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1 Introduction

This document contains details of the statistical methods that will be used in the Phase 2b
clinical trial CQBW251B2201. The purpose of this Phase 2b study is to support the dose 
selection for future studies by evaluating efficacy and safety of different QBW251 doses in 
COPD patients with chronic bronchitis and a history of exacerbations, compared to placebo, 
when added to a triple combination therapy of LABA/LAMA/ICS. Lung function improvement 
will be the primary endpoint: trough FEV1 change from baseline after 12 weeks of treatment.

Data will be analyzed according to Section 12 of the study protocol.

Important information is given in the following sections and details are provided, as applicable, 
in Section 5.

1.1 Study design

This study uses a 6 treatment arm, parallel-group, randomized, double-blind study design. One 
treatment arm (450 mg b.i.d.) was discontinued after reaching a pre-defined stopping criterion
(see Section 12.7.1 of the protocol) at the first DMC interim analysis.

Patients initially undergo a screening period of 1 week. This screening period (Weeks -3 to -2) 
serves to assess eligibility and to taper patients off disallowed medications. Subsequently, 
patients enter the run-in period (2 weeks; Days -14 to 1) to establish baseline values for 
symptom assessments, to standardize the COPD background therapy (triple combination 
LABA/LAMA/ICS), and to complete eligibility assessments. At visit Run-In 2 final eligibility 
will be assessed. Eligible patients will move into the Day 1 visit where they will be randomized. 
Day 1 also generates additional baseline data and study treatment is initiated. The treatment 
period consists of 24 weeks, during which the patient returns to the site for regular visits (Day 
1 – Week 24). Upon completion of the treatment period, patients are followed up for safety 
assessments during the Follow-Up period (Weeks 25 – 28).

Approximately 956 male and female COPD patients are randomized into 1 of 6 treatment arms 
with a randomization ratio of 2:2:1:1:1:2 (450 mg b.i.d. (discontinued), 300 mg b.i.d., 150 mg 
b.i.d., 75 mg b.i.d., 25 mg b.i.d., placebo). Detailed information regarding sample size 
calculation is provided in Section 3. After reaching the pre-defined exposure-based stopping 
criterion, patients were no longer randomized to the 450 mg b.i.d. treatment, resulting 
effectively in a 2:1:1:1:2 randomization ratio (300 mg b.i.d.:150 mg b.i.d.: 75 mg b.i.d.: 25 mg 
b.i.d.: placebo) from the day of 450 mg b.i.d. discontinuation (20-Apr-2020) onward.

Randomization will be stratified by smoking status (current or ex-smoker) and severity of 
airflow limitation (FEV1 ≥ 30% to < 50% and ≥ 50% to < 80%).
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Figure 1-1 Study design

The primary endpoint will be assessed after 12 weeks of treatment.

Interim analyses (IA) on safety data are planned for an independent external safety data 
monitoring committee (DMC) to evaluate the results of pre-specified interim PK and safety 
data. Up to 5 DMC IAs are proposed to occur. Detailed information regarding DMC analysis 
will be provided in the DMC charter and a separate DMC SAP. 

Up to 2 interim analyses (IAs) may be conducted on efficacy data. The purpose of the IA(s) is 
to have an early assessment of the efficacy data for planning future studies in the QBW251B 
program. The first IA will be triggered when approximately the first 645 to 680 randomized 
patients have either discontinued or completed 12 weeks of treatment. If the first IA does not 
lead to a clear decision for the planning of the QBW251B program, a second IA may be 
performed when all randomized patients have either discontinued or completed 12 weeks of 
treatment. The efficacy IA results will not trigger any design adaptations.
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1.2 Study objectives and endpoints

Section 2 of the study protocol lists the following primary, key secondary, other secondary  
objectives.

Table 1-1 Objectives and related endpoints

Objective(s) Endpoint(s)

Primary objective(s) Endpoint(s) for primary objective(s)

 Characterize the dose-response relationship of 
QBW251 administered orally over 12 weeks on 
lung function, compared to placebo when added to 
inhaled triple combination therapy (long-acting β2-
agonist/long-acting muscarinic receptor 
antagonist/inhaled corticosteroid; 
LABA/LAMA/ICS).

 Trough FEV1 change from baseline 
after 12 weeks of treatment.

Secondary objective(s) Endpoint(s) for secondary objective(s)

 Evaluate symptoms (overall COPD symptoms, 
cough and sputum) across various dose levels of 
QBW251 administered orally over 24 weeks, 
compared to placebo at Weeks 12 and 24.

 Change from baseline in the 
Evaluating Respiratory Symptoms in 
COPD (E-RS) weekly mean scores 
(total and subscale scores).

 Change from baseline in Patient 
Global Impression of Severity (PGI-S) 
score.

 Change from baseline in the Cough 
and Sputum Assessment 
Questionnaire (CASA-Q) domain 
scores - cough symptoms, cough 
impact, sputum symptoms, and 
sputum impact.

 Evaluate health-related quality of life across 
various dose levels of QBW251 administered 
orally over 24 weeks, compared to placebo, at 
Weeks 12 and 24.

 Change from baseline in St. George's 
Respiratory Questionnaire (SGRQ) 
total and domain scores at Weeks 12 
and 24.

 Evaluate lung function across various dose levels 
of QBW251 administered orally over 24 weeks, 
compared to placebo, over 4, 8, 16, 20 and 24 
weeks.

 Trough FEV1 change from baseline 
after 4, 8, 16, 20 and 24 weeks of 
treatment, respectively.

 Evaluate safety and tolerability across various 
dose levels of QBW251, administered orally over 
24 weeks, compared to placebo.

 Assessment of ECGs, laboratory 
tests, vital signs, and adverse events 
per treatment group.

 Assess the pharmacokinetics of QBW251 in 
COPD patients. Additionally this information may 
be used to understand the relation between drug 
exposure and efficacy and/or safety.

 Assessment of drug exposure (trough 
concentration; Cmin) on all visits and 
around Cmax on Days 1, 15 and 
169. AUC and Cmax on Days 1 and 15 
in a sub-group of patients.
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Study day = Assessment date – Date of first dose of double-blind treatment.

2.1.1.2 Baseline definition

In general, baseline is defined as the last measurement before the first dose of double-blind
treatment. Details on calculation of baseline will be provided in the latter sections.

2.1.1.3 Post-baseline measurement

Post-baseline measurements are defined as those assessments after the first dose of double-blind
treatment.

When change from baseline is of interest the following formula will be used for each scheduled 
visit and time-point where baseline and post-baseline values are both available:

Change from baseline = post-baseline value – baseline value.

If not stated otherwise for efficacy analyses on-treatment values are defined as values taken
post-baseline but no later than 1 day after last dose of double-blind treatment. Off-treatment 
values are defined as post-baseline values taken more than 1 day after last dose of double-blind 
treatment.

For safety analyses other than adverse events (AEs), e.g. laboratory, ECG, vital signs, on-
treatment values are defined as values taken post-baseline but no later than 30 days after last 
dose of double-blind treatment.

AEs will be considered as on-treatment if the event is starting on or after the time of first dose 
of double-blind treatment but not later than 30 days after last dose of double-blind treatment.

Details on calculation of post-baseline values are provided in the latter sections.

If not stated otherwise, visit-windows will be used for the data that is summarized by visit; they 
are based on the study evaluation schedule and comprise a set of days around the nominal visit 
day. For any assessment, there are the protocol defined scheduled visits around which visit 
windows were created to cover the complete range of days within the study. When visit 
windows are used, all visits will be re-aligned, i.e., they will be mapped into one of the visit 
windows. Details on calculation of visit windows will be provided in Section 5.

2.1.1.4 Handling early termination of the 450mg b.i.d arm

If not stated otherwise, all efficacy inferential analyses will not include the 450 mg dose due to 
early termination of the 450 mg b.i.d arm, resulting in very few or no data in some of the strata
(covariates/factors in the model) during the later visits. All descriptive summaries will include
the 450 mg b.i.d. dose.

2.2 Analysis sets

The Randomized Analysis Set (RAS) consists of all randomized patients. Patients will be 
analyzed according to the treatment they were assigned to at randomization. 

The Full Analysis Set (FAS) will include all randomized patients who received at least one dose 
of randomized treatment. Following the intent-to-treat principle, patients will be analyzed 
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2.4 Treatments (study treatment, rescue medication, concomitant 
therapies, compliance)

All summaries of treatments will be performed on the Safety Set.

2.4.1 Study treatment / compliance

The duration of exposure in days to each treatment group (QBW251 dose or placebo) will be 
summarized by means of descriptive statistics.

Duration of exposure to double-blind treatment will be calculated as the number of days
between the first dose date and the last dose date exposed to that treatment over the specified
period (expressed as: Duration of exposure = Date of last known dose of double-blind treatment
– Date of first dose of double-blind treatment + 1).

The number of patients who permanently discontinued from double-blind treatment and the 
reasons will be summarized by treatment group. Patients who permanently discontinued from 
double-blind treatment will be listed including reason and date of discontinuation.

Compliance will be calculated as the percentage of the number of days where double-blind 
treatment was administered as per protocol (i.e., one dose in the morning and one dose in the 
evening) divided by the duration of exposure (i.e., the number of days between first and last 
dose).

Compliance will be categorized by < 80 % and 80 % - 100 % and summarized by treatment
group.

2.4.2 Prior, concomitant and post therapies

The following summaries for COPD-related medications will be performed separately for 
medications prior to run-in (medications starting prior to screening and ending prior to or at the 
run-in visit) and for concomitant medications (medications which were taken anytime between 
the first dose and last dose of randomized treatment, inclusive). COPD-related medications will 
be summarized by pre-specified drug categories, route of administration, preferred term, and 
treatment group. 

Non-COPD related medication prior to and after the start of randomized treatment will be 
summarized by route of administration, preferred term, and treatment group.

Surgical and medical procedures (non-drug therapies) are coded using MedDRA. Presentations 
will be done by MedDRA primary system organ class and preferred term, separately for prior 
and concomitant procedures.

2.5 Analysis of the primary objective

The primary objective of this study is to characterize the DR (dose-response) efficacy 
relationship among QBW251 doses (25, 75, 150, and 300 mg b.i.d.) and placebo with regards 
to the change from baseline in trough FEV1 after 12 weeks of treatment. The goals associated 
with this objective are below.

 To confirm an overall DR signal
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 To estimate the dose(s) that corresponds to the target effect over placebo based on the 
estimated DR curve

Due to early termination of the 450 mg, analysis of the primary endpoint will not include the 
450 mg dose.

2.5.1 Primary endpoint

The primary estimand, defined below, quantifies a hypothetical on-treatment Week 12 effect 
during stable periods (i.e. outside episodes of COPD worsening that require rescue medication 
or systemic corticosteroids). This estimand targets the maximum treatment effect for QBW251 
and allows selection of the best dose for those who take it for 12 weeks.

 Population: patients with moderate to severe COPD enriched for presence of chronic 
bronchitis and a history of exacerbations and treated with LABA/LAMA/ICS background 
therapy

 Variable: trough FEV1 (average of the 2 values taken 15 and 45 min pre-dose ) change 
from baseline after 12 weeks of treatment

 Intervention effect of interest: Effect of interventions initiated at randomization during 
stable periods (i.e. outside episodes of COPD worsening that require rescue medication or 
systemic corticosteroids) and that would have been observed had all patients remained on 
their assigned treatment for 12 weeks, with the following post-randomization events 
accounted for by assessing: 

 Intake of rescue medication or systemic corticosteroids (SCS): the effect outside of 
periods of worsening disease that necessitate rescue medication or SCS

 Discontinuation of study treatment or study participation: hypothetical on-treatment 
trough FEV1 value.

 Missing data due to any reason prior to completion or discontinuation of treatment: 
on-treatment trough FEV1 values.

 Summary measure: mean difference between treatment groups (QBW251 compared with 
placebo)

The baseline value is defined as the average of the FEV1 values taken approximately 45 and 15 
minutes prior to first dose of randomized treatment at Day 1. If one of the 2 values is missing
(or is not confirmed to be pre-dose) then the remaining non-missing value will be taken as the 
baseline. If both values are missing (or are not confirmed to be pre-dose), then the 
measurements taken at the Run-In 1 visit will be used as the baseline.

2.5.2 Statistical hypothesis, model, and method of analysis

The Multiple Comparison Procedure – Modelling (MCP-Mod) methodology (see 
Bretz et al 2005 and Pinheiro et al 2014) will be employed to assess the primary objective. An 
overview of the steps for the MCP-Mod methodology is given below. 

Step 1 (Testing an overall dose-response signal - MCP part):

The (covariate) adjusted mean responses at each individual dose will be obtained from a mixed-
effect linear model for repeated measures (MMRM) with terms for baseline FEV1, visit, region, 
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treatment, smoking status at screening, severity of airflow limitation, run-in post-bronchodilator 
FEV1, treatment-by-visit interaction, and baseline FEV1-by-visit interaction as fixed effects. To 
allow adjustment for correlations between time points within patients, an unstructured variance-
covariance structure will be used. The estimated treatment difference and the associated 90% 
confidence intervals will be presented for the treatment contrast of each dose versus Placebo.

The adjusted treatment means from the MMRM will be used to test the null hypothesis of a flat 
DR relationship for the primary efficacy endpoint at a one-sided significance level of 5% against 
the alternative hypothesis of a non-constant DR curve. The testing will be performed with a 
multiple contrast test described in the MCP-Mod methodology.

A wide range of possible dose-response relationship will be considered to take model 
uncertainty into account (Figure 2-1). A monotonic DR is assumed, supported by preclinical 
data and the observed DR of another CFTR-potentiator, ivacaftor. Eleven candidate DR curves 
(4 Emax, 4 Sigmoid Emax, 2 Exponential, and 1 Linear) will be used to derive the optimal 
model contrasts for the multiple contrast tests. Emax and sigmoidal Emax models are 
considered based on the observed DR of ivacaftor (FDA 2012). The ED50 values (the dose at 
which half of the maximum effect is reached) for the Emax models will be 25, 75, 150, and 300. 
The parameters of the sigmoidal Emax models (ED50, h) will be (25, 3), (75, 3), (150, 3) and 
(300, 3) where h is the Hill parameter that determines the steepness of the dose-response shape. 
Exponential models are considered since there is an over-proportional increase of exposures at 
the high end of the dose range tested. The parameter controlling the convexity of the 
Exponential models will be 150 and 300.

For each of the 11 candidate DR curves, a contrast test statistic will be derived that maximizes 
the power assuming the true mean response is the one assumed by the candidate DR curve. The 
detection of a significant DR signal is based on the maximum of the 11 contrast test statistics. 
The overall null hypothesis of no DR relationship is rejected if the multiplicity adjusted p-value 
for at least one contrast test is < 0.05 (one sided).

For each candidate DR curve, the test statistics and corresponding adjusted p-values will be 
presented.
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Figure 2-1 Candidate Dose Response Curves

Due to termination of the 450 mg b.i.d. arm candidate curves Emax(ED50=300), 
SigEmax(ED50=300) and Exponential(delta=300) may no longer be appropriate for MCP-Mod 
analyses that do not include the 450 mg b.i.d. arm. These candidate curves will be removed and 
the Exponential(delta=75) will be added. 

Step 2 (Estimation of the dose-response curve and target dose – Mod part):

Once the DR signal is declared, the DR curve and the target dose(s) of interest will be estimated 
by model averaging. A large number of bootstrap samples from the multivariate normal 
distribution will be drawn with adjusted means from the MMRM and corresponding covariance 
matrix. For each sample:

 DR models from the candidate families (Emax, Sigmoid Emax, Exponential, Linear) will 
be fitted to the data and the best model according to the generalized Akaike information 
criterion (AIC) will be chosen.

 The predictions for dose-response will be obtained from the best model for each sample.

The final DR curve estimate is the median of these predictions while confidence intervals will 
be calculated from the quantiles. The final DR curve estimate with the model-based two-sided 
90% confidence interval will be presented graphically. In addition, the plot will include the 
mean responses from the MMRM and the associated 90% confidence intervals for each of the 
studied dose groups.
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The target dose(s) that corresponds to a clinically relevant effect over placebo can be estimated 
using inverse regression techniques (Bretz et al 2005). The target dose will be estimated for a 
delta of 50ml and presented graphically within the estimated DR curve.

All data related to safety, efficacy and other assessments including PK exposure will be taken 
into consideration to propose a dose for Phase 3.

2.5.3 Handling of missing values/censoring/discontinuations

Since the estimand is related to an effect outside of rescue med intake, spirometry measurements 
within 6 hours of rescue medication or within 7 days of intake of SCS use will be set to missing.    
If one of the values contributing to the trough FEV1 variable is missing at a visit, the remaining 
non-missing value will be taken as trough FEV1. If both values are missing, then their trough 
FEV1 will be regarded as missing at that visit.

For the primary analysis, only on-treatment data (from date of first randomized dose up to 1 
day after date of last randomized dose) will be used as the estimand specifies a hypothetical on-
treatment effect. Missing on-treatment data will not be explicitly imputed as the MMRM model 
implicitly imputes missing data assuming the missing at random (MAR) mechanism.

The imputation procedure(s) related to the trough FEV1 supportive analyses (Section 2.5.4) are 
"jump-to-reference" (J2R) and MAR (Carpenter et al 2013). The imputations will be based on 
all available data (i.e. from all scheduled time points) using all covariates as specified in the 
MMRM. For J2R, only placebo (reference) data will be used. For MAR, data from the same 
treatment arm will be used for building the imputation model. Imputation of intermittent 
missing observations before treatment discontinuation will be carried out following a MAR 
mechanism for all treatment arms. Additional details are provided in Section 5.7.

2.5.4 Supportive analyses

A supplementary analysis will be performed that quantifies the treatment effect in all 
randomized patients during stable periods (i.e. outside episodes of COPD worsening that 
require rescue medication or SCS) with an adherence to treatment like we would see in clinical 
practice in a world without COVID-19, with the following post-randomization events 
accounted for by assessing:

a. Intake of rescue medication or systemic corticosteroid: effect outside of periods of 
worsening disease that necessitate rescue med or systemic corticosteroid

b. Discontinuation of study treatment for non-COVID-19 related reason with follow-up: 
actual off-treatment value. If no data was retrieved after study treatment discontinuation, 
missing data will be multiply imputed based on placebo arm data: J2R assumption for the 
QBW251 arms and MAR assumption for placebo arm.

c. Discontinuation of study treatment due to a COVID-19 related reason: on-treatment value. 
Missing data will be multiply imputed based on the MAR assumption.

d. Discontinuation of study participation due to any non-COVID -19 related reason: off-
treatment value. Missing data will be multiply imputed based on placebo arm data: J2R 
assumption for the QBW251 arms and MAR assumption for placebo arm.
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e. Any other event leading to missing data prior to completion or discontinuation of study 
treatment: on-treatment value. Missing data will be multiply imputed based on the MAR 
assumption.

Results will be presented similarly to those of primary analyses. 

Details are provided in Section 5.7.

A supportive analysis will be performed including the 450mg dose and only data up to week 
12. This will be done similarly as the primary analysis, however in addition candidate curves
Emax(ED50=300), SigEmax(ED50=300) and Exponential(delta=300) will be considered.

A supportive exposure-response analysis may be performed outside the CSR.

2.6 Analysis of the key secondary objective

There is no key secondary objective defined in the protocol.

2.7 Analysis of secondary efficacy objective(s)

2.7.1 Secondary endpoints

No multiplicity adjustment will be carried out for secondary analyses described below. In 
addition, the treatment effect of QBW251 compared to placebo that would have been observed 
had all patients remained on their assigned treatment will be estimated. Only on-treatment data 
will be used. 

All analysis of secondary endpoints will be performed on the FAS.

Missing data for any reason will not be explicitly imputed and will be handled by the respective 
mixed effects model which implicitly imputes missing data assuming MAR.

If not stated otherwise, in the 450mg dose will be excluded from all inferential statistics. 
Descriptive analyses will include all doses. 

Details on statistical models are provided in Section 5.7.

2.7.1.1 COPD symptoms

2.7.1.1.1 Respiratory symptoms from E-RS

The E-RS assesses both overall daily respiratory COPD symptoms (Total score) and specific 
respiratory symptoms using 3 subscales (Breathlessness, Cough & Sputum, and Chest 
Symptoms). Higher scores indicate more severe symptoms. Details on derivation of scores and 
handling of missing data are provided in Section 5.6.
The mean baseline E-RS Total and subscale scores will be the average of the corresponding 
daily scores from the run-in period. The last 14 days of the run-in period, i.e. the scheduled 
duration of run-in period, will be considered. 

The daily scores post-randomization will be averaged for each week (Week 1, Week 2, etc.). 

Monthly means over a 4-week period will also be calculated. 
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E-RS Cough & Sputum score

The change from baseline in the E-RS Week 12 Cough & Sputum mean scores will be analyzed 
using the same MCP-Mod approach described in for the primary variable in Section 2.5. The 
change from baseline in the E-RS Cough & Sputum weekly mean scores will be analyzed using 
a similar MMRM as described in Section 2.5 for the primary variable, with the appropriate 
baseline score replacing the baseline FEV1 value in the model. The estimated treatment 
difference (QBW251 – placebo) at each week will be reported along with the associated 90% 
confidence interval. Results from MCP-Mod will be presented as described for primary variable 
in Section 2.5.

The proportion of patients who achieve a clinically important improvement (decrease) of at 
least 0.7 (Leidy et al 2014b) in the weekly mean score will be analyzed using a repeated 
measurements logistic regression. The model will include the same terms as for the MMRM 
analysis of the weekly scores. The estimated odds ratios will be displayed over time along with 
the associated 90% confidence intervals for treatment comparison of each dose versus Placebo.

The change from baseline in the monthly mean scores will be analyzed using a similar MMRM 
as described for weekly scores. The proportion of patients who achieve a clinically important 
improvement (decrease) in the monthly mean score will also be analyzed as described for 
weekly scores.

E-RS Cough & Sputum weekly mean and monthly mean scores will be summarized 
descriptively.

E-RS Total, Breathlessness, and Chest Symptoms scores

The change from baseline in the E-RS weekly mean Total, Breathlessness, and Chest Symptom 
scores will be analyzed using a similar MMRM as described in Section 2.5 for the primary 
variable with the appropriate baseline E-RS score replacing the baseline FEV1 value. The 
estimated treatment difference (QBW251 – placebo) will be reported along with the associated 
90% confidence interval.

E-RS mean weekly total score will be analyzed in addition using MCP-Mod as described for 
primary endpoint.

The minimum clinically important improvements (decrease) for the scores are defined below 
(Leidy et al 2014b).

 Total ≥ 2.0

 Breathlessness ≥ 1.0

 Chest Symptoms ≥ 0.70

The proportion of patients who achieve a clinically important improvement in the weekly mean 
scores will be analyzed using a repeated measurements logistic regression. The model will 
include the same terms as for the MMRM analysis of the weekly mean scores. The estimated 
odds ratios will be displayed over time along with the associated 90% confidence intervals for 
treatment comparison of each dose versus Placebo.
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The change from baseline in the monthly mean scores will be analyzed using a similar MMRM 
as described above. The proportion of patients who achieve a clinically important improvement 
(decrease) in the monthly mean score will also be analyzed as described above.

E-RS Total, Breathlessness, and Chest Symptom weekly mean and monthly mean scores will 
be summarized descriptively.

2.7.1.1.2 Cough and sputum symptoms from CASA-Q

CASA-Q assesses cough and sputum symptoms and their impact with 4 domain scores (cough 
symptoms, cough impact, sputum symptoms, and sputum impact). Details on derivation of 
scores and handling of missing data are provided in Section 5.6.

The change from baseline in the domain scores will be analyzed using the MMRM described 
in Section 2.5 for the primary variable with the appropriate baseline domain score replacing the 
baseline FEV1 value in the model. The estimated treatment difference (QBW251 – placebo) at 
each visit will be reported along with the associated 90% confidence interval.

CASA-Q domain scores will be summarized descriptively by visit.

2.7.1.1.3 Severity of symptoms from PGI-S

The PGI-S rates the severity of the respiratory symptoms and of cough and mucus. Shift tables 
will be used to compare baseline to Weeks 12 and 24 for each PGI-S value. 

The PGI-S change from baseline will be analyzed using a proportional odds model for repeated 
measures with the same terms as for the MMRM analysis described in Section 2.5 for the 
primary variable with the baseline PGI-S value replacing the baseline FEV1 value. The 
estimated odds ratios will be displayed over time along with the associated 90% confidence 
intervals.  For the proportional odds analysis, the change in severity scores will first be grouped 
into the categories below, for cough and mucus categories -5 and 5 will be added. Further 
groupings of the change categories (such as better, no change, and worse) may be performed
prior to the proportional odds analysis, if the sample size for some of the categories are too 
small.

Change from baseline in severity score Change category 

-4 Very much better

-3 Much better

-2 Better 

-1 Slightly better

0 No change

1 Slightly worse

2 Worse 

3 Much worse

4 Very much worse
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2.7.1.2 Health-related quality of life from SGRQ

SGRQ measures health impairment. A total score is produced, along with the domain scores of 
symptoms, activity, and impacts. Details on derivation of scores and handling of missing data 
are provided in Section 5.6.

The Weeks 12 and 24 change from baseline in the SGRQ total and domain scores will be 
analyzed using the MMRM described in Section 2.5 for the primary variable with the 
appropriate baseline SGRQ score replacing the baseline FEV1 value in the model. The estimated 
treatment difference (QBW251 – placebo) at each visit will be reported along with the 
associated 90% confidence interval.

The proportion of patients who achieve a clinically important improvement (decrease) of at 
least 4 in the total score will be analyzed using a repeated measurements logistic regression. 
The model will include the same terms as for the MMRM analysis of the total scores. The 
estimated odds ratios will be displayed over time along with the associated 90% confidence 
intervals.

SGRQ total and domain scores will be summarized descriptively by visit.

2.7.1.3 Lung function

The change from baseline in trough FEV1 at visits other than Week 12 will be analyzed using 
the same MMRM as described for the primary analysis. The estimated treatment difference 
(QBW251 – placebo) at each visit will be reported along with the associated 90% confidence 
interval. The change from baseline in trough FEV1 at Week 24 will also be analyzed using the 
same MCP-Mod approach. Supportive analyses as described for primary endpoint in Section 
2.5 will be performed for change from baseline in trough FEV1 at Week 24.

The change from baseline in trough FVC after 4, 8, 12, 16, 20, and 24 weeks of treatment will 
be analyzed using the MMRM model described in Section 2.5 for the primary variable with the 
appropriate baseline FVC value replacing the baseline FEV1 value in the model. The estimated 
treatment difference (QBW251 – placebo) at each visit will be reported along with the 
associated 90% confidence interval.

Trough FEV1 and trough FVC will be summarized descriptively by visit. 

2.8 Handling of missing values for FVC will be similar to FEV1.Safety 
analyses

Safety summaries include only data from the on-treatment period with the exception of baseline 
data which will also be summarized where appropriate (e.g. change from baseline summaries).

All safety analysis will be performed on the Safety Set.

2.8.1 Adverse events (AEs)

The on-treatment period for adverse events lasts from the date of first administration of double-
blind study treatment to 30 days after the date of the last actual administration of double-blind
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study treatment. Adverse events will be summarized by treatment group. Summary tables for 
AEs will summarize only on-treatment events (also known as treatment-emergent AEs).

The number (and percentage) of subjects with treatment-emergent adverse events will be 
summarized in the following ways:

 by treatment and preferred term (PT).

 by treatment, primary system organ class (SOC) and PT.

 by treatment, SOC, PT and maximum severity.

Separate summaries by SOC and PT will be provided for:

 AEs suspected to be study medication related 

 fatal AEs

 leading to treatment discontinuation

 leading to dose interruptions and/or adjustments

 serious adverse events (SAEs)

Further SAEs will be summarized by PT.

In addition, treatment emergent AEs and SAEs will be presented by treatment, system organ
class and preferred term, showing exposure adjusted event rates (i.e., the number of events
expressed in rates per 100 patient years).

Unless otherwise specified, SOCs will be sorted alphabetically and, within each SOC, the PTs 
will be sorted in descending order of frequency in the highest QBW251 dose. A subject with 
multiple adverse events within a SOC or PT is only counted once towards the total of the SOC 
or PT.

Listings will be provided for all AEs, SAEs and fatal AEs.

2.8.1.1 AE reporting for CT.gov and EudraCT

For the legal requirements of clinicaltrials.gov and EudraCT, two required tables on treatment 
emergent adverse events which are not serious adverse events with an incidence greater than 
2% and on treatment emergent serious adverse events and SAE suspected to be related to study 
treatment will be provided by system organ class and preferred term on the safety set population.

If for a same patient, several consecutive AEs (irrespective of study treatment causality, 
seriousness and severity) occurred with the same SOC and PT:

 a single occurrence will be counted if there is ≤ 1 day gap between the end date of the 
preceding AE and the start date of the consecutive AE

 more than one occurrence will be counted if there is > 1 day gap between the end date 
of the preceding AE and the start date of the consecutive AE

For occurrence, the presence of at least one SAE / SAE suspected to be related to study 
treatment / non SAE has to be checked in a block e.g., among AE's in a ≤ 1 day gap block, if at 
least one SAE is occurring, then one occurrence is calculated for that SAE.
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The number of deaths resulting from SAEs suspected to be related to study treatment and SAEs 
irrespective of study treatment relationship will be provided by SOC and PT.

2.8.1.2 Adverse events of special interest / grouping of AEs

The number and percentage of patients who reported treatment-emergent adverse events of 
special interest will be summarized by risk name, PT and treatment group.

Risk names will be sorted alphabetically and, within each risk name, the PTs will be sorted in 
descending order of frequency in the highest QBW251 dose. If a patient reported more than one 
adverse event with the same PT, the AE will be counted only once. If a patient reported more 
than one AE within the same risk, the patient will be counted only once at that risk.

The Compound Case Retrieval Strategy (CRS) will be used to determine the MedDRA search 
criteria to be used to identify events of special interest. The most recent list of adverse events 
of special interest at the time of database lock will be used.

SAEs of special interest will be summarized by risk name, PT and treatment group.

2.8.2 In addition, treatment emergent AEs of special interest will be 
presented by treatment and risk, showing exposure adjusted event 
rates (i.e., the number of events expressed in rates per 100 patient 
years).Deaths

Fatal AEs will be summarized and listed as specified in Section 2.8.1.

2.8.3 Laboratory data

Summaries of laboratory data will include on-treatment measurements, which are defined as 
measurements taken post-baseline but no later than 30 days after last dose of double-blind 
treatment.

Absolute values and change from baseline will be summarized for continuous laboratory 
parameters by visit, including the worst on-treatment value. The direction of interest for worst
on-treatment value for selected hematology and biochemistry parameters is shown in Section 
5.4. 

For selected laboratory tests, the number and percentage of patients with newly occurring or 
worsening laboratory abnormalities meeting the clinically notable criteria at any time on-
treatment, considering all on-treatment data from scheduled, unscheduled and premature 
discontinuation visits, will be summarized by laboratory parameter. Notable criteria are defined 
in Section 5.4.

Furthermore, the number and percentage of patients with newly occurring or worsening 
abnormalities in liver function tests (LFT) will be summarized by treatment and at any time on-
treatment considering all on-treatment data from scheduled, unscheduled and premature 
discontinuation visit. LFT criteria are defined in Section 5.4.

The baseline value is the last value prior to first dose of double-blind treatment.
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For selected laboratory parameter boxplots of laboratory values relative to the normal ranges 
will be provided.

Laboratory data of patients with notable values will be listed. Urinalysis will be listed for 
patients with abnormal urine dipstick.

2.8.4 Other safety data

2.8.4.1 ECG and cardiac imaging data

Summaries of ECG data will include on-treatment measurements, which are defined as 
measurements taken post-baseline but no later than 30 days after last dose of double-blind 
treatment.  Triplicate ECGs (3 ECGs are collected within about a five-minute window) will be 
performed. For the analysis of continuous ECG parameter the mean value of the 3 ECG 
measurements will be used, for ECG interpretation, all findings of the 3 ECGs will be 
considered.

Absolute values and change from baseline will be summarized for ECG parameters by visit and 
time point. The maximum on-treatment QTc value will be included in the summary.

The number and percentage of patients with newly occurring or worsening notable Fridericia’s 
QTc values will be summarized at any time on-treatment, considering all on-treatment data 
from scheduled, unscheduled and premature discontinuation visits. For derivation of notable 
values, the mean of the triplicate ECGs will be used. Notable criteria are defined in Section 5.5.

The number and percentage of patients with ECG abnormalities will be summarized by 
evaluation type, abnormality finding, visit and time point.

The baseline value is the last value prior to first dose of double-blind treatment.

ECG data of patients with notable Fridericia’s QTc values will be listed.

2.8.4.2 Vital signs

Summaries if vital signs data will include on-treatment measurements, which are defined as 
measurements taken post-baseline but no later than 30 days after last dose of double-blind 
treatment.  

Absolute values and change from baseline will be summarized for vital sign parameters by visit 
including the minimum and maximum on-treatment value.

The number and percentage of patients with newly occurring or worsening notable vital sign
values will be summarized at any time on-treatment, considering all on-treatment data from 
scheduled, unscheduled and premature discontinuation visits. Notable criteria are defined in 
Section 5.5.

The baseline value is the last value prior to first dose of double-blind treatment.

Vital sign data of patients with notable values will be listed.
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significance level across all analyses is maintained at 0.05. At each interim analysis, an exact 
test on the proportion of subjects who exceed the exposure threshold will be performed to test 
the following hypotheses for these 2 treatment arms.

 Null hypothesis (Ho): the proportion of patients exceeding the exposure threshold < 5% 

 Alternative hypothesis (Ha): the proportion of patients exceeding the exposure threshold 
≥ 5% 

The interim analyses are proposed to occur when approximately 20%, 40%, 60%, 80%, and 
100% of subjects have completed at least 4 weeks of treatment, which should be long enough 
to determine if the patient's exposure will exceed the threshold or not. The corresponding 
stopping boundaries in the p-value scale are 0.015, 0.016, 0.017, 0.018, and 0.019 for the interim 
analyses. For example, when the first interim analysis is performed after 20% patients have 
completed 4 weeks of treatment in the 450 mg b.i.d. arm, the observed (i.e. nominal) p-value 
has to be equal to or smaller than 0.015 in order to reject Ho and terminate the treatment arm. 

If the true proportion of patients in the 300mg or 450 mg b.i.d. treatment arm exceeding the 
exposure threshold is < 5%, then the probability of rejecting Ho would be very low (< 5%) with 
this group sequential test for the treatment arm. If the true proportion is 10% then the probability 
of rejecting Ho and stopping the treatment arm early would be high (>77%). If the timing of the 
actual interim analyses deviate from the proposed schedule (20%, 40%, 60%, 80%, and 100% 
completing at least 4 weeks of treatment), stopping boundaries will need to be recalculated 
using the pre-specified α-spending function and based on the actual sample size at each interim 
analysis. The observed p-values at the interim analyses will then be compared against the re-
calculated stopping boundaries. 

More details will be outlined in the DMC charter and a separate DMC SAP.

After reviewing the exposure data from the first interim analysis, the DMC informed the 
sponsor that the 450 mg b.i.d. arm had crossed the stopping boundary and recommended 
termination of the treatment arm. The DMC confirmed that the arm was well tolerated in this 
patient population and the stop was not based on adverse reactions to the 450 mg b.i.d. regimen. 
The sponsor followed the DMC’s recommendation and discontinued investigational treatment 
from all patients randomized to the 450 mg b.i.d. arm.

2.13.2 Efficacy

Up to 2 IAs on efficacy data may be conducted and the timing will correspond to 1 or 2 safety 
DMC analyses. The purpose of these IA(s) is to have an early assessment of the data for 
planning future studies in the QBW251B program. The efficacy IA results will not trigger any 
change or decision in the conduct of this study.

An internal Novartis committee, external to the study team, will be set up to review the both the 
efficacy and safety data. Once team members are exposed to the unblinded IA data, they will 
no longer be involved in the further execution of the study. A charter will provide further details.

The first IA will be conducted when approximately 645 to 680 patients, including the ~102 
patients randomized to the 450mg b.i.d. arm, have either discontinued or completed 12 weeks 
of treatment. This IA will have acceptable precision for the estimated trough FEV1 dose-
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response curve. The average half-length of the 90% confidence interval is around 26 mL and 
32 mL for the estimated dose-response curve and the estimated placebo-adjusted dose-response 
curve, respectively. If the first IA does not lead to a clear decision for the planning of the 
QBW251B program, a second IA may be performed when all randomized patients have either 
discontinued or completed 12 weeks of treatment.

For efficacy, the interim analyses will include all data up to the cut-off date for the IA.

An analysis may be planned and reported separately on the relationship between measured 
plasma trough concentrations and trough FEV1 change from baseline as described in Section 
2.10.

2.14 Additional analyses to assess the impact of COVID-19 pandemic

Number and percentage of patients enrolled (informed consent signed), discontinued double-
blind treatment, completed double-blind treatment and exposed to double-blind treatment
during the pre-COVID-19 pandemic period, the COVID-19 pandemic period and the post-
COVID-19 pandemic period (if applicable) will be summarized by region and country using
the FAS. 

The pandemic periods are defined based on the start and end date of the pandemic in the 
respective region/country. 

Demographics, baseline disease characteristics, and run-in spirometry will be summarized by 
time of enrollment (patients enrolled pre-COVID-19 pandemic, during COVD-19 pandemic, 
post- COVID-19 pandemic [if applicable]) to assess the impact of the COVID-19 pandemic on 
the study population.

Number and percentage of patients with COVID-19 related deviations will be summarized by 
deviation term and relationship to the COVID-19 pandemic. The PD process was used to 
identify COVID-19 related deviations even though these deviations were not true PDs.

To assess the impact of the COVID-19 pandemic on trough FEV1, the MMRM will be repeated 
for the following subgroups:

- by region (Latin and South America, Eastern Europe, Western Europe, Asia and 
Australia, North America) 

- by time of enrollment (patients enrolled pre-COVID-19 pandemic, patients enrolled
during COVD-19 pandemic)

The supplementary estimand considers differences between COVID-19 pandemic related and 
other discontinuations assuming missings related to COVID-19 pandemic are MAR. 

To assess the impact of COVID-19 on safety, and to assess possible regional differences in 
reporting of AEs, the 10 most frequent AEs (in total) will be summarized by preferred term and 
region.

3 Sample size calculation
A total of 956 patients will be randomized to one of the 6 groups including 5 QBW251 dose 
groups (450, 300, 150, 75, 25 mg b.i.d.) and placebo. This includes the ~102 patients 
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randomized to the 450 mg b.i.d. arm prior to its discontinuation. Prior to the discontinuation of 
450mg b.i.d., patients were randomized to QBW251 450, 300, 150, 75, 25 mg b.i.d., or placebo 
with an allocation ratio of 2:2:1:1:1:2. After discontinuation of 450mg b.i.d., patients were 
randomized to QBW251 300, 150, 75, 25 mg b.i.d., or placebo with an allocation ratio of 
2:1:1:1:2. This sample size of 854 (956 total minus approximately 102 patients already 
randomized to 450 mg b.i.d.) achieves at least 80% power for dose-response signal detection 
on key endpoints for all models from the candidate set based on the MCP-Mod methodology 
and also to ensure an acceptable precision for the DR curve estimation. The calculations in 
Table 3-1 exclude 450 mg b.i.d. from the analysis and are based on a 20% dropout rate, a one-
sided significance level of 5%, and the following standard deviation assumptions.

 Pre-dose trough FEV1: A common standard deviation of 200 mL based on previous 
Novartis COPD studies.

 E-RS Cough & Sputum weekly mean score: A common standard deviation of 1.3 based on 
the FLAME study (Wedzicha et al 2016).

Table 3-1 Power and Precision

Variable Maximum 
improvement 
over placebo

Power to detect a 
DR signal

Average half-length of 90% 
confidence interval

Estimated DR 
curve

Estimated 
placebo-adjusted 
DR curve

Trough FEV1 60 mL

50 mL

92%

81%

21 mL 26 mL

E-RS Cough & 
Sputum

0.35

0.30

86%

76%

0.14 0.17

Power calculations were performed using ADDPLAN-DF-4.0 and the precision estimates (half-length 
of confidence interval) were obtained from simulations.

The randomization ratio was generally based on D-optimality criteria, which maximize the
information on the dose-response curve, for the MCP-Mod analysis. The D-optimal allocation
ratio randomizes approximately twice as many patients to placebo and the highest dose,
compared to the middle doses.

4 Change to protocol specified analyses

Analysis of the primary endpoint:

Due to termination of the 450 mg b.i.d. arm, candidate curves Emax(ED50=300), 
SigEmax(ED50=300) and Exponential(delta=300) may no longer be appropriate for MCP-Mod 
analyses that do not include the 450 mg b.i.d. arm. These candidate curves will be removed and 
the Exponential(delta=75) will be added.
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5 Appendix

5.1 Imputation rules

5.1.1 Study drug

Missing/partial start date or end date of double-blind treatment will not be imputed.

5.1.2 AE date imputation

Partial AE start and end dates will be imputed. If there is uncertainty whether an AE occurred 
on-treatment or not, imputation will be performed, such that AE will be considered as on-
treatment. Rules for imputing AE end date or start date will be provided in Programming 
Dataset Specification (PDS) document in details.

5.1.3 Concomitant medication date imputation

Rules for imputing the CM end date or start date will be provided in Programming Dataset 
Specification (PDS) document in details.

5.2 Visit windows

In general, if two consecutive visits Vt and Vs are x days apart, the upper limit of the visit 
window for Vt will be Vt+x/2 and the lower limit for the visit Vs will be Vs-x/2 (if x is even, the 
lower limit for Vs will be Vs-x/2+1, and the upper limit for Vt will be Vt+x/2). The algorithm 
needs to ensure that visit windows are not overlapping and that there are no gaps, such that each 
assessment can be uniquely allocated to one visit window. 

For ECG and spirometry assessments, unplanned visits will be ignored for the windowing as 
scheduled timing is not available. If there are multiple assessments within a visit window with 
different scheduled time points, the one with the planned scheduled time points of the target 
day will be used; if scheduled time points are the same, the visit closer to the target day will be 
used. 

For all other assessments, unplanned visits will also be considered for assigning visit windows.
If there are multiple assessments within a visit window the closest to the target day will be used.

Only on-treatment values will be considered for mapping of visit windows. For trough FEV1

visit windowing will be performed twice, once for primary analysis considering on-treatment 
measurements, and once for supportive analysis considering all post-baseline measurements 
whether being on-treatment or not.

The below table presents the visit windows for the respective assessments.

Analysis 
visit

Scheduled 
Day

Visit window –
assessments a)

Visit window –
assessments b)

Visit window 
– assessments
c)

Visit 
window –
assessments
d)

Visit 
window –
assessments
e)

Day 1 post 
dose

Day 1 Day 1 (post-
dose) - Day 7
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Week 2 Day 15 Day 8 - Day 22 Day 1 (post 
dose) - Day 22

Week 4 Day 29 Day 23 - Day 43 Day 23 - Day 43 Day 2 - Day 43

Week 8 Day 57 Day 44 - Day 71 Day 44 - Day 71 Day 44 - Day 
71

Week 12 Day 85 Day 72 - Day 99 Day 72 - Day 99 Day 72 - Day 
99

Day 2 - Day 
127

Week 16 Day 113 Day 100 - Day 
127

Day 100 - Day 
127

Day 100 - Day 
127

Week 20 Day 141 Day 128 - Day 
155

Day 128 - Day 
155

Day 128 - Day 
155

Week 24 Day 169 Day 156 - Day 
183

Day 156 - Day 
183

Day 156 - Day 
183

>Day 127 > Day 1 

Follow-up Day 197 >= Day 184 >= Day 184 >= Day 184
a) ECG
b) Vital signs
c) Spirometry, Hematology, Chemistry, Urinalysis
d) SGRQ, PGI-S, CASA-Q
e) Weight, smoking status, 

5.3 AEs coding/grading

The MedDRA version which will be available at the time of database lock, will be used for the 
coding purpose of the adverse events.
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5.4 Laboratory parameters derivations

The following table shows the direction of interest when analyzing worst case values in form 
of maximum and/or minimum post-baseline values. If the direction of interest is given as "High" 
the maximum value will be calculated and used as worst value, if the direction is given as "Low" 
the minimum value will be taken, and if it is given as "Low and high", both the minimum value 
and the maximum value will be calculated and presented in summary tables.

Table 5.4-1 Directions of interest for worst case value for laboratory parameters

Laboratory Parameter Direction of interest for worst case value

A. Hematology

Hemoglobin Low

Hematocrit Low

Erythrocytes Low

WBC Low and high

Basophils High

Eosinophils High

Lymphocytes Low and high

Monocytes High

Neutrophils Low and high

Platelets Low and high

B. Chemistry

Albumin Low

Alkaline Phosphatase High

ALT/SGPT High

AST/SGOT High

Bilirubin Total High

Blood Urea Nitrogen (BUN) High

Creatinine High

Gamma GT High

Potassium Low and high

Magnesium Low and high

Calcium Low and high

LDH High

Phosphorus Low and high

Sodium Low and high

HbA1c Low and high

The following table shows the criteria for clinically notable laboratory values. Not all 
parameters have notable criteria defined:
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Table 5.4-2 Clinical notable criteria for selected laboratory tests

Laboratory parameter (unit) Lower bound of 
clinically notable range

Upper bound of 
clinically notable range

Hematology

Hematocrit (v/v)

     Male

     Female

0.37

0.32

Hemoglobin (g/L)

    Male

    Female

115

95

Platelets (x10E9/L) 75 700

WBC (x10E9/L) 2.8 16.0

Chemistry

Albumin (g/L) 25 -

Alkaline Phosphatase (U/L) - 3xULN

ALT/SGPT (U/L) - 3xULN

AST/SGOT (U/L) - 3xULN

Bilirubin Total (mcmol/L) - 34.2

BUN (mmol/L) - 9.99

Creatinine (mcmol/L) - 176.8

Gamma GT (U/L) - 3 x ULN

Potassium (mmol/L) 3 6

Magnesium (mmol/L) 0.51 1.07

Sodium (mmol/L) 125 160

v = volume, ULN = upper limit of normal 
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Table 5.4-3 Notable liver function test values

Criterion

ALT > 3 x the upper limit of normal range (ULN)

ALT > 5 x ULN

ALT > 8 x ULN

ALT > 10 x ULN

ALT > 20 x ULN

ALT or AST > 3 x ULN

ALT or AST > 5 x ULN

ALT or AST > 8 x ULN

ALT or AST > 10 x ULN

ALT or AST > 20 x ULN

Total bilirubin > 1 x ULN

Total bilirubin > 1.5 x ULN

Total bilirubin > 2 x ULN

Total bilirubin > 3 x ULN

ALP > 1.5 x ULN

ALP > 2 x ULN

ALP > 3 x ULN

ALP > 5 x ULN

ALT or AST > 3 x ULN and total bilirubin > 1.5 x ULN

ALT or AST > 3 x ULN and total bilirubin > 2 x ULN

ALT or AST > 5 x ULN and total bilirubin > 2 x ULN

ALT or AST > 8 x ULN and total bilirubin > 2 x ULN

ALT or AST > 10 x ULN and total bilirubin > 2 x ULN

ALT or AST > 20 x ULN and total bilirubin > 2 x ULN

ALP > 3 x ULN and total bilirubin > 2 x ULN

ALP > 5 x ULN and total bilirubin > 2 x ULN

ALT or AST > 3 x ULN and Total Bilirubin > 2 x ULN and ALP < 2 x ULN (Hy's law)

ALT = alanine aminotransferase, AST = aspartate aminotransferase, ALP = alkaline phosphatase

When a criterion contains multiple laboratory parameters, the criterion will only be considered 
to have been met when all conditions occur within a 3-day window. A case where all criteria 
are met at a post-baseline time point will be considered as newly occurring if the criteria are not 
met at baseline and will be considered as worsening if the criteria are met at baseline and at 
least one component is worsening from baseline irrespective of whether the other(s) are better.
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5.5 Vital signs and ECG – definition of clinically notable values

The following two tables show the clinical notable criteria for vital signs and QTcF respectively.

Table 5.5-1 Clinical notable criteria for vital signs

Vital sign parameter (unit) Lower bound of clinically 
notable range

Upper bound of clinically 
notable range

Notable value considering newly occurring or worsening cases

Systolic blood pressure (mmHg) < 75 > 200

Diastolic blood pressure (mmHg) < 40 > 115

Pulse rate (bpm) < 40 > 130

Notable change from baseline

Systolic blood pressure (mmHg) ≤ 90 and decrease from 
baseline by ≥ 20 

≥ 180 and increase from 
baseline by ≥ 20

Diastolic blood pressure (mmHg) ≤ 50 and decrease from 
baseline by ≥ 15

≥ 105 and increase from 
baseline by ≥ 15

Pulse rate (bpm) ≤ 50 and decrease from 
baseline by ≥ 15

≥ 120 and increase from 
baseline by ≥ 15

Weight (kg) Decrease > 7% from 
baseline

Increase > 7% from 
baseline

Table 5.5-2 Clinical notable criteria for QTcF (Fridericia's formula)

ECG parameter (unit) Clinically notable range

Notable value considering newly occurring or worsening cases

QTc (msec) > 450 

QTc (msec) > 480

QTc (msec) > 500 

Notable change from baseline

QTc (msec) 30 – 60

QTc (msec) > 60

Combined criterion

QTc (msec) > 500 & increase > 60

5.6 Details on derivation of variables

5.6.1 Derivation of baseline disease characteristics

 Airflow limitation is classified based on % of predicted FEV1 and FEV1/FVC post 
bronchodilation (GOLD 2018): 

 Mild (GOLD 1): FEV1/FVC < 70 % and % of predicted FEV1 ≥ 80 % 

 Moderate (GOLD 2): FEV1/FVC < 70 % and 50% ≤ % of predicted FEV1 < 80 %

 Severe (GOLD 3): FEV1/FVC < 70 % and 30% ≤ % of predicted FEV1 < 50 % 

 Very Severe (GOLD 4): FEV1/FVC < 70 % and % of predicted FEV1 < 30 %



Novartis For business use only Page 41

SAP Amendment 1 CQBW251B2201

 Patients will be classified based on a combined assessment of COPD using the number of 
COPD exacerbations and COPD exacerbations leading to hospital admission in the last 
year, and CAT at Run-In 1 visit. 

The following algorithm will be applied based on the standard in GOLD 2018:

– Group A: 
history of exacerbation ≤ 1 not leading to hospital admission and CAT < 10

– Group B: 
history of exacerbation ≤ 1 not leading to hospital admission and CAT ≥ 10

– Group C: 
(history of exacerbation ≥ 2 or ≥ 1 leading to hospital admission) and CAT < 10

– Group D:
(history of exacerbation ≥ 2 or ≥ 1 leading to hospital admission) and CAT ≥ 10

 Duration of COPD is calculated from the date of COPD first diagnosed as recorded on 
the eCRF until the date of Visit 1. If the date is missing in day and month, the missing 
date part was imputed as 01-July if the year is before Visit 1 and as 01-January if the year 
is the same as the year of Visit 1. If the date is missing in day only, the missing day was 
imputed as 15 if month/year is before Visit 1 and as 01 if month/year is the same as of 
Visit 1.

 Cardiovascular risk factors at baseline: Seven cardiovascular risk factors are defined. 
1. CCV history/condition = at least one out of: Myocardial infarction, Stroke, Peripheral 
arterial disease, Coronary artery bypass graft, or Percutaneous transluminal coronary 
angioplasty, as reported on the eCRF page of "Medical History – Protocol solicited events 
– Cardiovascular events". 
2. Hypertension, as reported on the eCRF page of "Medical History – Protocol solicited 
events – Cardiovascular events".
3. Hyperlipidemia = at least one out of: Hyperlipidemia, Hypercholesterolemia, as 
reported on the eCRF page of "Medical History – Protocol solicited events –
Cardiovascular events".
4. Diabetes mellitus = Type 1 or Type 2 diabetes mellitus, as reported on the eCRF page 
of "Medical History – Protocol solicited events – Cardiovascular events".
5. Obesity at baseline (i.e., BMI > 30 kg/m2). 
6. Age ≥ 65 years.
7. Current smoker at screening.

5.6.2 E-RS total and subscale scores

The E-RS total symptom score will be derived as the sum of items 1 to 11 (items 12 – 14 will 
not be used for the E-RS), the RS-Breathlessness score as the sum of items 7 - 11, the RS-Cough 
& Sputum scores as the sum of items 2 - 4 and the RS-Chest Symptoms score as the sum of 
items 1, 5, 6.

The mean baseline E-RS Total and subscale scores will be the average of the corresponding 
daily scores from the run-in period (which is usually a 14 day period), the last 14 days from 
Run-In 1 visit up to a day before the first dose of double-blind treatment will be included. A 
patient needs to have at least 8 days of data from the run-in period in order for the mean baseline 
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score to be calculated.  If there are less than 8 days of data available during the last 14 days 
from the run-in period, then use the last 7 days of data if there are at least 4 days of data available
to calculate the mean.  

For the derivation on-treatment mean weekly and mean monthly scores, only values from Day 
1 up to the date of last dose of double-blind treatment will be considered. Missing diary data 
will not be imputed. 

The daily scores will be averaged for each week (Week 1, Week 2, etc.). A patient needs to 
have at least 4 days of data in any week in order for the mean score to be calculated.

Monthly means over a 4-week period will also be calculated. A patient needs to have at least 3 
weekly means in that month in order for the monthly mean score to be calculated.

5.6.3 CASA-Q domain scores

The CASA-Q is a validated questionnaire instrument used to measure cough and sputum 
production, and their impact in patients with chronic obstructive pulmonary disease (COPD) 
and/or chronic bronchitis (Crawford et al 2008). It contains a total of 20 items on a 5-step scale 
distributed in 4 domains: Cough symptoms (3 items, question 1-3), Cough impact (8 items, 
question 4-11), Sputum symptoms (3 items, question 12-14) and Sputum impact (6 items, 
question 15-20).

Each item is answered on a scale from ‘never’ to ‘always’ (for frequency) or from ‘not at all’ 
to ‘a lot/extremely’ (for intensity), each type using five categories (1-5) as applicable. All items 
are rescored from 1-5 to 0-4 and then reverse scored such that better responses have higher 
scores.

There are only domain scores and no overall score. The four domains are Cough symptoms, 
cough impact, sputum symptoms and sputum impact with a range of 0-100. Higher scores 
associated with fewer symptoms/less impact due to cough or sputum.

Within each domain, items are summed and rescaled using the following algorithm:

CASA-Q domain scores= (sum of rescored items) / (range of rescored items) ×100

A domain score will only be derived if data of all corresponding items are available.

Baseline CASA-Q domain score is defined as the last CASA-Q measurement before first dose 
of double-blind treatment.  

5.6.4 SGRQ total and component scores

The algorithm below is based on SGRQ Manual Version 2.3, June 2009.

The St. George Respiratory Questionnaire (SGRQ) contains 50 items divided into three 
components: "Symptoms" concerned with respiratory symptoms, their frequency and severity; 
"Activity" concerned with activities that cause or are limited by breathlessness; and "Impacts" 
which covers a range of aspects concerned with social functioning and psychological 
disturbances resulting from airway disease. A score will be calculated for each component and 
a "Total" score will also be calculated. In each case the lowest possible value is zero and the 
highest 100. Higher values correspond to greater impairment of quality of life. 
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SGRQ scoring algorithm

Principle of calculation

Each response will be given a unique empirically derived weight between 0 and 100, the weights 
of all responses will be summed up and divided by the maximum possible score and expressed 
as a percentage.  

Each component of the questionnaire is scored separately in three steps:

1. The weights for all items with positive responses are summed. 

2. The weights for missed items are deducted from the maximum possible weight for each 
component. The weights for all missed items are deducted from the maximum possible 
weight for the Total score.

3. The score is calculated by dividing the summed weights by the adjusted maximum possible 
weight for that component and expressing the result as a percentage. The Total score is 
calculated in similar way.

Sum of maximum possible weights for each component and Total:

Symptoms   662.5

Activity 1209.1

Impacts 2117.8

Total 3989.4

(Note: these are the maximum possible weights that could be obtained for the worst possible 
state of the patient).

Symptoms component is calculated from the summed weights for the positive responses to 
questions 1-8 (Part 1).

Activity component is calculated from the summed weights for the positive responses to 
questions 11 – 17 (Part 2, Section 2) and 36 – 44 (Part 2, Section 6) on the questionnaire. 

Impacts component is calculated from the summed weights for the positive responses to 
questions 9-10 (Part 2, Section 1), 18 – 35 (Part 2, Sections 3 - 5), and 45 – 50 (Part 2, Section 
7) on the questionnaire. 

Total score is calculated by summing all positive responses in the questionnaire and expressing 
the result as a percentage of the total weight for the questionnaire.

Handling of missing items

Symptoms:  The Symptoms component tolerates a maximum of 2 missed items.  The weight 
for the missed item is subtracted from the total possible weight for the Symptoms component 
(662.5) and from the Total weight (3989.4).

Activity:  The Activity component tolerates a maximum of 4 missed items.  The weight for the 
missed item is subtracted from the total possible weight for the Activity component (1209.1) 
and from the Total weight (3989.4). 
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AUC0-8h will be derived using a trapezoidal rule. If the 0h or the 8h concentration is missing 
the AUC0-8h will be set to missing.  AUC0-12hr will be based on the observed concentrations 
from 0 to 8hr and extrapolation up to 12h (using trapezoidal rule). The daily drug exposure 
AUC0-24hr will then be estimated as 2 x AUC0-12hr.

5.7 Statistical models

5.7.1 Primary analysis

The following MMRM ANCOVA will be used for trough FEV1:

Dependent variable = intercept + treatment + region + baseline FEV1 + smoking status at 
screening + severity of airflow limitation + run-in post-bronchodilator FEV1 + visit + 
treatment*visit + baseline value*visit + error.

The within-patient correlation will be modeled using an unstructured covariance matrix in the 
mixed model. The Kenward-Roger approximation will be used to estimate denominator degrees 
of freedom (Kenward and Roger, 1997). 

If the model fails to converge with unstructured covariance matrix, either a compound 
symmetry (first choice) or first order autoregressive (AR1) (second choice) covariance structure 
will be used. For the efficacy IA, if the model still fails to converge only data up to week 12 
will be included.

The SAS procedure PROC MIXED will be used for analysis. Results will be presented with 
LSM and standard error (SE) for treatment effects and LSM, SE, associated two-sided 90% 
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confidence interval, and two-sided p-value for treatment contrasts of each QBW251 dose versus 
Placebo.

 MCP-Mod

The Multiple Comparison Procedure – Modelling (MCP-Mod) methodology (see 
Bretz et al 2005 and Pinheiro et al 2014) will be employed to assess the primary objective. The 
following steps for the MCP-Mod methodology will be performed. The analysis will be 
implemented in SAS (used for MMRM) and R (MCP-Mod) using DoseFinding R package: 

Step 1 (Testing an overall dose-response signal - MCP part):

a. Fit MMRM model. Extract estimates and variance-covariance matrix at Week 12 from 
fitted model.

b. Perform multiple contrast test with pre-defined model types and optimal contrasts, using 
variance-covariance matrix at Week 12 from the MMRM. 

Consider the following candidate models:

- Emax (ED50=25)

- Emax (ED50=75)

- Emax (ED50=150)

- sigEmax (ED50=25, h=3)

- sigEmax (ED50=75, h=3)

- sigEmax (ED50=150, h=3)

- exponential (delta=75)

- exponential (delta=150)

- linear

Present T-statistics and corresponding adjusted p-values for each candidate model.

If there is at least one significant DR relationship, the DR signal is declared and Step 2 
will be performed.

Step 2 (Estimation of the dose-response curve and target dose – Mod part):

a. Draw bootstrap samples (at least 1000) from a multivariate normal distributions N(µ,
sigma) with parameter µ and sigma populated with the corresponding estimates and 
variance-covariance from the MMRM of step 1a.  Fit each of the pre-defined models to 
the data of each sample. Select the model with the best fit based on generalized AIC and 
predict the dose-response curve with this model in each sample.

b. Derive median and other quantiles for predicted response over the dose range from the 
bootstrap samples. This will result in an averaged model.

c. Estimate the target dose(s): the smallest dose which shows a clinical relevant effect of 
delta for each of the bootstrap samples using the best model. The target dose will be 
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estimated for a delta of 50ml using inverse regression techniques (Bretz et al 2005). The 
averaged target dose is the median of the target doses over the bootstrap samples. The
averaged target dose will only be derived if the estimated target dose of at least 50% of 
the bootstrap samples is within the investigated dose range.

 Multiple imputation for supplementary analysis

For supplemental analysis the following imputation steps need to be performed for missing data. 

Off-treatment values will be considered for the analysis for patients discontinuing treatment not 
related to COVID-19, regardless of reason for discontinuing study. 

a) The following table provides an overview of the imputations rules for data after 
discontinuation:

Discontinuation of study

Discontinuation of study 
treatment

COVID-19-related Non-COVID-19 related

COVID-19-related no off-treatment data, 
MAR

no off-treatment data,
MAR during follow-up, 
J2R/MAR after study discontinuation

Non-COVID-19 related off-treatment data, 
J2R/MAR

off-treatment data, J2R/MAR

J2R/MAR: Missing data after discontinuation of study treatment will be imputed using J2R assumption for 
the QBW251 arms and MAR assumption for placebo arm.

b) Any other event leading to missing data prior to completion or discontinuation of 
study treatment: on-treatment value. Missing data will be multiply imputed based on 
the MAR assumption.

A patient can have missing data for both situations a and b.

1. For patients discontinuing double-blind treatment prematurely due to COVID-19 set 
off-treatment values to missing after COVID-related discontinuation.

2. Impute missing data using MAR:

Select all patients, impute missing values at Week 4, 8, 12, 16, 20 and/or Week 24 using 
the MI approach based on the fully conditional specification (FCS) method for 100 time 
and obtain 100 imputed dataset. Missing Week 4 values will be imputed separately for 
treatment group using a model with the imputed values of baseline FEV1, region, 
smoking status, run-in pre-bronchodilator FEV1 and severity of airflow as predictors. 
Missing Week 8 values will be imputed separately for each treatment group using a 
model with the imputed values of Week 4, baseline FEV1, region, smoking status, run-
in pre-bronchodilator FEV1 and severity of airflow as predictors. Repeat the same for 
subsequent visits.

This results in 100 imputed datasets. 

For patients in the QBW251 treatment groups who discontinued double-blind treatment 
prematurely not related to COVID-19, set imputed values after discontinuation of 
treatment to missing, as these will be imputed using J2R in step 3. 
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For patients in the QBW251 treatment groups who discontinued double-blind treatment 
prematurely related to COVID-19 and discontinued study not related to COVID-19, set 
imputed values after discontinuation of study to missing, as these will be imputed using 
J2R in step 3.

3. Impute missing for patients in the QBW251 treatment groups using J2R: 

Select all patients, impute missing values at Week 4, 8, 12, 16, 20 and/or Week 24 using 
the MI approach, under assumption of missing not at random (MNAR) that patients in 
QBW251 treatment groups will behave as patients treated with Placebo, based on the 
fully conditional specification (FCS) method for 100 time and obtain 100 imputed 
dataset. Missing Week 4 values will be imputed using a model with the imputed values 
of baseline FEV1, region, smoking status, run-in pre-bronchodilator FEV1 and severity 
of airflow as predictors. Missing Week 8 values will be imputed using a model with the 
imputed values of Week 4, baseline FEV1, region, smoking status, run-in pre-
bronchodilator FEV1 and severity of airflow as predictors. Repeat the same for 
subsequent visits. 

This results in 100 imputed datasets. 

4. Merge datasets from step 2 and step 3. 

a. For patients in QBW251 treatment groups discontinuing double-blind treatment 
prematurely not related to COVID-19 take imputed values after discontinuation
of treatment from step 3. 

b. For patients in the QBW251 treatment groups who discontinued double-blind 
treatment prematurely related to COVID-19 and discontinued study not related 
to COVID-19, take imputed values after discontinuation of study from step 3.

c. For all other missing (including those for Placebo patients) values take imputed 
values from step 2. 

5. Week 12 data of the final multiply-imputed dataset where all missing values are filled 
will be analyzed (by imputed dataset) using a linear mixed model with treatment, region,
smoking status at screening, run-in pre-bronchodilator FEV1, severity of airflow 
limitation and baseline FEV1 as predictors.

6. The results for the treatment effect from the 100 datasets will then be combined using 
Rubin’s rule.

Step 1 to 4 will be implemented before MCP-Mod is used. 

Step 5 and 6 will be used within MCP-Mod for step 1a Step 1b and 2a of the MCP-Mod will 
use the combined estimate and variance-covariance matrix of step 6..

5.7.2 Key secondary analysis

 Repeated measurements logistic regression analysis

The proportion of patients achieving a clinical important improvement, will be analyzed using 
a repeated measures logistic regression. The model is similar to the ANCOVA model:














