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A draft analysis plan using data collected by the ISARIC Collaborators

Background
There is international interest in whether prognostic scores can be used to improve the management of patients with coronavirus disease 2019 (COVID-19).  Questions of interest include whether one score can be used across settings, or whether multiple scores will be needed.  There are also questions regarding the changing utility of scores over the course of the pandemic.  The International Severe Acute Respiratory and emerging Infection Consortium (ISARIC) Collaborators are collecting clinical data in more than thirty countries on patients admitted to hospital with COVID-19.  This large dataset may allow very precise estimates of the mean effectiveness of scores, but it may also conceal true heterogeneity that is clinically relevant for clinicians intending to apply a score.  
Prognostic scores
Prognostic scores allow synthesis of clinical information to identify patients who are likely to experience a poor outcome from their disease.  They can be used to identify individuals who will require a greater level of medical intervention,1-3 and patients who can safely be discharged from hospital to complete their treatment at home.4  Scores may be used at different points during a patient’s journey.  Common timepoints include at presentation in the community, on arrival at a hospital, or on transfer to an intensive care unit (ICU).  Early Warning Scores are intended for repeated use throughout a patient’s stay in hospital to identify early physiological signs of deterioration.5  For the purpose of this analysis, we are interested in scores that can be calculated on admission to hospital.
Objectives
1. To assess the utility of prognostic scores for COVID-19, comparing between different time periods and between settings.
2. To produce R code to allow investigators to assess scores within their local settings.
Methods
Participants
We will include all adults in the dataset.  Patients whose data were entered into the ISARIC dataset were suspected to have COVID-19 at the time of admission.  In clinical practice, any scores will be applied in this population.  We will repeat the analysis limited to cases with laboratory-confirmed SARS-CoV-2 infection as a sensitivity analysis.  
	The proposed analysis does not allow for censoring of patients who do not yet have an outcome.  We therefore need to exclude participants who are still in hospital.  To reduce bias from this, we will also exclude patients admitted in the two weeks immediately preceding the data extraction.  This 
also allows for potential delays in entering admission data on to the database, which would otherwise lead to an underestimate of the availability of data to calculate the scores.
Outcomes
Many scores are developed with an outcome of mortality.6-8  Other outcomes include ICU admission,1,9 need for intensive respiratory or vasopressor support,10 or a composite of these.  For emerging infections, the utility of various outcomes can vary over time.  For example, when a pathogen is newly detected, patients may be admitted to intensive care units for the purpose of infection prevention (for example, use of negative-pressure side rooms).  Conversely, in a pandemic situation, resources constraints may prevent ICU admission for patients who would otherwise have been admitted.  An outcome of mortality is vulnerable to the same potential biases in reverse, as ineligibility for ICU admission may become a risk factor for mortality.  For an outcome on in-hospital mortality, it is also important to consider the appropriate classification of patients who are discharged to a palliative care facility or to their own home with end-of-life medication.  Coding these individuals as ‘survivors’ may inappropriately make certain comorbidities appear protective against mortality.  
	In ISARIC collaborator meetings, the main two outcomes to be assessed were agreed as mortality, and a composite of mortality and need for invasive mechanical ventilation.  This second outcome is intended to reduce some of the risks described above.  Patients who are admitted to ICU for reasons other than ventilatory support will not be classified as having the outcome.  Those who are unable to receive mechanical ventilation due to resource constraints are, sadly, likely to be identified in the mortality category.
Candidate scores
Scores identified by the ongoing systematic review of prognostic scores for COVID-19 will be included.11  We will also include commonly used scores for other respiratory infections and acute illness, and any candidate scores proposed by investigators.
Assessment of usability
For each component of a score, we will identify whether the variable is available for each participant.  Where a score allows for a score to be calculated from a variety of variables (for example, Pneumonia Severity Index includes points for either arterial oxygen tension <8 kPa or peripheral oxygen saturation <90%), this will be considered non-missing if either variable is available.  Similarly, for scores that include confusion, this will be considered non-missing either if the presence or absence of confusion is reported, or if Glasgow Coma Scale is reported.
Calculation of scores
For each participant who has all variables for a score non-missing, the score will be calculated.  Secondarily, the scores will be calculated for all participants, with missing data imputed as the absence of the risk factor.  For scores that require a physiological or biochemical value to be included, we will use the midpoint of the usual physiological range (adjusted for age and sex if appropriate).  No attempt will be made to impute missing age data.
Calibration 
For scores developed for COVID-19, we will plot the observed outcomes in the ISARIC dataset against the predicted outcomes from the study in which the score was developed.  For all scores, we will plot the proportions with an outcome against the score.
Discrimination
We will plot receiver operating characteristic (ROC) curves for each score.  The area under the curve (equivalent to the concordance [c] statistic) will be calculated for each.  Positive- and negative-predictive values will be calculated for various score thresholds.
Units of analysis
To assess a prognostic score reliably requires a minimum of 100, and ideally 200, participants who experience the outcome event.12  For countries reaching the 200 events threshold, we will conduct the analysis for individual countries.  Other countries will be grouped according to World Bank Income classifications and continents.  Heterogeneity between areas will be assessed 
Variation over time
For populations with sufficient numbers of patients, we will divide the period of recruitment and compare the performance of scores at different time points.  Initially the time will be divided into three equal periods.  We will also investigate dividing time according to dates of events in participating countries, such as peak numbers of cases.
Statistical tests
Differences in discrimination of scores within a population will be assessed using a non-parametric test for paired data.13  Heterogeneity between populations will be assessed using a non-parametric test for unpaired data.14 
[bookmark: _Hlk45039591]Outputs
This analysis is intended to produce:
1. Data for a peer-reviewed manuscript to be submitted jointly by the ISARIC investigators, in line with the ISARIC publication policy.
2. R code that participating sites can use to analyse their own data.

[bookmark: _GoBack]Participatory approach
All contributors to the ISARIC database are invited to participate in this analysis through review and input on the statistical analysis plan and resulting publication. The outputs of this work will be disseminated as widely as possible to inform patient care and public health policy, this will include submission for publication in an international, peer-reviewed journal. ISARIC aims to include the names of all those who contribute data in the cited authorship of this publication, subject to the submission of contact details and confirmation of acceptance of the final manuscript within the required timelines.
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