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3. Revision History

Statistical analysis plan (SAP) Version 1 was approved prior to first unblinding.

Statistical analysis plan Version 2 was approved prior to Data Monitoring Committee 3 (DMC3). 

Statistical analysis plan Version 3 was approved prior to Data Monitoring Committee Meeting 6.

Statistical analysis plan Version 4 was approved prior to unblinding of the study team for the 
primary outcome database lock.

The main changes incorporated in SAP Version 4 are as follows:

Change Section Summary of Changes

Minor changes to increase 

clarity and correct spelling and 

grammatical errors

Throughout To increase accuracy and clarity.

General Considerations Table KHAA.6.1 Indicated that p-values for primary and key secondary 

analyses will be reported to as many decimal places as 

needed.

Analysis Populations 6.1.1 Removed the As Treated Population, as it very similar to 

the Safety Population.

Definition of Study Baseline 6.1.2 Changed the definition of baseline for efficacy and health 

outcomes to be relative to the first date that clinical status 

is assessed rather than first study drug dose. This is 

consistent with basing these analyses on the ITT 

population.

Definition of Study Period 

Time Intervals

Table KHAA.6.2 Removed 2 periods from the Definition of Study Period 

Time Intervals. Instead, these will be described in 

analyses, as needed.

Baseline Stratification 

Variables

6.1.4 Added a section on baseline stratification variables so that 

these can be referred to throughout the document.

Logistic Regression Model 6.2.1 Changed text regarding logistic regression model, mainly 

to accommodate multiple imputation.

Analysis of 

Variance/Covariance

6.2.2 Clarified models for ANOVA

Time-to-Event Analysis 6.2.3 Clarified models for time-to-event analyses.

Proportional Odds Model 6.2.4 Clarified the model for proportional odds analyses 
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Change Section Summary of Changes

Last Observation Carried 

Forward (LOCF)

6.4.2 Changed mLOCF to LOCF, as it more closely matches the 

planned analyses. There aren’t separate rules in for 

different intercurrent events.

Multiple Imputation 6.4.3 Filled in details of planned multiple imputation analyses.

Multiple 

Comparisons/Multiplicity

6.6 Corrected language regarding the multiplicity testing.

Description and Derivation of 

Primary, Key Secondary, and 

Associated Supportive 

Analyses

Table KHAA.6.4 Added derivation details for several variables

Description of Primary, Key 

Secondary, and Associated 

Supportive Analysis

Table KHAA.6.5 Minor wording changes for clarity.  Changed mLOCF to 

LOCF.  Changed analysis for Oxygen Saturation from MI 

to LOCF. 

Description and Derivation of 

Other Secondary Outcomes

Table KHAA.6.6 Added analytic details for several analyses.

Description of Other Secondary 

Analyses

Table KHAA.6.7 Removed analysis of time to recovery by disease duration 

at baseline.

Removed Fine-Gray proportional hazards regression with 

death as a competing risk, as death is already handled in a 

manner that considers it a competing risk (i.e., via IETI).

Primary Outcome and 

Methodology

6.11.1 Changed the final allocation of alpha for Population 1 to 

99%.  This change was made based on a review of blinded 

data that showed that Population 2 had a much smaller 

sample size than originally anticipated.

Key Secondary Efficacy 

Analyses

6.11.2 Added an analysis of all-cause mortality in the safety 

population.

Subgroup Analyses 6.14 Updated subgroup analyses to reflect current plans.  

Interim Analyses and Data 

Monitoring

6.16 Removed the paragraph that suggested that a limited 

number of preidentified individuals may gain access to the 

limited unblinded data, as there is no plan to do early

unblinding for PK/PD analyses.

Sample Size Re-Estimation 6.16.2 Removed the clause “(in addition to the final analysis)” as 

the 90% allocation of α to Population 1 only applied to the 



I4V-MC-KHAA Statistical Analysis Plan Version 4 Page 9

LY3009104

Change Section Summary of Changes

sample size re-estimation.  For the final primary outcome 

analyses, 99% will be allocated to Population 1.

References 8 Added new references

Multiple Imputation Appendix 2 Added appendix with details of the multiple imputation 

methodology

Exploratory Analyses Appendix 3 Added appendix with additional exploratory analyses

Abbreviations: ANOVA = analysis of variance; DMC = Data Monitoring Committee; DOH = duration of 

hospitalization; IETI = infinite event time imputation; VFD = ventilator-free days.
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4. Study Objectives

4.1. Primary Objective
Objectives Endpoints

Primary

To evaluate the effect of baricitinib 4-mg once 

daily (QD) compared to placebo on disease 

progression in patients with COVID-19 infection

Proportion of patients who die or require non-invasive 

ventilation/high-flow oxygen or invasive mechanical 

ventilation (including extracorporeal membrane oxygenation

[ECMO]) by Day 28 in the following populations:

 Population 1 - all randomized patients 

 Population 2 – patients who, at baseline, require 

oxygen supplementation (OS 5 and 6) and are not 

receiving dexamethasone or other systemic 

corticosteroids for the primary study condition.

The associated estimand for this objective is to measure the effect of treatment with baricitinib as 
assessed by proportion of patients who die or progress to requiring non-invasive ventilation/high-

flow oxygen or invasive mechanical ventilation (including extracorporeal membrane 
oxygenation [ECMO]) by Day 28. 

4.2. Secondary Objectives
Note that all secondary objectives apply to Population 1.

Objectives Endpoints

Key Secondary

To evaluate the effect of baricitinib 4-mg QD 

compared to placebo on clinical outcomes in

patients with COVID-19 infection

Proportion of patients with at least 1-point improvement on 

NIAID-OS or live discharge from hospital at Day 4, Day 7, 

Day 10, Day 14

Number of ventilator-free days (Day 1 to Day 28)

Time to recovery (NIAID-OS) (Day 1 to Day 28)

Overall improvement on the NIAID-OS evaluated at Day 4, 

Day 7, Day 10, Day 14  

Duration of hospitalization (Day 1 to Day 28)

Proportion of patients with a change in oxygen saturation from 

<94% to ≥94% from baseline to Day 4, Day 7, Day 10, Day 14

All-cause mortality (Day 1 through Day 28)

Other Secondary

To evaluate the effect of baricitinib 4-mg QD 

compared to placebo on other clinical outcomes 

in patients with COVID-19 infection

Treatment Period – (Day 1 to Day 28, unless otherwise 

specified)

 Time to recovery (NIAID-OS) by disease duration of <7 

days or ≥7 days

 Duration of stay in the intensive care unit (ICU) in days

 Time to clinical deterioration (one-category increase on 

the NIAID-OS)



I4V-MC-KHAA Statistical Analysis Plan Version 4 Page 11

LY3009104

Objectives Endpoints

 Time to clinical improvement in one category of the

NIAID-OS 

 Time to resolution of fever, in patients with fever at 

baseline

 Overall improvement on the NIAID-OS evaluated at Day 

21, Day 28

 Mean change in National Early Warning Score (NEWS)

 Time to definitive extubation

 Time to independence from non-invasive mechanical 

ventilation

 Time to independence from oxygen therapy in days

 Time to oxygen saturation of ≥94% on room air in days

 Number of days with supplemental oxygen use

 Number of days of resting respiratory rate <24 breaths per

minute 

Other Secondary

Landmark analyses – Day 4, Day 7, Day 10, Day 14, Day 28

 Proportion of patients in each severity category on the 

NIAID-OS

 Proportion of patients with at least 2-point improvement 

on the NIAID-OS or live discharge from the hospital

 Proportion of patients with at least 1-point improvement 

on NIAID-OS or live discharge from hospital

Abbreviations: NIAID-OS = National Institute of Allergy and Infectious Diseases ordinal scale; QD = once daily.

4.3. Exploratory Objectives

Exploratory

Exploratory objectives and endpoints may include the following: Serum cytokines, hs-CRP, D-dimer, lactate 

dehydrogenase (LDH), ferritin (baseline, and during treatment up to Day 14)

 Virologic measures

 To characterize PK of baricitinib in intubated patients with COVID-19 infection

 Long-term (at least Day 60) clinical outcomes.

Abbreviations: hs-CRP = high-sensitivity C-reactive protein; PK = pharmacokinetics.

Planned analyses for long-term clinical outcomes and for patients participating in Addendum 5, 
who are OS 7 at baseline, are included in Appendix 3.
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5. Study Design

5.1. Summary of Study Design
Study I4V-MC-KHAA (KHAA) is Phase 3, multicenter, randomized, double-blind, 

placebo-controlled, parallel-group study designed to evaluate the efficacy and safety of
baricitinib 4-mg given once daily (QD). The primary endpoint is the proportion of patients who 

die or require non-invasive ventilation/high-flow oxygen or invasive mechanical ventilation 
(including ECMO) by Day 28.

The study duration will be up to approximately 60 days over 3 study periods (see 
Figure KHAA.5.1):

 Screening: on Day 1 prior to dosing

 Treatment period: treatment is administered for up to 14 days, or up to the day of hospital 
discharge, whichever comes first, followed by treatment evaluations up to Day 28; and

 Follow-up: period starting after treatment evaluation, with a follow-up visit 
approximately 28 days after last dose of study drug and another follow-up visit at 
approximately Day 60.

Abbreviations: D = day; QD = once daily. 

Note: Dosing occurs from the day of randomization until Day 14, or until hospital 

discharge, whichever comes first. Placebo or baricitinib are given with background 

therapy in keeping with local clinical practice for management of COVID-19, as 

defined in the protocol.

Figure KHAA.5.1. Schema of Study I4V-MC-KHAA.

Patients will be enrolled if they are hospitalized with coronavirus (SARS-CoV-2) infection and 

meet other study entry criteria. Patients requiring invasive mechanical ventilation (including 
ECMO) at the time of study entry are not eligible (unless they are enrolled in Addendum 5.0, 
which allows such patients).
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While hospitalized, enrolled patients will receive either baricitinib or placebo until Day 14 or 
until the day of hospital discharge, whichever comes first.

A follow-up visit approximately 28 days after last dose is required for all randomized patients, 

including those discharged from the hospital before Day 14. Another follow-up visit occurs at 
approximately Day 60. The follow-up visits can be conducted as telephone visits.

Discharge from the hospital prior to Day 14 is not considered early discontinuation from the 
study drug or from the study. All randomized patients, including patients meeting criteria for 

early discontinuation of study drug, as specified in KHAA Protocol (Section 5.1) should be 
encouraged to remain in the study for the scheduled study assessments specified in the Schedule 

of Activities (SoA) (Protocol Section 1.3). Patients who prematurely discontinue from the study 
should have an early termination visit (ETV) and final follow up visit, if possible, as shown in 
the SoA.

5.2. Determination of Sample Size
In protocol amendment e, the final amendment, the sample size was updated to approximately 

1400 patients based on blinded review of the proportion of patients requiring oxygen 
supplementation without the use of dexamethasone or systemic corticosteroids at baseline and 

the potential that concomitant use of systemic corticosteroids may reduce the magnitude of the 
treatment effect. 

The table below describes the power calculations for various scenarios with a total sample size of 
1400.  This assumes, for illustration, that α1 for Population 1 is 75% of the total alpha and that 
60% of the patients were taking dexamethasone or other corticosteroids at baseline.

Treatment Effect Size in Patients Who are at OS 5 

or OS 6 at Baseline 

Combined Effect Size Power for at Least One 

of the Two Primaries to 

Succeed

Patients using 

dexamethasone or a 

systemic corticosteroid

Patients not using 

dexamethasone or a 

systemic corticosteroid

0.075 0.075 0.075 81%

0.040 0.075 0.054 54%

Abbreviations: NIAID = National Institute of allergy and Infectious Diseases; OS 5 = #5 on the 8-point NIAID 

ordinal scale - Hospitalized, requiring supplemental oxygen; OS 6 = #6 on the 8-point NIAID ordinal scale –

Hospitalized, on noninvasive ventilation or high-flow oxygen devices.

Note: Power estimates were obtained from a custom simulation program.

Amendment e also allowed for the sample size to be increased using an unblinded sample size 
re-estimation (Gao et al. 2008) during an interim analysis (that occurred in January 2021). 

5.3. Method of Assignment to Treatment
Blinding will be maintained in the Phase 3 study.  
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Method of treatment assignment

Patients who meet all criteria for enrollment will be randomized in a 1:1 ratio (baricitinib 4-mg: 
placebo) at Day 1.

Randomization will be stratified by these factors:

 disease severity by ordinal scale (OS): 

o hospitalized not requiring supplemental oxygen, requiring ongoing medical care
(OS 4)

o hospitalized requiring supplemental oxygen by prongs or mask (OS 5)

o hospitalized requiring non-invasive ventilation or high-flow oxygen (OS 6)

 age (<65 years; ≥65 years)

 region (US, Europe, rest of world), and 

 dexamethasone and/or other systemic corticosteroid used at baseline for primary study 
condition (Yes/No).  (Note that the original protocol included symptom onset <7 days or 
≥7 days prior to randomization as a stratification factor.  It was changed to this one in 
Amendment (c).) 

Assignment to treatment groups will be determined by a computer-generated random sequence 
using an interactive web-response system (IWRS).
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6. A Priori Statistical Methods

6.1. General Considerations
Unless otherwise specified, efficacy analyses will be conducted on the Intent-to-Treat (ITT) 

Population. Patients will be analyzed according to the treatment to which they were assigned. All 
tests of treatment effects will be conducted at a 2-sided alpha level of 0.05, unless otherwise 
stated.

Table KHAA.6.1. General Methods for Statistical Analysis

Data Type Purpose Analysis

Categorical/discrete 

data 

Summary and descriptive analysis Number of patients with available data (n), 

either observed or imputed, at the relevant time 

point, and will be presented as frequency counts 

and percentages. Percentages will be calculated 

using the total number of patients in the analysis 

population included as the denominator. 

Percentages will generally be presented to 1 

decimal place but will not be presented for zero 

counts.

Treatment comparison Logistic regression analysis

Continuous data Summary and descriptive analysis Number of observations, mean, standard 

deviation (SD), standard error of the mean 

(SEM), median, 1st quartile, 3rd quartile, 

minimum, and maximum. The minimum and 

maximum will be reported to the same number of 

decimal places as the raw data recorded in the 

database. The mean, first quartile, median, and 

third quartile will be reported to 1 more decimal 

place than the raw data recorded in the database. 

The SD and SEM may be reported to 2 more 

decimal places than the raw data recorded in the 

database. Any exceptions will be noted in the 

programming specifications. P-values for primary 

and key secondary analyses will be reported to as 

many decimal places as needed (≥5).

Treatment comparison Analysis of variance (ANOVA), mixed model 

repeated measures (MMRM), Wilcoxon rank-

sum test 

Ordinal data Treatment comparison Proportional Odds model, Wilcoxon rank-sum 

test 

Time to event data Treatment comparison Log-rank test, Kaplan-Meier curves, Cox 

proportional hazards.  As needed:  Fine-Gray 

model, Max-combo test

Note: the detail of the analysis method defined in Section 6.2.
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Change from baseline will be calculated as the visit value of interest minus the baseline value. If 

the baseline value is missing for a particular variable, then it will not be imputed and the change 
from baseline and percent change (or percent improvement) from baseline will not be calculated.

For all models, patients will be excluded who do not have the necessary covariates to run the 
model.

For the primary and key secondary analyses that rely on OS values, the patient’s worst ordinal 
score for the day will be used.  

The Per Protocol Set (PPS) will be used if needed for post hoc analyses.

Throughout this document, “Day x” refers to Study Day x.

Additional supportive analyses will be performed as needed.

6.1.1. Analysis Populations
The following populations are defined for this study:

Population Description

Entered All participants who sign the informed consent form

Intent-to-Treat (ITT) All participants randomly assigned to study intervention. Participants will be 

analyzed according to the intervention to which they were assigned.

Per Protocol Set (PPS) The PPS will include those participants in the ITT population who do not have any 
identified important protocol violations considered to impact efficacy analyses. 
Qualifications for, and identification of, significant or important protocol violations 
will be determined while the study remains blinded, prior to database lock.

Safety All participants randomly assigned to study intervention and who receive at least 1 

dose of study intervention and who did not discontinue from the study for the reason 

‘Lost to Follow-up’ at the first postbaseline visit. Participants will be analyzed 

according to the intervention they actually received.

Follow-up All randomized participants who received at least 1 dose of investigational product 

and have entered the post-treatment follow-up period. Participants will be analyzed 

according to the intervention to which they received.

A listing of patients who were randomized but did not receive study drug will be prepared. This 
listing will include baseline information and their last known status.

A sensitivity analysis for the primary efficacy analysis will exclude patients who die within 

24 hours of randomization and have Do Not Resuscitate (DNR) or Do Not Intubate (DNI) in ITT
analysis populations will be conducted.

6.1.2. Definition of Study Baseline
Unless otherwise specified, for efficacy and health outcomes, baseline is defined as the last 
nonmissing assessment recorded on or prior to, the first date that clinical status is assessed.

Baseline for safety analyses is described in Table KHAA.6.8.
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c o ns e nt ar e c o nsi d er e d as e nt eri n g 
t h e S cr e e ni n g P eri o d.

I nf or m e d c o ns e nt d at e Pri o r t o t h e st art of Tr e at m e nt 
P eri o d.

P ost -T r e at m e nt F oll o w -U p: All 
p arti ci p a nts w h o h a d a f oll o w u p 
visit ar e c o nsi d er e d as e nt eri n g 
f oll o w-u p p eri o d.

Aft er t h e Tr e at m e nt P eri o d e n ds.    T h e m a xi m u m of t h e l ast st u d y visit 
d at e or st u d y dis p ositi o n d at e.

6. 1. 4. B a s eli n e St r atifi c ati o n V a ri a bl e s
T hr o u g h o ut t h e S A P, w h e n b as eli n e str atifi c at i on v ari a bl es ar e r ef err e d t o, t h e y  in cl u d e t h e 

f oll owi n g c at e g ori c al v ari a bl es:  

 b as eli n e dis e as e s e v erit y (or di n al s c al e [ O S ] 4, O S 5, O S 6), 

 a g e ( < 6 5 y e ar s, ≥ 6 5 y e ars), 

 r e gio n ( U S, E ur o p e, r est o f w orl d) a n d 

 d e x a m et h as o n e a n d/ or ot h er s y st e mi c c ortic o st er oi d us e d at b as eli n e f or pri m ar y  st u d y 
c o n di tio n ( Y es/ N o).  
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If any of these are redundant for a particular model they will be dropped.

6.2. Statistical Methods
The following will be applied to the ITT population as described in Section 6.1.1.

6.2.1. Logistic Regression Model
Treatment comparisons of discrete/binary efficacy variables between treatment groups will be 

made using a logistic regression analysis adjusted for baseline stratification variables 
(Section 6.1.4). The p-value and odds ratio with 100(1-α)% confidence interval (CI) from the 
logistic model will be reported.  

Point estimates for proportions and difference in proportions will be presented.  Confidence 

intervals and p-values for the estimates of the differences of the proportions and will be 
presented.  For last-observation-carried-forward (LOCF) analyses the CIs will be based on the 

Newcombe-Wilson method without continuity correction.  For multiple imputation analyses, 
percentages will be based on the observed percentages; CIs will be based on the Wald method 
without continuity correction.

6.2.2. Analysis of Variance
Treatment comparisons of quantitative efficacy and health outcome variables will be made using 
analysis of variance (ANOVA) adjusted for baseline stratification variables (Section 6.1.4).  

Where appropriate, baseline value for the endpoint of interest will also be included in the model. 
Type 3 tests for least squares (LS) means will be used for statistical comparison between 

treatment groups. The LS mean difference, standard error, p-value, and 95% CI will also be 
reported.  

6.2.3. Time-to-Event Analysis
The primary analysis for time-to-event analysis will be the unstratified log-rank test. Treatment 

comparisons for time-to-event analysis may also be analyzed using a Cox proportional hazards 

model adjusted for baseline stratification variables (Section 6.1.4). The hazard ratio with 
95% CIs will be reported. Kaplan-Meier curves may also be produced. Diagnostic tests for 

checking the validity of the proportional hazards assumption may be performed. If the 
assumption of proportional hazards is not justified, a statistical model capable of handling

nonproportional hazards will be explored to assess treatment effect, such as a max-combo test
(Lee 1996), restricted mean survival time model (Royston and Parmar 2013), and win ratio 
analysis (Pocock et al. 2012).

6.2.4. Proportional Odds Model
The proportional odds model will be used to assess the overall improvement in the OS. 

Treatment comparisons will be adjusted for baseline stratification variables (Section 6.1.4). The 
treatment odds ratio estimated from the model will be presented along with the CI and p-value. 
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6.2.5. Wilcoxon Rank-Sum Test
The Wilcoxon rank-sum test, without continuity correction, will be used for analyzing endpoints 

associated with number of days, such as number of ventilator free days. The p-value for each 
treatment group will be provided.

6.2.6. Mixed-Effects Model of Repeated Measures
Mixed model repeated measures analyses were performed to mitigate the impact of missing data. 

This approach assumed that missing observations were missing-at-random (missingness is 

related to observed data) during the study and borrowed information from patients in the same 
treatment arm taking into account both the missingness of data and the correlation of the 
repeated measurements. 

MMRM model will be used a restricted maximum likelihood (REML) estimation. The model 

will be adjusted with baseline stratification variables (as appropriate), and treatment-by-
landmark days-interaction as fixed categorical effects and baseline and baseline-by-landmark 

days-interaction as fixed continuous effects. An unstructured (co)variance structure will be used 
to model the between- and within-patient errors. If this analysis failed to converge, the 

heterogeneous autoregressive [ARH(1)], followed by the heterogeneous compound symmetry 
(CSH), followed by the heterogeneous Toeplitz (TOEPH), followed by autoregressive [AR(1)], 

followed by compound symmetry (CS), was used. The Kenward–Roger method was used to 
estimate the degrees of freedom. Treatment LS mean were estimated within the framework of the 

MMRM using type 3 sums of squares. Differences in LS mean between each dose of baricitinib 
and placebo (and associated p-values, standard errors, and 95% CI) were used for statistical 
inference.

6.3. Adjustments for Covariates
Unless otherwise specified, the statistical analysis models will control for baseline stratification 
variables (see Section 6.1.4).

6.4. Handling of Dropouts or Missing Data
The following imputation rules will be used for subjects who are lost to follow-up, withdrew from 

the study early, or do not have further outcome data available after discharge for any reason or death.

Efforts to use all available data and minimize missing data imputation will be considered. For 
clinical outcomes related to National Institute of Allergy and Infectious Diseases ordinal scale

(NIAID-OS), the outcome may be derived using pre-specified relevant clinical data before 
missing data imputation approaches applied.  

6.4.1. Infinite Event Time Imputation (IETI)
For some time-to-event endpoints, if there are competing risks to the event of interest, then the 

event times censored due to the competing risk will be imputed as infinite. 

This imputation method will be applied if the event of interest is in the opposite direction of 
death (e.g., recovery or improvement). For time to recovery or time to improvement, all deaths 
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within 28 days will be considered censored at Day 28 with respect to time to event of interest. 
Conceptually, a death corresponds to an infinite time to event of interest, but censoring at any 

time greater than or equal to Day 28 gives the same answer as censoring at Day 28; both 
correspond to giving death the worst rank.  

6.4.2. Last Observation Carried Forward (LOCF)
Some analyses (in particular for quantitative or ordinal scale measures) will use the LOCF 

approach.  Intermittent or terminally missing data will be filled in by carrying forward the last 
available measurement prior to the missing data. This methodology will only be utilized for 
patients who had both a baseline and a postbaseline measurement.    

6.4.3. Multiple Imputation
A multiple imputation method will be used to impute the missing NIAID-OS scores (Rubin, 

1996). The multiply-imputed datasets will be used for the primary analyses of several endpoints 
involving the NIAID-OS scores. A total of 100 multiply-imputed datasets will be generated. For 

random number generation, the seed will be set 3012021. The multiple imputation will be 
performed in a stratified manner with the imputation performed separately for each of the 

following levels: (1) baricitinib patients with baseline NIAID-OS of 5 or 6 and baseline steroid 
use, (2) baricitinib patients with baseline NIAID-OS of 5 or 6 and no baseline steroid use, 

(3) other baricitinib patients, (4) comparator patients with baseline NIAID-OS of 5 or 6 and 
baseline steroid use, (5) comparator patients with baseline NIAID-OS of 5 or 6 and no baseline 

steroid use, and (6) other comparator patients. In all these strata, baseline steroid use is defined 
as in Section 6.1.4. These strata are slightly reduced from what might be expected in order to 

keep a sufficient number of patients in each stratum. Imputation will be performed using a 
Markov model where each transition to a future state is dependent on only the previous state.  
This approach is described in detail in Appendix 2.

The intended estimand for the multiple imputation approach is based on the treatment policy 

strategy for handling intercurrent events (ICH E9R [ICH 2017]). In this strategy the value of the 
NIAID-OS score is the value of interest regardless of any intercurrent events that occurred. The 
NIAID-OS includes a state for death, and thus it is meaningful even for patients who have died.

If the between-imputation variance calculated while combining some analysis results of the 

multiply-imputed datasets is zero then that specific analysis will not be performed using multiple 
imputation. Instead, the observed data will be used to perform the same analysis.

6.5. Multicenter Study
Study KHAA is a multicenter study; the following countries will conduct trials: 

Countries

ARGENTINA ITALY RUSSIAN FEDERATION

BRAZIL JAPAN SPAIN

GERMANY KOREA UNITED KINGDOM

INDIA MEXICO UNITED STATES



I 4 V-M C -K H A A St ati sti c al A n al y si s Pl a n V er si o n 4 P a g e 2 1

L Y 3 0 0 9 1 0 4

6. 6. M ulti pl e C o m p a ri s o n s/ M ulti pli cit y
M ul tipli ci t y c o ntr oll e d a n al ys es will b e p erf or m e d o n t h e pri m ar y  a n d k e y s e c o n d ar y e nd p oi nts 

t o c o ntr ol t h e o v er all f a mil y-wi s e T y p e I err or r at e at a 1- si d e d α l e v el o f 0. 0 2 5 . T h e gr a p hi c al 
m ult i pl e t estin g pr o c e d ur e d es cri b e d i n Br et z et al. ( 2 0 1 1) will b e us e d. T h e gr a p hi c al a p pr o a c h 

is a cl os e d t esti n g pr o c e d ur e; h e n c e it str o n gl y c o ntr ols t h e f a mil y-wis e err or r at e ( F W E R) a cr oss 
all e n d p o i nts ( Al os h et al. 2 0 1 4).

S e e Fi g ur e K H A A . 6. 1 f or t he gr a p hi c al t est i n g s c h e m e f or t his st u d y.  T his s c h e m e all o ws f or 
s o m e α t o b e s e nt t o t h e k e y s e c o n d ar y a n al ys es if P o p ul ati on 1 a c hi e v es st atist i c al si g nifi c a n c e 

(s e e n e xt p ar a gr a p h).  N ot e t h at f or t h e 2 pri m ar y p o p ulat i ons t h e s c h e m e is sli g ht l y diff er e nt 
fr om w h at is i n t h e pr ot o c ol. As t h e t esti n g s c h e m e o nl y i m p a cts i nt er pr et ati o n of t h e r es ults a n d 
n ot t h e a ct u al a n al ysis, t h er e is n o pl a n t o u p d at e t h e pr ot o c ol.

If P o p ul ati o n 2 is r ej e ct e d at α2 , P o p ul ati on 1 will b e t est e d at l e v el α, ot h er wis e P o p ul at i on 1 

will b e t est e d at l e v el α 1 . If P o p ulat i on 1 is r ej e ct e d, e a c h of t h e g at e d s e c o n d ari es will b e t est e d 
i n or d er u ntil o n e is n ot r ej e ct e d as d e pi ct e d i n Fi g ur e K H A A . 6.1 . T h e k e y  s e c o n d aries will b e 

t e st e d at le v el  α1 if P o p ul ati o n 1 w as r ej e ct e d or at l e v el α if b ot h P o p ul ati o n 1 a n d P o p ul at i on 2 
w er e r ej e ct e d. Fi n all y, if P o p ul at i on 1 a n d all s e c o n d ari es ar e r ej e ct e d at l e v el α 1 , b ut P o p ul at i on 
2 w as n ot r ej e ct e d at l e v el α 2 , P o p ulat i on 2 will b e t est e d a g ai n at l e v el α. 

T h e t esti n g s c h e m e will pr o vi d e a str o n g c o ntr ol of T y p e- I err or f or t h e st u d y at a 1-si d e d 0. 0 2 5 

l e v el a n d is b as e d o n t h e cl os e d t esti n g pri n ci pl e ( M ar c us et al. 1 97 6).  T h e t esti n g s c h e m e is 
p ar a m etri c, w h er e t h e k n o w n c orr el at i on is a c c o u nt e d f or b et w e e n t h e 2 t est st atisti cs � � a n d � � .  

T h e i nit i al si g nifi c a n c e l e v els f or t h e Pri m ar y e nd p oi nt s P o p ul ati o n 1 ( α 1 ) a n d P o p ul ati o n 2 ( α2 ) 

will b e c o m p ut e d usi n g t h e f a ct t h at t h ei r t e st st ati stics h a v e a c orr el at i on of � � w h er e � is t h e 

p er c e nt a g e of P o p ul at i on 2 wi t hi n P o p ul at i on 1 o bs er v e d i n t h e fi n al a n al ysis d at a s et a n d a 0. 9 9 
w ei g h t o n P o p ul at i on 1 a n d 0. 0 1 w ei g ht o n P o p ul ati o n 2. T h e t w o si g nifi c a n c e l e v els wil l b e 
c o m p ut e d usi n g t h e R p a c k a g e g M C P. 

T h e pri m ar y  a n d k e y s e c o n d ar y e nd p oi nts t o b e t est e d ar e list e d i n S e cti o n 6. 1 1. 1 a n d 
S e cti o n 6. 1 1. 2 , r es p e cti v el y.

T h e gr a p hi c al t esti n g s c h e m e is c o nsi d er e d fi n al.  
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Abbreviations:  Pr.V: Proportion of patients who die or require non-invasive ventilation/high-flow oxygen or 

invasive mechanical ventilation (including ECMO) by Day 28. 

TTR: Time to recovery, where recovery is defined as clinical status in states 1, 2, or 3 of the 8-point ordinal scale, 

censored at Day 28. 

Pr.1.D4/7/10/14: proportion of patients with at least 1-point improvement on the NIAID-OS or live discharge from 

the hospital at Day 4, Day 7, Day 10, and Day 14.  

VFD: number of ventilator-free days (Day 1 to Day 28). OS D4/7/10/14: overall improvement on the NIAID-OS 

evaluated at Day 4, Day 7, Day 10, and Day 14. DOH: duration of hospitalization (Day 1 to Day 28). 

O2sat D4/7/10/14 proportion of patients with a change in oxygen saturation from <94% to ≥94% from baseline to 

Day 4, Day 7, Day 10, Day 14. Mortality: All-cause mortality (Day 1 to Day 28).

Additional details are included in Sections 6.11.1 and 6.11.2.

Figure KHAA.6.1. Graphical testing scheme for Study KHAA.
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6.7. Patient Disposition
An overview of patient populations will be summarized by treatment group. Frequency counts 

and percentages of patients excluded prior to randomization by primary reason for exclusion will 
be provided for patients who failed to meet study entry requirements during screening. 

Patient disposition will be summarized using the ITT population. Frequency counts and 
percentages of patients will be summarized by treatment group by the following dispositions:

 dosing (study drug) period disposition:

o ongoing dosing (study drug) period

o discontinued dosing (study drug) period

o completed dosing (study drug) period

 treatment period disposition:

o ongoing treatment period 

o discontinued treatment period (reason will be summarized)

o completed treatment period

 study disposition:

o ongoing 

o discontinued (reason will be summarized)

o completed

A listing of patient disposition will be provided for all randomized patients, with treatment 
assignment, the extent of their participation in the study, and the reason for discontinuation. 

6.8. Patient Characteristics

6.8.1. Demographics
Patient demographics will be summarized as described above. The following demographic 

information will be included:

 age

 age group (<65 vs. ≥65)

 age group (<65, ≥65 to <75, ≥75 to <85, ≥85)

 gender (male, female)

 race (American Indian or Alaska Native, Asian, Black or African American, Native 
Hawaiian or Other Pacific Islander, White, Multiple)

 geographic region (US, Europe, Rest of World)

 country
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 weight (kg)

 weight category (<60 kg, ≥60 to <100 kg, ≥100 kg)

 height (cm)

 body mass index (BMI) (kg/m2)

 body mass index category (<25 kg/m2, ≥25 to <30 kg/m2, ≥30 kg/m2), and

 baseline renal function status: impaired (estimated glomerular filtration rate [eGFR]
<60 mL/min/1.73 m2) or not impaired (eGFR ≥60 mL/min/1.73 m2).

A listing of patient demographics will also be provided for the ITT population.

6.8.2. Baseline Disease Characteristics
The below baseline disease information (although not inclusive) will be categorized and 

presented for baseline coronavirus disease 2019 (COVID-19) clinical characteristics, baseline 

health outcome measures, and other baseline demographic and disease characteristics as 
described above:  

 duration of symptoms prior to enrollment (≥7 days or <7 days)

 World Health Organization (WHO) ordinal scale

 baseline disease severity:

o hospitalized not requiring supplemental oxygen, requiring ongoing medical care

o hospitalized requiring supplemental oxygen by prongs or mask

o hospitalized requiring noninvasive ventilation or high-flow oxygen

 inflammatory biomarkers:

o C-reactive protein, high-sensitivity (hs-CRP)

o Ferritin

o D-Dimer

o Lactate dehydrogenase (LDH)

 Prior therapy of interest: nonsteroidal anti-inflammatory drugs (NSAIDs), Antivirals, 
Antibiotics, Immunosuppressants (anti-malarials, corticosteroids and others)

 Symptom onset (<7 days, ≥7 days)

 Disease duration of symptoms prior to enrollment (<7 days, ≥7 days)

 Renal function status (impaired, no impaired)

 Preexisting comorbid conditions (None, Any; obesity; diabetes, chronic respiratory 
disease, hypertension)
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 dexamethasone and/or other systemic corticosteroid used at baseline for primary study 
condition (Yes/No)

 remdesivir (Yes/No)

6.8.3. Historical Illness and Preexisting Conditions
Historical illnesses are defined as those conditions recorded in the Preexisting Conditions and 

Medical History electronic case report form (eCRF) or from the Prespecified Medical History: 

Comorbidities eCRF with an end date prior to the informed consent date. The number and 
percentage of patients with selected historical diagnoses will be summarized by treatment group 

using the ITT population. Historical diagnoses will be categorized using the Medical Dictionary 
for Regulatory Activities (MedDRA; most current available version) algorithmic Standardized 
MedDRA Queries (SMQs) or similar pre-defined lists of Preferred Terms (PTs) of interest.

Preexisting conditions are defined as those conditions recorded in the Pre-existing Conditions 

and Medical History eCRF, or the Prespecified Medical History: Comorbidities eCRF with a 
start date and time prior to the informed consent and with a stop date that is after the informed 

consent date or have no stop date (ongoing). Adverse events (AEs) are recorded in the eCRFs. 
For events recorded on the AE page, we considered it as a preexisting event if its onset date was 

before the first dose date. For events occurring on the day of the first dose of study treatment, the 
date and time of the onset of the event will both be used to determine if the event was 

preexisting. Conditions with a partial or missing start date (or time if needed) will be assumed to 
be ‘not preexisting’ unless there is evidence, through comparison of partial dates, to suggest 

otherwise. Preexisting conditions will be categorized using the SMQs or similar predefined lists 
of PTs of interest. Frequency counts and percentages of patients with selected preexisting 
conditions will be summarized by treatment group using the ITT population.

The number and percentage of participants using preferred terms of prior medications will be 
presented.

The following historical illness and preexisting conditions will be presented:

 preexisting comorbid conditions: 

o none, any

 preexisting comorbid conditions of interest

o obesity

o diabetes (Type I and Type II)

o chronic respiratory disease 

o hypertension 

6.9. Treatment Compliance
As all study drug doses will be administered at the study site, treatment compliance will not be 
reported.
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6.10. Concomitant Therapy
Medications will be classified into anatomical therapeutic chemical (ATC) drug classes using the 

latest version of the WHO drug dictionary. Medication start and stop dates will be compared to 
the date informed consent is obtained to allow medications to be classified as concomitant. 

Prior medications are those medications that start and stop prior to the date of the first dose of 
study treatment. Concomitant medications are those medications that start before, on, or after the 

first day of study treatment and continue into the treatment period. For all summary tables of 
concomitant medications, PTs of concomitant medication will be sorted by descending frequency 
in the LY total arm. 

If dose-related corticosteroid analyses are conducted, the information in Appendix 1 will be used 

as reference for a conversion factors for each corticosteroid medication identified during the 
study, instructions for selecting corticosteroids, and the manual review process.  

Table KHAA.6.3. Summary Tables Related to Concomitant Medications

Analysis Details
Prior medications Number and percentage of participants using Preferred Terms of prior medication

 Ordered by decreasing frequency

No inferential statistics
Concomitant 
medications

Number and percentage of participants using Preferred Terms of concomitant medication
 Ordered by decreasing frequency

No inferential statistics

6.11. Efficacy Analyses
The general methods used to summarize efficacy data, including the definition of baseline value 
for assessments are described in Section 6.1.

Table KHAA.6.4 includes the descriptions and derivations of the primary, key secondary, and 
associated supportive analysis efficacy outcomes.

Table KHAA.6.5 provides the detailed analyses including analysis type, method and imputation, 
population, time point, and comparisons for efficacy analyses.

Table KHAA.6.6 includes the descriptions and derivations of the other secondary and associated 
supportive analysis efficacy outcomes.

Table KHAA.6.7 provides the detailed analyses including analysis type, method and imputation, 
population, time point, and comparisons for efficacy analyses.

6.11.1. Primary Outcome and Methodology
The primary comparison of interest is the proportion of patients who die or require non-invasive 

ventilation/high-flow oxygen or invasive mechanical ventilation (including ECMO) by Day 28. 
The primary comparison will be performed on two different populations: 
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 Population 1 – all randomized patients 

 Population 2 – patients who, at baseline, require oxygen supplementation and are not 
receiving dexamethasone or other systemic corticosteroids for the primary study 
condition.

Patients on non-invasive ventilation/high-flow oxygen at baseline will be counted toward this 

endpoint if they progressed to invasive mechanical ventilation. Treatment comparisons between 
baricitinib 4-mg QD + background therapy and placebo + background therapy will be made 
using logistic regression with baseline stratification factors and treatment group in the model.

 Pr.V: Proportion of patients who died or require non-invasive ventilation/high-flow 
oxygen or invasive mechanical ventilation (including ECMO) by Day 28. For patients 
who start with ventilation at baseline, the patients need to be worsening in symptom (at 
least 1-point worsening in NIAID-OS) to be counted.

For the primary comparison involving two different populations, the alpha will be split between 
the two populations such that 99% of alpha is assigned to Population 1 and the rest to Population 

2. The primary endpoint will be met if any one or both of these two populations show a 
significant treatment effect.

If the sample size is increased as a result of the interim analysis, the Cui, Hung, and Wang 
(CHW) procedure (Cui et al. 1999) will be applied to the primary endpoints for the two 

populations and the secondary endpoints to control the type I error at a one-sided α=0.025 
significance level. The CHW method ensures strong control of type I error when the sample size 

is increased in a data dependent manner. Details about the CHW statistics are provided in 
Section 6.16.2.4.

If the sample size is increased as a result of the interim analysis, an unadjusted point estimate for 
both of the primary efficacy analysis will be calculated and reported. A median unbiased point 

estimate and a stage-wise adjusted confidence interval for the primary efficacy analysis will be 
calculated and reported based on the approach described by Brannath and colleagues (Brannath 
et al. 2009) to assess sensitivity of the point estimate.

No CHW adjustments will be applied to the endpoints if the recommended increased number of 

patients from the sample size re-estimation had already been enrolled before the completion of 
the interim.

Table KHAA.6.4 and Table KHAA.6.6 include the descriptions and derivations of the primary 
and secondary outcomes.

Table KHAA.6.5 and Table KHAA.6.7 provide the detailed analyses including analysis type, 
method and imputation, population, time point, and comparisons for efficacy analyses.

6.11.2. Key Secondary Efficacy Analyses
Secondary comparisons of interest (key secondaries) include:
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 TTR: Time to recovery, where recovery is defined as clinical status in states 1, 2, or 3 of 
the 8-point ordinal scale, censored at Day 28  

 Pr.1.D14: proportion of patients with at least 1-point improvement on the NIAID-OS or 
live discharge from the hospital at Day 4, Day 7, Day 10, and Day 14

 VFD number of ventilator-free days (Day 1 to Day 28)

 NIAID-OS D4/7/10/14: overall improvement on the NIAID-OS evaluated at Day 4, 
Day 7, Day 10, and Day 14 

 DOH: duration of hospitalization (Day 1 to Day 28)

 O2sat D4/7/10/14 proportion of patients with a change in oxygen saturation from <94% 
to ≥94% from baseline to Day 4, Day 7, Day 10, Day 14; and 

 All-cause mortality (Day 1 to Day 28).
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Table KHAA.6.4. Description and Derivation of Primary, Key Secondary, and Associated Supportive Analyses

Measure Description Variable Derivation / Comment Definition of Missing
NIAID-OS Using data from the COVID-19 Clinical 

Status Assessment, results will be 
calculated for ordinal scales currently 
being used in other studies, and in this 
study, to measure clinical outcomes in 
patients treated for COVID-19, in 
particular the NIAID-OS. The NIAID-
OS is as follows:

1. Not hospitalized, no limitations on 
activities

2. Not hospitalized, limitation on 
activities and/or requiring home 
oxygen

3. Hospitalized, not requiring 
supplemental oxygen – no longer 
requires ongoing medical care: 
(This would include those kept in 
hospital for quarantine/infection
control, awaiting bed in 
rehabilitation facility or homecare, 
etc.)

4. Hospitalized, not requiring 
supplemental oxygen – requiring 
ongoing medical care (COVID-19 
related or otherwise)

5. Hospitalized, requiring 
supplemental oxygen

6. Hospitalized, on noninvasive 
ventilation or high-flow oxygen 
devices

7. Hospitalized, on invasive 
mechanical ventilation or ECMO

8. Death

Patients who die or 
progress to requiring 
ventilation

Proportion of patients who progress to 
ventilation or death.
In order to be counted as having this 
event:
 Patients who start at OS 4 or 5 

must progress to at least OS 6.  
 Patients who start at OS 6 must 

progress to at least OS 7. 

Missing if NIAID-OS is 
missing and the variable 
status cannot be identified 
using remaining data.

Ventilator-free days
(days free of invasive 
mechanical 
ventilation)

Total number of days patients are alive 
and have a NIAID-OS less than 7

Missing if patient’s 
NIAID-OS is missing for 
any day.

1-point improvement
in OS (at days 4, 7, 10 
and 14)

Proportion of patients with baseline 
NIAID-OS minus NIAID-OS ≥ 1 

Missing if either baseline 
NIAID-OS is missing or 
if the observed NIAID-
OS is missing on the day 
of assessment of 1-point 
improvement

Time to recovery Time to reach NIAID-OS 1, 2, or 3 for 
the first time.  The date reached is the 
first full day that OS 1, 2, or 3 is the 
patient’s maximum OS for the day.

Missing if NIAID-OS is 
missing and time to event 
of interest cannot be 
identified using 
remaining data

Overall improvement
(at days 4, 7, 10, and 
14)

NIAID OS Missing if observed 
NIAID-OS is missing 

Duration of 
hospitalization

Total number of days patients have a 
NIAID-OS of 4, 5, 6, or 7.  If the 
patient died on or prior to Day 28, their 
duration of hospitalization is considered 
to be 28 days. On Day 1 the patient’s 
worst ordinal scale between baseline
and the rest of Day 1 will be used to 
define their hospitalization status.

Missing if patient’s 
NIAID-OS is missing for 
any day
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Measure Description Variable Derivation / Comment Definition of Missing
All-cause mortality Time to death by Day 28.  Patients 

included: ITT population
Start date:  Baseline date 
Event date: date of death if death is 
within 28 days of their baseline date.  
(That is, if baseline is Day 1, any deaths 
up to and including Day 28 are 
included).
Censor date:  Date of last non-missing 
OS or visit that is on or prior to Day 28. 
If there is other information that makes 
it clear that they were alive at Day 28, 
they will be censored at Day 28.

Missing if the patient’s 
maximum NIAID-OS is 
not 8 and patient’s 
NIAID-OS is missing for 
all days after a particular 
day

Oxygen 
Saturation

Measure of the oxygen level of the blood
measured by pulse oximetry

Oxygen saturation 
from <94% at 
baseline to ≥94% (at 
days 4, 7, 10 and 14)

Patients included:  randomized patients 
whose oxygen saturation (based on 
NEWS) is < 94% at baseline.
A patient is a responder at Day x if their 
oxygen saturation is ≥ 94% and their 
OS is not higher than their baseline OS.  
Otherwise, they are a non-responder.
Patients who are missing data at Day x 
due to having died are considered to be 
non-responders.  

Missing if either baseline 
or observed oxygen 
saturation measurement is 
missing

Abbreviations: ECMO = extracorporeal membrane oxygenation; NIAID-OS = National Institute of Allergy and Infectious Diseases ordinal scale.
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Table KHAA.6.5. Description of Primary, Key Secondary, and Associated Supportive Analyses

Measure Variable Population Analysis Method Time Point Analysis Type
NIAID-OS Proportion of 

patients who died 

or progressed to 

non-invasive 

ventilation or 

high-flow 

oxygen (OS ≥ 6)

ITT: Population 1 - all 

randomized patients 

Logistic regression using MI By Day 28 Primary analysis

ITT: Population 2 –

patients who, at 

baseline, require 

oxygen 

supplementation and 

are not receiving 

dexamethasone or 

other systemic 

corticosteroids for the 

primary study 

condition.

Logistic regression using MI By Day 28 Primary analysis

ITT Logistic regression using LOCF By Day 28 Supportive analysis 

ITT: Population 2 Logistic regression using LOCF By Day 28 Supportive analysis 

Safety Population Logistic regression using MI By Day 28 Supportive Analysis

ITT Population, 

excluding patients 

who die within 24 

hours of baseline and 

have Do Not 

Resuscitate (DNR) or 

Do Not Intubate 

(DNI) orders 

Logistic regression using MI By Day 28 Sensitivity Analysis

Ventilator free 

days (VFD)

ITT ANOVA using MI By Day 28 Key secondary analysis

Wilcoxon rank-sum test using 

LOCF

By Day 28 Supportive analysis

Proportion of 

patients with 1-

point 

improvement

ITT Logistic regression using MI Day 4, 7, 10, 14 Key secondary analysis

Logistic regression using LOCF Day 4, 7, 10, 14 Supportive analysis
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Measure Variable Population Analysis Method Time Point Analysis Type

Time to recovery ITT Log-rank test using IETI By Day 28 Key secondary analysis

Cox proportional hazards model

using IETI

By Day 28 Supportive analysis

Max-combo test using IETI (if 

needed)

By Day 28 Supportive analysis

NIAID-OS Overall 

improvement

ITT Proportional odds model using 

MI

Day 4, 7, 10, 14 Key secondary analysis

Proportional odds model using 

LOCF

Day 4, 7, 10, 14 Supportive analysis

Duration of 

hospitalization

ITT ANOVA using MI By Day 28 Key secondary analysis

Wilcoxon rank-sum test LOCF By Day 28 Supportive analysis

All-cause 

mortality

ITT Log-rank test By Day 28 Key secondary analysis

Cox proportional hazards model By Day 28 Supportive analysis

Safety Log-rank test By Day 28 Supportive analysis

Cox proportional hazards model By Day 28 Supportive analysis

Oxygen 

Saturation

Proportion of 

patients with 

change in oxygen 

saturation from 

<94% at baseline 

to ≥94% at the 

observed time 

point

ITT Logistic regression using LOCF Day 4, 7, 10, 14 Key secondary analysis

Abbreviations: ANOVA = analysis of variance; IETI = infinite event time imputation; ITT = Intent-to-Treat; MI = multiple imputation; LOCF = last observation 

carried forward; NIAID-OS = National Institute of Allergy and Infectious Diseases ordinal scale; 

PPS = Per Protocol Set; VFD = ventilator-free days.
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6.11.3. Other Secondary Efficacy Analyses
Table KHAA.6.6 summarizes other secondary efficacy analyses.
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Table KHAA.6.6. Description and Derivation of Other Secondary Outcomes

Measure Variable Derivation / Comment Definition of Missing
NIAID-OS Time to recovery by disease 

duration of <7 days or ≥7 days 
prior to enrollment?

Time to reach NIAID-OS 1, 2, or 3 for the 
first time by disease duration of <7 days or 
≥7 days.

Missing if NIAID-OS is missing and time to event 
of interest cannot be identified using remaining 
data or the baseline disease duration is missing. 

Time to clinical deterioration First time patient’s observed NIAID-OS –
baseline NIAID-OS ≥ 1 

Missing if NIAID-OS is missing and time to event 
of interest cannot be identified using remaining 
data.

Time to clinical improvement in 
one category

First time patient’s baseline NIAID-OS -
observed NIAID-OS ≥ 1 for each NIAID-
OS baseline category.

Missing if NIAID-OS is missing and time to event 
of interest cannot be identified using remaining 
data.

Overall improvement NIAID-OS Missing if either baseline or observed NIAID-OS 
is missing.

Time to independence from 
noninvasive mechanical 
ventilation

Patients included: patients whose baseline 
OS is 6.
Start date:  Baseline date 
Event date: First date patient achieves OS 5 
or less
Censor date (for patients who haven’t died 
but never achieve OS 5 or less by Day 28):  
Date of last non-missing OS that is on or 
prior to Day 28.
Censor date for patients who die on or prior 
to Day 28:  Date of what would have been 
their Day 28.

Missing if NIAID-OS is missing and time to event 
of interest cannot be identified using remaining 
data.

Time to independence from 
oxygen therapy in days

Patients included:  patients whose baseline 
OS is 5 or 6.
Start date:  baseline date
Event date: first date patient achieves OS 4 
or less
Censor date (for patients who never achieve 
OS 4 or less by Day 28):  Date of last non-
missing OS that is on or prior to Day 28.
Censor date for patients who die on or prior 
to Day 28: Date of what would have been 
their Day 28 visit.

Missing if NIAID-OS is missing and time to event 
of interest cannot be identified using remaining 
data.
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Description and Derivation of Other Secondary Outcomes
Measure Variable Derivation / Comment Definition of Missing

Number of days with 
supplemental oxygen use

Total number of days patients’ NIAID-OS 
is ≥5

Missing if any observed NIAID-OS is missing.

Proportion of patients in each 
severity category

Total proportion of patients in each NIAID-
OS category at particular time points

Missing if observed NIAID-OS is missing at 
particular time point.

Patients with at least 2-point 
improvement on the NIAID-OS 
or live discharge from the 
hospital

Proportion of patients whose baseline 
NIAID-OS - observed NIAID-OS ≥ 2

Missing if observed NIAID-OS is missing or if 
observed NIAID-OS is ≥3 and baseline NIAID-
OS is missing 

Patients with at least 1-point 
improvement on the NIAID-OS 
or live discharge from the 
hospital

Proportion of patients whose observed 
NIAID-OS is ≤ 2 or whose baseline NIAID-
OS - observed NIAID-OS ≥ 1

Missing if observed NIAID-OS is missing or if 
observed NIAID-OS is ≥3 and baseline NIAID-
OS is missing 

Intensive Care Unit 
(ICU) stay

Duration of stay in the intensive 
care unit (ICU)

Total number of days spent in the ICU plus 
days from death up to and including 
Day 28.

Missing if status of ICU stay is missing for any 
day for the patients and the patient is alive.

Fever Time to resolution of fever Time to patients being free of fever for the 
first time for patients who had fever at 
baseline.  

Fever resolution is defined by:

 ≤36.6°C (axilla, forehead)

 ≤37.2°C (oral cavity), or
 ≤37.8°C (rectum, ear, temporal 

artery)

If temperature is assessed multiple times in 
a day, fever will be considered to be 
resolved if all of the measurements fall in 
the “fever resolution” ranges defined above

Missing if fever status is missing or baseline fever 
status is missing and time to event of interest 
cannot be identified using remaining data.

National Early 
Warning Score 
(NEWS)

Mean change Mean of observed NEWS – NEWS at 
baseline
NEWS will be calculated using aggregate 
score approach in Royal College of 
Physicians [WWW].

Missing if either baseline or observed NEWS 
component is missing.
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Description and Derivation of Other Secondary Outcomes

Measure Variable Derivation / Comment Definition of Missing
Extubation Time to definitive extubation Patients included:  randomized patients who 

progress to OS 7 at any time on or prior to 
Day 27.
Start date:  first date that patient progressed 
to OS 7 (this could be their baseline date if 
they progressed the first day on study, after 
baseline)
Event date: First date when patient is 
removed from invasive mechanical 
ventilation (i.e., OS 6 or less) for the last 
time on or prior to Day 28.  
Censor date for patients who are OS 7 at 
their last observation or by Day 28: Date of 
last observation.
Censor date for patients who die after their 
Start Date:  Date of what would have been 
their Day 28.

Missing if NIAID-OS is missing and time to event 
of interest cannot be identified using remaining 
data.

Oxygen Saturation Time to oxygen saturation ≥ 94% 
on room air in days

Patients included:  randomized patients 
whose oxygen saturation (based on NEWS) 
is < 94% at baseline.
Event Date:  the first date that their oxygen 
saturation is ≥ 94% and their OS is ≤ 4.  

Missing if NIAID-OS is missing or oxygen 
saturation status is missing and time to event of 
interest cannot be identified using remaining data.

Resting respiratory 
rate

Number of days of resting 
respiratory rate <24 breaths per 
minute

Total number of days when patients’ resting 
respiratory rate <24 breaths per minute.  
This will be based on values from NEWS.

Missing if Patient’s resting respiratory rate is 
missing for at least 1 day.

Abbreviations: ICU = intensive care unit; NIAID-OS = National Institute of Allergy and Infectious Diseases ordinal scale.
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Table KHAA.6.7. Description of Other Secondary Analyses

Measure Variable Population Analysis Method Time Point Analysis Type
NIAID-OS Time to recovery by disease 

duration at baseline: 

< 7 days and ≥7 days

ITT Log rank test using IETI By Day 28 Secondary analysis

Cox Proportional Hazards 

model using IETI

By Day 28 Supportive analysis

Time to clinical 

deterioration

ITT Log rank test By Day 28 Secondary analysis

Cox Proportional Hazards 

model

By Day 28 Supportive analysis

Time to clinical 

improvement in one 

category

ITT Log rank test using IETI By Day 28 Secondary analysis

Cox Proportional Hazards 

model using IETI

By Day 28 Supportive analysis

Overall improvement ITT Proportional Odds model 

using MI

Day 21 and Day 28 Secondary analysis

Proportional Odds model 

using LOCF

Day 21 and Day 28 Supportive analysis

Time to independence from 

noninvasive mechanical 

ventilation

ITT Log rank test using IETI By Day 28 Secondary analysis

Cox Proportional Hazards 

model using IETI

By Day 28 Supportive analysis

Time to independence from 

oxygen therapy in days

ITT Log rank test using IETI By Day 28 Secondary analysis

Cox Proportional Hazards 

model using IETI

By Day 28 Supportive analysis

Number of days with 

supplemental oxygen use

ITT ANOVA with MI By Day 28 Secondary analysis

Wilcoxon Rank Sum Test 

using LOCF

By Day 28 Supportive analysis

Proportion of patients in 

each severity category

ITT Observed Day 4,7,10,14 Secondary analysis

Descriptive using LOCF Day 4,7,10,14 Supportive analysis

Patients with at least 2-point 

improvement on the NIAID-

OS or live discharge from 

the hospital

ITT Logistic regression using MI Day 4, 7, 10, 14, 21, 

28

Secondary analysis

Logistic regression using 

LOCF

Day 4,7,10,14, 28 Supportive analysis

Patients with at least 1-point 

improvement on the NIAID-

OS or live discharge from 

the hospital

ITT Logistic regression using MI Day 28 Secondary analysis

Logistic regression using 

LOCF

Day 28 Supportive analysis
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Measure Variable Population Analysis Method Time Point Analysis Type

Intensive Care Unit 

(ICU) stay

Duration of stay in the 

intensive care unit (ICU)

ITT Wilcoxon Rank Sum Test 

using LOCF

By Day 28 Secondary analysis

Fever Time to resolution of fever ITT Log rank test using IETI By Day 28 Secondary analysis

Cox Proportional Hazards 

model using IETI

By Day 28 Supportive analysis

National Early 

Warning Score 

(NEWS)

Mean change from baseline 

in NEWS

ITT MMRM Day 4,7,10,14 Secondary analysis

base Time to definitive 

extubation

ITT Log rank test using IETI By Day 28 Secondary analysis

Cox Proportional Hazards 

model using IETI

By Day 28 Supportive analysis

Oxygen Saturation Time to oxygen saturation 

≥94% on room air in days

ITT Log rank test using IETI By Day 28 Secondary analysis

Cox Proportional Hazards 

model using IETI

By Day 28 Supportive analysis

Resting respiratory 

rate

Number of days of resting 

respiratory rate <24 breaths 

per minute

ITT Wilcoxon Rank Sum Test 

using observed data.

By Day 28 Secondary analysis

Abbreviations: ANOVA = analysis of variance; IETI = infinite event time imputation; ITT = Intent-to-Treat; MI = multiple imputation; LOCF = last observation 

carried forward; MMRM = mixed-effect model repeated measure; NIAID-OS = National Institute of Allergy and Infectious Diseases ordinal scale.
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6.11.4. Sensitivity Analyses
A sensitivity analysis excluding patients who die within 48 hours of screening and have DNR or 

DNI in ITT analyses population will be conducted. The sensitivity analyses may include the 
following endpoints:

 time to recovery,

 proportion of patients who die or require non-invasive ventilation/high-flow oxygen or 
invasive mechanical ventilation (including ECMO) by Day 28, and

 all-cause mortality (Day 1 to Day 28).

6.12. Bioanalytical and Pharmacokinetic/Pharmacodynamic Methods
Plasma concentration data will be collected in patients who progress to intubation in ICU. The 

concentration-time data for baricitinib in these patients after NG tube administration will be 
primarily evaluated via graphical comparison to known pharmacokinetic (PK) profiles at 4-mg 

QD dosing that have been characterized for other populations such as healthy subjects, patients 
with rheumatoid arthritis, atopic dermatitis, etc. The observed individual data points and/or 

median and corresponding 90% CIs of plasma concentrations from patients with COVID-19 
infection will be overlaid onto the estimated median and corresponding 90% prediction intervals 
of concentration-time profiles at 4-mg QD in the previous populations.

The PK data may also be analyzed using a population modeling approach via a nonlinear mixed-

effects modeling (NONMEM) program, if the observed 4-mg exposure in the COVID-19 
patients dramatically deviates from that in other patient populations and if adequate numbers of 

PK samples are available from patients who progress to intubation. The population PK model 
previously developed for baricitinib in aforementioned patient populations will be used for the 
modeling analysis. No PK/PD analyses will be conducted for this study.

6.13. Safety Analyses
The planned safety analyses are consistent with compound level safety standards, which are 
based on various sources, including company standards, internal and external subject matter 

experts, and cross-industry initiatives (for example, white papers produced by a Pharmaceutical 
Users Software Exchange [PhUSE] Computational Science Working Group [a collaboration with 

Food and Drug Administration (FDA) and PhUSE], published in the PhUSE Deliverables 
Catalog [PhUSE [WWW]). Descriptions of the safety analyses are provided in this SAP; 
however, some details are in compound level safety standards.

A treatment-emergent adverse event (TEAE) during the analysis period is defined as an event 

that either first occurred or worsened in severity after the first dose of study treatment and on or 
prior to the end of the postbaseline period (defined as Day 28 for the primary outcome datalock).  

A follow-up-emergent adverse event (FEAE) is defined as an event that either first occurred or 
worsened in severity after the treatment period and on or prior to the last visit date during the 
post-treatment follow-up period (up to the Day 60 visit) of the study.  
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Table KHAA.6.8. Baseline and Postbaseline Definitions

Analysis Type Baseline Postbaseline 

1.1) Treatment-Emergent 

Adverse Events

The baseline period is defined as the 

start of screening and ends prior to the 

first dose of study treatment.

Starts after the first dose of study 

treatment and ends up to data cut date 

(for DMC interim analyses), or up to 

Day 28 for the primary outcome 

datalock.
1.2) Adverse Events

including serious adverse 

events

NA

1.3) Treatment-Emergent 

Abnormal Labs, Vital 

Signs and shift 

summaries in labs

Baseline will be all scheduled and 

unscheduled measurements recorded 

during the baseline period as defined 

above (1.1).

Postbaseline will be defined as above 

(1.1). All scheduled and unscheduled 

measurements will be included.

1.4) Change from 

Baseline for Labs, Vital 

Signs

The last scheduled nonmissing 

assessment recorded prior to the date of 

first dose of study treatment during the 

baseline period defined above (1.1).

Postbaseline will be defined as above 

(1.1). Only scheduled visits will be 

included. The early termination visits 

(ETV) are considered scheduled visits.

6.13.1. Extent of Exposure
Mean and median modal dose and total patient days of exposure will be reported for all the 

treatment arms. Descriptive statistics will be provided for subject days of exposure and the 
frequency of subjects falling into the following different exposure ranges will also be 
summarized:  

 ≥4 days, ≥7days, and ≥10 days, and >=14 days

 >0 to <4 days, ≥4 days to <7 days, ≥7 days to <10 days, ≥10 days to <14 days and 
≥14 days.

In addition, study duration will be analyzed in a similar fashion to what was planned for 
exposure duration but expanding ranges to 28 days. 

6.13.2. Adverse Events
The planned summaries for AEs are provided in Table KHAA.6.9 and are described more fully 

in compound level safety standards and in the AE-related PhUSE white paper (Analysis and 
Displays Associated with Adverse Events: Focus on Adverse Events in Phase 2-4 Clinical Trials 
and Integrated Summary Documents [PhUSE 2017]).
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Table KHAA.6.9. Summary Tables Related to Adverse Events

Analysis Population or 

Analysis Set

An overview table, with the number and percentage of subjects who experienced a 

TEAE, serious adverse event, death, discontinued from study treatment due to an 

adverse event  

Safety population

An overview table, with the number and percentage of subjects who experienced an

event, serious adverse event, death, discontinued from study due to an adverse event  

Safety analysis set

The number and percentage of subjects with TEAEs using MedDRA Preferred Term 

nested within System Organ Class    

Follow-up analysis 

set

The number and percentage of subjects with FEAEs using MedDRA Preferred Term 

nested within System Organ Class    

Follow-up analysis 

set

The number and percentage of subjects with TEAEs using MedDRA Preferred Term   Safety population

The number and percentage of subjects with TEAEs by maximum severity using 

MedDRA Preferred Term

Safety population

The number and percentage of subjects with TEAEs using MedDRA Preferred Term 

for the common TEAEs (occurred in ≥2% before rounding of treated subjects)

Safety population

The number and percentage of subjects who experienced a serious adverse event 

(including deaths and SAEs temporally associated or preceding deaths) using 

MedDRA Preferred Term nested within System Organ Class  

Safety population

The number and percentage of subjects who experienced a serious adverse event 

(including deaths and SAEs temporally associated or preceding deaths) using 

MedDRA Preferred Term nested within System Organ Class  

Follow-up analysis 

set

Listing of All SAEs Safety population

The number and percentage of subjects who permanently discontinued from study 

treatment due to an adverse event (including adverse events that led to death) using 

MedDRA Preferred Term nested within System Organ Class  

Safety population

Listing of AEs which led to permanent discontinuation from the study treatment and 

from the study

Safety population

Abbreviations: AEs = adverse events; ITT = Intent-to-Treat; MedDRA = Medical Dictionary for Regulatory 

Activities; SAE = serious adverse event; TEAE = treatment-emergent adverse event.

6.13.3. Clinical Laboratory Evaluation
The planned summaries for clinical laboratory evaluations are provided in Table KHAA.6.10 and 

are described more fully in compound level safety standards and in the laboratory-related PhUSE 
white papers (Analyses and Displays Associated with Measures of Central Tendency – Focus on 

Vital Sign, Electrocardiogram, and Laboratory Analyte Measurements in Phase 2-4 Clinical 
Trials and Integrated Submission Documents [PhUSE 2013] and Analyses and Displays 

Associated with Outliers or Shifts from Normal to Abnormal: Focus on Vital Signs, 
Electrocardiogram, and Laboratory Analyte Measurements in Phase 2-4 Clinical Trials and 
Integrated Summary Documents [PhUSE 2015]).
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Table KHAA.6.10. Summary Tables Related to Clinical Laboratory Evaluations

Analysis Population or 

Analysis Set

Box plots for observed and/or change from baseline values Safety population

Common Terminology Criteria for Adverse Events (CTCAEs) shifts tables for labs Safety population

Tables with the number and percentage of subjects who shift from normal/high to low

(that is, treatment-emergent low) and the number and percentage of subjects who shift 

from normal/low to high (that is, treatment-emergent high) may be analyzed using 

appropriate and validated reference ranges

Safety population

Listing of abnormal findings for laboratory analyte measurements, including 

qualitative measures

Safety population

6.13.4. Vital Signs and Other Physical Findings
The planned summaries for vital signs (systolic blood pressure [BP], diastolic BP, pulse, weight, 

BMI, temperature) are provided in Table KHAA.6.11 and are described more fully in compound 
level safety standards and in the vitals-related PhUSE white papers (Analyses and Displays 

Associated with Measures of Central Tendency – Focus on Vital Sign, Electrocardiogram, and 
Laboratory Analyte Measurements in Phase 2-4 Clinical Trials and Integrated Submission 

Documents [PhUSE 2013] and Analyses and Displays Associated with Outliers or Shifts from 
Normal to Abnormal: Focus on Vital Signs, Electrocardiogram, and Laboratory Analyte 
Measurements in Phase 2-4 Clinical Trials and Integrated Summary Documents [PhUSE 2015]).

Table KHAA.6.11. Summary Tables Related to Vital Signs

Analysis Population or 

Analysis Set

Box plots for observed and/or change from baseline values Safety population

Tables with the number and percentage of subjects who shift from normal/high to low

(that is, treatment-emergent low) and the number and percentage of subjects who shift 

from normal/low to high (that is, treatment-emergent high); the limits are defined in 

the compound level safety standards and are based on literature.

Safety population

6.13.5. Special Safety Topics
This section includes safety topics of interest, whether due to observed safety findings, potential 

findings based on drug class, or safety topics anticipated to be requested by a regulatory agency 
for any reason. In general, safety topics of interest will be identified by 1 or more SMQs, by an 

Eli Lilly and Company- (Lilly-) defined MedDRA PT listing based upon the review of the most 
current MedDRA version, or by treatment-emergent relevant laboratory changes. The topics of 
interest may include, but may not be limited to:

 abnormal hepatic tests 

 hematologic changes 

 renal function effects 

 elevations in creatinine phosphokinase
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 serious infections, herpes zoster, and opportunistic infection,

 major adverse cardiovascular events and other cardiovascular events, and 

 venous thromboembolic and arterial thromboembolic events.

Refer to the compound level safety standards for details of analyses of the special safety topics. 

6.14. Subgroup Analyses
For primary and gated secondary endpoints, following subgroup analysis will be conducted:

 baseline disease severity:

o hospitalized not requiring supplemental oxygen, requiring ongoing medical care 
(OS 4)

o hospitalized requiring supplemental oxygen by prongs or mask (OS 5)

o hospitalized requiring noninvasive ventilation or high-flow oxygen (OS 6)

o OS 5 and OS 6 combined

 baseline steroid use: dexamethasone and/or other systemic corticosteroid used at baseline 
for primary study condition (Yes/No)

 baseline remdesivir use (Yes/No)

The following subgroups categorized into disease-related characteristics and demographic 

characteristics will be evaluated for primary endpoint. These analyses may also be conducted 
selectively on key secondary endpoints if applicable: 

 patient demographic and characteristics subgroups:

o gender (male, female)  

o age group (<65, ≥65)

o baseline weight (<60 kg, ≥60 to <100 kg, ≥100 kg)

o baseline BMI (<25 kg/m2, ≥25 to <30 kg/m2, ≥30 kg/m2)

o race (American Indian or Alaska Native, Asian, Black or African American, 
Native Hawaiian or Other Pacific Islander, White, Multiple)

o baseline renal function status: impaired (eGFR <60 mL/min/1.73 m2) or not 
impaired (eGFR ≥60 mL/min/1.73 m2)

 geographic region subgroups:

o region (US, Europe, Rest of World)

 baseline disease-related characteristics subgroups:

o baseline disease duration of symptoms prior to enrollment:<7 days, ≥7 days
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 preexisting comorbid conditions of interest: none, any

For subgroup analyses of categorical endpoints, a logistic regression model or proportional odds 
model using the Firth correction (Firth 1993) will be used to obtain a p-value for the treatment-

by-subgroup interaction. The response variable will be each corresponding endpoint. The 
explanatory variables will be treatment, subgroup, treatment-by-subgroup interaction, and the 

baseline stratification variables (Section 6.1.4). Within each subgroup category, odds ratios (bari 
4-mg over placebo) and associated CIs and p-values will be provided.  Point estimates and CIs of 

the proportions and difference in proportions will be presented.  For LOCF analyses the CIs will 
be based on the Newcombe-Wilson method without continuity correction.   For multiple 

imputation analyses, proportions/percentages will be based on percentages in the multiply-
imputed datasets; CIs will be based on the Wald method without continuity correction.

For ANOVA analyses of continuous endpoints, the following explanatory variables will be 
included for the test of interaction: treatment, subgroup, treatment-by-subgroup interaction and 

the baseline stratification factors (Section 6.1.4). The F test will be used to obtain a p value for 
treatment-by-subgroup interaction, type III sums of squares.  Within each subgroup category, LS

mean and associated p-values from ANOVA (using models given in Section 6.2.2) will be 
provided.

For the time-to-event endpoints, an unstratified log-rank test will be performed within each level 
of specified subgroups if sample sizes allow. Analysis of individual levels of subgroups will 
follow what is specified in Section 6.2.3, possibly with the use of the Firth correction. 

Descriptive statistics will be provided for each treatment and stratum of a subgroup, regardless of 

sample size. Inferential statistics will be provided if sample sizes and event numbers are 
sufficiently large (e.g., >100 patients total and at least 1 event in each arm).   

Additional subgroup analyses on efficacy may be performed as deemed appropriate and 
necessary.

Subgroup analyses for safety parameters will be specified in the List of Analyses for this study. 

Table KHAA.6.12 lists the analysis methods for the different subgroup analysis.
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Table KHAA.6.12. Description of Subgroup Analyses for Primary and Key Secondary Endpoints

Measure Variable Subgroup Analysis Method Time Point
NIAID-OS Proportion of patients who died or progressed 

to non-invasive ventilation or high-flow 

oxygen (OS ≥ 6)

ITT: Population 1 – baseline 

disease severity

Logistic regression using MI By Day 28

ITT: Population 2 – baseline 

disease severity

Logistic regression using MI By Day 28

ITT: Population 1 – baseline 

disease severity

Logistic regression using LOCF By Day 28

ITT: Population 2 – baseline 

disease severity

Logistic regression using LOCF By Day 28

All subgroups other than 

baseline disease severity

Logistic regression using LOCF By Day 28

Ventilator-free days (VFD) All subgroups ANOVA using LOCF By Day 28

Proportion of patients with 1-point 

improvement

All subgroups Logistic regression using LOCF Day 4, 7, 10, 14

Time to recovery All subgroups Log-rank test using IETI By Day 28

Overall improvement All subgroups Proportional odds model using LOCF Day 4, 7, 10, 14

Duration of hospitalization All subgroups ANOVA using LOCF By Day 28

All-cause mortality All subgroups Log-rank test By Day 28

Oxygen 

Saturation

Proportion of patients with change in oxygen 

saturation from <94% at baseline to ≥94% at 

the observed time point

All subgroups Logistic regression using LOCF Day 4, 7, 10, 14

Abbreviations: ANOVA = analysis of variance; IETI = infinite event time imputation; ITT = Intent-to-Treat; MI = multiple imputation; LOCF = last observation 

carried forward; NIAID-OS = National Institute of Allergy and Infectious Diseases ordinal scale; VFD = ventilator-free days.
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6.15. Protocol Violations
Protocol deviations will be tracked by the clinical team and their importance will be assessed by 

key team members during protocol deviation review meetings. All important protocol deviations 
(IPDs) identified with the potential to affect efficacy analyses will result in exclusion from the 
PPS population.

Potential examples of deviations include patients who receive excluded concomitant therapy, 

significant noncompliance with study medication (<80% of assigned doses taken, failure to take 
study medication, and taking incorrect study medication), patients incorrectly enrolled in the 

study, and patients whose data are questionable due to significant site quality or compliance 
issues. Refer to a separate document for the important protocol deviations.

Trial Issue Management Plan includes the categories and subcategories of IPDs and whether or 
not these deviations will result in the exclusion of patients from per protocol set.

The number and percentage of patients having IPD(s) will be summarized within category and 
subcategory of deviation by treatment group using the ITT population. Individual patient listings 

of IPDs will be provided. A summary of reasons patients were excluded from the PPS population 
will be provided by treatment group.

6.16. Interim Analyses and Data Monitoring
A Data Monitoring Committee (DMC) will oversee the conduct of this trial. The DMC will 

consist of members external to Lilly. This DMC will follow the rules defined in the DMC 

Charter, focusing on potential and identified risks for this molecule and for this class of 
compounds. The DMC will include at least 2 physicians with experience as a DMC member 

and/or clinical trial experience with a specialty in acute care, pulmonary medicine, or infectious 
diseases, as well as a biostatistician with DMC and clinical trial experience.

The DMC will be authorized to review unblinded results of analyses by treatment group prior to 
the final database lock, including, but not limited to, study discontinuation data, AEs including 

serious adverse events (SAEs), selective clinical laboratory data, and vital sign data. The DMC 
may recommend continuation of the study, as designed; modify study protocol as specified; 

temporary suspension of enrollment; the discontinuation of the entire study; or recommend 
increasing the sample size. Details of the DMC, including its operating characteristics are 

documented in the Data Monitoring Committee Charter for Phase 3 Study of Baricitinib in 
COVID-19 Program and further details are given in Section 6.16.1 of the Interim Analysis Plan.

6.16.1. Interim Analysis Plan
The following are the planned interim analyses for the KHAA Phase 3 study:

 interim analysis: for futility and safety monitoring, unblinded, selective efficacy/safety 
data will be reviewed, and

 safety and mortality review: for safety and mortality monitoring purposes only, unblinded 
mortality data and selective safety data will be reviewed.
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 S a m pl e si z e r e -est i m ati o n ( S S R): r e s ult s of a n i nt eri m a n al ysis f or t h e p ur p os es of s a m pl e 
si z e r e -esti m at i on will b e r e vi e w e d . Crit eria will  b e pr o vid e d, a n d t h e D M C m a y 
r e c o m m e n d i n cr e asi n g t h e s a m pl e si z e if t h e crit eri a f or i n cr e as e ar e m et.

A d dit i on al d et ails o f i nteri m a n al ys es ar e s u m m ari z e d i n t h e D M C c h art er.

T h e pri m ar y  e n d p oi nt f or t h e i nt eri m a n al ysis f or f utility is: 

 pr o p orti o n of  p ati ent s t h at r e q uir e n o ni n v asi v e v e ntil at i on/ hi g h -flo w o x y g e n or 
i n v asi v e m e c h a ni c al v e ntil ati on (i n cl u di n g E C M O) or di e b y  D a y 2 8.

T h e i nt eri m f ut ility a n al ysis m et h o ds ar e d es cri b e d i n d et ail i n t h e D M C c h art er. B esi d e t h e 

f utility i nteri m a n al ysis, t h e D M C will als o r e vi e w s af et y d at a as s p e cifi e d i n t h e D M C c h art er 
pr o vi d e t h ei r r e c o m m e n d ati on f or S S R. T h e d et ails of S S R ar e pr o vi d e d i n S e ct i on 6. 1 6. 2 .

S u m m ari es will i n cl u d e T E A Es, S A Es, s p e ci al t o pi c A Es, a n d tr e at m e nt -e m er g e nt hi g h a n d l o w 
l a b or at or y a n d vit al si g ns i n t er ms of  c o u nts, p er c e nt a ges, a n d i n ci d e n c e r at es (I Rs), w h er e 

a p pli c a bl e. F or c o n ti n u o us a n al ys es, b o x pl ots of l a b or at or y a n al yt e s will b e pr o vid e d b y t i m e 
p oi nt a n d s u m m ari es will i n cl u d e d es cri pt i v e st atisti cs.

F or i nt eri m f ut ility r e vi e w, t h e s u m m ar y of pr o p orti o n of p ati e nts t hat r e q uire n o ni n v asi v e 
v e nt il ati on/ hi g h -fl ow o x y g e n or i n v asi v e m e c h a ni c al  ve nt il ati o n (i n cl u di n g E C M O) or di e b y 
D a y  2 8 will b e i n cl u d e d.

T h e D M C m a y  r e q u est effi c a c y d at a if t h e y f e el t h er e i s v alu e a n d t o c o nfir m  a r e as o n a bl e 

b e n e fit/ris k pr ofil e f or o n g oi n g p ati e nts i n t h e st u di es. F urt h er d et ails ar e gi v e n i n t h e D M C 
C h art er.

6. 1 6. 2. S a m pl e Si z e R e - Esti m ati o n
T his s e ct i on pr o vi d es a n o v er vi e w of d esi g n p ar a m et ers f or t his s a m pl e si z e a d a pti v e tri al.  It 

i n cl u d es a d et ail e d d es cri pti on of t he u n bli n d e d s a m pl e si z e pr o c e d ur e a n d ass o ci at e d f or m ul as 
f or e x e c uti n g t h e d esi g n. 

F or p ur p os es of s a m pl e si z e r e-est i m ati o n, t he o v er all α will b e s plit s u c h t h at 9 0 % is all o c at e d t o 
P o p ul at i on 1 ( � � ).    

T h e pr o p os e d s a mpl e si z e r e -esti m at i on m a y r e s ult in o v er all s a m pl e si z es fr o m a p pr o xi m at el y 
1 4 0 0 p ati e nts t o 1 7 0 0 p ati e nts.

6. 1 6. 2. 1. E x e c uti o n D et ail s

A n i nteri m a n al ysis will b e p erf or m e d w h e n a p pr o xi m at el y 1 0 0 0 p at i ent s h a v e r a n d o mi z e d i n t h e 

trial  a n d h a d t h e o p p ort u nity t o c o ntri b ut e d at a t o t h e pri m ar y  e nd p oi nt (i . e., h a d t h e o p p ort u nity 
t o c o mpl et e t h e st u d y  or dis c o nt i n u e d).  T his a n al ysis will b e us e d t o d et er mi n e t h e fi n al s a m pl e 

si z e of t h e tri al, i n a c c or d a n c e wit h a d a pt i v e S S R m et h o d ol o g y d es cri b e d i n M e ht a a n d P o c o c k 
( 2 0 11 ).  Dis c o nt i n ui ng t h e st u d y  d u e t o s af ety c o n c er ns at t h e i nt eri m is als o p ossi bl e. D u e t o t h e 

u n c ert ai nt y i n e nr oll m e nt pr oj e cti ons, t h e e x a ct ti mi n g of t h e i nt eri m m a y o c c ur at a s a m pl e si z e 
s m all er or l ar g er t h a n t h e pl a n n e d n u m b er of 1 0 0 0 p ati e nts.  



I 4 V-M C -K H A A St ati sti c al A n al y si s Pl a n V er si o n 4 P a g e 4 8

L Y 3 0 0 9 1 0 4

At  t h e i nt eri m a n al ysis , t he c o n di tio n al  p o w er ( C P) f or st atist i c al si g nifi c a n c e of t h e pri m ar y 
e n d p o i nt will b e c al c ul at e d f or e a c h of t h e t w o p o p ul ati on s e p ar at el y usi n g t h e C P f or m ul a as 

gi v e n i n M e ht a a n d P o c o c k ( 2 0 1 1) f or e a c h d os e -pl a c e b o c o m p aris o n. T h e m a xi m u m of t he t w o 
c o n di tio n al  p o w ers will b e c o nsi d er e d. T his C P c o ul d f all i nt o o n e of t h e t hr e e z o n es:  

“ U nf a v or a bl e ” ( C P < 3 0 %), “ Pr o misi n g ” ( 3 0 % ≤ C P < 9 0 %), a n d “ F a v or a bl e ” ( C P ≥ 9 0 %). 
S a m pl e si z e will b e i n cr e as e d if t h e m a xi m u m of t w o C Ps f alls i n t h e pr o misi n g z o n e b ut will 
r e mai n at t h e mi ni m u m ot h er wis e. 

6. 1 6. 2. 2. C al c ul ati o n of C o n diti o n al P o w er at I nt eri m

T a bl e K H A A. 6. 1 3 d efi n es t h e v al u es t h at ar e n e e d e d f or t h e c o n di tio n al  p o w er c alc ul at i on at 
i nteri m a n al ysis.  

T a bl e K H A A. 6. 1 3 . D efi ni n g t h e V al u e s f or t h e C o n diti o n al P o w er C al c ul ati o n 

Q u a ntit y I n p ut V al u e o r D e ri v ati o n/ C al c ul ati o n

� � T his is t h e c hi -s q u ar e t est st atisti c f or t esti n g diff er e n c e b et w e e n of b ari citi ni b v ers us pl a c e b o f or t h e 

pri m ar y  effi c a c y a n al ysis c o n d u ct e d usi n g o nl y p ati e nts i n cl u d e d i n t h e i nt eri m a n al ysis . 

� � T his is t h e pl a n n e d t ot al n u m b er of r a n d o mi z e d p ati e nts i n cl u d e d i n t h e i nt eri m an al y sis i n cl u di n g

b ot h tr e at m e nt gr o u ps .  T h e i nt eri m is s c h e d ul e d t o o c c ur w h e n a p pr o xi m at el y 7 1 % of r a n d o mi z e d 

p ati e nts h a v e h a d t h e o p p ort u nit y t o c o m pl et e t h e tr e at m e nt p h as e at n 1 = 1 0 0 0 f or P o p ul ati o n 1.  D u e 

t o t h e u n c ert ai nt y i n e nr oll m e nt pr oj e cti o ns, t h e e x a ct ti mi n g of t h e i nt eri m m a y o c c ur at a s a m pl e 

si z e s m all er or l ar g er t h a n t h e pl a n n e d n u m b er of 1 0 0 0 p ati e nts f or P o p ul ati o n 1. F or P o p ul ati o n 2, 

� � will b e t h e n u m b er of p ati e nts o bs er v e d at t h e ti m e of t h e i nt eri m a n al ysis i n P o p ul ati o n 2

� � T his is t h e i n cr e m e nt fr o m � � f or t h e t ot al n u m b er of p ati e nts i n b ot h tr e at m e nt gr o u ps s h o ul d t h e 

st u d y r e m ai n at t h e pl a n n e d mi ni m u m s a m pl e si z e b as e d o n i nt eri m r es ults.  T h e pl a n n e d mi ni m u m 

s a m pl e si z e is 1 4 0 0 a n d if t h e i nt eri m o c c urs at t h e pl a n n e d n 1 = 1 0 0 0 , t h e i n cr e m e nt n e e d e d t o g et t o 

1 4 0 0 p ati e nts is n 2 = 4 0 0 f or P o p ul ati o n 1. F or P o p ul ati o n 2, t h e pr o p orti o n of p ati e nts � n ot o n 

d e x a m et h as o n e or ot h er s yst e mi c c orti c ost er oi ds will b e esti m at e d fr o m t h e a v ail a bl e d at a f or 

p ati e nts r e q uiri n g s u p pl e m e nt al o x y g e n at b as eli n e. � � f or P o p ul ati o n 2 will t h e n b e esti m at e d b y 

m ulti p 7l yi n g � � f or t h e o v er all p o p ul ati o n b y t h e o bs er v e d pr o p orti o n, i. e., (� � f or P o p ul ati o n 2) = 

(� � f or P o p ul ati o n 1) × �

A s pr o vi d e d i n M e ht a a n d P o c o c k ( 2 0 1 1 ), t h e c o n dit i on al p o w er f or t h e pri m ar y  effi c a c y 

a n al ysis is gi v e n b y

� � ( � � , �� ) = 1 − Φ �
� � √ � � + � � − � � √ � �

√ � �

−
� � √ � �

√ � �

�

w h er e Φ ( ) is t h e c u m ul ati v e distri b uti on f un ct i on of a st a n d ar d n or m al v ari a bl e.  T h e C P will b e 

c al c ul at e d f or P o p ul at i on 1 a n d f or P o p ul at i on 2 wit h t h e pr es p e cifi e d s plit t y p e- I err or s � � a n d 
� � r es p e cti v el y. N ot e t h at t his c o n diti on al p o w er c al c ul at i on ass u m es t h at t h e d at a p ost- i nteri m 

f oll ows a distri b ut i on wi t h a n eff e ct siz e e q u al t o t h e eff e ct si z e o bs er v e d at i nt eri m .  T h e 
pr e c e di n g c o n dit i on al  p o w er f or mul a i s wri tt e n i n t er ms of t h e t est st atist i c f or t h e b ari citi ni b 
v ers us pl a c e b o d os e c o m p aris o n.
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6. 1 6. 2. 3. N e w S a m pl e Si z e C al c ul ati o n

If t h e s a m pl e si z e is i n cr e as e d as a r es ult of t h e i nt eri m a n al ysis, i n w hi c h t h e ma xi m u m  

c o n di tio n al p o w er of t h e t w o p o p ul at i ons is i n t h e “ pr omisi n g z o n e, ” t h e s a m pl e si z e will b e 

i n cr e as e d f or b ot h tr e at m e nt gr o u ps t o m ai nt ai n t h e 1: 1 r ati o.  T h e f or m ul a f or t h e u p d at e d 
s a m pl e si z e t o m ai nt ai n a t ar g et e d c o n dit i on al p o w er is pr o vi d e d i n M e ht a a n d P o c o c k ( 2 0 1 1 ) 

a n d is gi v e n b el o w .  T h e f or mul a b el o w r e pr es e nts t h e r e c o m m e n d e d u p d at e d t ot al s a m pl e si z e t o 
m ai nt ai n 9 0 % c o n dit i on al  p o w er.  T h e v al u e � � i n t h e f or m ul a is t h e i nt eri m t est st atisti c 
c orr es p o n di n g t o t h e p o p ul ati o n wit h t h e m a xi m u m  c o n ditio n al p o w er. 

� � � � = � � + �
� �

� �
� � �

� � ∗ � ( � � � � � ) � � � ∗ √ � �

√ � �
+ ( Φ � � ( 0. 9 0 ) )�

�

    

If t h e m a xi m u m c o n dit i on al  p o w er is o bs er v e d c orr es p o n di n g t o P o p ul ati on 2, t h e n t h e i n cr e m e nt 
i n s a m pl e si z e o bt ai n e d fr o m t he f or m ul a will b e di vi d e d b y  t h e pr o p ortio n of  p atie nts n ot o n 

d e x a m et h as o n e or ot h er s yst e mi c c orti c ost er oi ds o bt ai n e d fr o m t he d at a as d es cri b e d b ef or e t o 
g et t h e i n cr e m e nt i n t h e o v er all s a m pl e si z e.

If t h e r es ults of t h e i nt eri m a n al ysis s u g g est a n i n cr e as e i n t h e s a m pl e si z e, t h e fi n al s a m pl e si z e 
will b e t h e mi ni m u m o f � � � � a n d 1 7 0 0.   

6. 1 6. 2. 4. C al c ul ati o n of C H W St ati sti c s
T h e fi n al C H W t est st atist i c f or t h e pri m ar y effi c a c y a nal ysis ( at t h e c o m pl et i on of  t h e tr e at me nt 
p h as e aft er t h e s a m pl e si z e r e- esti m at i on) c a n b e wri tt e n as a w eig ht e d c o m bi n ati o n of t h e 
i n d e p e n d e nt i n cr e m e nts c o m prisi n g t h e i nt eri m W al d t est st atisti c a n d t h e p ost-i nteri m W al d t est 
st atist i c ( C ui et al. 1 9 9 9; M e ht a a n d P o c o c k 2 0 11):

� � � � =
√ � �

√ � � + � �

� � +
√ � �

√ � � + � �

� �

H er e � � is t h e t est st atisti c f or t h e t est c o n d u ct e d usi n g t h e i nt eri m p o p ul ati on a n d � � is t h e t est 
st atist i c f or t h e t est c o n d u ct e d usi n g o nl y t h e s et of p ati e nts i n cl u d e d i n t h e p ost-i nteri m 
ass ess m e nt.

6. 1 7. Pl a n n e d E x pl o r at o r y A n al y s e s
T h e pl a n n e d e x pl or at or y  a n al ys es ar e d es cri b e d i n S e cti o n 4. 3 a n d A p p e n di x 3 .  

6. 1 8. A n n u al R e p o rt A n al y s e s
A n n u al r e p ort a n al ys es, s u c h as t h e D e v el o p m e nt U p d at e S af et y R e p ort, will b e d o c u m e nt e d i n a 
s e p ar at e a n al ysis pl a n . 

6. 1 9. Cli ni c al T ri al R e gi st r y A n al y s e s
A d dit i on al a n a l ys es will b e p erf or m e d f or t h e p ur p os e of f ulfilli n g t h e Cli ni c al Tri al R e gistr y 
( C T R) r e q uir e m e nts.  

A n al ys es pr o vi d e d f or t h e C T R r e q uir e m e nts i n cl u d e a s u m m ar y o f A E s, pr o vi d e d as a d at as et 

w hi c h wil l b e c o n v ert e d t o a n X M L fil e. B ot h S A Es a n d ‘ Ot h er’ A Es ar e s u m m ari z e d b y 
tr e at me nt gr o u p a n d b y M e d D R A P T.
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 An AE is considered ‘Serious’ whether or not it is a TEAE.

 An AE is considered in the ‘Other’ category if it is both a TEAE and is not serious. 
For each SAE and ‘Other’ AE, for each term and treatment group, the following are 
provided:

o the number of participants at risk of an event

o the number of participants who experienced each event term

o the number of events experienced

 Consistent with www.ClinicalTrials.gov requirements, ‘Other’ AEs that occur in 
fewer than 5% of patients/subjects in every treatment group may not be included if a 
5% threshold is chosen (5% is the minimum threshold).

 Adverse event reporting is consistent with other document disclosures (e.g., clinical 
study report, manuscripts).

Similar methods will be used to satisfy the European Clinical Trials Database requirements. 
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7. Unblinding Plan

Refer to the blinding and unblinding plan document for details. 
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Appendix 1. Dose Conversion for Corticosteroid

In case conversion of dosage of corticosteroids is needed, the following table should be used for 
converting nonprednisone medications to prednisone equivalent:

Multiply the dose of the corticosteroid taken by the patient (in 
milligrams) in Column 1 by the conversion factor in Column 2 to get 

the equivalent dose of prednisone (in milligrams).

Example: Patient is taking 16 mg of methylprednisolone po daily. To 

convert to prednisone: 16 mg methylprednisolone × 1.25 = 20 mg 
prednisone. 16 mg of methylprednisolone po daily is equivalent to 

20 mg of prednisone po daily.

Column 1 Column 2

Corticosteroid Preferred Term

Conversion factor for converting to an 

equivalent prednisone dose 

Prednisone 1

Prednisone acetate 1

Prednisolone 1

Prednisolone acetate 1

Prednisolone sodium phosphate 1

Methylprednisolone 1.25

Methylprednisolone acetate 1.25

Methylprednisolone sodium succinate 1.25

Triamcinolone 1.25

Triamcinolone acetonide 1.25

Triamcinolone hexacetonide 1.25

Cortisone 0.2

Cortisone acetate 0.2

Hydrocortisone 0.25

Hydrocortisone acetate 0.25

Hydrocortisone sodium succinate 0.25

Betamethasone 6.25

Betamethasone acetate 6.25

Betamethasone dipropionate 6.25

Betamethasone sodium phosphate 6.25

Dexamethasone 6.25

Dexamethasone acetate 6.25

Dexamethasone phosphate 6.25

Dexamethasone sodium phosphate 6.25
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Column 1 Column 2

Corticosteroid Preferred Term

Conversion factor for converting to an 

equivalent prednisone dose 

Paramethasone 2.5

Deflazacort 0.83

Celestona bifas 6.25

Depo-Medrol med lidocaine 1.25

Diprospan 6.25

Fluocortolone 1

Meprednisone 1.25
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A p p e n di x 2. M ulti pl e I m p ut ati o n

1) U ni q u e c h all e n g es f o r m ulti pl e i m p ut ati o n of t h e NI AI D -O S:

W hil e m a n y  met h o d s of m ul tipl e i m p ut ati o n ( a n d si n gl e i m p ut ati o n) ar e r e a dil y  a v ail a bl e i n 

st a n d ar d s oft w ar e, t h e NI AI D -O S i n K H A A pr es e nts s e v er al u ni q u e pr o bl e ms. First, it i n cl u d es 
a n a bs or bi n g st at e of d e at h ( NI AI D -O S = 8). Als o, c o m pl et e r e c o v er y  ( NI AI D-O S = 1) i s 

or di n aril y a n a bs or bi n g st at e wit h s o m e e x c e pt i ons w h er e p ati e nts b e c o m e si c k a g ai n. S e c o n d, 
c h a n g e b et w e e n d a ys is g e n er all y sl o w. P ati e nts oft e n st a y  in t h e s a m e st at e f or s e v er al d a ys. 

T h us, t h e c orr el at i on b et w e e n d a ys is v er y  str o n g w hi ch m a y c a us e iss u es of ( n e ar) 
m ult i c olli n e arity w h e n fitt i n g r e gr essi on m o d els f or us e i n i m p ut ati o n. Als o, s o m e m et h o ds m a y  

n ot c o n v er g e w h e n m a n y hi g hl y c orr el at e d d a ys ar e b ei n g i m p ut e d f or a p ati e nt. T hir d, st a n d ar d 
ass u m pt i ons s u c h as m ult i v ari at e n or mali t y a n d a p pr o xi m at e li n e arity ar e hi g hl y  s us p e ct f or t h e 

NI AI D -O S. Fi n all y , for st u d y  KH A A a d di tio n al i nf or m at i on is a v ail a bl e f or s o m e p ati e nts. F or 
e x a m pl e, f or m a n y p at i ent s t h e e x a ct NI AI D- O S s c or e is missi n g f or s o m e d a ys, b ut it m a y b e 

i nf err e d fr om ot h er a v ail a bl e d at a t h at t h e p ati e nt is n ot d e a d (i. e., NI AI D O S ≠ 8). It w o ul d b e 
b e n efi ci al t o us e a n i m p ut ati o n t e c h ni q u e w hi c h c a n m a k e us e of t his i nf or m ati o n. 

F or t h es e r e as o ns, a n o v el M ar k o v m o d el m ult i pl e i m p ut atio n ( M M MI) m et h o d is a d o pt e d t o
i m p ut e t h e NI AI D-O S s c or es. A si m ul at i on st u d y  w a s p erf or me d t o s h o w t h e o p er ati n g 

c h ar a ct erist i cs of t h e s u g g est e d m et h o d. T h e m a n us cri pt f or t his m et h o d is c urr e nt l y u n d er 
pr e p ar ati o n a n d t h e r es ults of t h e si m ul at i on st u d y  ar e a v ail a bl e u p o n r e q u est.

2) O v e r vi e w of m ulti pl e i m p ut ati o n usi n g a M a r k o v m o d el:

A M ar k o v m o d el ass u m es t h at e a c h tr a nsit i on t o a f ut ur e st at e is d e p e n d e nt o n o nl y t h e pr e vi o us 

st at e. L et � � � ∈ {1, 2, … 8 } b e a r a n d o m v ari a bl e r e pr es e nt i n g t h e s e q u e n c e of  NI AI D-O S st at es 
f or i n di vi d u al � ∈ {1, 2, … � } o n d a y  � ∈ {1, 2, … � }. T h e p ar a m et ers of i nt er est i n a M ar k o v m o d el 
ar e t h e i nit i al pr o b a biliti es a n d t h e tr a nsiti on pr o b a bilit i es:

I nitial Pr o b a bilit i es: L et � � r e pr es e nt t h e pr o b a bility t hat a p ati e nt will b e i n st at e j o n D a y 1 .

Tr a nsit i on Pr o b a bilit i es: L et � � �
( �|� ) b e t h e pr o b a bilit y of tr a nsit i oni n g fr o m or di n al st at e � ∈

{1, 2, … 8 } t o st at e � ∈ {1, 2, … 8 } o n d a y  � t o d a y � + 1 . H er e � � r e pr es e nts a bi n ass o ci at e d wit h a 

tr a n sitio n f r o m d a y � t o d a y � + 1. W e ass u m e t h at wit hi n e a c h bi n t h e t r a nsiti on pr o b a bilit i es ar e 

t he s a m e. D ail y tr a nsit i ons w er e di vi d e d i nt o 4 bi ns as f o ll ows: ( bi n 1) i n cl u d es t h e first 6 
tr a n sitio ns; ( bi n 2) i n cl u d es t h e n e xt 7 tr a nsit i ons; ( bi n 3) i n cl u d es t h e n e xt 7 tr a nsit i ons; a n d ( bi n 
4) t h e fi n al 7 tr a nsit i ons.

T h e p ar a m et ers � a n d � ar e c oll e cti v el y r ef err e d t o as � .  W e let � �: � r e pr es e nt a v e ct or of st at es 
of  le n gt h � , a n d  � �, �: �

� � � r e pr es e nt t h e o bs er v e d s c or e d f or i n di vi d u al �. Als o w e d efi n e t h e s et 

� � � = { ��� � � � �� �� � � � �� � � � � �� � � � �. �. � � � �� � � � � � �� � ℎ � � � � � � � � � � � � � �
� � � }. T h e s et m a y be 

c o nstr u ct e d t o a c c o u nt f or c o m pl e x t y p es of missi n g n ess s u c h as k n o wi n g t h at a p ati e nt is n ot 
d e a d. 
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T h e li k eli h o o d f or t h e M ar k o v m o d el f or a si n gl e i n di vi d u al � m a y b e wri tt e n b y mar gi n ali zi n g 
o ut t h e missi n g s c or es:

�� � �, � �� �, �: �
� � � � = � � ( � � � = ℎ �

� ∈ � � �

, ⋯, �� � = ℎ � )

= � � � �
�  � � � � �

( ℎ � | ℎ� � � )
�

� � �
� ∈ � � �

T h e o v er all li k eli h o o d m a y  be f o u n d b y m ul tipl yi n g t o g et h er t h e li k eli h o o ds fr o m e a c h p at i ent . 
As d es cri b e d b y R u bi n ( 1 9 7 6) t h e m a xi m u m li k eli h o o d esti m at or aft er m ar gi n ali zi n g o ut t h e 
missi n g o bs er v ati o ns is still as y m pt oti c all y u n bi as e d u n d er a missi n g at r a n d o m ( M A R) 
ass u m pt i on. M a xi m u m li k eli h o o d esti m a t e s of t h e mo d el  p ar a m et er s (� ) ma y b e c al c ul at e d usi n g 
t he e x p e ct ati o n m a xi mi z ati o n ( E M) al g orit h m.  T h e s a m e al g orit h ms c o m m o nl y us e d f or “ hi d d e n 
M ar k o v m o d el s ” ( H M M s) ma y b e e q u all y  a p pli e d t o t h e M ar k o v mo d el  wit h missi n g d at a. T h e 
E M al g ori t h m in t hi s c o nt e xt is k n o w n as t h e B a u m-W els h al g orit h m i n t h e H M M lit er at ur e. A 
st a n d ar d al g orit h m c a n b e us e d t o si m ul at e fr o m t he di stri b ut i on of t h e missi n g d at a c o n dit i on al 

o n t h e o bs er v e d d at a (i. e., si m ul at e fr o m � � ( � �
�� � | ��, �: �

� � � ) ). 

As d es cr i b e d b y H o n a k er a n d Ki n g ( 2 0 1 0), a b o otstr a p + E M pr o c e d ur e is us e d t o a p pr o pri at el y 

a c c o u nt f or m o d el u n c ert ai nt y.  T h e i m p ut atio n pr o c e e ds b y  p erfor m i n g t h e f oll owi n g st e ps f or 
� ∈ {1, 2, … � } wit h � = 1 0 0 :

1. G e n er at e a b o otstr a p p e d d at as et b y  r e s a mpli n g p at i e nts wi t h r e pla c e m e nt.
2. Esti m at e t h e m o d el p ar a m et ers usi n g t h e m a xi m u m li k eli h o o d a p pr o a c h as c al c ul at e d 

usi n g t h e E M al g orit h m. F or it er ati o n m t he b o otstr a p p e d p ar a m et er esti m at es ar e �� � .
3. I mp ut e t h e missi n g d at a i n t h e ori gi n al d at a (i. e., n ot t h e b o otstr a p d at a) b y si m ul ati n g 

fr om t he distri b ut i on of t h e missi n g st at es c o n diti o n al o n t h e o bs er v e d st at es ass u mi n g t h e 

esti m at e d b o otstr a p m o d el p ar a m et ers (i. e., si m ul at e fr o m � �� �
( � �

�� � | ��, �: �
� � � ) ).

T h e a b o v e st e ps ar e a p pli e d 1 0 0 ti m es t o g e n er at e 1 0 0 m ult i pl y i m p ut e d d at as ets. W e n ot e t h at 

wi t h M M MI c o v ariat es c a n b e a c c o u nt e d f or b y  usi n g a str atifi e d i m p ut ati o n a p pr o a c h w h er e 
i m p ut atio n i s p erf or me d s e p ar at el y f or e a c h str at a. T h e m at h e m at i cal  d et ails of t h e M M MI
al g ori t h m is pr o vi d e d i n t he f ol l owi n g s e cti o n .

3) A d diti o n al N ot ati o n C o n v e nti o ns :
T o si m plif y  t h e n ot atio n, w e will dr o p t h e i n d e x f o r i n di vi d u als. W e us e d t h e n ot ati o n � � � : �� t o 

r e pr es e nt a v e ct or of st at es fr o m d a y  �� t o � � i n cl usi v e. W e d efi n e � � � � as t h e o bs er v e d st at es 

w h er e t h e missi n g v al u es will b e c o d e d as b el o n gi n g t o st at e 9 a n d p ati e nts w h o ar e missi n g b ut 
n ot d e a d w ill b e d efi n e d as b ei n g i n st at e 1 0. W e als o d efi n e t h e fl o wi n g i n di c at or f u n cti on:

� ( ℎ � � � , ℎ) = �
� [ℎ = ℎ � � � ] ℎ � � � ≤ 8

1 ℎ � � � = 9
� [ℎ ≠ 8 ] ℎ � � � = 1 0

.
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T h e � ( ℎ � � � , ℎ) c a n b e fl e xi bl y alt er e d t o a c c o u nt k n o wl e d g e a b o ut w hi c h st at es a p ati e nt wit h 
missi n g d at a m a y  b e. T h e tr a n sitio n  pr o b a bility i n o ur c as e h as t h e f or m :

� � �
= �

� � � � � � � � � �

� � � � � � � � � �
⋯

� � � � � � � � � �

� � � � � � � � � �

⋮  ⋱ ⋮
0 0 ⋯ 0 1

� ,

a n d i nit i al pr o b a bility h as t h e f or m :

� = ( � � , �� , …, �� , �� ) .

Usi n g t h e f u n ct i on a b o v e, t h e li k eli h o o d m a y  b e r e writt e n as:

� � � �� �: �
� � � � = � � ( � � = ℎ �

� �: �

, ⋯, �� = ℎ � ) � � � ℎ �
� � � , ℎ� �

�

� � �

= � � � �
� � ℎ �

� � � , ℎ� � �  � � �
� ℎ � � � | ℎ� � � � ℎ � � �

� � � , ℎ� � � �
� � �

� � �
� �: �

a) F o r w a r d P r o c e d u r e:

W e d efi n e t h e f or w ar d v ari a bl es at � = 1, …, � as:

� � ( � ) = ∑ � ( � � = ℎ �� �: � � �
, ⋯, �� � � = ℎ � � � , �� = � ) ∏ � � ℎ �

� � � , ℎ� �
� � �
� � � � � ℎ �

� � � , �� , � = 1, …, 8.

W h e n t h e pr o d u ct ∏ � � ℎ �
� � � , ℎ� �

� � �
� � � h as t h e u p p er b o u n d l ess t h a n t h e l o w er b o u n d w e d efi n e t h e 

pr o d u ct as 1, t h at is � �( 1 ) = � ( � � = � ) � � ℎ �
� � � , �� = � �� � ℎ �

� � � , �� . 

F or � ≥ 2 w e m a y writ e t h e f or w ar d v ari a bl es as:

� � ( � ) = � � � �
� � ℎ �

� � � , ℎ� � � �  � � �
� ℎ � � � | ℎ� � � � ℎ � � �

� � � , ℎ� � � �
� � �

� � �
� � � � � �

( �| ℎ� � � ) � � ℎ �
� � � , �� .

� �: � � �

� � ( � ) m a y b e c al c ul at e d usi n g t h e r e c ursi o n f or m ul a:

� � ( 1 ) = � �� � ℎ �
� � � , ��

� � ( � ) = � � ℎ �
� � � , �� �  � � ( � − 1 ) �� � � �

( �|�)
�

� � �
, � = 2, …, �.

T o m a k e t h e al g ori t h m mor e n u m eri c all y st a bl e a n d t a c kl e t h e u n d erf l ow pr o bl e m , w e fol l ow t h e 
c o m m o nl y  u s e d n or mali z e d f or w ar d al g ori t h m. T h e lik eli h o o d u nt il ti m e � is:

� � ℎ �: �
� � � � = � � � ( � )

�

� � �

.

T h e n, w e c a n i ntr o d u c e n or m ali z e d f or w ar d v ari a bl es as:

� �
∗ ( � ) =

� � ( � )

� � ℎ �: �
� � � �

.
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Fr o m  t h e r e c ur sio n f or m ul a a b o v e, w e h a v e:

� �
∗ ( � ) =

� � ℎ �: � � �
� � � �

� � ℎ �: �
� � � �

� � ℎ �
� � � , �� �  � �

∗ ( � − 1 ) �� � � �
( �|�)

�

� � �
, � = 2, …, �.

D efi n e :

� � =
� � ℎ �: �

� � � �

� � ℎ �: � � �
� � � �

, � = 1, …, �,

w h er e : � � = � � ℎ �
� � � � = ∑ � �( � )

�
� � � . T h e n,

� � = � � � ℎ �
� � � , �� �  � �

∗ ( � − 1 ) �� � � �
( �|�)

�

� � �

�

� � �

, � = 2,..., �,

a n d :

� � ℎ �: �
� � � � = � � �

�

� � �

.

b) B a c k w a r ds P r o c e d u r e:

W e d efi n e t h e b a c k w ar ds v ari a bl es at � = 1, …, � as :

� � ( � ) = � � (

� � � �: �

� � � � = ℎ � � � , ⋯, �� = ℎ � |� � = � ) � � � ℎ �
� � � , ℎ� �

�

� � � � �
.

T h es e m a y  b e c al c ul at e d usi n g t h e r e c ursi o n f or m ul a:

� � ( � ) = 1

� � ( � ) = � � � ( � + 1 ) � � �
( ℎ � � � = � |�) � � ℎ � � �

� � � , �� .

�

� � �

Si mil arl y, w e c a n d efi n e n or m ali z e d b a c k w ar d v ari a bl es as :

� �
∗ ( � ) =

� � ℎ �: �
� � � �

� � ℎ �: �
� � � �

� � ( � ) , � = 1, …, �,

wi t h � �
∗ ( � ) = 1 . T h e n or mali z e d r e c ursi o n f or mul a is :

� �
∗ ( � ) =

1

� � � �
� � �

∗ ( � + 1 ) � � �
( ℎ � � � = � |�) � � ℎ � � �

� � � , �� , � = � − 1, …, 1.

�

� � �
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c) B a u m W el c h (i. e. , E M ) P r o c e d u r e:
D efi n e t h e q u a nt iti es:

� � ( � ) = � � � � = � �� �: �
� � � �

=
� � ( � ) � �( � )

∑ � � ( � ) � � ( � )
�
� � �

=
� � ( � ) � � ( � )

� � � �� �: �
� � � �

= � �
∗ ( � ) � �

∗ ( � ) ,

A n d :

� � � ( � )

= � ( � � = �, � � � � = �| � �: �
� � � )

=
� � ( � ) � � �

( �|� ) � � ( � + 1 ) � � ℎ � � �
� � � , ��

∑  ∑ � � ( � ) � � �
( �| � ) � � ( � + 1 ) � � ℎ � � �

� � � , ���
� � �

�
� � �

=
� � ( � ) � � �

( �|� ) � � ( � + 1 ) � � ℎ � � �
� � � , ��

� � � �� �: �
� � � �

=
� �

∗ ( � ) � � �
( �|� ) � �

∗ ( � + 1 ) � � ℎ � � �
� � � , ��

� � � �
.

T h e n, w e c a n u p d at e � as f o ll owi n g :
� �

∗ = � � ( 1 ),

� �
∗ ( �|�) =

∑ � � � ( � )� ∈ { �: � � � � }

∑ � � ( � )� ∈ { �: � � � � }
.

T h e c o n v er g e n c y  crit eri a is s et b y c h a n g e of li k eli h o o d v al u e b et w e e n t w o c o ns e c uti v e st e ps is 
n u m eri c all y  in dist i n g uis h a bl e.

4) Si m ul ati n g missi n g st at es (i. e., si m ul ati n g f r o m � � ( � �� � | ��: �
� � � ) )):

Fi rst t h e b a c k w ar d a n d f or w ar d al g orit h ms ar e c al c ul at e d f or e a c h p ati e nt. 
N e xt, f or e a c h p ati e nt w e f o ll ow t h e f oll o wi n g pr o c e d ur e:

1. Si m ul at e ℎ � fr o m t h e dis cr et e distri b ut i on d efi n e d b y  t h e v e ct or of pr o b a biliti es 
( �� ( 1 ) , ⋯, �� ( 1 ) ).

2. F or t > 1, si m ul at e ℎ � fr om t he di s cr et e distri b ut i on d efi n e d b y t h e v e ct or of pr o b a bilit i es 
( � � � � � � ( � − 1 ) , ⋯, �� � � � �

( � − 1 ) ) / ζ w h er e � is a n or m ali zi n g c o nst a nt, ∑ � � � � � ,�( � −�
� � �

1 ) .
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Appendix 3. Exploratory Analyses

1) Additional analyses for the main study (through Day 28)

The primary analysis (progression to ventilation or death by Day 28) and time to recovery will be 
repeated for the following subgroups, if sample sizes allow:

 No baseline steroids, no baseline remdesivir

 No baseline steroids, yes baseline remdesivir

 Yes baseline steroids, no baseline remdesivir

 Yes baseline steroids, yes baseline remdesivir

1.1) Additional analyses for the main study (Day 60)

The following table gives planned analyses for the main study using Day 60 data.

Variable Population Analysis Method Time Point Groups/Subgroups

Observed 

OS values 

at Day 60

ITT population with a 

baseline NIAID OS 

and a value at the 

Day 60 Visit

Descriptive statistics as described 

in Table KHAA.6.1 for 

categorical/discrete data.

At the Day 60 

visit.

Overall and by 

baseline

 OS 4, 5, 6 and 5, 6 

combined.

 Corticosteroid status 

(see Section 6.1.4)

 Age group (<65, 

≥65)

All-cause 

mortality:  

Patients in the ITT 

population, excluding 

randomized patients 

who discontinued on 

the day of 

randomization and 

have no baseline or 

postbaseline OS data.

Time to death from all causes, all 

time on study.  Event dates are 

date of death for patients who 

died.  Censor dates are last 

known information that indicates 

patient was alive. Patients who 

die after the visit window for Day 

60, will be censored at the last 

date of their Day 60 visit 

window.

KM curves and standard 

summary statistics (see Section 

6.2.3) will be generated.

From baseline

to end of 

study 

participation.

Additionally, the following analyses will be performed after the Day 60 database lock for 
relevant subsets of the ITT population.
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 Demographics

 Disposition

 Concomitant medications

 Safety analyses will include all adverse events occurring post primary outcome datalock 
up to an including Day 60.  The following are the planned safety analyses:

o Follow-up-emergent adverse events (FEAEs).  FEAE is defined as an event that 
either first occurred or worsened in severity after Day 28 and on or prior to end of 
the study.

o Serious adverse events
o Adverse events leading to death
o Overview of infections (includes herpes zoster, herpes simplex, opportunistic 

infections, and tuberculosis)

2) Addendum 5 Analyses (for Patients who are OS 7 at Baseline)

The following analyses are planned for randomized patients in Addendum 5 with baseline OS = 7.  
Patients who discontinue on the day of randomization with no baseline or postbaseline OS data 
will not be included.

1. NIAID-OS D4/7/10/14/28: overall improvement on the NIAID-OS evaluated at Day 4, 
Day 7, Day 10, 14 and Day 28

2. Proportion of patients with at least 1-point improvement on the NIAID-OS or live 
discharge from the hospital at Day 4, Day 7, Day 10, 14 and Day 28

3. Number of days alive and free of mechanical ventilation (VFD per main SAP), Day 1 to 
Day 28

4. Duration of hospitalization (Day 1 to Day 28)

5. Time to recovery (by Day 28)

6. All-cause mortality (Day 1 to Day 28).

Analyses 1-4 will use logistic regression with LOCF methodology.  Analyses 5-6 will use time-
to event methodology.  All will follow the same methodology as the main SAP, except that 

treatment comparisons will be adjusted for baseline age group (<65, ≥65 years) and region rather
than all the baseline stratification variables given in Section 6.1.4.

Patient disposition, patient characteristics and safety analyses will follow the main SAP to the 
extent possible (see Sections 6.7, 6.8, and 6.13).

The following table gives additional analyses for the Addendum 5 patients, utilizing their Day 60 
data.  
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Variable Population Analysis Method Time Point Groups/Subgroups

Observed 

OS values 

at Day 60.

ITT population 

with a baseline 

NIAID OS and a 

value at the Day 

60 Visit

Descriptive statistics. At the Day 60 

visit.

Overall (OS 7)

 Baseline 

corticosteroid status 

(see Section 6.1.4)

 Age group (<65, 

≥65)

All-cause 

mortality  

ITT population 

with a baseline 

NIAID OS

Time to death from all causes, all 

time on study.  Event dates are date 

of death for patients who died.  

Censor dates are last known 

information that indicates patient 

was alive. Patients who die after 

the visit window for Day 60, will 

be censored at the last date of their 

Day 60 visit window.

KM curves and standard summary 

statistics (see Section 6.2.3) will be 

generated.

From baseline

to end of study 

participation.  

Demographics, disposition, and safety analyses for Addendum 5 patients will mirror the main 

study to the extent possible.  The main comparative safety analyses will be based on data from 
baseline to Day 28.  There will be separate analyses of FEAEs, as described in Section 6.13.
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