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Supplementary material: use of neuraminidase inhibitors in influenza  
 
 
Introduction 
 
This document supplements the Academy of Medical Sciences and Wellcome Trust’s steering group 
report on the treatment of influenza. It reproduces the following evidence received throughout the 
course of the project: 
• Three summaries of recent key studies, as provided by authors of the studies and circulated in 

advance of an evidence-gathering workshop held at the Wellcome Trust in February 2015. 
• A series of slides, presented at the workshop by Professor Frederick Hayden (Professor of 

Medicine, University of Virginia), which give an overview of the diverse products in 
development and prospects for future therapies, including new medicines and combination 
approaches expected to come to the market over the next decade. 

• Post-workshop comments from Professor Carl Heneghan (Professor of Evidence-Based 
Medicine, University of Oxford), and from Roche, the manufacturers of oseltamivir, who 
submitted a summary of their detailed analysis of the 2014 Cochrane Review, based on their 
report previously published on the Cochrane Collaboration website.  
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Evidence summary: Jefferson et al. (2014) and Heneghan et al. (2014) 

Oseltamivir for influenza in adults and children: systematic review of clinical study 
reports and summary of regulatory comments. Jefferson T, Jones M, Doshi P, Spencer 
EA, Onakpoya I, Heneghan CJ. BMJ. 2014 Apr 9;348:g2545. doi: 10.1136/bmj.g2545. 
Review. 
http://www.ncbi.nlm.nih.gov/pubmed/24811411 
http://www.bmj.com/content/348/bmj.g2545.long 
 
OBJECTIVE: 
To describe the potential benefits and harms of oseltamivir by reviewing all clinical study reports 
(or similar document when no clinical study report exists) of randomised placebo controlled trials 
and regulatory comments ("regulatory information"). 
DESIGN: 
Systematic review of regulatory information. 
DATA SOURCES: 
Clinical study reports, trial registries, electronic databases, regulatory archives, and 
correspondence with manufacturers. 
ELIGIBILITY CRITERIA FOR SELECTING STUDIES: 
Randomised placebo controlled trials on adults and children who had confirmed or suspected 
exposure to natural influenza. 
MAIN OUTCOME MEASURES: 
Time to first alleviation of symptoms, influenza outcomes, complications, admissions to hospital, 
and adverse events in the intention to treat population. 
RESULTS: 
From the European Medicines Agency and Roche, we obtained clinical study reports for 83 trials. 
We included 23 trials in stage 1 (reliability and completeness screen) and 20 in stage 2 (formal 
analysis). In treatment trials on adults, oseltamivir reduced the time to first alleviation of 
symptoms by 16.8 hours (95% confidence interval 8.4 to 25.1 hours, P<0.001). There was no 
effect in children with asthma, but there was an effect in otherwise healthy children (mean 
difference 29 hours, 95% confidence interval 12 to 47 hours, P=0.001). In treatment trials there 
was no difference in admissions to hospital in adults (risk difference 0.15%, 95% confidence 
interval -0.91% to 0.78%, P=0.84) and sparse data in children and for prophylaxis. In adult 
treatment trials, oseltamivir reduced investigator mediated unverified pneumonia (risk difference 
1.00%, 0.22% to 1.49%; number needed to treat to benefit (NNTB) 100, 95% confidence interval 
67 to 451). The effect was not statistically significant in the five trials that used a more detailed 
diagnostic form for "pneumonia," and no clinical study reports reported laboratory or diagnostic 
confirmation of "pneumonia." The effect on unverified pneumonia in children and for prophylaxis 
was not significant. There was no significant reduction in risk of unverified bronchitis, otitis media, 
sinusitis, or any complication classified as serious or that led to study withdrawal. 14 of 20 trials 
prompted participants to self report all secondary illnesses to an investigator. Oseltamivir in the 
treatment of adults increased the risk of nausea (risk difference 3.66%, 0.90% to 7.39%; number 
needed to treat to harm (NNTH) 28, 95% confidence interval 14 to 112) and vomiting (4.56%, 
2.39% to 7.58%; 22, 14 to 42). In treatment of children, oseltamivir induced vomiting (5.34%, 
1.75% to 10.29%; 19, 10 to 57). In prophylaxis trials, oseltamivir reduced symptomatic influenza 
in participants by 55% (3.05%, 1.83% to 3.88%; NNTB 33, 26 to 55) and households (13.6%, 
9.52% to 15.47%; NNTB 7, 6 to 11) based on one study, but there was no significant effect on 
asymptomatic influenza and no evidence of a reduction in transmission. In prophylaxis studies, 
oseltamivir increased the risk of psychiatric adverse events during the combined "on-treatment" 
and "off-treatment" periods (risk difference 1.06%, 0.07% to 2.76%; NNTH 94, 36 to 1538) and 
there was a dose-response effect on psychiatric events in two "pivotal" treatment trials of 
oseltamivir, at 75 mg (standard dose) and 150 mg (high dose) twice daily (P=0.038). In 
prophylaxis studies, oseltamivir increased the risk of headaches on-treatment (risk difference 
3.15%, 0.88% to 5.78%; NNTH 32, 18 to 115), renal events with treatment (0.67%, -0.01% to 
2.93%), and nausea while receiving treatment (4.15%, 0.86% to 9.51%; NNTH 25, 11 to 116). 
CONCLUSIONS: 
In prophylactic studies oseltamivir reduces the proportion of symptomatic influenza. In treatment 
studies it also modestly reduces the time to first alleviation of symptoms, but it causes nausea and 
vomiting and increases the risk of headaches and renal and psychiatric syndromes. The evidence 
of clinically significant effects on complications and viral transmission is limited because of rarity of 
such events and problems with study design. The trade-off between benefits and harms should be 
borne in mind when making decisions to use oseltamivir for treatment, prophylaxis, or stockpiling. 
 

http://www.ncbi.nlm.nih.gov/pubmed/24811411�
http://www.bmj.com/content/348/bmj.g2545.long�
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Zanamivir for influenza in adults and children: systematic review of clinical study 
reports and summary of regulatory comments. Heneghan CJ, Onakpoya I, Thompson M, 
Spencer EA, Jones M, Jefferson T. BMJ. 2014 Apr 9;348:g2547. doi: 10.1136/bmj.g2547. 
Review 
http://www.ncbi.nlm.nih.gov/pubmed/24811412 
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=24811412 
 
 
OBJECTIVES: 
To describe the potential benefits and harms of zanamivir. 
DESIGN: 
Systematic review of clinical study reports of randomised placebo controlled trials and regulatory 
information 
DATA SOURCES: 
Clinical study reports, trial registries, electronic databases, regulatory archives, and 
correspondence with manufacturers. 
ELIGIBILITY CRITERIA FOR SELECTING STUDIES: 
Randomised placebo controlled trials in adults and children who had confirmed or suspected 
exposure to natural influenza. 
MAIN OUTCOME MEASURES: 
Time to first alleviation of symptoms, influenza outcomes and complications, admissions to 
hospital, and adverse events in the intention to treat (ITT) population. 
RESULTS: 
We included 28 trials in stage 1 (judgment of appropriate study design) and 26 in stage 2 (formal 
analysis). For treatment of adults, zanamivir reduced the time to first alleviation of symptoms of 
influenza-like illness by 0.60 days (95% confidence interval 0.39 to 0.81, P<0.001, I(2)=9%), 
which equates to an average 14.4 hours' reduction, or a 10% reduction in mean duration of 
symptoms from 6.6 days to 6.0 days. Time to first alleviation of symptoms was shorter in all 
participants when any relief drugs were allowed compared with no use. Zanamivir did not reduce 
the risk of self reported investigator mediated pneumonia (risk difference 0.17%, -0.73% to 
0.70%) or radiologically confirmed pneumonia (-0.06%, -6.56% to 2.11%) in adults. The effect on 
pneumonia in children was also not significant (0.56%, -1.64% to 1.04%). There was no 
significant effect on otitis media or sinusitis in both adults and children, with only a small effect 
noted for bronchitis in adults (1.80%, 0.65% to 2.80%), but not in children. There were no data to 
assess effects on admissions in adults and children. Zanamivir tended to be well tolerated. In 
zanamivir prophylaxis studies, symptomatic influenza in individuals was significantly reduced 
(1.98%, (0.98% to 2.54%); reducing event rates from 3.26% to 1.27%, which means 51 people 
need to be treated to prevent one influenza case (95% confidence interval, 40 to 103). In 
contrast, the prophylaxis effect on asymptomatic influenza cases was not significant in individuals 
(risk difference 0.14%, -1.10% to 1.10%) or in households (1.32%, -2.20% to 3.84%). In 
households treated prophylactically there was an effect on symptomatic influenza (14.84%, 
12.18% to 16.55%), but this was based on only two small studies including 824 participants. 
Prophylaxis in adults reduced unverified pneumonia (0.32%, 0.09% to 0.41%; NNTB (number 
needed to treat to benefit) 311, 244 to 1086) but had no effect on pneumonia in children or on 
bronchitis or sinusitis in adults or children (risk difference 0.32%, 0.09% to 0.41%; NNTB 311, 
244 to 1086). 
CONCLUSIONS: 
Based on a full assessment of all trials conducted, zanamivir reduces the time to symptomatic 
improvement in adults (but not in children) with influenza-like illness by just over half a day, 
although this effect might be attenuated by symptom relief medication. Zanamivir also reduces the 
proportion of patients with laboratory confirmed symptomatic influenza. We found no evidence 
that zanamivir reduces the risk of complications of influenza, particularly pneumonia, or the risk of 
hospital admission or death. Its harmful effects were minor (except for bronchospasm), perhaps 
because of low bioavailability. 
 
Details of the review 
1. Please outline the methodology of your review, including details of the inclusion criteria for the 

trials/data used. 
Types of studies 
 
We included evidence from randomised controlled trials (RCTs) testing the effects of NIs for 
prophylaxis, post-exposure prophylaxis (PEP) and treatment of influenza. Prophylaxis is the mode 
of use of NIs when there is expectation of possible near-future exposure to influenza. PEP is the 
use of NIs following probable exposure to influenza but before symptoms develop. Treatment is 
the use of NIs in persons showing probable signs of influenza. 

http://www.ncbi.nlm.nih.gov/pubmed/24811412�
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=24811412�
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Due to discrepancies between published and unpublished reports of the same trials, we decided to 
include only those trials for which we had unabridged clinical study reports (for example, with 
consecutively numbered pages), even though they may be parts of clinical study reports (i.e. 
Module 1 only) and information on reports of trials that were considered "pivotal" (i.e. first or 
second-line evidence to regulators in support of the registration application). 
  
Types of participants 
 
We included previously healthy people (children and adults). 'Previously healthy' includes people 
with chronic illness (such as asthma, diabetes, hypertension), but excludes people with illnesses 
with more significant effects on the immune system (such as malignancy or HIV infection). We 
included only trials on people exposed to naturally occurring influenza with or without symptoms. 
We targeted the intention-to-treat (ITT) and safety populations as our prior review discovered 
compelling evidence that the intention-to-treat-influenza-infected (ITTI), the sub-population 
deemed to be influenza-infected, were not balanced between treatment groups in the Roche 
oseltamivir trials. In addition, estimates from the ITT population will be more generalisable to 
clinical practice, where routine testing for influenza is not common in many countries (and even 
where used, remains of variable accuracy). 
  
Types of interventions 
 
NIs administered by any route compared with placebo during the period in which medication was 
assumed and during the follow-up (on- and off-treatment: on-t and off-t) periods. 
 
 
2. Please identify the strengths and limitations of your review. This will assist the workshop 

participants in thinking pragmatically about the full range of evidence, as well as future 
research priorities and methodological improvements.  

 
See  
Neuraminidase inhibitors for preventing and treating influenza in healthy adults and 
children. Jefferson T, Jones MA, Doshi P, Del Mar CB, Hama R, Thompson MJ, Spencer EA, 
Onakpoya I, Mahtani KR, Nunan D, Howick J, Heneghan CJ. Cochrane Database Syst Rev. 
2014 Apr 10;4:CD008965. doi: 10.1002/14651858.CD008965.pub4. Review. 
http://www.ncbi.nlm.nih.gov/pubmed/24718923 
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD008965.pub4/abstract;jsessionid=D0952
B85723A29FF11B3087DB5F71938.f03t02 
 
The main limitation of our study is our relative inexperience in dealing with large quantities of 
information and our lack of familiarity with certain trial documents, such as randomisation lists. 
Randomisation lists appeared to be of two types. The first was a pre-randomisation list of random 
codes with which participants' IDs cannot be matched with the participant IDs used within other 
sections of the clinical study report. The second was a post hoc randomisation list to which 
individual participants can be matched but the original generated codes are not shown. In both 
cases the truly random generation of the sequence could not be properly assessed because either 
the original codes are not provided or original codes cannot be matched to patients. 
 
We have created methods and procedures to address the risk of reporting bias that we identified in 
published trials, but remain uncertain about the success of these new methods. 
  
Agreements and disagreements with other studies or reviews 
 
Several reviews of NIs are now available (Burch 2009; Cooper 2003; Falagas 2010; Tappenden 
2009; Turner 2003), including several separate versions of our previous reviews (Jefferson 2006; 
Jefferson 2009a; Matheson 2007; Shun-Shin 2009). All are mainly based on published information 
and reach similar conclusions to our 2006 review, which sparked the reader's comment and 
subsequent investigation and change of methods. 
 
Following publication of our review update in December 2009, Roche asked the Harvard-based 
academics Hernan and Lipsitch to repeat the Kaiser analysis to confirm or reject Kaiser's 
conclusions (Hernan 2011). They were not provided with any funding to carry out this analysis and 
Roche ultimately provided them with patient-level data sets and Module 1 for the 10 Kaiser trials 
and one more treatment trial (WV16277). An important methodological difference between Hernan 
and Lipsitch's analysis and that of Kaiser was Hernan and Lipsitch's decision to privilege a true ITT 

http://www.ncbi.nlm.nih.gov/pubmed/24718923�
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD008965.pub4/abstract;jsessionid=D0952B85723A29FF11B3087DB5F71938.f03t02�
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD008965.pub4/abstract;jsessionid=D0952B85723A29FF11B3087DB5F71938.f03t02�
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analysis over the sub-population analysis featured in the Kaiser analysis. Our Cochrane review also 
analyses the ITT population. 
 
The Kaiser analysis concluded that oseltamivir provided two statistically significant reductions: in 
lower respiratory tract complications and in hospitalisations. 
 
Hernan and Lipsitch evaluated lower respiratory tract complications and found a statistically 
significant, but smaller, reduction in the risk of these complications. 
 
Hernan and Lipsitch omitted evaluating the Kaiser paper's conclusion that oseltamivir reduced the 
risk of hospitalisation. They wrote, "it was not possible to assess the potential benefit for high-risk 
participants who are hospitalised, because the sample size of most studies was too small to 
consider hospitalisation as an outcome." 
 
Hernan and Lipsitch do not elaborate on or highlight their apparent methodological disagreement 
with the Kaiser 2003 analysis and it is not reflected in the news article published on the Harvard 
website entitled "Oseltamivir effect on complications confirmed by reanalysis" 
(http://ccdd.hsph.harvard.edu/NewsEvents/Oseltamivir-reanalysis). In fact, Hernan and Lipsitch 
did not confirm one of the key conclusions of the Kaiser paper (Kaiser 2003). 
 
Unfortunately, the Hernan-Lipsitch analysis has been cited by influential bodies such as the 
European Centre for Disease Prevention and Control (ECDC) as "confirmation of the original Kaiser 
meta-analysis" 
(http://ecdc.europa.eu/en/activities/sciadvice/_layouts/forms/Review_DispForm.aspx?ID=561&Lis
t=a3216f4c%2Df040%2D4f51%2D9f77%2Da96046dbfd72) despite the fact that Hernan and 
Lipsitch did not confirm one of the key conclusions of the Kaiser paper (Kaiser 2003). 
 
For complications, while Hernan and Lipsitch clearly produced similar results to Kaiser, we do not 
think that this means the result is more credible. In view of our findings, we suggest that these 
results should be interpreted with caution. We have published our preliminary comments 
(Cochrane Neuraminidase Inhibitors Review Team 2011). The approach Hernan and Lipsitch took 
in analysing data was insufficient to provide a credible, independent check on validity and 
reinforces the importance of detailed, critical assessment of entire trial programmes, with access 
to full-length study reports. Our analysis questions the coherence between the evidence and the 
proposed mode of action of oseltamivir. 
 
The Ebell 2012 review concluded that there was "no evidence that oseltamivir reduces the 
likelihood of hospitalisation, pneumonia or the combined outcome of pneumonia, otitis media and 
sinusitis in the ITT population". This conclusion was based on Module 1 of the 10 Kaiser trials plus 
WV16277. These are the same 11 trials as Hernan 2011. 

 
Additional comments 
3. Please add any additional comments, not covered by the above, which may be of benefit to the 

workshop participants. 
 
Our findings have implications for research on the mechanism of action of NIs, with special regard 
to any direct central action of oseltamivir and the inhibitory effect of the host endogenous 
neuraminidase of various organs and systems. We could not reach a consensus on whether further 
trials are warranted and whether current trials should be discontinued. 
 
The considerable body of evidence from randomised controlled trials (RCTs) included in this review 
indicates either no effect or a relatively small absolute effect size against the complications of 
influenza. Such an effect, even if statistically significant, would be too small to warrant treatment 
with NIs in a primary care setting, especially since effective diagnosis and treatments for rare 
complications (such as pneumonia) are available. Lack of evidence of an effect on hospitalisations 
probably indicates lack of severity in the first place. Assuming an influenza incidence rate of 2% 
(similar to that in the control arms of oseltamivir treatment trials), to detect a 25%, clinically 
significant reduction in pneumonia, 21,500 participants would have to be enrolled in a clinical trial. 
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Evidence summary: Muthuri et al. (2014) and Okoli et al. (2014) 

Muthuri et al. (2014) Effectiveness of neuraminidase inhibitors in reducing mortality in 
patients admitted to hospital with influenza A H1N1pdm09 virus infection: a meta-
analysis of individual participant data. Lancet Respir Med  
http://download.thelancet.com/flatcontentassets/pdfs/S2213260014700414.pdf 
 
Okoli GN, Otete HE, Beck CR, Nguyen-Van-Tam JS (2014) Use of Neuraminidase  
Inhibitors for Rapid Containment of Influenza: A Systematic Review and Meta-Analysis 
of Individual and Household Transmission Studies. PLoS ONE 9(12): e113633. 
doi:10.1371/journal.pone.0113633Okoli 
http://www.plosone.org/article/fetchObject.action?uri=info%3Adoi%2F10.1371%2Fjournal.pone.0
113633&representation=PDF 

 
The use of existing antivirals 
1. Treatment for individuals with underlying health conditions that predispose them to 

complications from influenza (including pregnant women) who develop influenza. 
 
Individuals hospitalised with pandemic influenza A(H1N1)pdm09 are included in the PRIDE 
analysis, with and without comorbidities. Individuals with underlying health conditions are 
therefore included. But since the calculation of propensity scores was based partly on presence or 
absence of comorbidity we cannot specifically disentangle ‘high-risk’ individuals unless we adopt an 
alternative analytical approach that would allow for looking at high-risk groups as a subset. 38% of 
the PRIDE dataset had one or more comorbidities. 
 
2. Treatment for previously healthy people who develop severe influenza. 
 
Individuals hospitalised with pandemic influenza A(H1N1)pdm09 are included in the PRIDE 
analysis, with and without comorbidities. Previously healthy individuals are therefore included. But 
since the calculation of propensity scores was based partly on presence or absence of comorbidity 
we cannot specifically disentangle ‘healthy’ individuals unless we adopt an alternative analytical 
approach that would allow for looking at high-risk groups as a subset. 62% of the PRIDE dataset 
were patients free from documented comorbidity at the time of hospitalisation. 
 
Overall: mortality reduction of 19% irrespective of NAI timing; early treatment vs. none 50% 
reduction in mortality. No clear evidence of effectiveness in children. 

 
3. Treatment for any previously healthy people with influenza that is not (currently) severe 

(‘treat all’ approach).  
 
All patients in the current PRIDE analysis were severe enough to have warranted hospital 
admission based on locally prevailing thresholds for hospitalisation. [within the wider PRIDE 
dataset is a large cohort of community patients; we are not sure yet but perhaps 80,000 useable 
case records – these data have not yet been analysed] 
 
4. Treatment in severely ill individuals more than 48 hours after onset of symptoms. 
 
The PRIDE analysis offers specific data on patients hospitalised with A(H1N1)pdm09 infection 
whose NAI treatment was initiated >48hrs after symptom onset. In critically ill adult patients, later 
treatment vs. none reduced mortality by 39% (not significant in children) 
 
 
 

http://download.thelancet.com/flatcontentassets/pdfs/S2213260014700414.pdf�
http://www.plosone.org/article/fetchObject.action?uri=info%3Adoi%2F10.1371%2Fjournal.pone.0113633&representation=PDF�
http://www.plosone.org/article/fetchObject.action?uri=info%3Adoi%2F10.1371%2Fjournal.pone.0113633&representation=PDF�
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5. In prophylaxis. 
 
The paper by Okoli et al. was funded by WHO specifically to look at rapid containment, which in 
practice will be a mixture of pre- and post- exposure prophylaxis. As such, pre- and post- 
exposure studies were combined. Larger residential settings excluded. Evidence for or against 
effectiveness of ‘combined prophylaxis’ was only available at household level. Overall: 89% 
individual protection but evidence limited to household-like settings not wider community. 
 
Details of the reviews 
6. Please outline the methodology of your review, including details of the inclusion criteria for the 

trials/data used. 
 
PRIDE dataset: formally registered (PROSPERO) Individual Participant Data meta-analysis using 
propensity scores and adjustement for antibiotic and corticosteroid use in hospital; included all 
obtainable global datasets on patients with A(H1N1) infection. All hospitalised (for the data under 
discussion today). Conformity to a minimum dataset was required.  
 
Okoli et al: formally registered (PROSPERO) standard meta-analysis. Included all obtainable 
published studies offering data on pre and post exposure prophylaxis, without limitation by study 
design. 

 
 
Please identify the strengths and limitations of your review. This will assist the workshop 
participants in thinking pragmatically about the full range of evidence, as well as future research 
priorities and methodological improvements.  
 
PRIDE dataset: W: retrospective, observational data; adjustment by propensity score was most 
extensive performed to date but will not have fully eliminated all confounding and has not fully 
adjusted for case severity. S: massive global dataset; 86% of all cases laboratory confirmed; 
sensitivity analysis including clinically diagnosed cases does not alter findings. Multiple alternative 
statistical approaches confirm generally robust findings. 
 
Okoli et al: W: commissioned by WHO for a specific scenario; combining pre- and post-exposure 
data is a strength and a weakness (but appropriate for the WHO brief); no meaningful data above 
household level. S: highly consistent and strongly protective findings by individual and by 
household protection. 
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Evidence summary: Dobson et al. (2015) 

1. Publication 
Dobson J, Whitley RJ, Pocock S, Monto AS. Oseltamivir treatment for influenza in adults: a 
meta-analysis of randomised controlled trials. Lancet; online publication 30 January 2015. 
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(14)62449-1/fulltext 
 
2. Review scope and methodology 

 
• Aim: Individual patient data meta-analysis to assess efficacy and safety of oseltamivir for 

treatment of influenza in adults. 
 
• Selection criteria: Published and unpublished randomised double-blind placebo-controlled 

trials in adults with naturally occurring influenza-like illness. 
 
• Included trials: 
- 9 Roche-sponsored trials (12 protocols), including 2 trials in elderly participants (≥65 

years) and 1 trial in participants with chronic cardiac or respiratory disease. Most trials 
were in otherwise healthy participants. 

- trials performed between 1997 and 2001 
- key inclusion criteria: ≤36 hours of feeling unwell, fever, 1 respiratory symptom (cough, 

sore throat, coryza) and 1 constitutional symptom (headache, myalgia, sweats/chills, 
fatigue) 

- all trials were in seasonal influenza. Majority of infected participants had influenza type A 
(88%). 

- trials performed according to good clinical practice criteria with relevant approvals from 
ethics committees and regulatory authorities 

- data and supporting documents (dataset specifications and clinical study reports) provided 
by Roche 

 
• Trials not included (not available): 
- Li l et al (2003): Roche-supported trial in 451 Chinese adults 
- Dharan et al (2012): 19 adults / children 
 
• Analysis populations (analysed by allocated treatment unless otherwise stated): 
- Efficacy analyses:  i) Influenza-infected “Intention-to-treat influenza-infected population 

(ITTI)” 
ii) All participants “Intention-to-treat population (ITT)” 
iii) Additionally for main analyses, non-influenza-infected “Intention-to-
treat not-infected population (ITTN)” 

- Safety analyses: All patients, analysed by treatment received (Safety population) 
 
Note: definition of influenza infection = positive culture from a nasal or throat swab (viral 
shedding at baseline or during follow-up) or four-fold or greater increase from baseline in 
antibody titre (trial definition). 
 
• Intervention and follow-up: 
- oseltamivir 75mg or placebo twice daily for 5 days. 21 days follow-up. 
- 2 trials had a third treatment arm of oseltamivir 150mg twice daily. We focused on the 

75mg twice daily dose as this is the standard prescribed dose. 
 
• Main meta-analysis outcomes: 
- primary efficacy outcome = time to alleviation of all 7 symptoms (nasal congestion, sore 

throat, cough, aches and pains, fatigue, headache and chills/sweats). Primary outcome for 
8 out of 9 individual trials. 

 
- other efficacy outcomes = 

i)  lower respiratory tract complication (LRTC) >48 hrs after randomisation requiring             
antibiotics. LRTCs identified via preferred terms containing “bronchitis”, “pneumonia” 
or “lower respiratory tract infection”. Diagnosis of complications was based on 
participant report and the investigator’s clinical judgement. No diagnostic tests were 
needed. 
ii) Admittance to hospital for any cause. 

 
- safety outcomes included all adverse events, serious adverse events, adverse events by 

body system class, and preferred terms nausea, vomiting and diarrhoea. Adverse events 
analysed separately for on treatment and off treatment periods. On treatment was defined 
as up to 2 days after the last dose of study drug. 

http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(14)62449-1/fulltext�
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• Analysis methods: 
- Fixed-effect methods of meta-analysis 
- Time to alleviation of all 7 symptoms = accelerated failure time model adjusted for trial to 

obtain overall time ratio and estimate of difference in median time to alleviation of all 
symptoms. 

- LRTC, hospitalisations and adverse events = meta-analysed with risk ratios and Mantel-
Haenszel approach without continuity correction. Risk differences estimated by applying 
overall risk ratio (and 95% CI) to pooled placebo group risk. 

 
3. Summary of overall results of the review 
 
• ITT population (n) =  2402 oseltamivir vs 1926 placebo (one trial had 2:1 randomisation) 
• ITTI population (n) =  1591 oseltamivir (66% infected) vs 1302 placebo (68% infected) 
 
• Time to alleviation of all symptoms: 
- ITTI population =  21% shorter time to alleviation of all symptoms for oseltamivir vs 

placebo (time ratio [TR]: 0·79, 95%CI 0·74, 0·85, p<0·0001). Median 
time to alleviation 97·5 hrs oseltamivir vs 122·7 hrs placebo, difference 
-25·2 hrs (95% CI -36·2, -16·0).  

- ITT population =  estimated treatment effect was attenuated but remained highly 
Significant (TR 0·85, 95%CI 0.80, 0.90, p<0.0001; median difference: 
-17·8 hrs, 95% CI -27.1, -9.3).  

- ITTN population =  estimated time ratio close to unity (TR 0.99, 95%CI 0.88, 1.12, 
p=0.91) 

 
• LRTC >48 hrs requiring antibiotics: 
- ITTI population =  44% reduction in risk of LRTC attributable to oseltamivir (Risk Ratio 

[RR] 0.56, 95%CI 0.42, 0.75, p=0.0001; Risk Difference [RD] -3.8%, 
95%CI -5.0, -2.2; 4.9% oseltamivir vs 8.7% placebo) 

Bronchitis =  RR 0.62 (95%CI 0.45, 0.85, p=0.0030), 56/1544 oseltamivir vs 
87/1263 placebo 

Pneumonia = RR 0.40 (95%CI 0.19, 0.84, p=0.015), 9/1544 oseltamivir vs 21/1263 
placebo 

- ITT population =  38% reduction in risk of LRTC attributable to oseltamivir (RR 0.62, 
95%CI 0.49, 0.79, p=0.0001; RD -3.0%, 95%CI -4.0, -1.7; 4.9% 
oseltamivir vs 7.9% placebo) 

Bronchitis =  RR 0.71 (95%CI 0.54, 0.93 p=0.011), 90/2330 oseltamivir vs 
111/1872 placebo 

Pneumonia =  RR 0.34 (95%CI 0.18, 0.64, p=0.0009), 13/2330 oseltamivir vs 
32/1872 placebo 

- ITTN population =  RR 0.82 (95%CI 0.53, 1.26), p=0.36 
 
• Admittance to hospital for any cause: 
- ITTI population =  9/1591 oseltamivir versus 22/1302 placebo. RR 0.37 (95%CI 0.17, 

0.81), p=0.013. RD -1.1% (95%CI -1.4, -0.3), 0.6% oseltamivir vs 
1.7% placebo. 

- ITT population =  25/2402 oseltamivir vs 35/1926 placebo. RR 0.61 (95%CI 0.36, 1.03), 
p=0.066. 

- ITTN population =  RR 1.01 (95%CI 0.47, 2.15), p=0.99 
 
• Main on treatment adverse events (safety population): 
- Nausea =   RR 1.60 (95%CI 1.29, 1.99), p<0.0001. RD 3.7% (95%CI 1.8, 6.1), 9.9% 

oseltamivir vs 6.2% placebo 
- Vomiting =   RR 2.43 (95%CI 1.83, 3.23), p<0.0001. RD 4.7% (95%CI 2.7, 7.3), 8.0% 

oseltamivir vs 3.3% placebo 
 

- A number of pre-specified subgroup analyses and sensitivity analyses were also performed. 
The results of these and other analyses can be found in the published paper. 

 
- Overall conclusion: oseltamivir accelerates clinical symptom alleviation in adults infected 

with influenza, and also reduces risk of lower respiratory tract complications and 
admittances to hospital. Whether the magnitude of these benefits outweigh the harms 
attributed to nausea and vomiting needs to be carefully considered. 

 
4. Strengths of review 
- use of individual patient data (more thorough analysis of outcomes, exploring patient 

subgroups, the ability to check data quality and performance of sensitivity analyses on key 
outcomes) 
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- includes both published and unpublished trial data including more treatment trials than 
previous meta-analyses 

- the study was funded by Multiparty Group for Advice on Science Foundation through an 
unrestricted grant from Roche. However, neither party had a role in analysis, 
interpretation, reporting or the decision to submit for publication. 

 
5. Limitations of review 
- respiratory complications were not a pre-defined primary outcome for the original trials 

and specific diagnostic tests were not necessary. Some caution is warranted in interpreting 
these results, although incorporation of antibiotic use in the definition should enhance 
reliable reporting.  

- For both pneumonia and hospitalisation for any cause, we noted significant differences but 
the numbers of events were small and so effect estimates are imprecise. 

- The absence of a significant treatment difference for uncommon events might be explained 
by insufficient power to detect true effects even after data across studies was combined. 

- this meta-analysis was for trials with a 5 day treatment duration. We did not study the 
benefits and harms of longer term use of oseltamivir e.g. in prophylaxis.  

- Oseltamivir’s effectiveness in the ITT population might not be generalisable because the 
percentage of participants infected might vary across populations in real-world experience. 
The balance of benefits and harms becomes less favourable if more non-infected 
participants are treated with oseltamivir. This highlights the value of additionally reporting 
results for the ITTI population. 
 

6. Evidence for use of antivirals in specific scenarios 
 

i. Seasonal and pandemic influenza:  
All trials in our meta-analysis were in seasonal influenza. 
 

ii. Underlying health conditions that predispose to influenza complications 
(including pregnant women): 
All trials in our meta-analysis excluded pregnant women. 
We performed subgroup analyses for high risk participants (65+ years, chronic 
obstructive airways disease at baseline, or in chronic illness trial) versus others in the 
intention-to-treat infected population. For the time to alleviation of all symptoms 
outcome, the time ratio of oseltamivir versus placebo was attenuated for high risk 
participants (‘high risk’ TR: 0.93 [95%CI 0.81, 1.07]; ‘others’ TR 0.75 [95% CI 0.69, 
0.82], interaction p-value=0.0097). A (non-significant) attenuation in the relative risk 
reduction in high risk participants was also observed for the main LRTC outcome, 
although absolute risk reductions were greater in the high risk group (‘high risk’ RR: 
0.70 [95%CI 0.49, 0.98], RD -5.4% [95%CI -9.0, -0.3], 12.5% oseltamivir vs 17.9% 
placebo) ; ‘others’ RR 0.39 [95% CI 0.23, 0.66], RD -2.7% [95%CI -3.4, -1.5], 1.7% 
oseltamivir vs 4.4% placebo, interaction p-value=0.070). Note: the majority of 
participants in the high risk group came from the elderly trials and chronic illness trial. 
 

iii. Previously healthy people who develop severe influenza:  
The majority of the trials in our meta-analysis were in otherwise healthy individuals. 
 

iv. Previously healthy people with influenza that is not (currently) severe (‘treat 
all’ approach): 
The majority of the trials in our meta-analysis were in otherwise healthy individuals. 
Thus our results should be generalisable to this population. 
 

v. Severely ill individuals >48 hours after onset of symptoms:  
All trials in our meta-analysis were in participants who presented within 36 hours of 
onset of symptoms. 
 

vi. Prophylaxis: 
All trials in our meta-analysis were treatment trials (not prophylaxis trials). 
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Professor Frederick G. Hayden’s workshop slides:  
Emerging Antiviral Resistance and Newer Influenza Antivirals 
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Post-workshop comments: Professor Carl Heneghan 

 
Professor Carl Heneghan 

  Nuffield Dept of Primary Health Care Sciences, 
New Radcliffe House,  

Oxford, OX2 6GG 
Email: carl.heneghan@phc.ox.ac.uk 

Evidence for Pandemic Influenza: 
 
 
 
1. Neuraminidase inhibitors for preventing and treating influenza in adults and 

children.  
(Jefferson T, Jones MA, Doshi P, Del Mar CB, Hama R, Thompson MJ, Spencer EA, 
Onakpoya I, Mahtani KR, Nunan D, Howick J, Heneghan CJ. Cochrane Database Syst Rev. 
2014 Apr 10;4:CD008965.) 

 
• Oseltamivir and zanamivir have small, non-specific effects on reducing the time to 

alleviation of influenza symptoms in adults, but not in asthmatic children. These 
symptomatic benefits appear to be no better than common over the counter rescue 
medications. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
• It appears infection is not prevented but rather oseltamivir suppresses fever, reduces 

antibody response and viral shedding but does not reduce the risk of symptomatic illness. 
Classifying ILI as any occasion when patients had 2 or more of the symptoms (listed 
above). Based on that definition we found:  

a) Oseltamivir did not reduce ILI (RR 0.95, 95% CI 0.86 to 1.06);  
b) We found fever is reduced (RR 0.62, 95% CI 0.42 to 0.93);  
c) Proportion with lab confirmation is reduced (RR 0.59, 95% CI 0.41 to 0.85);  
d) Symptoms other than fever are not reduced (RR 0.96, 95% CI 0.86 to 1.07). 

 
• Using either drug as prophylaxis reduces the risk of developing symptoms of influenza but 

both drugs have not been shown to prevent transmission. Similar to the FDA, because of 
the problems with the design of study WV15799 we could not draw any conclusions on the 
ability of oseltamivir to interrupt viral transmission. 
This is important, as the results of trial WV15799 formed part of the rationale for use of 
the drug to interrupt transmission from person to person and to allow time before the 
arrival of vaccines in the event of a pandemic, furnishing a seemingly powerful rationale for 
stockpiling oseltamivir. 
 
  

mailto:carl.heneghan@phc.ox.ac.uk�


Post-workshop comments: Professor Carl Heneghan 

21 
 

a) All index cases were left untreated except for a paracetamol rescue pack 
(impossible to assess affects on nasal voidance);  

b) Nasal viral voidance was measured only in symptomatic participants thereby 
missing out on potential asymptomatic infected people. 

 
• Important populations including those admitted to hospital and those residing in nursing 

homes have been excluded from trials to date. (For example, Only 17 (1.8%) contact 
cases aged over 65 were included in trial WV15799 the household prophylaxis study used 
to underpin Public Health England’s policy). 

 
• Treatment trials with oseltamivir or zanamivir have not shown a reduction in complications 

of influenza (such as pneumonia). Most trials have a problem of a lack of diagnostic 
definition, IN oseltamivir trials 55% of event data - Self reported pneumonia (M76001; 
WV15670; WV15671; WV15707; WV15730; WV16277). 

 
a) WV15670, secondary illnesses were patient reported;  
b) No predefined list of secondary illnesses in the CSR (i.e. no mention of 

pneumonia, bronchitis, sinusitis or otitis in the protocol);  
c) Nor did complications have anything to do with antibiotic treatment according 

to the protocol, nor does the CRF mention specific secondary illnesses by 
name;  

d) There was no significant difference for the 5 trials that recorded “pneumonia” 
on a more detailed CRF (RR 0.69, 0.33 to 1.44).  

• The use of oseltamivir increases the risk of adverse effects, such as nausea, vomiting, 
psychiatric effects and renal events in adults and vomiting in children. 

 
• Lower bioavailability may explain the lower toxicity of zanamivir compared to oseltamivir. 
 
2. Oseltamivir treatment for influenza in adults: a meta-analysis of randomised 

controlled trials.  
(Dobson J, Whitley RJ, Pocock S, Monto AS. Lancet. 2015 Jan 30. pii: S0140-
6736(14)62449-1. doi: 10.1016/S0140-6736(14)62449-1) 

 
• If the results on hospitalisations were correct and we discounted the biases and the harms, 

then if the rate of circulating influenza in the population was 30%, (the rest was other viral 
infections referred to as influenza like illness) for every 1000 people treated 3 
hospitalizations would be avoided. 

 
• Rates of injury and poisoning were high. 

“injury and poisoning RR 3·37 (95% CI 1·08 to 10·47) P=0·036” (see table 2 in the paper). 

 
• There is no benefit of using oseltamivir in the elderly, given there was no symptom 

relieving effect in this age group (over 65 years). 
“The time ratio of oseltamivir versus placebo recipients was attenuated for high-risk 
participants (≥65 years or in chronic illness trial or chronic obstructive airways disease at 
baseline).” (See Figure 3 in the paper) 

 
• The main complication reported was lower respiratory tract complication more than 48 

hours after randomisation requiring antibiotics. However, the Dobson paper confirms that 
the diagnosis of pneumonia was not based on a valid measure: 
“participant report and the investigator’s clinical judgment” and not on objective measure 
such as x-ray. 
These lack of definitions were not originally reported in the earlier papers is a major issue 
that has led to confusion amongst those who make clinical decisions. But, the Dobson 
paper confirms there oseltamivir does not reduce pneumonia. 
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• The use of lower respiratory tract complications requiring antibiotics is not a clinically 
relevant outcome. Much of the reported effect on this outcome is driven by bronchitis, a 
condition for which antibiotics are not indicated, and acute bronchitis is often an indicator 
of respiratory syncytial virus (RSV) not influenza. We know from the results of a Cochrane 
systematic review “There is limited evidence to support the use of antibiotics in acute 
bronchitis.’ (See box 1) 

 
 

 
Box 1: Antibiotics for acute bronchitis. Smith SM, Fahey T, Smucny J, Becker LA. 
Cochrane Database Syst Rev. 2014 Mar 1;3:CD000245. [2]Conclusions “There is 
limited evidence to support the use of antibiotics in acute bronchitis. Antibiotics may 
have a modest beneficial effect in some patients such as frail, elderly people with 
multimorbidity who may not have been included in trials to date. However, the 
magnitude of this benefit needs to be considered in the broader context of potential 
side effects, medicalisation for a self-limiting condition, increased resistance to 
respiratory pathogens and cost of antibiotic treatment.” 
 
 

 
• The Dobson paper used the same outcome as the Hernan study [3] of “oseltamivir and risk 

of lower respiratory tract complications in patients with flu symptoms.” This is puzzling as 
peer review should have picked up on the similarities of the analysis and that there was 
nothing new in this current paper, apart from one important deviation by Dobson, of only 
reporting complications beyond 48 hours, meaning the study had deviated from the 
important principle of intention to treat (see box 2). 

 

 
 
• The Dobson review analysed the infected group of patients separately, despite the fact our 

previous review had discovered compelling evidence that this population (the intention to 
treat influenza infected population) deemed to be influenza infected was not balanced 
between treatment groups in the oseltamivir trials. Furthermore results from the whole 
population (intention to treat population) are of use to clinical practice because routine 
testing for influenza is not used and is impractical. 

 
• I am unsure how the definition of 21.5 hours was arrived at. Why not 22 or 23 hours? A 

more informative outcome, given the investigators had the IPD data would have been an 
analysis of those on and off rescue treatment (i.e. those taking paracetamol or not). There 
should be no reason why this analysis cannot and should not be done. 

 
• From the Cochrane review results for the treatment of adults [4] there was no difference in 

rates of admission to hospital between treatment groups. (38/2663 in the hospital arm 
versus 32/1731 in the placebo arm). Dobson splits the results into the infected group, 
which is misleading as multiple subgroup results often leads to spurious findings. Even 
presenting this best-case scenario the absolute effect is small (1%) for those with influenza 
and non-existent for those with influenza like illness. 

 

 
Box 2: Oseltamivir and risk of lower respiratory tract complications in patients with 
flu symptoms: a meta-analysis of eleven randomized clinical trials. Hernán MA, 
Lipsitch M. Clin Infect Dis. 2011 Aug 1;53(3):277-9. [3]Hernan methods:  
“Second, we included endpoints diagnosed during the first 2 days after 
randomization. These events were excluded by Kaiser et al [1] because they 
hypothesized that oseltamivir could have no effect during the first 2 days. Although 
reasonable, this approach deviates from the intention-to-treat principle used in many 
randomized trials, in which investigators refrain from making assumptions about the 
timing of effects and thus include all events after randomization in the analysis.” 
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• In 2014 in the Annals of Internal Medicine, 7 out of 8 studies involving researchers with 
financial conflicts of interest came to positive conclusions about the effectiveness of 
neuraminidase inhibitors. But, only 5 of the 29 studies conducted by scientists who did not 
receive money had favorable outcomes. [5] 

 
 

Observational effects 

 
3. Antivirals for treatment of influenza: a systematic review and meta-analysis of 

observational studies. 
(Hsu J, Santesso N, Mustafa R, Brozek J, Chen YL, Hopkins JP, et al. Ann Intern Med. 2012 
Apr 3;156(7):512-24.) 

 
• The Hsu et al systematic review of observational data for antivirals for the treatment of 

influenza concluded therapy with NIs may provide a net benefit over no treatment. 
 

• The confidence in the reported effects for decision making was rated by the authors as low 
to very low. 

 
• The reported effect suggested oseltamivir is associated with a significant reduction in 

mortality (Odds Ratio [OR]: 0.23; 95% Confidence Interval [CI]: 0.13 to 0.43). 
 

Weaknesses that undermine the conclusions of this review. 
 

a) Many of the studies did not control for confounders (such as age or comorbid 
conditions); 

b) Confounding by indication may have occurred, whereby likelihood of treatment 
varied by severity of disease or other important factors that were not measured. 
And even when adjusted analyses were available, there were author concerns that 
they did not use optimal adjustment;  

c) For some outcomes, such as death, results only apply to hospitalized patients 
because the data were derived in this patient group;   

d) a further critical weakness, is that the authors did not take account of the time-
dependent nature of treatment exposure in their analysis; and  

e) On further reading, the large reported effect on mortality in the Hsu et al review 
was based on only three studies of 681 hospitalized patients that adjusted for 
confounders (e.g., age, comorbid conditions or other known confounders). 

 
• One of these studies, undertaken in Thailand, was a retrospective medical record review. 

The investigators called for caution in interpreting their results and report, ‘Our small, 
retrospective, observational study has limitations with respect to establishing causality.’ 
Only 22 fatal cases with laboratory confirmed influenza were included, and for all of these, 
the medical records were reviewed; however, of the 1466 non-fatal cases only 30% (n 
=445) were reviewed. 

 
• The second study was also a retrospective review of clinical data. Medical data was 

obtained for 67 (72%) of 93 cases diagnosed with human influenza A (H5N1) in Vietnam. 
Oseltamivir was administered in 55 of the 67 cases. The effect was not statistically 
significant after stratification by age. The authors report, ‘epidemiological data derived 
retrospectively from medical records are not robust.’ 

 
• The third study, of adult patients in Toronto requiring hospitalization, a population based 

surveillance study funded by contract with Hoffman-La Roche Ltd, was published initially as 
a supplement. The study noted a number of limitations. Only 63% of eligible patients were 
tested for influenza, data collection was by chart review which substantially limited the 
number of risk factors considered. The authors were concerned that ‘undetected 
confounding may be present even in multivariable analyses.’ 
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4. Impact of neuraminidase inhibitor treatment on outcomes of public health 
importance during the 2009-2010 influenza A(H1N1) pandemic: a systematic 
review and meta-analysis in hospitalized patients.  
(Muthuri SG, Myles PR, Venkatesan S, Leonardi-Bee J, Nguyen-Van-Tam JS. J Infect Dis. 
2013 Feb 15;207(4):553-63.) 

 
 
• A second systematic review of observational studies on the impact of neuraminidase 

inhibitors (NIs) treatment during the 2009-2010 influenza pandemic 3 reported a non-
significant effect of NIs when used at any time, OR 0.72 (95% CI 0.51 to 1.01), but 
observed a significant effect for early treatment upon mortality, OR 0.38 (95% CI 0.27 to 
0.53). Treatment was not included as a time-dependent exposure in the analyses. Of the 
44 studies that reported mortality included in the meta-analysis, only two compared NIs to 
no treatment and adjusted results for confounders. These two studies reported a non-
significant effect upon mortality, OR 1.22 (95% CI 0.01 to 172.42). 

 
• The first of these studies was a small observational study of 58 critically ill patients with 

A(H1N1) at 6 hospitals in Mexico. Of these, 52 (95%) were treated with antibiotics and 45 
(78%) received NIs (oseltamivir [44], zanamivir [6]). No outcomes were provided on 
adjusted mortality rates apart from outcomes after excluding patients dying within 72 
hours of onset. Confirmatory influenza testing was, however, often not available for 
patients who died rapidly. The second study was a cross-sectional study of 216 hospitalised 
patients in Iran with confirmed, probable, or suspected A (H1N1). The multivariate model 
of death reported a non-adjusted OR of 1.46 (95% CI 0.36 to 5.8) for oseltamivir use and 
an adjusted OR for death of 19.08 (95% CI 0.61 to 588). 

 
5. Effectiveness of neuraminidase inhibitors in reducing mortality in patients 

admitted to hospital with influenza A H1N1pdm09 virus infection: a meta-
analysis of individual participant data.  
(Muthuri SG, PRIDE Consortium Investigators, Nguyen-Van-Tam JS. Lancet Respir Med. 
2014 May;2(5):395-404. doi: 10.1016/S2213-2600(14)70041-4. Epub 2014 Mar 19. 
Review.) 

 
• Concluded that early instigation of NI treatment in adults admitted to hospital is warranted 

due to a significant effect on mortality, OR 0.81 (95% CI 0.70 to 0.93; p=0.0024). 
 
 

Weaknesses that undermine the conclusions of this review. 
 

a) The data collection to assemble the cohort was not systematic as it only included 
data from 78 (19%) of 402 potential centres;  

b) the study was funded by Roche, the manufacturer of oseltamivir, which has been 
shown previously to be due to systematic bias favouring manufacturer products 
and leads to an industry bias that the authors of a Cochrane review on industry 
sponsorship and research outcome conclude cannot be explained by standard 'Risk 
of bias';   

c) the investigators themselves acknowledge clear limitations in that they were 
unable to adjust specifically for disease severity due to the heterogeneity of 
severity measures;  

d) There was a substantial amount of missing data (of 34,970 eligible patients 10% 
had missing data for exposure to NIs), missing patients were more likely to be 
older, treated with antibiotics and present later. This is further compounded as 
2,095 (6%) of the 34,970 patients also had missing data for mortality status;  

e) Investigators do not mention, and do not make an attempt to assess, the quality of 
the included studies, standard practice in systematic reviews, or for anyone 
assembling a retrospective cohort. This practice allows an assessment of the 
evidence and also subgroup analysis of the higher quality studies;  

f) They were unable to adjust for vaccination and to adjust for steroid use prior and 
after admission; and  
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g) Of the included set of patients admitted to hospital only 1,600 (5%) were aged 65 

years or older: an important at risk group of subjects that guidance is aimed at. 

 
• In addition, early NI treatment compared with later treatment was associated with a 

reported reduction in mortality (adjusted OR 0.48 [95% CI 0.41 to 0.56]). However, later 
treatment with NIs led to increased mortality compared to no treatment (crude OR 1.27 
[95% CI 1.00-1.61], adjusted OR 1.20 [95% CI 0.93-1.54]). This issue is further 
compounded when you consider the crude mortality rates were 9.2% (959/10 431) without 
treatment and 9.7% (1825/18 803) after exposure to neuraminidase inhibitor treatment. 

 
• An inappropriate choice of analysis of time-dependent exposures in observational studies 

leads to time-dependent bias. We have known for some time that time-dependent bias is 
common amongst journal publications, often affects key factors, including the study's 
conclusions, and leads to changes in the conclusion in over half of studies. 

 
6. Assumptions that randomized trials are not feasible, or ethical, in pandemic 

situations are unjustified. 
 

• Based on a 10% mortality rate a sample of 864 patients is required to detect a decrease in 
the primary outcome measure from 10% in the control group to 5% (80% chance of 
detecting significance at the 5% level). This number falls to 382 patients assuming the 
70% relative reduction observed in the Hsu et al review.2 
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Post-workshop comments:  
Summary of the Roche response to the Cochrane review 

The full text of both the Cochrane review and the Roche full response can be found at the 
following link: 

Key points summary of the Roche response to the Cochrane acute 
respiratory infections group review of neuraminidase inhibitors. 

 
 

The following summary information is based on the Roche detailed response to the Cochrane 
review of neuraminidase inhibitors (web link below) but focused on addressing a number of 
issues that were commented on during the Wellcome Trust and The Academy of Medical 
Sciences meeting in London Feb 24th 2015. 
 

http://editorial-unit.cochrane.org/cochrane-review-neuraminidase-inhibitors-
influenza 
 
With specific reference to the discussion in the recent meeting Roche would like to draw 
attention to the following points. 
 
Safety: (see Roche full response section 4.1 for more detail) 
 
The gastrointestinal (GI) side effects noted by Cochrane were not new findings and are 
clearly labelled adverse drug reactions. The observed rate of vomiting and/or nausea across 
key randomized treatment trials used for initial licensing was approximately 10%. It is also 
worth noting that these effects typically only occur with the first 1 or 2 doses and then subside 
and can be ameliorated by taking the medicine with food. 
 
In the case of renal effects, the “marginal” significance observed by the Cochrane authors in 
prophylaxis studies (not seen in treatment studies) was based on a post-hoc analysis using a 
statistical model (Peto). The Peto methodology is known to produce biased estimates of an 
odds ratio when there is treatment allocation imbalance, as was the case for oseltamivir 
prophylaxis studies. Extensive pharmacovigilance monitoring over many years did not 
demonstrate any association between oseltamivir and renal impairment. Based on 
comprehensive analyses of the Roche safety database, clinical trial database and published 
literature, the EMA’s Pharmacovigilance Risk Assessment Committee noted in April 2013 that 
no association between reported renal events and oseltamivir was observed. The oseltamivir 
label clearly states that no dose adjustment is required unless renal function drops below CrCL 
= 60ml/min, which is roughly half normal adult function, therefore typical renal function in an 
elderly patient without significant renal disease would not usually require any dose adjustment 
or assessment of renal function prior to dosing. Moreover, oseltamivir has a wide therapeutic 
window and treatment, even in patients with CrCL<60ml/min, would be expected to have an 
acceptable safety profile. This is supported by our experience in patients with end stage renal 
disease undergoing dialysis. In these patients, dose adjustment is indicated in the label, not for 
reasons of safety but to optimize exposure to the known efficacious range given their much 
diminished renal function. Their exposures tend to exceed that of patients with normal renal 
function but remain well tolerated and within a range for which we have clinical experience 
(Robson 2006).    
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Neuropsychiatric adverse effects (NPAE), (see Roche full response section 4.3.3 and 
4.3.6 for more detail) 
 
The Cochrane authors’ conclusions are based on: 
 
 
• A post-hoc analysis of adult prophylaxis studies, combining on- and off-treatment periods 

in an attempt to maximize the number of psychiatric events included in the analysis, given 
the planned analysis of on-treatment data approached but did not reach statistical 
significance (lower 95% confidence limit of RR= 0.97).  

• A dose-response model based on psychiatric AE events data – the underlying data as 
verified by Roche do not indicate a monotonic response.   

In addition, NPAEs have been the subject of close scrutiny both by Roche and global regulatory 
agencies over the years. As an example, minutes of the last of a series of FDA Paediatric 
Advisory Committee (PAC) meetings held in 2012 (link in references), noted that through the 
intensive pharmacovigilance periods, including the 2009 pandemic, no causal link could be 
established between oseltamivir and NPAEs. None of these regulatory agency reviews or their 
findings is mentioned in the Cochrane review. Our own internal analyses have found no 
evidence of a causal link either and these have been published (Toovey et al., 2008 and 2012). 
 
In summary the Cochrane findings are from post-hoc analyses of select studies, do not 
represent the totality of evidence and are inconsistent with the many other analyses 
conducted. 
 
Mode of action: (see Roche full response section 5.1 for more detail) 
 
The Cochrane authors have repeatedly asserted the idea that oseltamivir is not an influenza 
specific anti-viral.  On p27 of the most recent Cochrane review they again state “the influenza 
virus specific mechanism of action proposed by the producers does not fit the clinical 
evidence”. Roche would like to point out there is considerable evidence supporting the mode of 
action not mentioned in the Cochrane review. Specifically: 
 
Rational design: oseltamivir was a product of rational drug design, with data from high-
resolution X-ray crystal structures of the influenza receptor (sialic acid) bound to the viral 
neuraminidase used to identify oseltamivir as a potent and specific inhibitor of influenza A and 
B neuraminidases (Lew, 2000).   
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Figures reproduced from Lew, 2000. On the left, the natural substrate sialic acid is 
shown bound in the active site of the viral neuraminidase. On the right side 
oseltamivir bound in the active site. 
 
Highly specific: a package of in vitro testing was performed to establish the specificity and 
potency of oseltamivir. Oseltamivir has been studied in in vitro cell-based assays, and shown 
to specifically inhibit influenza neuraminidases with little or no activity against other viral, 
bacterial or mammalian (including human recombinant origin) neuraminidases, tested up to 
high supra-therapeutic concentrations.  Specificity of oseltamivir was also demonstrated by 
screening activity against a range of 155 molecular targets (including receptors, ion channels 
and other enzymes), confirming the lack of any relevant off-target activity (Lindemann et al., 
2010).  Enzyme sensitivity has been shown to represent a more predictive indicator of in vivo 
sensitivity, with electron microscopy studies showing the action of oseltamivir on viral 
particles.    
 
Efficacious: in vivo, oseltamivir has shown efficacy when given as a treatment or prophylaxis 
against various influenza A and B virus strains in a range of models, including mouse, ferret 
and chicken (avian influenza) at clinically relevant doses of oseltamivir (systemic exposure 
similar to humans receiving a 75 mg dose of oseltamivir b.i.d.). Efficacy in animals translates 
to efficacy in humans with clinical data published for treatment and prevention in adults and 
children (Treanor et al. 2000; Nicholson et al. 2000, Whitley et al. 2001, Welliver et al. 2001; 
Hayden et al. 2004) 
 
Clinically specific: moreover, despite commenting on the apparent lack of “fit” of the clinical 
data, the review does not consider data from patients who were confirmed as influenza 
negative by laboratory test. The lack of effect of oseltamivir treatment on alleviation of 
symptoms in these patients demonstrates the same influenza-specific anti-viral mechanism in 
patients as seen pre-clinically (see full response page 47, with findings corroborated in recent 
publication; Dobson et al., 2015).   
 
Central/off-target effects: (see Roche full response section 4.3.5 for more detail) 
 
The Cochrane authors stated that “animal toxicity study results firmly support the effect of 
oseltamivir on the central nervous system.”  This statement, based on two publications 
(Kimura et al., 2012; Freichel et al., 2009), is not presented in context.  In summary, doses 
used in these studies would not allow the type of direct translation of adverse findings to the 
clinically approved dose suggested by the Cochrane authors. In the Kimura study oseltamivir 
phosphate (OP), the pro-drug, was dosed from 30-200 mg/kg intravenously and 500-1,000 
mg/kg  intraduodenally in anaesthetized animals, doses which would be estimated to result in 
plasma exposures (OP and oseltamivir carboxylate (OC) the active metabolite) substantially 
higher than those seen in patients receiving the approved therapeutic dose.  The Freichel 
publication (a Roche toxicology study) aims to evaluate the effect of supra-therapeutic doses of 
OP (300 - 1,000 mg/kg, PO) on adverse effects, especially in younger children, and is part of 
the pre-clinical rationale supporting the safety of dosing infants. In the Cochrane review it is 
not pointed out that this study clearly shows the lowest dose of 300 mg/kg OP produced no 
observed adverse effects in juvenile rats and this dose produces exposures approximately 
1000 and 45 fold above clinical therapeutic exposure for OP and OC respectively.  Indeed the 
authors of the Freichel publication conclude that the effects observed at very high doses of OP 
(500 – 1,000 mg/kg) were likely due to general moribundity i.e. a non-specific systemic 
toxicity typical of that seen with extreme high dosing with many medicines, but of no clinical 
relevance whatsoever.   
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Exposure in the central nervous system (CNS) to both OP and OC were explored in animals 
(Hoffmann et al 2009; Freichel et al., 2009) and in healthy volunteers (Jhee et al.,2008) both 
showing very low penetration of the CNS. Specifically in healthy volunteers <3% of plasma 
levels could be measured in cerebrospinal fluid (CSF).  
 
In addition, oseltamivir screening against a wide range of molecular targets, including 
assessment of activity of high concentrations of OP and OC against human neuraminidases and 
targets of high relevance for mood, cognition and behaviour (including GABAA binding and 
patch clamp experiments) was able to demonstrate no relevant interactions (Lindemann et al., 
2010).  
 
Collectively this data shows very limited penetration of oseltamivir and oseltamivir carboxylate 
into the CNS is expected in patients and a lack of any evidence that oseltamivir has an 
identifiable pharmacological mechanisms of action within the CNS that may result in abnormal 
neuropsychiatric findings. 
 
Impact on antibody production: (see Roche full response section 5.2 for more detail) 
 
Cochrane authors have proposed that oseltamivir treatment has an impact on a patient’s ability 
to mount an antibody response to influenza infection. They argue that there is consequently an 
inherent bias in the efficacy analyses of oseltamivir trials as post-baseline serology data have 
been used to determine infection for some patients, Cochrane Analysis 1.3 [adult treatment] 
(Risk Ratio (RR) of 0.95 (95% Confidence Interval (CI), 0.91 – 0.99).  
 
Roche conducted a similar analysis, differing from the Cochrane analysis 1.3 in the following 
ways: exclusion of the 150mg oseltamivir arm (not the licensed dose); correction of data 
anomalies observed in the Cochrane analysis; the use of a random effects model (R version 
3.0.3). This yielded a RR of 0.96 (95% CI, 0.91-1.00), indicating that there is no statistical 
difference in the overall proportion of infected patients in the randomised placebo group 
compared with oseltamivir 75mg b.i.d.  
 
Furthermore, even when Roche conducted an analysis including only patients whose infection 
was based on serology alone (i.e., no supporting virology infection), there was still no evidence 
of an imbalance between treatment groups (RR 0.96 (95% CI 0.87 – 1.06). In summary, there 
is no statistical evidence of bias introduced by the use of serology data in the efficacy analyses 
of oseltamivir trials. 
 
The Cochrane authors have wrongly attempted to extend their analyses of a potential antibody 
effect in the setting of prophylaxis. There are 2 reasons it is inappropriate to attempt this 
analysis (1) the intended effect of prophylaxis confounds such an analysis (2) the studies were 
not designed to assess this putative effect.  
 
With respect to point (1) above, given that an antibody response will only follow an infection 
and given that an effective prophylactic drug will show a reduction in the number of infections 
in the active group compared with the control in a properly designed clinical trial, it follows that 
there will also be a reduction in the number of patients with an antibody response in the active 
compared with the control. In other words, an imbalance of serological outcome in the 
prophylactic setting is expected, so such results cannot be used to support any claim on a 
detrimental impact of oseltamivir treatment on antibody response. 
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Randomized controlled trials within the context of the total evidence base: 
 
RCTs are the accepted gold standard in terms of study design and the strength of evidence 
these types of studies provide. The RCTs Roche has conducted over the years for oseltamivir 
provide much of the basis for our product labelling. However no complete understanding of an 
established medicine can be achieved by only considering RCT data. For example, in order to 
make a robust assessment of safety, all data must be evaluated, including all relevant clinical 
studies (RCTs, observational studies, etc.), published literature and spontaneous safety 
reports. It is this total dataset that Roche and regulators worldwide review on a continuous 
basis to arrive at a thorough and reliable assessment of the safety of a medicine.  Where 
treatment guidelines are concerned it is normal practice in any therapy area for expert bodies 
to consider the totality of evidence when arriving at recommendations. Of course evidence can 
and should be weighted but it comes in all forms from the non-systematic observations of a 
clinician in a case or case series to the RCT and all points in between and all forms warrant 
consideration. In the case of oseltamivir, the RCTs clearly describe its key benefits in 
uncomplicated seasonal influenza, e.g. reductions in duration of symptoms and viral shedding 
and point to additional benefits on complication reduction. These latter important observations 
have been corroborated by the many observational/real world data studies that have examined 
that question in larger datasets (Blumentals 2007; Gums 2008; Nordstrom 2005; Peters 2008; 
Piedra 2009; Shi 2014; Yu 2010). Most recently a highly valuable impact on mortality in the 
pandemic was demonstrated (Muthuri 2014). The totality of the evidence, has and still does, 
point to the appropriate use of oseltamivir as a valuable public health intervention. Finally, this 
is not an argument just for oseltamivir. The approach to medicine development is evolving and 
increasingly regulators and payers consider not just what RCTs tell us of the value of a 
medicine but also real world data. (Questions and Answers following the initial experience of 
the Adaptive Licensing Pilot project EMA/417706/2014; full link in references)  
 
Conclusion: 
 
Overall, Roche has identified many inaccuracies and inconsistencies with the approaches taken 
by the Cochrane authors in their review, including the methodology used and assumptions 
made; The Roche full response runs to some 70 pages and documents the main issues we 
have identified across the range of their analyses and interpretation. As a result, Roche 
believes that the Cochrane authors have made inappropriate statements about the mode of 
action, efficacy and safety of an important and long-established medicine. This has led to the 
Cochrane authors drawing conclusions that risk unnecessarily confusing both patients and 
physicians and could lead to public health risks owing to either patients not complying with 
their prescribed medicine or an antiviral doesn’t get prescribed where it could be beneficial. 
 
 
 
 
 
 
 
 
 
  



Summary of the Roche response to the Cochrane review 

31 
 

References: 
 
Blumentals WA, Schulman KL. Impact of oseltamivir on the incidence of secondary 
complications of influenza in adolescent and adult patients: results from a retrospective 
population-based study. Curr Med Res Opin 2007;23:2961–70. 
 
Questions and Answers following the initial experience of the Adaptive Licensing Pilot project 
EMA/417706/2014 Available at: 
http://www.ema.europa.eu/docs/en_GB/document_library/Other/2014/09/WC500172810.pdf 
 
FDA Pediatric Advisory Committee. Memorandum 19 April 2012. Available at 
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/PediatricAdv
isoryCommittee/UCM302462.pdf.) 
 
Freichel C, Prinssen E, Hoffmann G, et al. Oseltamivir is devoid of specific behavioral and other 
central nervous system effects in juvenile rats at supratherapeutic oral doses. International 
Journal of Virology 2009;5(3):119–30. 
 
Gums JG, Pelletier EM, Blumentals WA. Oseltamivir and influenza-related complications, 
hospitalization and healthcare expenditure in healthy adults and children. Expert Opin 
Pharmacother 2008;9(2):151–61. 
 
Hayden FG, Belshe R, Villanueva C, Lanno R, Hughes C, Small I, Dutkowski R, Ward P, Carr J. 
Management of influenza in households: a prospective, randomized comparison of oseltamivir 
treatment with or without postexposure prophylaxis. J Infect Dis. 2004 Feb 1;189(3):440-9. 
Epub 2004 Jan 26. 
 
Hoffmann G, Funk C, Fowler S, et al. Nonclinical pharmacokinetics of oseltamivir and 
oseltamivir carboxylate in the central nervous system. Antimicrob Agents Chemother. 2009 
Nov;53(11):4753-61. 
 
Jhee SS, Yen M, Ereshefsky L, et al. Low penetration of oseltamivir and its carboxylate into 
cerebrospinal fluid in healthy Japanese and Caucasian volunteers. Antimicrob Agents 
Chemother. 2008 Oct;52(10):3687-93 
 
Kimura S, Niwa Y, Iwajima Y, et al. High doses of oseltamivir phosphate induce acute 
respiratory arrest in anaesthetized rats. Basic Clin Pharmacol Toxicol 2012;111(4):232–9. 
 
Lew W, Chen X, Kim CU. Discovery and development of GS 4104 (oseltamivir): an orally active 
influenza neuraminidase inhibitor. Curr Med Chem 2000;7:663–72. 
 
Lindemann L, Jacobsen H, Schuhbauer D, et al. In vitro pharmacological selectivity profile of 
oseltamivir prodrug (Tamiflu) and active metabolite. Eur J Pharmacol. 2010 Feb 25;628(1-3) 
 
Muthuri SG, Venkatesan S, Myles PR et al; PRIDE Consortium Investigators, Nguyen-Van-Tam 
JS. Effectiveness of neuraminidase inhibitors in reducing mortality in patients admitted to 
hospital with influenza A H1N1pdm09 virus infection: a meta-analysis of individual participant 
data. Lancet Respir Med 2014; 2: 395–404. 
 
 

http://www.ema.europa.eu/docs/en_GB/document_library/Other/2014/09/WC500172810.pdf�
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/PediatricAdvisoryCommittee/UCM302462.pdf�
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/PediatricAdvisoryCommittee/UCM302462.pdf�


Summary of the Roche response to the Cochrane review 

32 
 

Nicholson KG, Aoki FY, Osterhaus AD, Trottier S, Carewicz O, Mercier CH, Rode A, Kinnersley 
N, Ward P. Efficacy and safety of oseltamivir in treatment of acute influenza: a randomised 
controlled trial. Neuraminidase Inhibitor Flu Treatment Investigator Group. Lancet. 2000 May 
27;355(9218):1845-50. Erratum in Lancet 2000 Nov 25;356(9244):1856. 
 
Nordstrom BL, Sung I, Suter P, Szneke P. Risk of pneumonia and other complications of 
influenza-like illness in patients treated with oseltamivir. Curr Med Res Opin 2005;21(5):761–
8. 
 
Peters PH, Moscona A, Schulman KL, Barr CE. Study of the impact of oseltamivir on the risk for 
pneumonia and other outcomes of influenza, 2000–2005. Medscape J Med 2008;10(6):131. 
 
Piedra PA, Schulman KL, Blumentals WA. Effects of oseltamivir on influenza-related 
complications in children with chronic medical conditions. Pediatrics 2009;124(1):170–8. 
 
Robson R, Buttimore A, Lynn K. The pharmacokinetics and tolerability of oseltamivir 
suspension in patients on haemodialysis and continuous ambulatory peritoneal dialysis. 
Nephrol Dial Transplant (2006) 21: 2556–2562 
 
Shi L, Loveless M, Spagnuolo P, et al. Antiviral treatment of influenza in children: a 
retrospective cohort study. Adv Ther 2014;31(7):735–50. 
 
Toovey S, Rayner C, Prinssen E. Assessment of neuropsychiatric adverse events in influenza 
patients treated with oseltamivir. A comprehensive review. Drug Safety 2008;31(12):1097–
114. 
 
Toovey S, Prinssen E. Rayner C, Post-Marketing Assessment of Neuropsychiatric Adverse 
Events in Influenza Patients Treated with Oseltamivir: An Updated Review. Adv Ther (2012) 
29(10):826–848. 
 
Treanor JJ, Hayden FG, Vrooman PS, et al. Efficacy and safety of the oral neuraminidase 
inhibitor oseltamivir in treating acute influenza: a randomized controlled trial. US Oral 
Neuraminidase Study Group. JAMA 2000;283:1016–24. 
 
Welliver R, Monto AS, Carewicz O, Schatteman E, Hassman M, Hedrick J, Jackson HC, Huson L, 
Ward P, Oxford JS; Oseltamivir Post Exposure Prophylaxis Investigator Group. JAMA. 2001 Feb 
14;285(6):748-54. Effectiveness of oseltamivir in preventing influenza in household contacts: 
a randomized controlled trial. 
 
Whitley RJ, Hayden FG, Reisinger KS, Young N, Dutkowski R, Ipe D, Mills RG, Ward P. Oral 
oseltamivir treatment of influenza in children. Pediatr Infect Dis J. 2001 Feb;20(2):127-33. 
Erratum in: Pediatr Infect Dis J 2001 Apr;20(4):421. 
 
Yu H, Liao Q, Yuan Y, et al. Effectiveness of oseltamivir on disease progression and viral RNA 
shedding in patients with mild pandemic 2009 influenza A H1N1: opportunistic retrospective 
study of medical charts in China. BMJ 2010;341:c4779. 
 
 

Return to contents 


	//
	Evidence summary: Jefferson et al. (2014) and Heneghan et al. (2014)
	Evidence summary: Muthuri et al. (2014) and Okoli et al. (2014)
	Evidence summary: Dobson et al. (2015)
	Professor Frederick G. Hayden’s workshop slides:  Emerging Antiviral Resistance and Newer Influenza Antivirals
	Post-workshop comments: Professor Carl Heneghan
	Post-workshop comments:  Summary of the Roche response to the Cochrane review

