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In this domain of the REMAP-CAP trial, participants meeting the platform entry criteria with 

microbiological testing-confirmed influenza virus infection will be randomized to receive one of up 

to three interventions depending on availability and acceptability: 

• No immune modulation (no placebo) 

• Tocilizumab 

• Baricitinib 

At this participating site the following interventions have been selected within this domain: 

☐ No immune modulation (no placebo)  

☐ Tocilizumab 

☐ Baricitinib 

 

This domain includes patients aged ≥ 2 years old. In this region, this domain will be offered to 

eligible participants aged: 

☐ ≥ 2 years old and <12 years old 

☐ ≥ 12 years and < 18 years old 

☐ ≥ 18 years old 

 

In this region: 

☐ Patients who are known or suspected of being pregnant will be eligible for the tocilizumab 

intervention 

☐ Patients who are known or suspected to be pregnant will be excluded from the tocilizumab 

intervention
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REMAP-CAP: Influenza Immune Modulation Domain Summary 

Interventions • No immune modulation (no placebo) 

• Tocilizumab 

• Baricitinib 

Unit of 
Analysis, 
Strata, and 
State 

This domain is analyzed in the interpandemic model, or its successor (as defined in 
relevant Core Protocol documents). The unit-of-analysis for this domain is the influenza 
confirmed stratum. Within this stratum, the unit-of-analysis is further defined by the 
Severe illness severity State and the presence or absence of bacterial co-infection. 
Borrowing is permitted between strata. 
Response-adaptive randomization may be applied. No other strata contribute to the unit-
of-analysis for this domain. 

Evaluable 
treatment-by-
treatment 
Interactions 

No interactions will be evaluated with any domain. 

Nesting None. 

Timing of 
Reveal 

Randomization with Immediate Reveal or Delayed Reveal and Initiation 

Inclusions Patients will be eligible for this domain if: 

• Patient is aged ≥2 years 

• Influenza virus infection has been confirmed by microbiological testing.  

• In the opinion of the treating clinician, the primary contributor to the patient’s 
Severe Illness State is a respiratory tract infection 

Domain-
Specific 
Exclusions 

Patients will be excluded from this domain if they have any of the following: 

• SARS-CoV-2 infection has been confirmed by microbiological testing 

• Known condition or treatment resulting in ongoing immune suppression including 
neutropenia prior to this hospitalization 

• A neutrophil count <1.0 x 109 / L  

• Confirmed or strongly-suspected active mycobacterial infection or invasive fungal 
infection 

• Patient has already received any dose of one or more of any form of tocilizumab or 
another IL-6 receptor antagonist (e.g. sarilumab), baricitinib or another JAK inhibitor 
(e.g. tofacitinib, ruxolitinib or upadacitinib) during this hospitalization or is on long-
term therapy with any of these agents prior to this hospital admission. 

• The treating clinician believes that participation in the domain would not be in the 
best interests of the patient 

Intervention-
Specific 
Exclusions 

Criteria that exclude a patient from a one or more interventions are: 

• Known hypersensitivity to an agent specified as an intervention in this domain will 
exclude a patient from receiving that agent.  

• Known or suspected pregnancy will result in exclusion from the baricitinib 
intervention. 

• It is recognised that there is a wide range of regulatory approaches and attitudes to 
the evaluation of interventions in pregnant trial participants across participating 
regions and sites. Known or suspected pregnancy is not an intervention-level 
exclusion for the tocilizumab intervention by default; however, if a site does not 
have regulatory approval to enrol pregnant patients to the tocilizumab intervention, 
known or suspected pregnancy will be applied as an intervention-specific exclusion 
and will result in exclusion from the tocilizumab intervention. 

• An alanine aminotransferase or an aspartate aminotransferase that is more than five 
times the upper limit of normal will result in exclusion from receiving tocilizumab 

• A platelet count < 50 x 109 / L will result in exclusion from receiving tocilizumab 

• For adults and children ≥ 9 years of age, a baseline eGFR <15 mL/min/1.73m2 and/or 
receipt of renal replacement therapy (including long-term renal replacement 
therapy) at baseline will result in exclusion from receiving baricitinib 
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• For children ≥2 years and <9 years of age, a baseline eGFR <30 mL/min/1.73m2 
and/or receipt of renal replacement therapy (including long-term renal replacement 
therapy) at baseline will result in exclusion from receiving baricitinib 

Outcome 
measures 

Primary endpoint: as specified in the REMAP-CAP Core Protocol 
 
Secondary REMAP endpoints: refer to REMAP-CAP Core Protocol  
 
Secondary domain-specific endpoints (during hospitalization censored 90 days from the 
date of enrollment): 

• Positive blood culture for pathogenic bacteria and/or fungus during this 
hospitalization and more than 48 hours following randomization 

• Pulmonary aspergillosis, during this hopsitalization and more than 48 hours following 
randomization, defined as culture of Aspergillus species from tracheal aspirate or 
bronchoalveolar lavage or invasive pulmonary aspergillosis diagnosed and treated 
with one or more systemic antifungal agent 
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 ABBREVIATIONS  

ARDS Acute respiratory distress syndrome 

CRP C- reactive protein 

CRS Cytokine release syndrome 

DSA Domain-Specific Appendix  

DSMB Data Safety and Monitoring Board 

DSWG Domain-Specific Working Group 

eGFR Estimated glomerular filtration rate 

FDA (US) Food and Drug Administration 

ICU Intensive Care Unit  

ITSC International Trial Steering Committee 

PINSNP Pandemic infection is neither suspected nor proven 

PISOP Pandemic infection is suspected or proven 

PY Patient-years 

RCT Randomized controlled trial 

REMAP-CAP Randomized, Embedded, Multifactorial, Adaptive Platform trial for 

Community-Acquired Pneumonia  

RSA Region-Specific Appendix 

SAE Serious Adverse Event  

SARS Severe Acute Respiratory Syndrome 
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 PROTOCOL APPENDIX STRUCTURE 

The structure of this protocol is different to that used for conventional trials because this trial is 

highly adaptive and the description of these adaptations is better understood and specified using a 

‘modular’ protocol design. While all adaptations are pre-specified, the structure of the protocol is 

designed to allow the trial to evolve over time, for example by the introduction of new domains or 

interventions or both (see glossary, Section 1.2 Core Protocol for definitions of these terms) and 

commencement of the trial in new geographical regions. 

The protocol has multiple modules, in brief, comprising a Core Protocol (overview and design 

features of the study); a Statistical Analysis Appendix (details of the current statistical analysis plan 

and models); Simulations Appendix (details of the current simulations of the REMAP); multiple 

Domain-Specific Appendices (DSA) (detailing all interventions currently being studied in each 

domain); and multiple Region-Specific Appendices (RSA) (detailing regional management and 

governance).  

The Core Protocol contains all information that is generic to the trial, irrespective of the regional 

location in which the trial is conducted and the domains or interventions that are being tested. The 

Core Protocol may be amended but it is anticipated that such amendments will be infrequent. 

The Core Protocol does not contain information about the intervention(s), within each domain, 

because one of the trial adaptations is that domains and interventions will change over time. 

Information about interventions within each domain is covered in a DSA. These Appendices are 

anticipated to change over time, with removal and addition of options within an existing domain, at 

one level, and removal and addition of entire domains, at another level. Each modification to a DSA 

will be subject to a separate ethics application for approval.  

The Core Protocol does not contain detailed information about the statistical analysis or simulations, 

because the analytic model will also change over time in accordance with the domain and 

intervention trial adaptations but this information is contained in the Statistical Analysis and 

Simulations Appendices and an operational document referred to as the Current State. These 

documents are anticipated to change over time, as trial adaptations occur. Each modification will be 

subject to approval from the International Trial Steering Committee (ITSC) in conjunction with advice 

from the Statistical Design Team and Data Safety and Monitoring Board (DSMB). 

The Core Protocol also does not contain information that is specific to a particular region in which 

the trial is conducted, as the locations that participate in the trial are also anticipated to increase 
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over time. Information that is specific to each region that conducts the trial is contained within a 

RSA. This includes information related to local management, governance, and ethical and regulatory 

aspects. Within each region, only that region’s RSA, and any subsequent modifications, will be 

submitted for ethical review in that region. 

The current version of the relevant Core Protocol, DSAs, RSAs, and the Statistical Analysis Appendix 

is listed in the Protocol Summary and on the study website (www.remapcap.org).  

 INFLUENZA IMMUNE MODULATION DOMAIN-SPECIFIC APPENDIX 

VERSION 

The version of the Influenza Immune Modulation Domain-Specific Appendix is in this document’s 

header and on the cover page. 
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 INFLUENZA IMMUNE MODULATION DOMAIN-SPECIFIC WORKING GROUP 

AUTHORIZATION 

The Influenza Immune Modulation Domain-Specific Working Group have read this appendix and 

authorize it as the official Influenza Immune Modulation Domain-Specific Appendix for the study 

entitled REMAP-CAP. Signed on behalf of the committee 

Chair   

 

 

 

Date 29th September, 2023 

Dr Thomas Hills      

 BACKGROUND AND RATIONALE 

6.1. Domain definition 

This is a domain within the REMAP-CAP platform to test the effectiveness of immune modulation for 

critically ill patients admitted to hospital with microbiological testing confirmed influenza virus 

infection. 

6.2. Domain-specific background 

6.2.1. Influenza 

 Introduction 

Seasonal influenza is estimated to cause approximately 300,000 to 650,000 respiratory deaths 

worldwide each year (Iuliano et al., 2018). Reducing influenza mortality is a key focus of public 

health agencies around the world, through improvements in prevention, diagnostics and 

therapeutics. To date, there is limited evidence to support the use of pharmacological interventions 

mailto:thills@adhb.govt.nz
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for hospitalized patients with influenza virus infection. Uncertainty remains regarding the utility of 

influenza antiviral agents in hospitalized influenza patients (see Influenza Antiviral DSA). The role of 

corticosteroids in patients with pneumonia caused by or occurring in association with influenza virus 

infection has been a longstanding controversy (see Corticosteroid DSA). Several key clinical 

management research questions and evidence gaps have been described, including the role of 

immune modulation and other anti-inflammatory agents in severe influenza (Uyeki et al., 2022). This 

DSA seeks to understand the utility of immune modulation treatments in influenza patients with and 

without bacterial co-infection and to assess for the risk of secondary infections occurring following 

receipt of immune modulation therapy. 

 Hyperinflammation in influenza 

Immune modulation, with corticosteroids, baricitinib, and IL-6 receptor antagonists, has been shown 

to improve survival in hospitalized patients with COVID-19 (Remap-Cap Investigators et al., 2021, 

Recovery Collaborative Group, 2021, Angus et al., 2020, Recovery Collaborative Group et al., 2021, 

Group, 2022). Severe influenza and severe COVID-19 share features of a cytokine release syndrome 

(CRS) or ‘hyperinflammatory’ response, at least in a subset of patients (Liu et al., 2016, Bain et al., 

2021). Levels of specific pro-inflammatory cytokines have been compared in bronchoalveolar lavage 

fluid from patients with severe COVID-19, severe influenza, moderate influenza, and controls. 

Elevated levels of IL-1, IL-6, IL-8, MCP-1, MIG, IP-10, IL-12, and MIP-1β were seen in those with 

severe COVID-19 or severe influenza when compared with moderate influenza and control patients 

(Reynolds et al., 2021). Levels of IL-1 in bronchoalveolar lavage fluid were higher in severe influenza 

than severe COVID-19 (Reynolds et al., 2021).  In children hospitalized with H1N1 influenza, plasma 

IL-1β and IL-6 correlate with disease severity (Chiaretti et al., 2013). The similarity of the 

hyperinflammatory response observed in influenza and COVID-19 provides a rationale for the 

evaluation of immune modulation strategies with demonstrated efficacy for the treatment of severe 

COVID-19 in severe influenza. The utility of immune modulation in severe influenza is not known and 

clinical trials are necessary to determine efficacy. 

 Influenza and bacterial pneumonia 

Influenza may be associated with concomitant bacterial infection that is present at the time a 

patient with influenza is hospitalized (termed ‘bacterial co-infection’ here) or bacterial infection that 

occurs during hospitalization and treatment for severe influenza (termed bacterial ‘secondary 

infection’ here).  
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 Influenza and bacterial co-infection 

Patients presenting with severe influenza may or may not have bacterial co-infection at the time of 

hospitalization. The reported rates of bacterial co-infection in influenza vary widely (2% to 65%) but 

the proportion of hospitalized influenza patients with proven bacterial co-infection probably lies 

between 11% and 35% (Klein et al., 2016). When bacterial co-infection exists, it can be clinically 

evident (e.g. lobar pneumonia) or indistinguishable from severe influenza virus infection alone. 

Bacterial co-infection is associated with an increased risk of death (Chertow and Memoli, 2013), 

however, it is unclear whether developing organ dysfunction occurs as a result of influenza virus 

infection, bacterial infection, or both. It is plausible that immune modulation interventions have 

differential treatment effects in patients with and without bacterial co-infection and studying 

immune modulation interventions in these two groups is important.  

 Bacterial secondary infection and immune modulation 

Much of the experience with immune modulation for viral pneumonia comes from COVID-19. Some 

reports describe bacterial infection as relatively rare with COVID-19, although data are inconsistent 

and empiric broad-spectrum antibiotic use, including prior to the identification of a bacterial 

infection, was initially very common (Russell et al., 2021, Manohar et al., 2020, Kitsios et al., 2021). 

Bacterial secondary infections have specifically been reported to be more common with COVID-19 

than influenza, although interpretation of these data is limited by the pandemic context where 

COVID-19 patients in a critical care unit may be more unwell than historic comparators with 

influenza (Shafran et al., 2021). Randomized clinical trial evidence has helped clarify the safety of 

immune modulation in COVID-19, in terms of secondary infections. For example, in a recent WHO 

meta-analysis of IL-6 receptor antagonists in COVID-19, secondary infections occurred in 21.9% of 

patients treated with IL-6 receptor antagonists vs 17.6% of patients treated with usual care or 

placebo (OR accounting for trial sample sizes, 0.99; 95% CI, 0.85-1.16) (WHO Rapid Evidence 

Appraisal for COVID-19 Therapies Working Group et al., 2021). Thus, it will be important to identify 

bacterial secondary infection, plausibly related to immune modulatory interventions (occurring at 

least 48 hours post-enrolment), and to distinguish this from bacterial co-infection.  

 Influenza infection and subsequent cardiovascular events 

CAP and influenza virus infection are associated with an increased risk of cardiovascular events 

(Kwong et al., 2018, Warren-Gash et al., 2009, Barnes et al., 2015, Kulick et al., 2021). This risk is 

most pronounced in the period immediately following the acute illness but may persist for years. For 

example, the incidence of myocardial infarction, stroke, and fatal coronary heart disease was 
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elevated in the first year after hospitalization with CAP (HR 4.07; 95% CI, 2.86-5.27) but remained 

elevated out to 10 years (HR 1.86; 95% CI, 1.18-2.55). Randomized trial evidence demonstrate that 

influenza vaccination reduces the risk of cardiovascular events in at risk populations (Frobert et al., 

2021, Barnes et al., 2015, Warren-Gash et al., 2009). The mechanisms that underpin the increased 

risk of cardiovascular events following influenza are unknown although it has been hypothesized 

that the inflammatory response to influenza virus infection, including elevated levels of pro-

inflammatory cytokines such as IL-6, predisposes to cardiovascular events (Guan et al., 2012).  

 Severe influenza in children 

Influenza is responsible for significant morbidity and mortality in children, especially children less 

than 5 years of age and those with underlying medical conditions, although the burden varies 

considerably with influenza season (Doyle and Campbell, 2019). Data guiding influenza therapies in 

the pediatric population are lacking, leaving clinicians to extrapolate findings from studies in adults 

to pediatric patients. Pediatric immune modulator dosing is included in this DSA to allow for 

recruitment of pediatric participants at sites where the approved Core Protocol permits the 

recruitment of children.  

6.2.2. Intervention strategy for this domain 

This domain will evaluate the potential benefits of immune modulation for influenza. 

If at any stage, external evidence of harm or definitive evidence of absence of effectiveness in 

critically ill or ward patients or both emerges for one or more interventions specified in this domain, 

the ITSC, as advised by the DSWG, may remove the intervention(s) prior to declaration of a Platform 

Conclusion. If this occurs, presentation and publication of results that relate to the intervention will 

occur, so as to contribute additional weight of evidence in the public domain. 

6.2.3. Tocilizumab 

 Tocilizumab – biological rationale and pre-clinical studies 

Tocilizumab is a humanized monoclonal antibody that inhibits both membrane-bound and soluble IL-

6 receptors. IL-6, which is secreted by monocytes and macrophages, is one of the main drivers of 

immunologic response and symptoms in patients with cytokine release syndrome. While tocilizumab 

was first approved by the Food and Drug Administration (FDA) in 2010 for the treatment of 

rheumatoid arthritis, it has received additional approval for treatment of patients with giant cell 

arteritis, and systemic and juvenile forms of idiopathic arthritis. In 2017, Tocilizumab received 
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additional approval for the treatment of severe or life-threatening cytokine release syndrome (CRS) 

associated with chimeric antigen receptor T cell cancer therapy due to its efficacy and safety profile. 

REMAP-CAP recently demonstrated efficacy of IL-6 receptor antagonists , along with systemic 

corticosteroids , for critically ill COVID-19 patients. The RECOVERY trial has also shown that 

tocilizumab is effective in hospitalized patients with COVID-19 (Recovery Collaborative Group, 2021). 

A recent WHO meta-analysis noted that IL-6 receptor antagonist treatment of COVID-19 may only 

reduce 28-day all-cause mortality when given with concomitant corticosteroids (WHO Rapid 

Evidence Appraisal for COVID-19 Therapies Working Group et al., 2021). In December 2022, the FDA 

approved tocilizumab for treatment of hospitalized adults with severe COVID-19 who are receiving 

systemic corticosteroids and require supplemental oxygen, noninvasive or invasive mechanical 

ventilation, or extracorporeal membrane oxygenation (https://www.fda.gov/news-events/press-

announcements/fda-roundup-december-23-

2022#:~:text=On%20Wednesday%2C%20the%20FDA%20approved,invasive%20mechanical%20venti

lation%2C%20or%20extracorporeal). 

It is now imperative that we understand whether IL-6 receptor antagonist treatment is effective in 

severe pneumonia, including acute respiratory distress syndrome (ARDS) caused by other viral 

pathogens. Patients with ARDS due to severe COVID-19 have blood IL-6 levels that are comparable 

with levels seen with ARDS due to influenza and other viral pathogens, but lower than bacterial 

ARDS, confirming that elevated IL-6 levels are not unique to COVID-19 (Bain et al., 2021). The role of 

immune modulation strategies in severe pneumonia/ARDS due to pathogens other than SARS-CoV-2 

remains unclear.  

IL-6 is a pleotropic cytokine that drives much of the hyperinflammatory response seen in cytokine 

release syndromes. Signaling through the IL-6 pathway is activated in response to influenza virus 

infection (Wang et al., 2015).  In a human challenge model of influenza A(H1N1) virus infection, IL-6 

levels in nasal lavage fluid were correlated with symptoms and signs of influenza virus infection and 

with viral shedding (Skoner et al., 1999, Gentile et al., 1998). High IL-6 levels were noted in 

bronchoalveolar lavage fluid from severe influenza (and severe COVID-19 patients) when compared 

with moderate influenza patients and controls (Reynolds et al., 2021). Levels of IL-6 are elevated in 

patients with severe influenza due to influenza A(H1N1)pdm09 virus infection (Hagau et al., 2010), 

and IL-6 has been identified as a biomarker of disease severity (Paquette et al., 2012).  IL-6 levels were 

associated with mortality in patients hospitalized with influenza A(H1N1)pdm09 virus infection 

(Paquette et al., 2012). Further, IL-6 expression was inversely associated with arterial oxygen levels in 

hospitalized patients with influenza infection (Bermejo-Martin et al., 2009).  

https://www.fda.gov/news-events/press-announcements/fda-roundup-december-23-2022#:~:text=On%20Wednesday%2C%20the%20FDA%20approved,invasive%20mechanical%20ventilation%2C%20or%20extracorporeal
https://www.fda.gov/news-events/press-announcements/fda-roundup-december-23-2022#:~:text=On%20Wednesday%2C%20the%20FDA%20approved,invasive%20mechanical%20ventilation%2C%20or%20extracorporeal
https://www.fda.gov/news-events/press-announcements/fda-roundup-december-23-2022#:~:text=On%20Wednesday%2C%20the%20FDA%20approved,invasive%20mechanical%20ventilation%2C%20or%20extracorporeal
https://www.fda.gov/news-events/press-announcements/fda-roundup-december-23-2022#:~:text=On%20Wednesday%2C%20the%20FDA%20approved,invasive%20mechanical%20ventilation%2C%20or%20extracorporeal
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It is unclear whether IL-6 is elevated as a marker of disease severity or whether it contributes to the 

pathogenesis of severe disease following influenza virus infection. The pre-clinical evidence on the 

role of IL-6 in the pathophysiology of severe influenza infection is conflicting. For example, IL-6 has 

been shown to drive muscle dysfunction in a mouse model of influenza and this was attenuated by 

treatment with tocilizumab (Radigan et al., 2019). In a lethal mouse model of influenza 

A(H1N1)pdm09 virus infection, a pronounced IL-6-associated inflammatory response was 

demonstrated. However, using an IL-6 knockout mouse model, there was no significant difference in 

viral load, pathology, weight loss, or survival observed between IL-6−/− and wild-type mice (Paquette 

et al., 2012). Other animal work has suggested a protective role for IL-6 (Dienz et al., 2012, Yang et 

al., 2017).  

The relevance of mouse models of severe influenza virus immunopathology is uncertain. For 

example, it was postulated that TLR3 signaling would be critical for a protective host response to 

influenza virus infection and that TLR3 knockout mice would be more likely to succumb following 

challenge with influenza virus. TLR3 signaling drives the production of IL-6 and other cytokines. 

However, it was observed that TLR3 knockout mice had a reduced inflammatory response (including 

reduced IL-6 levels in bronchoalveolar lavage fluid) but, contrary to the hypothesis, survival was 

improved (Le Goffic et al., 2006).  

Data from human studies are lacking. There are no data on tocilizumab as a treatment for influenza. 

There are no clinical trials of IL-6 receptor antagonists in influenza registered on 

www.clinicaltrials.gov. Whether immune modulation strategies for the treatment of influenza could 

prolong viral shedding is also unknown.  

 Tocilizumab – safety profile 

There is extensive experience with the use of tocilizumab for ambulatory patients with rheumatoid 

arthritis and other inflammatory diseases as part of pivotal clinical trials or post-marketing 

surveillance. For patients who participated pivotal phase III trials for rheumatoid arthritis and were 

treated with 4 to 8mg/kg of intravenous tocilizumab, the most common adverse effects (incidence 

range 3-8%) over a follow-period of 6 months were upper respiratory tract infections, 

nasopharyngitis, headache, hypertension, and transaminitis 

(https://www.actemrahcp.com/ra/clinical-study-safety/clinical-study-safety.html). The incidence of 

these adverse events was slightly higher compared to patients treated with methotrexate or other 

disease modifying agents. The most common serious adverse events were infections (cellulitis, 

herpes zoster, gastroenteritis, diverticulitis, sepsis, and bacterial arthritis). The cumulative incidence 

http://www.clinicaltrials.gov/


REMAP-CAP Influenza Immune Modulation Domain-Specific Appendix Version 1 dated 29 September 2023  

CONFIDENTIAL  Page 17 of 44 

of serious infections was 5 per 100 patient years (PY) compared to 4 per 100 PY for other disease 

modifying agents. Less commonly observed serious adverse events were new medically confirmed 

malignancies (1.3 per 100 PY), myocardial infarctions (0.3 per 100 PY), hepatic events (0.04 per 100 

PY), and medically confirmed gastrointestinal perforations (0.2 per 100 PY). IL-6 antagonism has 

been associated with neutropenia and thrombocytopenia in patients receiving chronic therapy with 

tocilizumab for giant cell arteritis or rheumatoid arthritis 

(https://www.medicines.org.uk/emc/product/6673/smpc#PRODUCTINFO). There were no reported 

adverse events in the 60 tocilizumab-treated patients submitted to the FDA for cytokine release 

syndromes associated with chimeric antigen receptor T cell cancer therapies which recommends a 

maximum of 4 doses for treatment (Lee et al., 2019). 

Tocilizumab has an established role, and an established safety profile, in the management of 

children with JIA. For example, in a pivotal trial of 112 children (2 to 17 years of age) with active 

systemic JIA, clinical improvement was observed in significantly more in patients given tocilizumab (8 

mg/kg if weight ≥30 kg and 12 mg/kg if weight <30 kg) every two weeks for 12 weeks than in the 

placebo group (64 of 75 [85%] vs. 9 of 37 [24%], P<0.001) (De Benedetti et al., 2012). Adverse events 

were similar to those seen in adults. In the double-blind phase, 159 adverse events, including 60 

infections (2 serious), occurred in the 75 participants in the tocilizumab group, as compared with 38, 

including 15 infections, in the 37 participants in the placebo group (De Benedetti et al., 2012). A 

similar safety profile was observed with four weekly tocilizumab dosing of JIA patients, where 

serious infections or occurred at a rate of 4.9/100 PY, comparable to the rate seen in adults, and no 

deaths were reported during the study (Brunner et al., 2015). Further, tocilizumab is increasingly 

used for the acute treatment of cytokine release syndrome associated with Chimeric Antigen 

Receptor T Cell Therapy for pediatric leukemia (Fitzgerald et al., 2017).  

Observational data from a small cohort of patients treated with tocilizumab for juvenile idiopathic 

arthritis (10 patients with a mean age of 14 years) did not identify an increased risk of severe disease 

following influenza virus infection (Kawada et al., 2013). Compared to patients with JIA on non-

biologic treatments, those who developed influenza on tocilizumab had less fever, a shorter duration 

of fever when it occurred, and a lower C-reactive protein (CRP), although numbers were small. No 

patients in either group developed severe complications. The relevance of this long-term tocilizumab 

treatment data from patients with juvenile idiopathic arthritis who developed influenza, when 

considering the potential short duration of treatment for severe influenza, is unknown.  

Finally, and most importantly as it pertains to the proposed study, tocilizumab has been used 

extensively for the treatment of severe COVID-19 with clear evidence of a mortality benefit (Remap-

https://www.medicines.org.uk/emc/product/6673/smpc#PRODUCTINFO
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Cap Investigators et al., 2021, Recovery Collaborative Group, 2021).  A meta-analysis noted 

improved survival with IL-6 receptor antagonist treatment and no significant increase in secondary 

bacterial infections, which occurred in 21.9% of patients treated with IL-6 antagonists vs 17.6% of 

patients treated with usual care or placebo (OR accounting for trial sample sizes, 0.99; 95% CI, 0.85-

1.16) (WHO Rapid Evidence Appraisal for COVID-19 Therapies Working Group et al., 2021).  

 Tocilizumab in pregnancy 

Pregnancy is associated with poor clinical outcomes in both COVID-19 and influenza (Zambrano et 

al., 2020, Martinez-Portilla et al., 2021, Uyeki et al., 2019). Based on the efficacy in non-pregnant 

patients, it is recommended that “tocilizumab should be strongly considered” for pregnant women 

with severe COVID-19 (https://www.rcog.org.uk/guidance/coronavirus-covid-19-pregnancy-and-

women-s-health/coronavirus-covid-19-infection-in-pregnancy/). Identifying effective treatments for 

severely unwell pregnant women with influenza is a priority.  

Data on the safety of tocilizumab in pregnancy continue to accrue, both from the use of tocilizumab 

to treat chronic conditions and as an acute treatment for COVID-19. Human pregnancy safety data 

are provided by case reports/series which collectively describe 367 pregnancies among women with 

chronic conditions who were receiving regular treatment with tocilizumab at the time of conception 

(Saito et al., 2019, Tada et al., 2019, Weber-Schoendorfer and Schaefer, 2016, Hoeltzenbein et al., 

2016, Nakajima et al., 2016, Cruz-Machado et al., 2021, Saito et al., 2021, Imaizumi et al., 2022, 

Konagai et al., 2023, Gotestam Skorpen et al., 2016, Kaneko et al., 2016, Rubbert-Roth et al., 2010, 

Ishikawa et al., 2012). An additional 51 cases of gestational tocilizumab exposure have been 

reported in case reports/series which describe acute tocilizumab treatment of severe COVID-19 

(Easterlin et al., 2020, Naqvi et al., 2020, San-Juan et al., 2020, Abdullah et al., 2021, Chinen et al., 

2021, Isaac et al., 2023, Guiritan and Cataluna, 2023, Jimenez-Lozano et al., 2021). For these 

uncontrolled data, where details were provided, most women discontinued tocilizumab use early in 

pregnancy. As such, evidence is generally lacking regarding the safety of long-term use in pregnancy. 

Few controlled studies exist and have only been conducted using non-denominator based adverse 

drug event datasets containing 357 adverse reaction reports where maternal tocilizumab use was 

used in pregnancy (Ghalandari et al., 2022, Dernoncourt et al., 2023).  

Although adverse pregnancy outcomes have been described following in utero exposure to 

tocilizumab, including cases of congenital anomaly, miscarriage, low birth weight and preterm 

delivery, the crude rates of these events do not appear to be notably increased above their 

respective expected background rates, and no pattern of malformation has been observed. Of note, 

https://www.rcog.org.uk/guidance/coronavirus-covid-19-pregnancy-and-women-s-health/coronavirus-covid-19-infection-in-pregnancy/
https://www.rcog.org.uk/guidance/coronavirus-covid-19-pregnancy-and-women-s-health/coronavirus-covid-19-infection-in-pregnancy/
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no adverse events considered attributable to the tocilizumab exposure were described among the 

small number of women with acute treatment of severe COVID-19. Additionally, the studies of 

adverse drug events did not identify any signals of disproportionality for any specific adverse 

pregnancy outcome. Conversely, tocilizumab has been shown to improve morbidity and mortality 

from acute, severe COVID-19 in a non-pregnant population (Group, 2021) which is beneficial to both 

the pregnant woman and her baby. There are theoretical concerns that immunosuppressant 

antibodies which actively cross the placenta during pregnancy could result in neonatal/infant 

immunosuppression and increase the risk of neonatal/infant infection. There is a lack of safety data 

investigating these specific concerns, but currently no reports indicating such associations exist 

following exposure in human pregnancy. As a precaution, live vaccines should not be routinely used 

until the infant is 6 months old following in utero biologic immunosuppressant exposure. 

The United Kingdom Tetralogy Information Service will continue to provide up-to-date information 

about safety data on the use of tocilizumab in pregnancy: 

https://www.medicinesinpregnancy.org/bumps/monographs/USE-OF-TOCILIZUMAB-IN-

PREGNANCY/  

 Tocilizumab – dosing 

Adult participants 

Tocilizumab will be administered using similar dosing to the REMAP-CAP COVID-19 Immune 

Modulation DSA, which aligns with the dosing used for longer-term tocilizumab treatment in 

rheumatological diseases. A single dose of 8mg/kg, based on measured or estimated body weight, 

with total dose not exceeding 800mg, will be administered.  

Pediatric participants 

Tocilizumab will be administered using similar dosing to that used in the management of JIA. For 

children weighing at least 30 kg, a single dose of 8mg/kg, based on measured body weight, with total 

dose not exceeding 800mg, will be administered. For children weighing less than 30kg, the 

tocilizumab dose is 12mg/kg.  

https://www.medicinesinpregnancy.org/bumps/monographs/USE-OF-TOCILIZUMAB-IN-PREGNANCY/
https://www.medicinesinpregnancy.org/bumps/monographs/USE-OF-TOCILIZUMAB-IN-PREGNANCY/
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6.2.4. Baricitinib 

 Baricitinib – biological rationale, pre-clinical studies, and clinical studies 

Baricitinib is an oral selective Janus kinase (JAK)1/JAK2 inhibitor that has been widely used for 

autoimmune and atopic diseases. There is a biological rationale for baricitinib therapy in severe 

influenza virus infection. Baricitinib inhibits the intracellular signaling of cytokines known to be 

elevated in severe influenza (and severe COVID-19), including the key inflammatory cytokine 

interleukin-6 (see section 6.2.4.1). In summary, signaling through the IL-6 pathway is activated in 

response to influenza virus infection (Wang et al., 2015).  IL-6 levels correlate with influenza 

symptoms, signs, disease severity, and mortality (Skoner et al., 1999, Gentile et al., 1998, Reynolds 

et al., 2021, Hagau et al., 2010, Paquette et al., 2012). It is unclear whether IL-6 is elevated as a 

marker of disease severity or whether it drives the pathogenesis of severe disease following 

influenza virus infection. JAK1/JAK2 inhibition with baricitinib modulates the effect and reduces the 

levels of IL-6 and a number of other pro-inflammatory cytokines. For example, detailed biomarker 

studies from patients with COVID-19 demonstrate that baricitinib treatment can rapidly reduce the 

levels of cytokines associated with the hyperinflammatory response seen in severe SARS-CoV-2 

infection (e.g. IL-1, IL-6, and MCP-1 – cytokines also elevated in severe influenza) (Sims et al., 2021, 

Reynolds et al., 2021).  

While immune modulation effects are hypothesized to be the potential mechanism of action for 

baricitinib in severe influenza, JAK1/JAK2 inhibition may also have anti-viral effects. It has been 

shown that the NS1 protein of the influenza A(H1N1) virus activates the PI-3 kinase pathway and 

inhibits virus-induced apoptotic signaling responses leading to increased virus replication (Ehrhardt 

et al., 2007).  Targeting this pathway inhibits influenza A virus replication in vitro (Wang et al., 2020). 

Recent studies using genome-wide screening to search for host factors as potential antiviral targets 

have identified molecules that play important roles in influenza virus replication. Among them, JAK1 

and JAK2 are leading drug target candidates (Watanabe et al., 2014). 

Importantly, baricitinib is an effective therapy in adults hospitalized with severe COVID-19. The 

placebo-controlled phase 3 Adaptive COVID-19 Treatment Trial 2 (ACTT-2) enrolled 1033 participants 

(Kalil et al., 2021). Patients receiving corticosteroids were excluded from ACTT-2. Combination 

therapy with baricitinib and remdesivir was superior to remdesivir alone in reducing the time to 

recovery (rate ratio 1.16, 95% CI 1.10-1.32, p=0.03). In the ACTT-2 study, baricitinib did not reduce 

the secondary outcome of 28-day mortality (5.1% vs 7.8%, hazard ratio 0.65, 95% CI 0.39-1.09).  
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The COV-BARRIER study was a phase 3 double-blind randomized clinical trial of baricitinib in addition 

to standard of care (which could include corticosteroids) in hospitalized adults with COVID-19 who 

did not require mechanical ventilation (Marconi et al., 2021). 1525 participants were randomly 

assigned to receive baricitinib (n=764) or placebo (n=761). 1204/1518 (79·3%) of participants with 

available data were receiving systemic corticosteroids at baseline. There was no difference in disease 

progression; 27·8% of participants receiving baricitinib and 30·5% of those receiving placebo 

progressed to meet the composite primary endpoint including increased oxygen support or death by 

day 28 (odds ratio 0·85, 95% CI 0·67-1·08, p=0·18). However, 28-day all-cause mortality (a secondary 

outcome) was significantly lower (8% vs 13%) with baricitinib therapy (hazard ratio 0.57, 95% CI 

0.41-0.78, p=0.0018). In those requiring high flow oxygen or non-invasive ventilation at baseline, the 

hazard ratio for all-cause 28-day mortality was 0.52 (95% CI 0.33-0.80). An addendum to the COV-

BARRIER trial enrolled patients who required invasive mechanical ventilation (Ely et al., 2022). In this 

critically ill population, studied later in the pandemic, standard of care included corticosteroids at 

baseline in 86% of participants. The 28-day all-cause mortality was again significantly lower with 

baricitinib than placebo (39% vs 58%, hazard ratio 0·54, 95%CI 0·31–0·96, p=0·03).  

The largest study of baricitinib in hospitalized adults with COVID-19 is the RECOVERY trial, which 

randomized 8156 patients to either baricitinib or usual care (Recovery Collaborative Group, 2022). At 

baseline, 95% of patients were receiving corticosteroids and 23% were receiving tocilizumab. Death 

within 28 days was lower with baricitinib (12%) compared with usual care (14%); age-adjusted rate 

ratio 0·87 (95% CI 0·77–0·99, p=0·028). A meta-analysis including the results from RECOVERY and 

eight other completed trials, involving 11 888 randomly assigned patients and 1485 deaths, 

allocation to baricitinib or another JAK inhibitor was associated with a 20% proportional reduction in 

mortality (rate ratio 0·80, 95% CI 0·72–0·89, p<0·0001) (Recovery Collaborative Group, 2022). 

Taken together, these data indicate baricitinib is an effective therapy for severe COVID-19, with 

greater treatment effects seen in critically ill patients. There are no studies of baricitinib for severe 

influenza.  

 Baricitinib – safety profile 

There is extensive experience with long-term outpatient baricitinib use. Baricitinib is generally well-

tolerated and long-term follow-up of phase one, two, and three studies have assessed for important 

relevant safety signals, including serious infections (Winthrop et al., 2020). Studies of baricitinib use 

in rheumatoid arthritis patients demonstrated no increased risk of serious infection with long term 

use of 2mg daily or 4mg daily for a 1-year period but found an increase in treatment-related infection 
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from 75 to 88 per 100-person years with long-term 4 mg dosing (Winthrop et al., 2020). Further 

analyses have found an increased rate of herpes zoster infection with long-term use of 4 mg of 

baricitinib; an increased risk of herpes zoster infection appears to be a class effect also observed with 

other JAK inhibitors (Alvaro-Gracia et al., 2021, Genovese et al., 2020). Safety data from long-term 

baricitinib use may not be relevant when considering short courses of baricitinib as therapy for acute 

influenza virus infection.   

There are no published safety or pharmacokinetic data available on baricitinib treatment of 

hospitalized influenza patients but the safety of baricitinib has been demonstrated in hospitalized, 

including critically-ill, COVID-19 patients. For example, ACTT-2 enrolled 1033 hospitalized patients 

with COVID-19 and found that serious adverse events were less common in the baricitinib group 

than in the control group (16% vs. 21%) (Kalil et al., 2021). Further, ACTT-2 demonstrated no 

increased risk of new infections with a 14-day treatment course of baricitinib compared with 

placebo (5.9% vs. 11.2%). The COV-BARRIER study enrolled 1525 hospitalized COVID-19 patients and 

found that serious adverse events occurred in 110 (15%) participants in the baricitinib group and 135 

(18%) participants in the placebo group). Serious infections occurred in 64 (9%) participants 

randomized to baricitinib and 74 (10%) participants randomized to placebo (Marconi et al., 2021). In 

the 101-participant addendum to the COV-BARRIER trial, recruiting participants who required 

invasive mechanical ventilation or extracorporeal membrane oxygenation, serious adverse events 

occurred in 25 (50%) participants in the baricitinib group and 35 (71%) participants in the placebo 

group (Ely et al., 2022). Serious infections were reported for 22 (44·0%) participants who received 

baricitinib and 26 (53·1%) who received placebo. In the 8156 patient RECOVERY trial of baricitinib, 

there were no new safety concerns and no significant difference in the rates of non-SARS-CoV-2 

infection with baricitinib (9.8%) vs usual care (9.9%) (Recovery Collaborative Group, 2022). 

Venous thromboembolism has been reported with long-term baricitinib use in rheumatoid arthritis 

(0.5 events per 100 patient-years) (Genovese et al., 2020). However, there was no increased rate of 

venous thromboembolism with baricitinib treatment in COV-BARRIER (occurring in 3% of those 

assigned to placebo and 3% of those assigned to baricitinib), in critically ill participants in the 

addendum to COV-BARRIER (occurring in 6% of those assigned to placebo and 6% of those assigned 

to baricitinib), or in RECOVERY, where thrombotic events occurred in 4.6% of those assigned to usual 

care and 4.4% of those assigned to baricitinib (Marconi et al., 2021, Ely et al., 2022, Recovery 

Collaborative Group, 2022). 

Long-term use of JAK inhibitors (JAKi) has been described for children with alopecia areata and JIA. 

When administered for the treatment of alopecia areata, JAKi were well-tolerated with only mild 
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adverse effects (Hamilton and Craiglow, 2020). When used at varied doses in the management of 

rheumatological conditions, such as JIA, interferonopathies, and pediatric cancers, potential adverse 

effects such as infections were reported in some case series (Hamilton and Craiglow, 2020). In a 

phase 3 multicenter, double-blind, withdrawal, efficacy, and safety study of baricitinib in 163 

children with JIA, the proportion of patients with a flare was significantly lower for baricitinib vs 

placebo (14 [17.1%] vs 41 [50.6%], p<0.001) (Ramanan et al., 2022). In the placebo and baricitinib 

groups, 38 (46.9%) and 54 (65.9%) of participants reported treatment emergent adverse 

respectively, SAEs occurred in 3 (3.7%) of those receiving placebo and 4 (4.9%) of those receiving 

baricitinib, and there were no deaths (Ramanan et al., 2022). In the RECOVERY trial, 33 children were 

randomly assigned to receive baricitinib or usual care. Given the low numbers relative to the 8123 

adults in the RECOVERY trial of baricitinib for patients hospitalized with COVID-19, outcomes in 

these 33 children were reported descriptively and the authors did not report any new safety signals 

in this population (Recovery Collaborative Group, 2022). The U.S. Food and Drug Administration 

(FDA) has issued an Emergency Use Authorization to permit the use of baricitinib for COVID-19 in 

hospitalized pediatric patients at least 2 years of age requiring supplemental oxygen, non-invasive or 

invasive mechanical ventilation, or extracorporeal membrane oxygenation 

(https://www.fda.gov/media/143823/download). 

 Baricitinib in pregnancy 

Baricitinib is a small molecule expected to readily cross the placenta; recommendations on the 

safety of baricitinib in pregnancy are not available due to a lack of data (Sammaritano et al., 2020). 

Patients who are pregnant or breastfeeding will not be eligible for randomization to baricitinib 

within this domain. 

 Baricitinib – dosing 

Adult participants 

Baricitinib is rapidly absorbed after enteral administration. Clearance is via renal elimination of the 

parent compound and dosing is dependent on renal function. Baricitinib will be administered at the 

same dose used for COVID-19. The daily baricitinib dose depends on the most recent eGFR. 

Baricitinib will be given at a dose of 4 mg daily if the eGFR is ≥60 mL/min. Baricitinib will be given at a 

dose of 2 mg daily if the eGFR is 30 to <60 mL/min. Baricitinib will be administered at a dose of 1 mg 

daily if the eGFR is 15 to <30 mL/min. Baricitinib will be withheld if the eGFR is <15 mL/min or the 

patient is receiving renal replacement therapy.   

https://www.fda.gov/media/143823/download
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Pediatric participants 

In children 9 years of age and older, the same dose of baricitinib used in adults will be administered. 

In children 2 years to <9 years of age with an eGFR ≥60 mL/min, the baricitinib dose will be 2mg 

daily. In children 2 years to <9 years of age with an eGFR of 30 to <60 mL/min, baricitinib will be 

given at a dose of 1 mg daily. In children 2 years to <9 years of age, baricitinib will be withheld if the 

eGFR is <30 mL/min or the patient is receiving renal replacement therapy.   

 DOMAIN OBJECTIVES  

The objective of this domain is to determine the effectiveness of immune modulation interventions 

for critically ill patients with confirmed influenza virus infection. 

We hypothesize that the probability of the occurrence of the primary endpoint specified in the 

relevant Core Protocol documents will differ based on allocation to influenza immune modulation 

therapy. The following interventions will be available: 

• No immune modulation (no placebo) 

• Tocilizumab 

• Baricitinib 

We hypothesize that the treatment effect of immune modulation therapy is different depending on 

the presence or absence of bacterial co-infection at the time of enrollment.  

 TRIAL DESIGN 

This domain will be conducted as part of the REMAP-CAP trial. Treatment allocation will be based on 

response adaptive randomization, as described in Core Protocol documents. 

8.1. Population 

This domain enrolls patients who are admitted to hospital with microbiological testing confirmed 

influenza virus infection. 

8.1.1. Illness Severity State 

This domain is available for patients who are in the Severe State. 
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8.1.2. Domain-specific strata 

Domain-specific strata are applied to patients at the time of assessment for this domain. 

 Bacterial Co-Infection Strata 

Bacterial Co-infection Strata are applied within the unit-of-analysis of this domain. Patients 

diagnosed with probable or confirmed bacterial co-infection will be categorized as members of the 

Bacterial Co-infection Diagnosed Stratum. Patients with possible or unlikely bacterial co-infection 

will be categorized as members fo the Bacterial Co-infection Not Diagnosed Stratum. At the time of 

launch of this domain, these strata will be domain-specific but it is anticipated that bacterial 

infection strata may be incorporated into the Platform in the future. 

8.2. Eligibility criteria 

Patients are eligible for this domain if they meet all of the platform-level inclusion and none of the 

platform-level exclusion criteria as specified In relevant Core Protocol Documents. Patients eligible 

for the REMAP may have conditions that exclude them from the Influenza Immune Modulation 

Domain. 

8.2.1. Domain inclusion criteria 

Patients are eligible for this domain if: 

• Patient is aged ≥2 years 

• Influenza virus infection has been confirmed by microbiological testing  

• In the opinion of the treating clinician, the primary contributor to the patient’s Severe Illness 

State is a respiratory tract infection 

8.2.2. Domain exclusion criteria 

Patients will be excluded from this domain if they have any of the following: 

• SARS-CoV-2 infection has been confirmed by microbiological testing 

• Known condition or treatment resulting in ongoing immune suppression, including 

neutropenia, prior to this hospitalization 

• A neutrophil count <1.0 x 109 / L  

• Confirmed or strongly-suspected active mycobacterial infection or invasive fungal infection 
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• Patient has already received any dose of one or more of any form of tocilizumab or another 

IL-6 receptor antagonist (e.g. sarilumab), baricitinib or another JAK inhibitor (e.g. tofacitinib, 

ruxolitinib or upadacitinib) during this hospitalization or is on long-term therapy with any of 

these agents prior to this hospital admission. 

• The treating clinician believes that participation in the domain would not be in the best 

interests of the patient 

8.2.3. Intervention exclusion criteria 

Patients may also be excluded from receiving one or more interventions within the domain for 

patient-specific reasons. In such cases, patients will be randomly allocated a remaining intervention 

from among those available at that site.  

Patients who are eligible for only a single intervention at a site (i.e. all other interventions are 

contraindicated) are not eligible for this domain. Patients in whom all interventions are 

contraindicated will be treated according to the current standard of care at the clinician’s discretion. 

Criteria that exclude a patient from a one or more interventions are: 

• Known hypersensitivity to an agent specified as an intervention in this domain will exclude a 

patient from receiving that agent.  

• Known or suspected pregnancy will result in exclusion from the baricitinib intervention. It is 

normal clinical practice that women admitted who are in an age group in which pregnancy is 

possible will have a pregnancy test conducted. The results of such tests will be used to 

determine interpretation of this exclusion criteria. 

• It is recognised that there is a wide range of regulatory approaches and attitudes to the 

evaluation of interventions in pregnant trial participants across participating regions and 

sites. Known or suspected pregnancy is not an intervention-level exclusion for the 

tocilizumab intervention by default; however, if a site does not have regulatory approval to 

enrol pregnant patients to the tocilizumab intervention, known or suspected pregnancy will 

be applied as an intervention-specific exclusion and will result in exclusion from the 

tocilizumab intervention. 

• An alanine aminotransferase or an aspartate aminotransferase that is more than five times 

the upper limit of normal will result in exclusion from receiving tocilizumab 

• A platelet count < 50 x 109 / L will result in exclusion from receiving tocilizumab 
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• In adults and in children ≥ 9 years of age, a baseline eGFR <15 mL/min/1.73m2 and/or 

receipt of renal replacement therapy (including long-term renal replacement therapy) at 

baseline will result in exclusion from receiving baricitinib 

• In children aged >2 years and <9 years, a baseline eGFR <30 mL/min/1.73m2 and/or receipt 

of renal replacement therapy (including long-term renal replacement therapy) at baseline 

will result in exclusion from receiving baricitinib 

8.3. Interventions 

8.3.1. Influenza Immune Modulation Domain Interventions 

Patients will be randomly assigned to receive either of the following open-label strategies. The 

interventions will be commenced immediately after allocation status is revealed.  

☐ No immune modulation (no placebo) 

☐ Tocilizumab  

☐ Baricitinib 

8.3.2. No Influenza Immune Modulation therapy 

Patients assigned to this intervention are not to receive any additional targeted immune modulation 

therapy until the end of study day 28. Corticosteroids can be administered, either by enrolment in 

the Corticosteroid Domain of REMAP-CAP or as determined by the treating clinician.  

8.3.3. Tocilizumab 

The dose of tocilizumab is dependent on age and weight. Tocilizumab will be administered as a 

single dose of 8mg/kg based on measured body weight (or estimated body weight in adults if 

measured body weight is unavailable) with the total dose not exceeding 800mg. In children weighing 

less than 30 kg, the tocilizumab dose will be 12mg/kg. Tocilizumab will be commenced as soon as 

possible following reveal of allocation and administered as an intravenous infusion via a central or 

peripheral line over a one-hour period. The appropriate dose of drug will be mixed in a 100 ml bag of 

0.9% saline, after removing an equivalent volume of saline, 0.4ml/kg, to match the added drug, so 

that the total volume is 100 mls. The infusion speed must be 10 mls per hour for 15 minutes and 

then increased to 130 mls per hour for the next 45 minutes. After completion of the infusion of 
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active study drug, at least 20 mls of 0.9% saline should be used to flush the drug through the giving 

set. 

8.3.4. Baricitinib 

The dose of baricitinib is dependent on age and renal function. The dose of baricitinib administered 

will depend on the most recent eGFR, including modification of dose for change in renal function 

during the treatment period.  

In adults and in children 9 years of age and older, baricitinib will be administered enterally at a dose 

of 4 mg daily if the eGFR is at least 60 mL/min/1.73m2. Baricitinib will be given at a dose of 2 mg 

daily if the eGFR is at least 30 and less than 60. Baricitinib will be given at a dose of 1 mg daily if the 

eGFR is at least 15 and less than 30 mL/min/1.73m2. Baricitinib will be withheld if the eGFR is less 

than 15 mL/min/1.73m2 and in patients who are receiving intermittent or continuous renal 

replacement therapy 

In children 2 years to <9 years of age, the baricitinib dose will be 2mg daily if the eGFR is at least 60 

mL/min/1.73m2. In children 2 years to <9 years of age, baricitinib will be given at a dose of 1 mg daily 

if the eGFR is at least 30 and less than 60 mL/min/1.73m2. In children 2 years to <9 years of age, 

baricitinib will be withheld if the eGFR is <30 mL/min/1.73m2 or the patient is receiving renal 

replacement therapy 

For patients who are unable to swallow whole tablets, baricitinib may be dispersed in water and 

delivered via an enteral feeding tube. If 1 mg tablets are not available, a 2 mg tablet can be split 

using a tablet splitter that has a razor blade to administer half a 2 mg tablet once daily. Alternatively, 

2 mg of baricitinib can be given every second day. Baricitinib will be commenced as soon as possible 

following reveal of allocation and will be administered for 10 days or until hospital discharge, 

whichever occurs first. For patients who are discharged or transferred from the participating clinical 

area (e.g. discharged from ICU to a ward) before completion of the 10-day course of baricitinib, it is 

the responsibility of the randomizing team to prescribe any doses of baricitinib to complete the 10-

day course. However, continued administration of the course of baricitinib after discharge from the 

participating clinical area is a clinical decision that is at the discretion of the treating clinician. Under 

such circumstances, discontinuation of baricitinib prior to the end of the 10-day course is not a 

protocol deviation. 
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8.3.5. Discontinuation of study intervention 

An immune modulation intervention for influenza should be discontinued if there is development of 

a SAE which, in the opinion of the treating clinician, could be related to participation in this domain. 

The study interventions can be discontinued at any time by the treating clinician if doing so is 

regarded as being in the best interests of the patient. 

8.4. Concomitant care 

Additional agents, other than those specified in the platform, that are intended to modulate the 

immune response to influenza should not be permitted. Commencement of such an agent in the 

absence of an accepted clinical indication is a protocol deviation. The use of corticosteroids, other 

than those specified  by assignment within the platform, for a new indication (e.g. bronchospasm or 

septic shock) can be determined by the treating clinician. All other treatment that is not specified by 

assignment within the platform will be determined by the treating clinician.  

8.5. Endpoints 

8.5.1.  Primary endpoint 

The primary endpoint for this domain is the primary outcome specified in the REMAP-CAP Core 

Protocol. 

8.5.2. Secondary endpoints 

All secondary endpoints as specified in the REMAP-CAP Core Protocol  

The domain-specific secondary outcome measures (from randomization, during the index 

hospitalization, censored 90 days after enrollment) will be: 

• Positive blood culture for pathogenic bacteria and/or fungus during this hospitalization and 

more than 48 hours following randomization 

• Pulmonary aspergillosis, during this hopsitalization and more than 48 hours following 

randomization, defined as culture of Aspergillus species from tracheal aspirate or 

bronchoalveolar lavage or invasive pulmonary aspergillosis diagnosed and treated with one 

or more systemic antifungal agent 

An additional endpoint, that will be reported as it becomes available and only from sites where 

linked data is available, is occurrence of major adverse cardiovascular events. 
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 TRIAL CONDUCT 

9.1. Microbiology 

Microbiological testing will be performed as per local practice, including bacterial and viral testing to 

guide clinical care. Results of these tests will be collected but no additional clinical testing is specified 

in this protocol. 

9.2. Domain-specific data collection 

Additional domain-specific data will be collected. 

• Virologic endpoints, at selected sites:  

o Change from baseline in influenza virus levels, measured at D3 and at D7 or ICU 

discharge (whichever occurs first) in upper and lower respiratory tract specimens.  

• Results of culture of blood for pathogenic bacteria and/or fungus during this hospitalization 

• Hospitalization or death due to major adverse cardiovascular events (at sites where linked 

data are available)  

• Pregnancy outcomes will be collected for patients who are pregnant at the time of 

randomization to this domain.  

Data on the identification of Aspergillus species from respiratory tract specimens is collected at a 

platform level. 

9.3. Criteria for discontinuation  

Refer to relevant Core Protocol documents for criteria for discontinuation of participation in the 

REMAP-CAP trial. 

9.4. Blinding  

9.4.1. Blinding 

All medication will be administered on an open-label basis. 

9.4.2. Unblinding 

Not relevant. 
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 STATISTICAL CONSIDERATIONS 

10.1. Domain-specific stopping rules 

The following Platform conclusions are possible in this domain: 

• Effectiveness for any active immune modulation intervention compared with no immune 

modulation  

• Superiority for any intervention within the domain 

• Inferiority for any intervention within the domain 

• Futility for one or more active immune modulation interventions compared with no immune 

modulation  

• Equivalence among active immune modulation interventions 

One or more active immune modulation interventions can be declared to be futile in comparison 

with the no immune modulation intervention. If this occurs there will be a public declaration of 

futility with the likely adaptation being removal of futile immune modulation interventions from the 

randomization schedule. This will be an operational decision and will not require an amendment to 

the DSA, noting that if the point estimate of a futile intervention is in the direction of worse outcome 

than the no immune modulation comparator, that removal from the randomization schedule is pre-

specified to be mandatory. A harm threshold is not necessary in this domain, as a futility trigger will 

be achieved before harm thresholds in the setting of regular adaptive analyses. 

 

Any statistical trigger for equivalence that occurs before a declaration of effectiveness or futility will 

not be communicated to the ITSC until there is a declaration of either futility or effectiveness 

involving the equivalent interventions. Prior to a declaration of effectiveness or futility, if 

interventions that are nested trigger for equivalence, further analysis will be undertaken with the 

nested interventions being pooled, until a declaration of futility or effectiveness.  

 

In the event of one or more active immune modulation interventions being declared effective, the 

no immune modulation intervention will be removed from the randomization schedule. This is pre-

specified, via this version of the DSA, and can occur without further amendment of this DSA. In this 

situation, the domain will continue to randomize to the active immune modulation interventions to 

determine the comparative efficacy of active immune modulation interventions. The trigger for 

equivalence may be applied following removal of the no immune modulation intervention. If the 

trigger for equivalence is to be applied, this will be a priori operational decision specified in the 
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Current State document. The decision regarding the reference control can only be made after having 

achieved a trigger for efficacy as this decision is dependent on patterns of clinical practice at that 

time. Following removal of the no immune modulation intervention the triggers of superiority and 

inferiority among the remaining active interventions will be available. If a trigger occurs for 

inferiority when two or more additional active interventions remain within the randomization 

schedule, the inferior intervention will be removed from the randomization schedule and will be 

subject of public disclosure. It is noted that public disclosure may also require identification of the 

active intervention against which the inferiority trigger occurred. 

In all other respects the stopping rules for this domain are those outlined in the relevant Core 

Protocol documents. 

10.2. Unit-of-analysis and strata 

The domain is analyzed in the interpandemic model or its successor model (specified in relevant 

Core Protocol documents). The eligibility criteria for this domain correspond to the Influenza Present 

Stratum specified in the Core Protocol (i.e. microbiological testing-confirmed influenza) and Severe 

State. Within this stratum and state, the unit-of-analysis is defined by the presence of absence of 

bacterial infection (i.e., Bacterial Co-infection Strata). Borrowing is permitted between strata. No 

other strata will contribute to the unit-of-analysis, although this may be modified as an operational 

decision as specified in the Current State document. 

10.3. Timing of revealing of randomization status 

The timing of the revealing of allocation status and administration of interventions is specified to be 

Randomization with Immediate Reveal and Initiation or Randomization with Deferred Reveal if 

prospective agreement to participate is required for this domain (see relevant Core Protocol 

documents) or if the results of microbiological testing for influenza or SARS-CoV-2 or both are 

unavailable at the time of eligibility. 

10.4. Interactions with interventions in other domains 

An a priori interaction with the Corticosteroid Domain or Influenza Antiviral Domain are considered 

possible but will only be investigated in post-trial subgroup analyses. It is noted that interaction with 

these other domains that include patients with confirmed influenza as part of their unit-of-analysis 

will be evaluated as post-platform conclusion sub-groups. 
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Interactions with all other domains are either not evaluable or not considered possible and will not 

be incorporated into the statistical model or models in which this domain is evaluated. 

If an interaction is specified with a future domain, it is sufficient for the interaction to be specified 

only in the DSA of such a future domain. 

10.5. Nesting of interventions 

Nesting is not applicable to this domain.  

10.6. Threshold probability for superiority, effectiveness, and inferiority 

The threshold probability for statistical triggers for superiority, effectiveness, and inferiority are 

those specified in the relevant Core Protocol documents. The threshold probability for the statistical 

trigger of effectiveness will be the same as that applied for superiority. 

10.7. Threshold odds ratio delta for equivalence and futility  

The threshold odds ratio delta for equivalence and futility in this domain will be those specified in 

the Core Protocol. At the time of launch of this domain the Core Protocol does not include a trigger 

for futility. The threshold probability of a statistical trigger for futility will be those specified in future 

versions of the Core Protocol documents. 

10.8. Statistical management of patients with intervention-specific 

exclusion 

The analysis for this domain will incorporate a variable for eligibility to baricitinib based on 

intervention-specific exclusion criteria related to severe impairment of renal function. This variable 

adjusts for expected differences in outcome for participants randomized to other interventions in 

the domain based on their eligibility for baricitinib. Specific details of the definition of this 

adjustment variable and the associated prior distribution will be provided in the Current State 

document. The intention of this adjustment is to compare baricitinib patients to other patients in the 

domain that were eligible to receive baricitinib. This baricitinib eligibility variable will only be defined 

for participants that are randomized within the Influenza Immune Modulation domain. This 

approach will not be applied to any other intervention-specific exclusion factor because of the 

anticipated low incidence of such exclusions or the anticipated low likelihood of the exclusion being 

independently associated with outcome or both. 
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10.9. Informative priors 

This domain will launch with priors that are uninformative for main effects. 

10.10. Post-trial sub-groups 

Domain-specific post-hoc sub-groups will be used in analysis following the conclusion of one or more 

interventions within the domain. The a priori patient sub-groups of interest are: 

• Bacterial co-infection at baseline ultimately confirmed on microbiological testing 

• Shock strata 

• Receiving invasive mechanical ventilation at baseline 

• CRP level at baseline 

• Ferritin level at baseline 

• IL-6 level at baseline (where available, at sites participating in the Biological Sampling 

Appendix) 

• Treatment-by-treatment interaction with the Corticosteroid and Influenza Antiviral Domains 

• All remaining potentially evaluable treatment-by-treatment interactions with other domains; 

a priori 

• Any component of the unit-of-analysis for which borrowing was permitted but pooled 

analysis was utilized 

If there are potentially important results within one or more of these pre-specified post-platform 

conclusion subgroups, after the occurrence of a pre-specified threshold for the unit-of-analysis 

described above, this domain may re-start (new stage) without necessarily requiring a subsequent 

amendment with eligibility restricted to a sub-group with possible beneficial treatment effect. This 

will be an operational decision of the ITSC, as advised by the DSWG. 

Heterogeneity of treatment effect will also be evaluated by multiple methods including machine 

learning techniques (such as causal forest).  

 ETHICAL CONSIDERATIONS 

11.1. Data Safety and Monitoring Board  

The DSMB is convened under the guidance provided in the Core Protocol and DSMB Charter. The 

statistical triggers that apply to this domain are specified in this DSA. If requested by the DSMB, 
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domain-specific safety secondary endpoints will be provided to the DSMB as part of the regular 

safety reports.  

11.2. Potential domain-specific adverse events 

The occurrence of the following should be screened for and reported as SAEs for all patients in this 

domain, irrespective of intervention allocation: 

• Severe thrombocytopenia, out of keeping with clinical disease 

• Severe neutropenia, out of keeping with clinical disease 

• Increase in LFTs to 5x upper limit of normal 

• Gastrointestinal perforation 

Other SAEs should be reported only where, in the opinion of the site-investigator, the event might 

reasonably have occurred as a consequence of a study intervention or study participation (see 

relevant Core Protocol documents). 

11.3. Domain risk assessment 

Participating sites will have reviewed the interventions in this domain and their clinical 

appropriateness for evaluation in this population. Enrolment in this domain will only occur if the 

treating clinician believes participation is not contrary to the best interests of the patient. The risks 

and benefits of participation will be outlined in local consent documentation. It is plausible that the 

effect of immune modulation in influenza differs depending on whether bacterial co-infection exists. 

The structure of this domain, with stratification by the presence or absence of bacterial co-infection, 

seeks to identify divergent treatment effect, should this occur.  

11.4. Domain-specific consent issues 

In the absence of evidence of effectiveness of any interventions specified in this DSA or alternative 

intervention that lies within this domain, the use of a usual care control is both appropriate and 

ethical. 

Clinicians may choose not to enroll individual patients if they feel that participation is not in patient’s 

best interests, and safety criteria are used to exclude patients from this domain for appropriate 

clinical reasons. 
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For patients who are not competent to consent, and in accordance with local jurisdictional 

requirements, where permitted entry into this domain is preferred to be via waiver-of-consent or 

some form of delayed consent. In any jurisdiction in which prospective agreement is necessary, 

reveal of assignment status will only occur after prospective agreement has been obtained. 

During a pandemic, including an influenza pandemic, visiting by relatives of affected patients may 

not be possible. In such situations, alternative methods for confirming consent including electronic 

and telephone communication, as permitted by an appropriate ethical review body, may be 

acceptable methods for confirming agreement to participate in this (and other) domains of the 

platform. 

 GOVERNANCE ISSUES 

12.1. Funding of domain 

Funding sources for the REMAP-CAP trial are specified in the REMAP-CAP Core Protocol. This domain 

has not received any additional domain-specific funding but such funding, from any source, may be 

obtained during the life-time of the domain.  

12.2. Funding of domain interventions and outcome measures 

The supply and cost re-imbursement of the interventions included in this domain will vary by region 

and possibly even within different countries in a region. Options will include purchase of the drugs 

by individual recruiting sites or centrally by health bodies. In some cases, the drugs may be donated 

for trial use by the relevant company. Companies that supply drug will have no role in the design, 

conduct, analysis, or reporting of this domain. 

12.3. Domain-specific declarations of interest 

All investigators involved in REMAP-CAP maintain a registry of interests on the REMAP-CAP website. 

These are updated periodically and publicly accessible on the study website.  
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