




Sponsor
Novartis Pharmaceuticals
Generic Drug Name
Iptacopan
Trial Indication(s)
Paroxysmal nocturnal hemoglobinuria (PNH)
Protocol Number
CLNP023C12302
Protocol Title
A randomized, multicenter, active-comparator controlled, open-label trial to evaluate efficacy and safety of oral, twice daily LNP023 in adult patients with PNH and residual anemia, despite treatment with an intravenous anti-C5 antibody.
Clinical Trial Phase
Phase 3
Phase of Drug Development
Phase III

Study Start/End Dates  
Study Start Date: January 25, 2021 (Actual)
Primary Completion Date: September 26, 2022 (Actual)
Study Completion Date: March 06, 2023 (Actual)
Reason for Termination 


Study Design/Methodology
This study was a multi-center, randomized, open-label, active comparator-controlled, parallel group study, comprising three periods:
• A screening period lasting up to 8 weeks (unless there was a need to extend it for vaccinations required for inclusion, vaccinations were started as early as possible to avoid extension of the screening period)
• A 24-week randomized, open-label, active controlled, treatment period for the primary efficacy and safety analyses
• A 24-week open-label, iptacopan treatment extension period
Eligible patients were randomized (8:5) to receive either iptacopan monotherapy at a dose of 200 mg orally b.i.d. or i.v. anti-C5 antibody treatment (with the same regimen during the randomized treatment period as they were prior to randomization). 
The study enrolled PNH patients with residual anemia, defined as hemoglobin < 10 g/dL, despite a stable regimen of anti-C5 antibody treatment (eculizumab or ravulizumab) in the last 6 months before randomization.
The database of the study was locked for the randomized treatment period after all patients had completed the Day 168 visit in the study or EOS (End of Study) for patients who had discontinued the study prior to the treatment extension period. The final database lock took place after the last patient had completed the last visit (Day 336 or EOS) in the treatment extension period.
Centers
39 centers in 12 countries: Netherlands(1), Germany(5), France(3), Japan(7), Korea, Republic of(1), Italy(7), Spain(3), Taiwan(2), United Kingdom(2), Czech Republic(1), United States(5), Brazil(2)



Objectives:

Objectives for the randomized treatment period: 
Primary Objective: 
The primary objective was to demonstrate superiority of iptacopan compared to anti-C5 antibody treatment in the proportion of patients achieving hematological response. Two hematological responder endpoints were defined as primary endpoints:
• Increase from baseline Hb levels ≥ 2 g/dL (assessed between Day 126 and Day 168) in the absence of RBC transfusion between Day 14 and Day 168.
• Hb levels ≥ 12 g/dL (assessed between Day 126 and Day 168) in the absence of RBC transfusion between Day 14 and Day 168.

Secondary Objectives: 
· To demonstrate superiority of iptacopan, compared to anti-C5 antibody treatment in transfusion avoidance as the proportion of patients who remain free from transfusions.
· To demonstrate superiority of iptacopan, compared to anti-C5 antibody treatment, in average change in hemoglobin.
· To demonstrate superiority of iptacopan, compared to anti-C5 antibody treatment, in improving fatigue, using the FACITFatigue questionnaire.
· To demonstrate superiority of iptacopan, compared to anti-C5 antibody treatment, in average change in reticulocyte counts.
· To demonstrate superiority of iptacopan, compared to anti-C5 antibody treatment, in average percent change in LDH.
· To demonstrate superiority of iptacopan, compared to anti-C5 antibody treatment, in the rate of breakthrough hemolysis (BTH).
· To assess the rates of Major Adverse Vascular Events (MAVEs incl. thrombosis) of iptacopan, compared to anti-C5 antibody treatment.
· To assess safety and tolerability of iptacopan compared to anti-C5 antibody treatment.

Objectives for the treatment extension period: 	Comment by Maitra, Samopriyo: Do we need to be more detailed?	Comment by Maitra, Samopriyo: Note that in the orimary outcome results some of the results are presented but they are not mentioned as primary here	Comment by Triginer Garces, Blanca: This is how it is written in the protocol and CSR, so I would not suggest to be more detailed. 

The primary objective was to assess long term safety, tolerability and efficacy of LNP023.	Comment by Solaryohay, Susan: I understand that this is to follow the redacted protocol content. If this is correct, then this matches the primary objective for the extension period as it is written in the protocol.	Comment by Triginer Garces, Blanca: correct

Test Product (s), Dose(s), and Mode(s) of Administration
· Iptacopan monotherapy at a dose of 200 mg orally b.i.d.
· Anti-C5 antibody treatment: 
· Eculizumab concentrate solution for infusion of 300 mg/30mL
· Ravulizumab concentrate solution for infusion of 300 mg/30mL, 300 mg/3 mL and 1100 mg/11 mL.

Statistical Methods 

Analysis of Randomized treatment period: 
Efficacy endpoints
The analysis of efficacy variables was based on the full analysis set (FAS) that included all patients randomized into the study. The overall study Type I error was one-sided 0.025. The multiplicity adjustment was applied for the test of two primary endpoints as well as to the secondary endpoints for controlling the study wise Type I error.
Superiority of iptacopan in achieving a larger proportion of patients who reached a sustained hemoglobin response compared to anti-C5 antibody treatment was tested for each of the two primary endpoints, separately.
Analysis of primary endpoint: For each of the two primary endpoints, the test of hypothesis was initially implemented by fitting a conditional logistic regression model, which conditioned on stratum within which patients were randomized, and included as covariates both sex, age (indicator of age ≥ 45 years), and an indicator variable of baseline hemoglobin above 9 g/dL. However, these analyses models did not converge due to zero responders in the anti-C5 arm. Hence, the test of the hypotheses associated to the two primary endpoints were carried out by fitting a logistic regression model, based on Firth’s penalized maximum likelihood method (Heinze and Schemper 2002, Firth 1993).
Analysis of secondary endpoints: 
Transfusion avoidance was evaluated by comparing the proportion of patients not receiving nor meeting the criteria for administration of RBC transfusion between Day 14 and Day 168. The comparison of treatments was carried out by means of the odds ratio derived using conditional logistic regression with standardized marginal proportions derived using logistic regression.
Comparison of mean change from baseline in hemoglobin levels: data collected within 30 days after transfusion were discarded and imputed under MAR (missing at random) assumptions using the hemoglobin data not impacted by transfusion.
The model for the comparison between treatments was a repeated measures model with an unstructured covariance structure, with stratification factors, age (binary indicator), sex and including main effect of treatment, visit and baseline, and the interactions between visits and treatment and visits and baseline levels. The treatment contrasts were computed as the comparison of treatments corresponding to the average measured in the last 6 weeks of randomized treatment (that is the visits occurring between Day 126 and Day 168).
The endpoint consisted of changes from baseline in scores of fatigue using the FACIT-Fatigue questionnaire. The comparison between treatments was an average of treatment estimates derived for visits occurring between Day 126 and Day 168 as obtained from a repeated measures model. The model included the main effects of stratification factors, treatment baseline covariates and interaction terms.
The comparison of the mean change from baseline in reticulocyte counts was derived from a longitudinal repeated measures model including data collected throughout the study. The comparison between treatments used the average of model derived estimates for each treatment obtained at visits occurring between Day 126 and Day 168 as obtained from a repeated measures model. The model included stratification factors, treatment, baseline and interaction terms.
The treatment effect on percent change from baseline in LDH was assessed using a longitudinal repeated measures model of log transformed ratio to baseline based on all observations collected during the randomized period. The model is same as the model described for all continuous endpoints. Treatment comparisons were derived based on the average of the log transformed ratio in each treatment estimated between Day 126 and Day 168.
The comparison of rates of breakthrough hemolysis was carried out using a negative binomial model. The model planned to include the following covariates: treatment, randomization strata, sex, age (indicator of age ≥ 45 years), indicator variable of baseline hemoglobin ≥ 9 g/dL. Following the treatment policy strategy for handling treatment discontinuations, the offset variable was defined as the time from Day 1 till minimum (end of study, end of randomized treatment period).
For the analysis a negative binomial model with treatment as a factor was implemented.
The comparison of rates of Major Adverse Vascular Events (MAVE) was planned to be carried out using a negative binomial model using treatment as a factor. For the analysis on the secondary endpoint the Poisson model with treatment as a factor was implemented. Due to presence of only event the rate ratio could not be computed, hence rate difference and corresponding p-value were presented.	Comment by Solaryohay, Susan: I am not able to leave a comment in the statistical data section of this Word document, so I am adding it here. Please note that if the annualized rate of BTH and MAVE are to be included rather than the number of pts, the respective sections in this Word Form as well as the standard form, will need to be changed.	Comment by Triginer Garces, Blanca: Yes, the sections have been updated. 

Analysis of treatment extension period: 	Comment by Triginer Garces, Blanca: Please know this section is new	Comment by Maitra, Samopriyo: Here we are mentioning comb FAS and FAS while in the randomized period we did not do so. We should define the comb FAS and FAS. In randomized period the efficacy analyses were done based on FAS	Comment by Triginer Garces, Blanca: I have added a title with “Analysis of Randomized treatment endpoints” to clarify, as it is explained there that endpoints are analysed using FAS
For all efficacy analyses based on laboratory data (e.g. hemoglobin, absolute reticulocyte counts, LDH), the information obtained from the central lab was used. Analyses were conducted on the combined FAS (all patients randomized to LNP023 200 mg b.i.d and all patientsrandomized to anti-C5 treatment and who switched to LNP023 in the treatment extension period) when the intention is to analyze efficacy based on iptacopan use. Analyses were done on the FAS (all patients to whom study treatment has been assigned by randomization) when the intention is to analyze efficacy data based on the entire 48-week study duration (Day 1-336) and by the randomized treatment arms (iptacopan-iptacopan; anti-C5 antibody- iptacopan). All summaries were based on observed data.
Study Population: Key Inclusion/Exclusion Criteria 
Inclusion Criteria:



•	Male and female participants ≥ 18 years of age with a diagnosis of PNH confirmed by high-sensitivity flow cytometry with clone size ≥ 10%

•	Stable regimen of anti-C5 antibody treatment (either eculizumab or ravulizumab) for at least 6 months prior to randomization

•	Mean hemoglobin level <10 g/dL 

•	Vaccination against Neisseria meningitidis infection is required prior to the start of treatment. 

•	If not received previously, vaccination against Streptococcus pneumoniae and Haemophilus influenzae infections should be given



Exclusion Criteria:

•	Participants on a stable eculizumab dose but with a dosing interval of 11 days or less or patients

on stable ravulizumab dose but with a dosing interval of less than 8 weeks.

•	Known or suspected hereditary complement deficiency at screening

•	History of hematopoietic stem cell transplantation

•	Patients with laboratory evidence of bone marrow failure (reticulocytes <100x10E9/L; platelets <30x10E9/L; neutrophils <500x10E6/L).

•	Active systemic bacterial, viral (incl. COVID-19), or fungal infection within 14 days prior to study drug administration

•	A history of recurrent invasive infections caused by encapsulated organisms, e.g. meningococcus or pneumococcus. 

•	Major concurrent comorbidities including but not limited to severe kidney disease (e.g., eGFR < 30 mL/min/1.73 m2, dialysis), advanced cardiac disease (e.g., NYHA class IV), severe pulmonary disease (e.g., severe pulmonary hypertension (WHO class IV)), or hepatic disease (e.g., active hepatitis) that in the opinion of the investigator precludes participant's participation in the study.


Participant Flow Table

Baseline Characteristics 









Primary Outcome Result(s) 








Secondary Outcome Result(s)











Other Pre-Specified Outcome Result(s)



Post-Hoc Outcome Result(s)
No data identified.

Safety Results

All-Cause Mortality

Serious Adverse Events


Other (Not Including Serious) Adverse Events


Other Relevant Findings
Not applicable
Conclusion:

· The APPLY-PNH study enrolled a representative population of adult PNH patients with residual anemia despite receiving a stable regimen of standard of care anti-C5 therapy (eculizumab/ravulizumab). Iptacopan monotherapy at a dose of 200 mg b.i.d. was superior to Standard of Care anti-C5 therapy on the two primary hematological response endpoints and the majority of the secondary endpoints during the randomized treatment period.	Comment by Solaryohay, Susan: Note that I have not changed the text of the conclusion bullets as this matches what we have in the conclusion section of the final CSR exactly with the exception of part of the leading sentence (i.e., regarding prior study transfusion history, which reads “and with the majority of patients requiring transfusions in the six months prior to randomization.”), with I agree can be excluded. However, I would recommend we revise the order as the note below explains. Thanks	Comment by Solaryohay, Susan: Can we consider moving the sentence regarding the results of the randomized treatment period to the first paragraph and the starting a new paragraph when the data regarding the patients receiving 48 weeks iptacopan monotherapy is added? I have made the change but this is just to see how it reads. Team thoughts are appreciated. Thanks
· Continued treatment with iptacopan monotherapy 200 mg b.i.d over a total of 48 weeks provided durable treatment benefits by good hemolysis control with sustained and clinically meaningful increases in hemoglobin, the majority of patients having normal / near-normal hemoglobin levels ≥ 12 g/dL irrespective of transfusions at the end of the study, transfusion avoidance in most patients and sustained improvement of patient-reported fatigue.Patients switching from anti-C5 antibody treatment to iptacopan monotherapy 200 mg b.i.d. for 24 weeks had similar treatment benefits with clinically meaningful increases in hemoglobin, the majority of patients achieving normal / near-normal hemoglobin levels ≥ 12 g/dL irrespective of transfusions at the end of the study, transfusion avoidance and improvement of patient-reported fatigue.
· Iptacopan monotherapy was well tolerated with an acceptable safety profile over the 48- week study.
· Given the sustained efficacy shown with iptacopan monotherapy treatment for 48 weeks and the continued favorable safety profile over 48 weeks, this study continues to support a positive risk benefit assessment in the treatment of adult patients with PNH.
Date of Clinical Trial Report Primary Analysis
20 Dec 2023
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