua regimen’ of a single daily dose18 could 
be cost-saving given the reductions in caregiver-patient contact time, and in material and drug 
requirements? And which practice might really be “unethical”, continuation with the use on a large 
scale of a drug with such potentially serious safety concerns or conducting further investigations 
to resolve the controversy? The opposite view that there are important reasons for an urgent trial 
of ribavirin (versus placebo versus new product) in the treatment of mild LF is in my view not 
unreasonable as it would, likely, remain in use in endemic areas for now. 
 
In addition, further thought should be given to the recommended use of ribavirin as comparator 
in the trials. As it were, the recent ribavirin controversy13,14 has to do with its place in the 
treatment of mild ill patients whereas all agree as to its effectiveness in the severely ill.12-14 Its 
choice as a comparator drug may therefore be appropriate only for trials among severely patients. 
Why not recommend all potential therapeutic agents including ribavirin for placebo-controlled 
trials in mildly ill patients? 
 
Finally, given that only ribavirin has been available for decades12 and now favipiravir is gaining in 
advocacy for use as a repurposed alternative and/or complement,19 trialing a few drugs at a time, 
even if individually, could be positively less disadvantageous than a platform trial that may have to 
wait until the “three experimental drug candidates” are ready for the trial phases envisioned. And 
given the demand for ribavirin and the potential benefits of the favipiravir-ribavirin combination19 
while being mindful of the safety concerns in treating the ‘mildly ill’ with ribavirin, why should trial 
of the 2 drugs have to wait for the “experimental three” and ‘potential others’ to be made ready in 
the face of the perceived urgency painted in the paper?1 Accordingly, I wish to urge a rethink of 
the issues and the choice of platform trials. The ‘rationale’ for the study as presented is somewhat 
busy but could be simplified emphasizing the dual need of therapeutic alternatives to ribavirin 
plus the need for its further trialing in the treatment of mild cases of LF. It may well be then that a 
modified or limited platform trial of favipiravir or ‘product X’ versus ribavirin plus ‘product X’ in 
severe LF and of ribavirin and/or ‘product X’ versus placebo in mild cases of LF pending the 
availability of other therapeutic products is what we need, at least for now. 
 
It seems also important that the authors revisit the choice of endpoints for several reasons. First, 
there really should be no “uncertainty around the frequencies of the events included in the 
composite endpoint” nor as to the timing as it ought to be possible to determine these from 
available reports.4,7,15-17,20-22 In reality, we also have more than “only very limited data” on the 
admission status of cases of LF.1 With respect to all three issues, recent reports4,15,16,22 are in 
harmony that complications and death are most frequent within 48-72 hours of admission, a 
period when the adequacy of supportive care rather than the putative efficacy of an antiviral agent 
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may be the main determinant of outcome.7 This could mean that the choice of mortality as a 
primary endpoint or outcome measure may underestimate the impact of pharmaceuticals and 
that effective supportive care might result in a dissociation between the frequencies of death and 
the composite outcome. In effect, the scenario in which the frequency of the composite outcome 
is likely to be higher than “the frequency of death outcome in the study population” should be 
envisaged. It seems necessary therefore that the authors revisit the issues of determination of 
endpoint and sample size estimation. And, by the way, why not consider using the ‘traditional’ 
indices of response to antimicrobial therapy such as temperature trend and time to 
defervescence, viral kinetics and other improvements in clinical status? 
 
Second, whilst the point made about the variation in availability of medical resources for 
supportive care1 is true, this is as far as I could agree because: 1) I believe that I have already 
emphasized the need for and potential impact of adequate supportive care as well as addressed 
the purported dearth of relevant data on the frequencies of complications on admission as in the 
preceding paragraph. 2) The appearance of “new complications” of the types under reference1 is 
not common; it is even also possible that the presence of such complications might have 
antedated admission but that the astuteness of the attending physician and/or limitations of 
investigational resource had constrained their identification earlier. And 3), this is fundamental. 
Given that the underdevelopment of resources and capacities for supportive care is a major factor 
in the high mortality rates in endemic areas,4,7,16 should we not take firm hold of the 
opportunities in the preparation for the forthcoming clinical trials of vaccines and therapeutics to 
remedy the situation? I think that we should, indeed, as an ethical imperative that should neither 
be overlooked nor missed given the impact of supportive care on outcomes.4,7,16,23-27 However, 
none of the rebuttals could, of course, mean that it is wrong to want to assess the validity and 
frequency of a composite outcome, or to desire to enhance the quality and amount of data, but 
the point is that such processes should antedate the trials. 
 
Regarding the other issues raised over endpoint recommendations, it is probably good to 
anticipate “variation of the frequency of the events by study site”,1 but it should also be possible to 
factor this into the study design. Whilst the onset of “new” complications during admission might 
also be attributable to treatment failure rather than to the natural course severe LF, it seems 
necessary to set a minimum duration of time from admission for such occurrences although this 
might have to be arbitrary. 
 
Several issues were also highlighted in the effort to justify the choice of a composite rather than 
single endpoint but some of them are difficult to countenance. As examples, the claims of a low 
case incidence and mortality are not backed by available reports.2,3-7,15-17,21,22,28,29 Take this 
against the background that LF may be expanding into new areas in West Africa,2,30 and there 
may be ongoing increases in caseload and case fatality in some endemic areas.2,29,31 And of 
course, the claim of low mortality is likely incorrect regarding severe infections4,7,16,21 but even if 
it is so, the observation could also be factored into the design of the study. 
 
 
Finally, let us review the rationale for the recommended objectives: The main objective, “to 
develop and agree upon a methodology for the evaluation of Lassa fever therapeutics” is clear as 
is the “complementary objective” “to address capacity strengthening for clinical trials”, but why 
bring in the issues of drug development as other “complementary objectives”1 which seem 
extraneous to the subject matter? Instead, it seems to me that the need to strengthen clinical case 
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management capacity, in particular the capacity for supportive treatment as highlighted earlier (
vide supra), may flow more readily with the strengthening of clinical trial capacity, and is more 
practical and pragmatic. That this “requires significant investment” should not at all negate the 
desire. Indeed, it would be curious if inclusive capacity building is not the benchmark imperative in 
the run up to the trials. 
 
The authors seemed to have overlooked having to provide background information on what is 
known or uncertain about the course of LF among hospitalized patients. Is this omission also 
because there is a dearth of data? Its inclusion would been helpful in appraising the case made for 
the secondary objective “to evaluate the prevalence of complications associated with Lassa fever”. 
Several “other study objectives” are also listed, some in the text and some in a box but what they 
really have to do with the protocol should be clarified please. 
 
Avoidable sources of variations in protocol implementation which may also have ethical 
implications: 
The protocol contains several statements that could generate variations in quality of care and 
outcomes between trial sites and might thus have ethical connotations which are otherwise 
avoidable. These include such statements as: “it may not be feasible to standardise the supportive 
care available to all patients enrolled across participating sites”, “All other supportive care will be 
at the discretion of the treating clinician”, “the decision to start dialysis will be left at the discretion 
of the treating clinician”, “Assessment of urine output will be at the discretion of the treating 
clinician on a case-by-case basis“, prescribing “oxygen support through any available method”. 
There is also the statement that “Steroids are not routinely recommended in patients with Lassa 
fever who are hypotensive”, but no clarification is made as to when steroids should be 
administered. Furthermore, why vaguely and unconventionally define an adult as “a person who 
has attained the age of majority according to national regulations in their country of enrolment“? 
Such perceived lack of uniformity between sites might also have the unintended but real effect of 
attracting patients preferentially to some. These statements should be revised if possible. 
 
The paper1 also includes statements that may not have a meaningful level of evidence backing 
such as “Patients in shock should receive broad-spectrum antibiotics”, “Broad-spectrum antibiotics 
(ceftriaxone) should be given to all patients with signs of meningism, focal neurology or seizures” 
and “This protocol recommends that a blood transfusion should be provided to patients with Hb 
<8 g/dL”. The basis of such recommendations should be explained. 
 
On the other hand, beyond the recommendations of diazepam as “first line treatment for seizures” 
and broad-spectrum antibiotics as stated above, the protocol is silent on the need for at least a 
minimal level of assessment of patients with encephalopathy. Why is this so despite what is known 
of its prognostic significance in LF?4,32 
 
Miscellaneous issues: 
Clarification is required regarding several issues:

Beyond stating on page 3 that “The protocol is the product of discussions … to develop and 
agree upon a methodology for the evaluation of Lassa fever therapeutics … trials”, the 
authors give only very little information on the method used to derive the protocol.  The 
need for reproducibility warrants that at least a synopsis of the discussions including 
information on the research questions discussed, how consensus was achieved and 
disagreements resolved, and the representativeness of the discussants, amongst others, 

1. 
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should be added under ‘Methods’. 
 
Why the recourse to “Unadjusted one-tailed test with significance level of 0.025” (Statistical 
methods, page 15)? 
 

2. 

What informed the choice of “Acute Kidney Failure, Acute Respiratory Failure or shock”, or 
the exclusion of bleeding and encephalopathy, as “new set of critical complications” for 
inclusion in ”a composite primary endpoint” (page 19, paragraph 4 of ‘Discussion’)? 
 

3. 

Why set the interval between the initial blood sample RT-PCR and the next 13 days apart 
(Table 5)? 
 

4. 

Some of the co-authors are also featured under ‘Acknowledgements’ whilst none of those 
alluded to in a statement in the main text of the paper1 that, “This protocol has been 
reviewed by clinicians, regulators, researchers and members of ethics committees in West 
Africa and other international stakeholders” was at all listed? 
 

5. 

What is the basis for setting an interval of 4 hours for the confirmation of complications? 
 

6. 

What is the real difference between “Suggestion” and “Additional information required”, and 
is it not possible to incorporate such statements in the text? Coming up in many sections of 
the paper,1 they give the impression of ‘a work in progress’. 
 

7. 

Are the readers and users of the protocol to be left to conjecture why children were 
recommended for exclusion from the trials given that they currently constitute an 
important segment of cases, about 20-30% of hospitalized cases in some countries? 
 

8. 

The assessment of clinical severity on presentation is not described anywhere in the 
protocol but clinical severity is listed as one of the variables for adjustment on page 16 
under ‘Additional analyses”. 
 

9. 

Would it be too much to expect necessary documentation to back up the claim that support 
for the protocol that has been obtained from regulators and West African ethics 
committees?  
 

10. 

And, could those adults who are not able to read not have the translations of the informed 
consent form read aloud to them and the whole process documented audio-visually?

11. 

The authors should also consider that the paper is somewhat long, and a reader could lose focus 
going through. Is it not possible to moderate its length, for example, by presenting some of the 
materials as supplements or by referring the reader to the original source(s) of information such 
as the KDIGO criteria? The latter and the listing of “Acceptable contraceptive measures” are 
examples of portions that could be handled this way? 
Finally, I think it is important that members of those religious organizations such as Jehovah’s 
Witnesses who object to blood transfusion should also be considered for exclusion from the trials. 
The members may not be sparse in LF-endemic areas. And I venture to whisper that reference #17 
in the list seems incomplete. 
 
In conclusion, I desire to restate that this protocol is important and should serve well as a guide 
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in the forthcoming trials of new LF therapeutics, but it seems to me to be work in progress. I think 
strongly that a more robust appraisal of the extant literature and data could assist in the 
resolution of some or most of the apparent uncertainties in the protocol and indicate clearly 
hopefully, the need for revisions of important section including the rationale, design, and 
objectives. 
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Partly

Are sufficient details of the methods provided to allow replication by others?
Partly

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: I practice in the Paediatric Infectious Diseases specialty in one of the LF-
endemic districts of Nigeria.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 25 May 2023
Josephine Bourner 

Dear Dr Akpede, 
 
We would like to thank you for the generous feedback you’ve provided on the protocol. 
Based on your feedback we have made a number of clarifications and additions to the 
manuscript, and provided a point-by-point summary of our response in the PDF file linked 
here. 
 
We hope that our responses provide sufficient detail for your approval. 
 
Sincerely, 
Josephine Bourner 
 
On behalf of the West Africa Lassa fever Consortium (WALC): Work Package 2 working group 
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Department of Clinical Sciences, Institute of Tropical Medicine, Antwerp, Belgium 

The authors present a pre-positioned protocol in order to evaluate in a randomized controlled trial 
the safety and efficacy of much-needed multiple new interventions for the therapy of 
hospitalized/severe patients with Lassa fever. I would like first to congratulate the study group for 
undertaking this pivotal and difficult research initiative (for all reasons nicely elaborated in the 
rationale section). I am fully supportive of this multicentric platform trial, as well as its adaptive 
design, with the best therapy becoming the control arm. 
 
I agree with the statement of the many unknowns regarding disease outcome, although some 
recent studies have provided key information that could be carefully integrated already in the 
current trial design. As such, the multi-stage approach seems mainly based on this “lack of 
knowledge”, but data from at least one large prospective clinical study could accelerate this 
process, as basis for some reliable assumptions (LASCOPE study, see below). Also, it is a bit unclear 
whether the first year will be “only” observational or will already compare different study arms 
(and if so, which ones). 
 
Please find below my main comments and suggestions: 
 
I suggest to add in the Introduction/rationale some epidemiological information, regarding the 
countries with highest endemicity, as well as some brief context-specific data about the study sites 
which will likely participate to the trial (even if it is a pre-positioned protocol).   
 
Some more detailed technical information would be welcome, especially regarding the control 
arm (which, I understood, would be ribavirin: please provide the selected/agreed upon dose and 
duration of the regimen) and on at least one intervention arm. I understand favipiravir is the first 
candidate, closest to clinical evaluation. By the way could you clarify whether randomization will 
start during the first stage? 
 
I also suggest to reformulate/clarify the secondary objective (page 4) “The secondary objective of 
this protocol is to evaluate the prevalence of complications associated with Lassa fever”. Not sure 
prevalence is the most appropriate wording, as we talk about a diseased population (Lassa 
patients). Also I think that what matters most, is the clinical difference should be made between 
the frequency of “complications” (still to define which ones) at presentation/inclusion and the 
incidence/emergence of additional complications during the course of the disease (which would 
be important elements for the composite primary endpoint, see next paragraph).   
 
The key problem clearly resides indeed in the definition of the primary endpoint. I agree with the 
expert group that mortality is not sufficient as primary endpoint for a trial conducted in 
specialized research trial sites, as the authors demonstrate that a very large sample size would be 
needed for interventions with moderate effect. In addition, survival might further increase during 
the trial as supportive care “improves” and Lassa cases are detected earlier. It is proposed to 
define a composite primary endpoint which makes a lot of sense as end-organ failure usually 
results in death in low-resource settings. An endpoint “unfavorable outcome” had been already 
suggested in a recent publication (Olayinka et al., 20221). In this protocol, the following composite 
primary endpoint is proposed: mortality OR progression to severe disease, as defined by new 
onset of acute failure (KDIGO 3) OR new onset of shock OR new onset of acute respiratory failure. 
There are several questions regarding this key aspect: 
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I miss some quantitative assumptions regarding the rate of new complications reflecting this 
“progression/deterioration” to end-organ failure. One important prospective clinical study 
(Duvignaud et al., 20212; 510 participants, all exposed to ribavirin) provides some good “baseline” 
estimations of both the frequency of such complications at inclusion/admission and more 
importantly the rate of new ones emerging during the course of the disease (usually within a few 
days). Looking at this publication, we get some interesting data, briefly summarized as follows:

KDIGO 3: from 8% at inclusion to 12% thereafter (note that KDIGO 2 was also associated 
with death in this study), i.e. an increase of 4%

○

hypoxemia (SaO2 < 92%) : from 7 to 15%, i.e. an increase of 8%)○

shock:  from 5% to 22%, an increase of 17%○

altered consciousness; from 6% to 14%, an increase of 8%; seizure from 2% to 5%○

bleeding; from 19 to 34%, and increase 15% (note that WHO events grade 2 to 4 were 
reported)

○

Based on this study, I miss first some rationale to explain why new-onset bleeding and new-onset 
encephalopathy could not be added to the composite primary endpoint. If it has been decided so 
after the expert discussion, it would be good to state it as such, and explain why. 
Also, looking at those rather solid data, I wonder whether some more detailed assumptions could 
not be made from the beginning of the trial, to avoid maybe the first “one-year stage”. Of course, 
what matters is the frequency of any new-onset complications (compared to the 
baseline/inclusion), so the frequency of the emergence of each complication in isolation has to be 
known (as they are likely often combined). This could probably be obtained by re-analyzing the 
LASCOPE dataset, maybe consolidated by additional (unpublished) information from other study 
sites. Following this line, and even if a single-center study represents a clear limitation (but also 
the best evidence we have so far) it would be worth estimating more robustly (1) the frequency of 
ANY end-organ failure at inclusion and (2) more importantly the combined rate of mortality and 
ANY new-onset complications (could 30% be a good guess estimate?). I suggest to add such a 
synoptic Table in the current protocol, and maybe to get some statistical re-calculation for -  say – 
an at least 30% relative reduction of the frequency of unfavorable outcome (from 30% to 20% for 
this example). Efficacy and futility rules could also be based on these calculations. Of course an 
interim analysis would remain important, to assess the reliability of those initial assumptions 
during the course of the trial and possibly readjust the sample sizes. 
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Is the rationale for, and objectives of, the study clearly described?
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Is the study design appropriate for the research question?
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Are sufficient details of the methods provided to allow replication by others?
Partly

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Medical doctor, specialized in Internal Medicine, Infectious and Tropical 
Diseases (clinician)

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 25 May 2023
Josephine Bourner 

Dear Dr Bottieau, 
 
We would like to thank you for the generous feedback you’ve provided on the protocol. 
Based on your feedback we have made a number of clarifications and additions to the 
manuscript, and provided a point-by-point summary of our response in the PDF file linked 
here.   
 
We hope that our responses provide sufficient detail for your approval. 
 
Sincerely, 
Josephine Bourner 
 
On behalf of the West Africa Lassa fever Consortium (WALC): Work Package 2 working group 
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