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[bookmark: _Toc351716269][bookmark: _Toc351718881][bookmark: _Toc355338616][bookmark: _Toc361925825]List of abbreviations
	Abbreviation
	Meaning

	AE 
	Adverse Event

	ACR
	American College of Rheumatology 

	AUC 
	Area Under the Curve 

	ATC
	Anatomical Therapeutic Classification (WHO drug classification) 

	BMI 
	Body Mass Index

	CI 
	Confidence intervals

	Cmax 
	Peak (or maximum) concentration

	CrCl
	Creatinine clearance

	CRP
	C-Reactive Protein

	CTX I
	C-Terminal Telopeptide Type I Collagen

	DMARD
	Disease Modifying Anti-Rheumatic Drug

	EULAR
	European League Against Rheumatism

	ICH GCP
	International Conference on Harmonisation and Good Clinical Practice

	GMT
	Geometric Mean Titre

	HPA
	Hypothalamic Pituitary Axis

	IL
	Interleukin

	IM
	Intramuscular

	IR
	Immediate Release

	Ig
	Immunoglobulin

	LLOQ
	Lower Limit of Quantification

	LOCF
	Last Observation Carried Forward

	LS
	Least Square

	MCID
	Minimal Clinically Important Difference

	MR
	Modified Release

	NSAID
	Non-Steroidal Anti-Inflammatory Drug

	PD 
	Pharmacodynamic

	PK 
	Pharmacokinetic

	PP
	Per Protocol

	QOL
	Quality of Life

	SAE
	Serious adverse event

	SE
	Standard Error 

	SF-36
	Short Form-36 Questionnaire

	TEAE
	Treatment Emergent Adverse Event 

	TNF
	Tissue Necrosis Factor

	T-lag
	Absorption Lag Time

	Tmax
	Time to peak (maximum) concentration

	TR
	Timed Release

	VAS
	Visual Analogue Scale


[bookmark: _Toc357497726][bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc361925826]Clinical rationale
Rheumatoid arthritis is a chronic autoimmune disorder which affects approximately 1% of the population. Glucocorticoids have been used since 1955 to manage the condition and remain an important therapy in contemporary practice as an adjuvant treatment with disease modifying anti-rheumatic drugs (Da Silva et al 2006; Bijlsma and Jacobs 2008). Glucocorticoids have a broad spectrum of anti-inflammatory and immunosuppressive effects. They inhibit leucocyte trafficking; modify the functions of leucocytes, fibroblasts and endothelial cells; and suppress the synthesis and actions of pro-inflammatory cytokines such as Interleukin (IL)-6 (Buttgerit et al 2005). In addition to controlling symptoms of active RA such as morning stiffness, there is increasing evidence that low dose glucocorticoid treatment (equal to or less than 10 mg/day of prednisone or equivalent) may have disease modifying effects (Kirwan et al 2007). Some of the main symptoms of RA, such as joint pain and morning stiffness are typically most prominent in the morning upon awakening. It is known that the mechanism underpinning this observation relates to circadian rhythms involving both the hypothalamic-pituitary-adrenal axis as well as endogenous inflammatory mediators such as IL-1, IL-6 and TNF (Tumour Necrosis Factor). The levels of these pro-inflammatory cytokines in patients with RA are known to exhibit a circadian rhythm with peak concentrations observed between 2 am and 6 am. Furthermore, the serum concentration of IL-6 has been observed to correlate with morning stiffness and other clinical symptoms (Straub and Cutolo 2007; Perry et al 2009). 
Lodotra is a modified (delayed or “timed”) release formulation of prednisone. The active drug sits within a core surrounded by inactive shell which delays the release of prednisone until approximately 2 am, when the drug is ingested at about 10 pm. The maximal concentration of prednisone is achieved at approximately 4 am. Drug release is triggered by penetration of water and is mostly independent of the gastrointestinal tract environment. The overnight timed release of prednisone is proposed to be an efficient manner in which to counter-act the circadian rhythm of pro-inflammatory cytokines such as IL-6 and thus reduce the symptoms of RA associated with these phenomena. Although administration of immediate release (IR) prednisone at low dose (5 or 7.5 mg/day) taken at 2 am versus 7.30 am has been shown in a single study involving 26 RA subjects treated for 4 days to improve morning stiffness and joint pain, such a regimen in the long term would be inconvenient and likely to result in disturbed sleep with reduced drug adherence (Arvidson et al 1997). Lodotra was developed as modified release formulation of prednisone which could be taken prior to bedtime (at around 10 pm) but achieve the same drug exposure and profile after a 4 hour delayed release as compared to a standard IR prednisone tablet ingested at 2 am.
[bookmark: _Toc357497727][bookmark: _Toc361925827]Contents of the clinical dossier
[bookmark: _Toc357497728][bookmark: _Toc361925828]Scope of the clinical dossier
The submission contained the following clinical information:
Module 5 (68 volumes; 57,132 pages)
9 biopharmaceutical studies, including 3 that provided data about the selection and development of the commercial formulation (Studies EMR 62215-001, -002 and -005), 1 study (NP01-006) that examined the effect of food on bioavailability, 1 study (NP01-008) that assessed dose proportionality, 2 bioavailability studies to support the product specification (NP01-009 and -010), 1 study (NP01-014) evaluating bioequivalence for tablets produced by 2 different manufacturers, and 1 comparative bioavailability study (NP01-013) of Lodotra with a commonly used immediate release formulation of prednisone (Decortin®) in humans under therapeutic dosing conditions. 
2 pivotal efficacy/safety studies (EMR 62215-003 and NP01-007). Both of the phase 3 studies were of 12 weeks duration and designed as superiority trials for the main efficacy outcome. 
Study EMR 62215-003 also had a 9-month, open-label follow-up phase which provided supportive evidence in relation to the maintenance of efficacy and safety.
Module 1 (1 volume; 318 pages)
Application letter, application form, draft Australian PI and CMI, European Summary of Product Characteristics (Netherlands, Sweden and Britain) and proposed Risk Management Plan for Australia (version 1: March 2011).
Module 2 (1 volume; 385 pages)
Clinical Overview, Summary of Clinical Efficacy, Summary of Clinical Safety and literature references.
[bookmark: _Toc357497729][bookmark: _Toc361925829]Paediatric data
The submission did not include any paediatric data and there is no current intention to develop such a program.
[bookmark: _Toc357497730][bookmark: _Toc361925830]Good clinical practice
ll studies in the Lodotra clinical development program were conducted in accordance with the principles of Good Clinical Practice (GCP) and compliance with ethical requirements were met. However, major protocol deviations potentially affecting the robustness of the efficacy analysis involved at least 20% of subjects in the 2 pivotal phase 3 trials. Protocol deviations were clearly articulated and similarly distributed among the active and control treatment groups.
[bookmark: _Toc355338639][bookmark: _Toc357497731][bookmark: _Toc361925831]Pharmacokinetics 
[bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238][bookmark: _Toc346107509][bookmark: _Toc357497732][bookmark: _Toc361925832]Studies providing pharmacokinetic data
The pharmacokinetic (PK) studies supporting the current application for the licensing of Lodotra in Australia consist of 9 phase 1 trials which can be summarized as: -
Studies EMR 62215-001, -002 and -005 were primarily conducted to investigate the bioavailability and PK characteristics of various experimental MR formulations with the aim to select a MR tablet formulation with the appropriate PK profile for evening ingestion,
Study NP01-006 mainly evaluated the effect of food on bioavailability,
Study NP01-008 assessed the dose proportionality of 1, 2 and 5 mg tablets of Lodotra, 
Studies NP01-009 and -010 evaluated the bioavailability of batches with different in vitro lag times under fasted and fed conditions, 
Study NP01-013 (performed as a post-approval commitment to the initial licensing in Germany) compared the relative bioavailability of 5 mg Lodotra tablets (given at 10 pm after a light evening meal) to a commonly used IR prednisone formulation in Europe (Decortin, 5 mg and taken at 8 am in a fed state after breakfast), and
Study NP01-014 which evaluated the bioequivalence of single oral doses of Lodotra 5 mg produced by 2 different manufacturing sites. 
All the PK studies have been conducted in healthy subjects (male and female) between the ages of 18 and 45 years, who were predominately of Caucasian ethnicity. No multi-dose PK studies have been performed and the sponsor justifies this approach on the basis that the likelihood of accumulation of prednisone or prednisolone is negligible due to the short elimination half-lives of the active components (< 3 hours) and the recommended dosage regimen is once daily.   
[bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290846239][bookmark: _Toc346107510][bookmark: _Toc357497733][bookmark: _Toc361925833]Summary of pharmacokinetics
The information outlined below is a summary of data derived from the 8 single dose PK studies conducted as part of the Lodotra clinical development program, all of which recruited healthy volunteers. No PK studies involving patients with RA have specifically been performed.
[bookmark: _Toc272414617][bookmark: _Toc290846240][bookmark: _Toc346107511]Physicochemical characteristics of the active substance
Lodotra tablets are a MR formulation of prednisone which contains in the core either 1, 2 or 5 mg of prednisone as the active ingredient together with various excipients commonly used in the manufacture of tablets such as lactose monohydrate, sodium croscarmellose and povidone. The active core is protected from gastrointestinal fluids by an inert shell that delays dissolution by approximately 4 hours. Prednisone release from the core is triggered by the penetration of gastrointestinal liquids into the shell. Dissolution occurs rapidly thereafter and is independent of the medium pH.
[bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290846241][bookmark: _Toc346107512]Pharmacokinetics in healthy subjects
[bookmark: _Toc272414619][bookmark: _Toc290846242][bookmark: _Toc346107513]Absorption
In general, the PK characteristics of prednisone are clearly delineated. Prednisone is rapidly and almost completely absorbed from the gastrointestinal tract.
[bookmark: _Toc241374287][bookmark: _Toc272414620][bookmark: _Toc290846243][bookmark: _Toc346107514]Bioavailability
Bioavailability analysis supporting the Lodotra specification 
Two open label, randomized, 4-period crossover, single dose studies (NP01-009 and -010) were conducted to investigate the bioavailability of 5 mg Lodotra tablets with different in-vitro lag times of prednisone. Both studies had a similar design and enrolled 28 healthy male volunteers. The key differentiating feature between the 2 studies was that NP01-009 was conducted under standard fasted conditions and NP01-010 was performed with the drug administered at 10 pm (0.5 hours after dinner). The aim of both studies was to justify the setting of the in-vitro drug release specification for Lodotra with a mean lag time of 4 hours. To achieve this objective, 4 batches of Lodotra tablets were manufactured with the mean in-vitro lag times in hours being 3.5 (T1), 4.0 (R), 4.5 (T2) and 5.0 (T3). The sample size calculation was based on the results of Cmax variability in Study EMR 62215-005. 
A total of 28 healthy, non-smoking, Caucasian, male subjects aged 18-45 years were recruited into Study NP01-009, and 27 completed follow-up. There was a minimum wash-out period of 3 days between each of the 4 single oral doses of 5 mg prednisone. In Study NP01-009 (fasted conditions), the 4 batches were comparable for Cmax, AUC∞ and AUC-t. This indicates that the in-vitro lag times had no effect upon the rate and extent of prednisone absorption. However, the relative bioavailability of all these batches was low with the maximum geometric mean concentrations (Cmax) in the range of 5.37-5.98 ng/mL and systemic exposure as expressed by AUC∞ being 32.91-36.6 ng.h/mL. Furthermore, there was significant inter-individual variability (geometric mean CV %) for Cmax and AUC∞ ranging 61-76%. This observation was primarily attributed to the 10 hour fasting conditions of the trial and was consistent with the results of Study NP01-006, which was also performed under fasting conditions. In contrast, Study EMR 62215-005 which was conducted under fed and semi-fed conditions showed reduced in-vivo lag times (Tmax). Hence, the effect of food taken at or near Lodotra ingestion is an important determining PK characteristic.
Study NP01-010 was performed using the same 4 batches of Lodotra 5 mg tablets but taken under fed conditions (10 pm, 0.5 hours after dinner) because of the low bioavailability and high variability of Lodotra when tested after an overnight fast in Study NP01-009. A total of 28 healthy, non-smoking, Caucasian, male subjects aged 18-45 years were recruited into the study, and 26 completed follow-up. There was a minimum wash-out period of 3 days between each of the 4 single oral doses of 5 mg prednisone. For this trial, Cmax, AUC∞ and AUC-t were similar for prednisone and prednisolone regardless of the in-vitro lag time of the 4 batches. The maximum geometric mean concentrations (Cmax) in ng/mL were 13.56 for tablet R, 21.39 for T1, 16.33 for T2 and 17.44 for T3. Systemic exposure (AUC∞) was 85.75 ng.h/mL for R, 121.15 for T1, 110.54 for T2 and 106.17 for T3. Across all treatment groups, 7.4% (8/108) of results demonstrated a low exposure to prednisone and prednisolone. These outliers deviated significantly from the group mean and were randomly distributed between subjects and treatment groups (n=4, 0, 2 and 1 for groups R, T1, T2 and T3 respectively). All batches showed acceptable bioavailability but the high rate of outliers in the reference group R caused a higher inter-subject variability and slightly lower Cmax and AUC for this particular group. Hence, the 3 formulations (T1, T2 and T3) did not meet the regulatory definition of bioequivalence to the R formulation (i.e. the 90% CI of the test/reference to fall within 80-125%). The sponsor indicates that the high inter-subject variability with the R formulation may be due to physiological conditions in the gut rather than lag time dynamics. The standard dinner served in this trial consisted of pasta with spaghetti sauce (high calorie, but not high fat) to be commenced 1 hour pre-dose. It is hypothesized that meal digestion may have occurred more rapidly in some individuals allowing the stomach to empty its contents early. To support this hypothesis the sponsor performed an additional post-hoc PK analysis whereby the outlier results were excluded. Bioequivalence criteria were met on the post-hoc analysis, thereby suggesting that the in vitro lag time in the selected range of 3.2 (T1) to 4.9 (T3) hours does not affect Cmax and AUC, and that the high variability is not dependent on the in vitro lag times but rather on physiological factors involving the gut. 
The in-vitro lag time was linearly related to the in-vivo Tmax and T-lag. The median in-vivo lag time (in hours) for prednisone after T1 was 4.5, 5.0 for R, 5.5 for T2 and 6.0 for T3 (corresponding in-vitro lag times of 3.2, 3.9, 4.4 and 4.9 hours). Therefore, for all batches Tmax was observed 2-3 hours after the onset of absorption which is comparable for the Tmax of IR prednisone (Decortin 5 mg tablets) which is approximately 3 hours. Hence, oral bioavailability is unchanged for batches with longer in-vitro lag time and the selected range of 3.2-4.9 hours is appropriate for justifying the Lodotra specification.
Bioequivalence to relevant registered products
The TGA raised concerns about the validity of applying results using an overseas IR prednisone reference formulation (Decortin) as a comparator for the PK studies to the Australian context. Decortin is the innovator brand of IR prednisone marketed by Merck in Germany and is the most commonly utilised formulation of prednisone in Europe. The Australian products, Sone and Panafcort, are qualitatively similar to Decortin (e.g. similar excipients and physiochemical properties)  and exhibit comparable dissolution profiles. I concur with the sponsor opinion that a direct comparison between Lodotra and the commonly used formulations of IR prednisone in Australia is not required. Extrapolation of the data for the comparison between Lodotra and Decortin is of sufficient rigour to meet bioequivalence standards.
As a post-approval commitment of the European regulatory process (at the BfArM request) an additional PK study (NP01-013) investigating the bioavailability of Lodotra and IR prednisone when administered in accordance to their respective SmPC conditions. Study NP01-013 was an open label, randomized, 2-way crossover trial which examined the relative bioavailability of a single 5 mg oral dose of Lodotra and a commonly used formulation of IR prednisone in Europe (Decortin). The study involved 28 healthy subjects (male and female). Lodotra was taken after dinner at 10 pm and Decortin was administered in the morning after breakfast. The bioavailability of both prednisone formulations was comparable as evaluated by a mixed ANOVA model with AUC 0-∞ and Cmax as the primary parameters. The estimated difference between Lodotra and Decortin for T-lag was 4.5 hours and Tmax was 3.5 hours. The shape of the prednisone and prednisolone concentration-time profiles (see Figure 1) were comparable between the 2 formulations although the Lodotra concentration-time profile was shifted by approximately 4 hours to the right compared to Decortin. 


Figure 1. Mean plasma levels of prednisone and prednisolone after single administration of Lodotra 5 mg or IR prednisone (NP01-013)
	Prednisone	Prednisolone
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Table 1 displays the key PK parameters calculated from prednisone and prednisolone plasma concentrations. The difference in T-lag and Tmax between Lodotra and Decortin reflected the delayed release of prednisone from the Lodotra tablet compared to IR prednisone.
Table 1. Plasma PK parameters of prednisone and prednisolone (NP01-013) 
[image: ]
In Study NP01-013, 3 (11.1% of 27) subjects had significantly lower plasma concentrations of prednisone and prednisolone after receiving Lodotra compared to the ingestion of IR prednisone in the same subjects. The proposed Australian PI and European Summary of product characteristics state “lower prednisone plasma concentrations have been observed in 6-7% of cases” receiving Lodotra. 
Study NP01-014 had a randomized, open-label, 2-sequence, 2-period crossover design. The primary objective of the trial was to evaluate the bioequivalence of single oral doses of 5 mg of prednisone MR manufactured by Bayer Schering Pharma AG (Leverkusen, Germany) and Skye Pharma Production SAS (St-Quentin-Fallavier, France). In addition, the study assessed T-lag and Tmax of prednisone and prednisolone after ingestion of each formulation. All subjects received both treatments separated by a wash-out period of at least 3 days. The 24 hour PK profile of prednisone and prednisolone was obtained from blood samples collected pre-dose, every 30 minutes from 1-9 hours, then also at 9, 10, 12, 16, 20 and 24 hours post-dose. Study drug administrations occurred at 8 am after a high fat breakfast which had to commence 30 minutes prior to tablet intake and be completed within 5 minutes before drug ingestion. In total, 52 healthy subjects (26 male, 26 female) were recruited into the study and 51 (98.1%) were included in the bioequivalence analysis. One male subject withdrew his consent for personal reasons on day 3 of the first treatment period and data for this individual was only available for the Bayer formulation. The enrolled subjects had a mean age of 30.4 years (range 18-45 years), mean BMI of 23.4 kg/m2 (range 18.4-28.9 kg/m2) and all but 1 subject was Caucasian. Bioequivalence was demonstrated for all PK parameters. In particular, Cmax (21.4 ng/mL) and AUC∞ (136 hr.ng/mL) were identical between the formulations. The T-lag and Tmax of both products were also similar. For prednisone, the mean T-lag was 4.13 hours (SD 0.55 hours) for the Bayer tablet and 4.09 hours (SD 0.40 hours) for the Skye formulation. The mean Tmax was 6.77 hours (SD 1.38 hours) for the Bayer tablet and 6.51 hours (SD 0.87 hours) for the Skye formulation. The T1/2 was 2.8 hours (SD 0.60) for the Bayer preparation and 2.7 hours (SD 0.47) for the Skye produced tablet. The mean plasma concentration-time curves for prednisolone showed a similar profile to the prednisone plots for both formulations. The Hodges-Lehman estimates for all PK parameters showed a relatively narrow 90% CI supporting the claim of PK similarity between the 2 formulations. The majority of individual subject PK data was within the 90% CI limits of the 80-125% bioequivalence criteria. However, 2 subjects displayed significantly lower plasma concentrations of prednisone and prednisolone after receiving the Bayer preparation compared with the Skye formulation. One of those subjects was only able to achieve a Cmax for prednisone after the Bayer tablet approximately 25% of the Skye formulation value. The other outlier subject also showed a very different concentration-time plot for prednisone with the Bayer tablet having a Tmax of 10 hours and the Cmax was about 50% of that achieved with the Skye formulation. For the Australian market, the sponsor proposes to source MR prednisone from 2 additional potential manufacturers (Sanofi Chimie in France, and Tianjin Tianyao Pharmaceuticals in China). The submission contained TGA GMP clearance letters for all 4 manufacturing sites. The sponsor indicates that the results of Study NP01-014 demonstrate that a consistent tablet quality in terms of PK characteristics can be sourced from different manufacturers.
Influence of food
Two phase 1 studies have primarily investigated to effect of food on the PK and bioavailability of Lodotra. In Study EMR 62215-005, 5 mg of Lodotra given at 8 pm under semi-fed conditions (2.5 hours after a light meal at 5.30 pm – treatment B) or in the fed state (0.5 hours after a normal dinner at 7.30 pm – treatment C) was compared to the reference IR prednisone formulation of Decortin administered at 2 am after a light meal taken at 5.30 pm (treatment A).
Figure 2 shows that the mean plasma concentrations of prednisone and prednisolone in 26 healthy, young-middle aged, male subjects increased rapidly after receiving Decortin with quantifiable levels measured after 0.5 hours and Tmax of 2 hours. The concentration-time profiles observed for Lodotra in the semi-fed and fed state were comparable to the reference formulation but the lag time until plasma concentrations were achieved (first detectable and Tmax) were delayed by approximately 4 hours. The Tmax after Lodotra administration was 2.5 hours after the onset of absorption. 


Figure 2. Mean plasma concentration of prednisone after a single dose of 5 mg prednisone as IR formulation (A) or Lodotra in the semifed (B) or fed state (C) (Study EMR 62215-005, n=26).   
[image: ]
Table 2 summarizes the key PK parameters derived from a non-compartmental analysis for prednisone and prednisolone in Study EMR 62215-005. Total exposure to prednisone and prednisolone were similar for both Lodotra treatments and the IR prednisone comparator. The inter-individual variability was higher with both Lodotra administration conditions, but particularly evident under semi-fed conditions. 
Table 2. PK parameters for prednisone and prednisolone after single administration of 5 mg prednisone as IR formulation or Lodotra (EMR 62215-005, n=26)
[image: ]
*Means are least squares geometric means
Study NP01-006 was an additional, phase 1, single centre, open label, randomized trial with a 2-period crossover design that was requested by USA regulatory authorities to fulfil the effect of food on PK parameters. The study recruited 24 healthy young male (n=12) and female (n=12) volunteers who were administered 5 mg of Lodotra at approximately 8 am after an overnight (10 hour) fast versus after intake of a high fat breakfast. As demonstrated in Table 3, exposure to prednisone and prednisolone increased 3-4 fold when Lodotra was taken under fed conditions versus fasting. Furthermore, the median T-lag and Tmax for both prednisone and prednisolone were 1 -1.5 hours longer in the fasted state. 
Table 3. Effect of food on PK parameters of prednisone and prednisolone in Study NP01-006
[image: ]
The results of both studies indicate that Lodotra should not be ingested under fasting conditions if desired PK profiling is to be achieved. The amount of food does not seem to significantly affect bioavailability (Study EMR 62215-005) as treatments B and C appeared equivalent in that trial. In the pivotal phase 3 studies, patients were advised to take Lodotra with or up to 2 .5 hours after dinner. 
Dose proportionality
The dose proportionality of orally administered Lodotra (3 strengths – 1, 2 and 5 mg tablets) was examined in Study NP01-008. This was a single centre, phase 1, open label, randomized, balanced, 3-way crossover study involving 18 healthy, non-smoking, male volunteers aged between 18 and 45 years. There was a 3 day washout period between dosing regimens. The study was conducted under fasting conditions in accordance with the relevant regulatory guideline. At the time of its conduct, the pronounced effect of food on the bioavailability of Lodotra was not evident. Dose proportionality for the 3 doses was assessed for the log transformed variables of Cmax, AUC∞ and AUC-t for prednisone and prednisolone using a mixed model with fixed effects for sequence and period, and a random effect for subject within sequence, while log dose served as a covariate. Table 4 summarizes the results of this study and indicates dose proportionality for the limited dose range of Lodotra that has been evaluated. The estimated slopes for all parameters were close to 1 (with the 90% CI overlapping 1) indicating dose proportionality for the 3 tested dose levels (1, 2 and 5 mg).
Table 4 Study NP01-008. Analysis of dose-proportionality for prednisone and prednisolone
[image: ]
Bioavailability during multiple-dosing
This has not been assessed for Lodotra. In addition, the TGA has raised concerns about the fact that no studies with Lodotra have been conducted at steady state. The requirement for steady state bioavailability trials for Lodotra was waived by the FDA, for which I concur is a justifiable decision. The estimated half-lives of prednisone and prednisolone are 2-4 hours. Because Lodotra is given once daily, the wash-out period is up to 24 hours which correlates with at least 6 half-lives. Therefore, no drug accumulation would be expected for Lodotra if taken according to dosing instructions.
[bookmark: _Toc241374288][bookmark: _Toc272414621][bookmark: _Toc290846244][bookmark: _Toc346107515]Distribution
Peak serum concentrations of prednisone are reached approximately 6 hours after ingestion of Lodotra. Both prednisone and prednisolone reversibly bind to plasma proteins with a high affinity for transcortin (or corticosteroid binding globulin, CBG) and low affinity for plasma albumin. In the low dose range (up to 5 mg), approximately 6% of prednisolone is free. When the prednisone dose exceeds 10 mg, the binding capacity of transcortin is utilised and the free proportion of prednisolone may increase.  
[bookmark: _Toc272414622][bookmark: _Toc290846245][bookmark: _Toc346107516]Metabolism
During first pass liver metabolism, 80-100% of prednisone is rapidly converted to the active metabolite prednisolone by reduction of the 11-oxo group. The pre-conversion half-life of prednisone is approximately 60 minutes. Prednisone and prednisolone are metabolically reversible with equilibrium favouring formation of the active metabolite in a ratio of 1:6 to 1:10. 
[bookmark: _Toc241374289][bookmark: _Toc272414623][bookmark: _Toc290846246][bookmark: _Toc346107517]Excretion
Prednisolone is mainly eliminated by hepatic metabolism – approximately 70% by glucuronidation and 30% by sulphation. The metabolites of prednisolone have no pharmacological activity and are mainly eliminated via the kidneys. Negligible amounts of prednisone and prednisolone are found unchanged in the urine.   
[bookmark: _Toc241374292][bookmark: _Ref271189131][bookmark: _Ref271189136][bookmark: _Toc272414625][bookmark: _Toc290846248][bookmark: _Toc346107518]Pharmacokinetics in the target population
No PK studies involving patients with RA have been performed.
[bookmark: _Toc241374293][bookmark: _Toc272414626][bookmark: _Toc290846249][bookmark: _Toc346107519]Pharmacokinetics in other special populations
This has not been assessed for Lodotra.
[bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290846255][bookmark: _Toc346107520]Pharmacokinetic interactions
No specific studies examining drug interactions with Lodotra have been performed. The draft PI has proposed an extensive list of potential drug interactions based on the known potential drug interactions of prednisone with other therapies (i.e. a historical literature review). 
[bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290846258][bookmark: _Toc346107521][bookmark: _Toc357497734][bookmark: _Toc361925834]Evaluator’s overall conclusions on pharmacokinetics
In total, 9 phase 1 PK studies involving healthy volunteers (mainly, young males) have been conducted as part of the clinical development program and 6 of these trials used Lodotra tablet formulations identical to the commercially proposed product. Study EMR 62215-005 evaluated the PK behaviour of the final Lodotra formulation (5 mg) with an in-vitro lag time of 3.5 hours to the reference IR prednisone product of Decortin and demonstrated similar PK characteristics with the exception of an in-vivo lag time of 3.5-4 hours. 
Dose proportionality for a limited range of Lodotra dosing (1, 2 and 5 mg) was shown in Study NP01-008. Studies NP01-009 and -010 demonstrated that batches of Lodotra with different in-vitro lag times showed comparable and acceptable bioavailability. 
A consistent finding from the studies (in particular, EMR 62215-005 and NP01-006) is that fasting conditions significantly alter the PK of Lodotra with increased in-vivo lag time and Tmax with fasting versus fed state, and Cmax and AUC considerably lower with fasting. In addition, inter-individual variability of Cmax and AUC is significantly higher under fasting administration. 
Study NP01-013 which was conducted under SmPC conditions revealed comparable PK profiles for Lodotra and Decortin in terms of Cmax and AUC. This trial also confirmed the expected MR formulation behaviour with the estimated differences between Lodotra and Decortin being 4.5 hours for T-lag and 3.5 hours for Tmax. 
[bookmark: _Toc357497735][bookmark: _Toc361925835]Pharmacodynamics
[bookmark: _Toc272414637][bookmark: _Toc290846260][bookmark: _Toc346107523][bookmark: _Toc357497736][bookmark: _Toc361925836]Studies providing Pharmacodynamic data
None of the early phase studies evaluated PD data. However, the 2 phase 3 trials (including the OLE phase of the CAPRA-1 Study) collected PD endpoints as part of their analysis. The endpoints included serum inflammatory markers (ESR and CRP) for both phase 3 trials, serum cytokines (IL-6 in both studies; and also TNF in the CAPRA-2 Study) and bone turnover markers (serum osteocalcin values in the CAPRA-1 Study, and urine CTX I levels in the CAPRA-2 trial). The production of CRP by the liver is significantly influenced by IL-6. Differences between the treatment groups for morning IL-6 levels were considered to be a pivotal PD result supporting the hypothesis that the release of Lodotra has advantages over comparator treatment for influencing the clinical endpoint of morning stiffness. 
For the CAPRA-1 Study, ESR (mm/hour) and CRP (mg/L) were collected at baseline, 2, 6 and 12 weeks during the double-blind phase, as well as every 3 months during the OLE period. Interleukin-6 and osteocalcin levels were collected at baseline, visit 5 (12 weeks) and visit 8 (end of OLE). For the CAPRA-2 Study, ESR and CRP were collected at baseline (visit 1) and visits 2-4. Interleukin-6, TNF levels and urine CTX I values were collected at screening (visit 0) and visit 4 only. For both studies, PD markers (except urine CTX I) were based on results of blood analysis with samples collected before 10 am.  
CAPRA-1 study results
No significant median changes from baseline in CRP or ESR were seen for either treatment group (MR or IR prednisone) at any assessment visit (weeks 2, 6, and 12 in the double blind phase; and at visit 6, 7, and 8 in the OLE period). 
Median baseline IL-6 concentrations were higher in the IR prednisone group at baseline (1110 IU/L) compared to the MR prednisone arm (860 IU/L). When re-assessed at 12 weeks, IL-6 values decreased in the MR prednisone group (median visit 5 value of 470 IU/L; relative change from baseline -28.6%; n=135). The IR prednisone group showed no change from baseline to 12 weeks. However, the variability in IL-6 results was high in both groups with individual values ranging from 200-22,700 IU/L. At visit 8 in the OLE follow-up of the CAPRA-1 Study, patients originally treated with Lodotra maintained the same reduction in IL-6 concentrations at 9 months. Subjects who switched from the IR prednisone group to Lodotra at 3 months (end of double blind phase) showed a decrease in IL-6 concentrations during the OLE (visit 5 value of 1050 IU/L ; visit 8 value of 515 IU/L; relative change of -40.14%). The decrease in IL-6 for this treatment switch group was similar to the decrease seen in the original Lodotra treatment population.  
There was no change from baseline to 12 weeks and visit 8 for mean osteocalcin (ng/mL) values.
CAPRA-2 study results 
Serum inflammatory marker concentrations (ESR and CRP) were highly variable between and within subjects, and showed no clear decreasing trend over the course of the study in either treatment group (Lodotra or placebo tablets + background DMARD).
More than 50% of subjects had IL-6 levels less than the LLOQ (<5 pg/mL) at screening. The mean IL-6 concentration was higher in the Lodotra compared to placebo group (24.1 versus 11.0 pg/mL, respectively) because of several individuals with markedly increased results in the Lodotra arm. At visit 4, the mean absolute decrease from baseline in Il-6 concentration was numerically higher in the Lodotra group (-15.7 pg/mL) versus the placebo arm (-2.5 pg/mL). This difference was considered statistically significant when a log transformation calculation was applied to the non-normally distributed data (GMT ratio of 0.8 [95% CI 0.7, 0.9] with p=0.008). 
The median TNF concentrations at screening and visit 4 (12 weeks) were below the LLOQ (<5 pg/mL), highly variable and not normally distributed so meaningful interpretation of the results is not possible. There was no change from baseline to 12 weeks for urine CTX I values in either treatment group.
[bookmark: _Ref269119989][bookmark: _Toc272414639][bookmark: _Toc290846261][bookmark: _Toc346107524][bookmark: _Toc357497737][bookmark: _Toc361925837]Summary of Pharmacodynamics
[bookmark: _Toc241374299][bookmark: _Toc272414640][bookmark: _Toc290846262][bookmark: _Toc346107525]Mechanism of action
The PD effects of corticosteroids are produced by binding to specific intracellular glucocorticoid receptors which reside mainly in the cell cytoplasm. The receptor itself is bound to stabilizing proteins, including heat shock proteins. Binding of corticosteroid to the receptor causes it to change its properties, and allow for dissociation of the receptor from heat shock proteins. The receptor-hormone complex then transfers to the cell nucleus and initiates the transcription of genes which trigger the synthesis of messenger RNA. This in turn leads to the synthesis of specific proteins and enzymes that are responsible for the actions of glucocorticoids. The glucocorticoid receptor complex also binds to the negative glucocorticoid responsive element (nGRE), which subsequently inhibits the synthesis of IL-2, IL-6 and TNF.    
[bookmark: _Toc241374300][bookmark: _Toc272414641][bookmark: _Toc290846263][bookmark: _Toc346107526]Pharmacodynamic effects
[bookmark: _Toc272414642][bookmark: _Toc290846264][bookmark: _Toc346107527]Primary Pharmacodynamic effects
Prednisone and prednisolone are synthetic glucocorticoid hormones with a broad anti-inflammatory action. In addition, glucocorticoids also have metabolic effects, particularly involving carbohydrate metabolism. Prednisone is rapidly converted to prednisolone in vivo. Prednisone is a pro-drug with little pharmacological activity until the 11-oxo group is metabolically reduced in the liver to form the active moiety, prednisolone.
[bookmark: _Toc272414643][bookmark: _Toc290846265][bookmark: _Toc346107528] Secondary Pharmacodynamic effects
This was not included in the submission. 
[bookmark: _Toc272414644][bookmark: _Toc290846266][bookmark: _Toc346107529]Time course of Pharmacodynamic effects
The genomic effects of the glucocorticoid receptor complex (as described in 5.2.1) are delayed in onset by several hours and can last for up to several days. Typically, the action of 1 dose lasts from 1-1.5 days. However, some of the other effects of glucocorticoids occur very quickly (e.g. suppression of endogenous cortisol secretion and changes in the peripheral white blood cell count) to suggest a non-genomic mechanism of action. These latter PD effects correlate well with glucocorticoid plasma concentrations. 
[bookmark: _Toc272414645][bookmark: _Toc290846267][bookmark: _Toc346107530]Relationship between drug concentration and Pharmacodynamic effects
The timing of prednisone administration may influence some of the symptoms of RA (especially morning stiffness and joint pain) as well as the serum levels of pro-inflammatory cytokines, such as IL-6 and TNF. As illustrated in Figure 3, several of the key pro-inflammatory cytokines involved in the pathogenesis of RA exhibit a circadian rhythm with concentration peaks in the early morning (2-6 am). Due to the short half-life of prednisone (~2 hours), administration of IR prednisone between 6-8 am may not be the optimal time to dose for RA symptomatic relief. In comparison to healthy individuals, patients with RA often have higher serum concentrations of IL-6 and TNF, and they exhibit a more pronounced circadian rhythm. To complicate the pathogenesis considerations, IL-6 is a potent activator of the HPA axis and stimulates the release of cortisol from the adrenal cortex to counteract inflammation. However, in RA patients the responsiveness of the permanently stimulated HPA axis is significantly blunted and inadequate (Cutolo et al 2003). Furthermore, there is evidence to suggest that the peak concentration of IL-6 between 2-6 am is causally related to the peak in morning stiffness (Buttgerit et al 2008; Straub and Cutolo 2007).    
Figure 3 - Circadian Rhythm of Inflammatory Cytokines in Rheumatoid Arthritis 
[image: ]
[bookmark: _Toc241374304][bookmark: _Toc272414646][bookmark: _Toc290846268][bookmark: _Toc346107531]Genetic-, gender- and age-related differences in Pharmacodynamic response
Not contained within the submission.
[bookmark: _Toc241374303][bookmark: _Toc272414647][bookmark: _Toc290846269][bookmark: _Toc346107532]Pharmacodynamic interactions
No PD drug interaction studies have been specifically conducted with Lodotra. The sponsor justifies this approach based on the extensive published evidence available within the IR prednisone database.
[bookmark: _Ref269983272][bookmark: _Toc272414648][bookmark: _Toc290846270][bookmark: _Toc346107533][bookmark: _Toc357497738][bookmark: _Toc361925838]Evaluator’s overall conclusions on Pharmacodynamics
The PD properties for Lodotra were only assessed from data collected in the 2 pivotal phase 3 clinical trials involving samples from 600 adult patients with RA (354 of whom had received Lodotra, 132 had been given IR prednisone and 114 had received placebo tablets). Most subjects were middle-aged Caucasian females. The sponsor had nominated changes in IL-6 levels with treatment as the pivotal PD marker to support the biological plausibility for the benefits of MR prednisone in improving symptomatic control of RA, particularly morning stiffness. Other supportive PD markers were serum inflammatory markers (especially CRP as it has a link with IL-6 production), other cytokines (TNF) and bone turnover markers. 
In both of the phase 3 studies, the median or mean baseline levels of IL-6 showed statistically significant improvements following treatment with Lodotra compared to IR prednisone (in the CAPRA-1 Study) and placebo (in the CAPRA-2 Study). However, the clinical relevance of these changes is unclear, and the result was additionally clouded by large inter-individual variability in IL-6 values. Furthermore, none of the supportive PD markers (in particular CRP) were significantly different between any of the treatment groups (MR or IR prednisone, and placebo) in either of the phase 3 studies.   
[bookmark: _Toc357497739][bookmark: _Toc361925839]Dosage selection for the pivotal studies
Both pivotal phase 3 studies investigated prednisone doses at the low end of the dose range (3-10 mg daily in Study EMR 62215-003 and a fixed 5 mg/day in Study NP01-007) in patients receiving concurrent DMARD therapy. Low dose concurrent prednisone therapy (< 10 mg/day) is frequently prescribed for adult patients with RA, and its efficacy in controlling symptoms and having disease modifying characteristics is reported in the literature (ACR guideline 2002, Conn 2001, Hoes et al 2007, and Saag et al 1997).
With ingestion of the modified release formulation of prednisone at approximately 2200 hours (+/- 30 minutes), the dosage regimen chosen in the 2 pivotal phase 3 studies allowed for the release of the active drug to achieve optimal concentration prior to the early morning circadian rise of various cytokines (in particular, IL-6) which is thought to trigger the characteristic morning symptoms of stiffness and pain associated with active RA.
[bookmark: _Toc357497740][bookmark: _Toc361925840]Clinical efficacy
[bookmark: _Toc357497741][bookmark: _Toc361925841]Efficacy studies relevant to the indication sought
The sponsor is seeking a single indication - “for the treatment of moderate to severe, active rheumatoid arthritis in adults, particularly when accompanied by morning stiffness.”
The efficacy data pertaining to the indication sought by the sponsor was evaluated in 2 pivotal, phase 3 studies (EMR 62215-003 and NP01-07) of 12 weeks duration. As the study populations and outcome measures were different, the trials will be considered individually. Furthermore, no integrated efficacy analysis was provided in the submission. Supportive efficacy data was provided by the 9 month, open-label extension (OLE) phase of Study EMR 62215-003, although this trial predominately aimed to collect longer-term safety information. None of the earlier phase clinical studies provided efficacy data to the sought indication. 
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc346107537]Pivotal efficacy studies
[bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290846275][bookmark: _Toc346107538]Study EMR 62215-003 (CAPRA-1)
Study design, objectives, locations and dates
The primary objective of this study was to evaluate if 12 weeks of treatment with MR prednisone (Lodotra formulation) administered in the evening was superior to standard morning administration of IR prednisone in reducing the duration of morning stiffness. The secondary objectives were to compare the effect of the 2 prednisone formulations on standard RA efficacy parameters. 
The trial was a randomized, double-blind, active-controlled, double-dummy, parallel-group study of 12 weeks duration (plus a 1-2 week screening period) with an option for 9 months of open label follow-up in adult patients with active RA. During the 12 week controlled study phase, assessments were performed at weeks 2, 6 and 12. Eligible patients had to have received a daily dose of 2.5-10 mg prednis(ol)one for at least 3 months prior to entry, with a stable dose for at least 1 month prior to screening. They also had to have taken DMARD treatment for RA for at least 3 months (unless DMARDs were not tolerated, in which case prednis(ol)one only was allowed). At the start of the 3-month, double-blind phase of the study, patients were randomized to treatment with prednisone as Lodotra or the IR reference product (Decortin®), prepared as double-dummy study medication for evening and morning intake. The prednisone dose was to correspond to the individual patient’s pre-study dose (3-10 mg/day). Lodotra (or matching placebo tablet) was to be taken at 10 pm (±30 min) in the evening. The reference product of IR prednisone (or placebo) was taken between 6 am and 8 am in the morning. The double-blind phase was followed by a 9-month open follow-up phase, in which all patients regardless of previous treatment group could receive Lodotra. 
The 12 week, double-blind treatment phase of Study EMR 62215-003 commenced on 4 August 2004 and was completed on 6 April 2006. The additional 9 month, open-label extension phase of Study EMR 62215-003 was completed in October 2007. The study was performed at 17 centres in Germany and 12 centres in Poland, although 3 centres screened but did not randomize any patients. Patient recruitment by treatment centre ranged from 1 patient (5 centres) to more than 30 subjects (1 centre with 32 and another with 33 subjects).
Inclusion and exclusion criteria
Male or female patients between the ages of 18 and 80 years with a documented history of RA (seropositive or seronegative) according to the ACR diagnostic criteria were eligible for this study if they were symptomatic as defined as: - 
average daily duration of morning stiffness of ≥ 45 minutes in the preceding 7 days, 
average daily maximum pain intensity score as per 100 mm VAS of ≥ 30 mm (last 7 days), 
≥ 3 joints with pain (tenderness to palpation) and ≥ 1 swollen joint, and
evidence of systemic inflammation (i.e. ESR ≥ 28 mm and or CRP ≥ 1.5 times above the normal age and sex related range). 
Prior to the study, patients had to receive glucocorticoid medication for at least 3 months, and a stable low dose (2.5 to 10 mg/day) of prednis(ol)one for at least 1 month prior screening. They also had to receive DMARD treatment for RA for at least 3 months (unless DMARDs were not tolerated, in which case prednis(ol)one only was allowed). Biological DMARDs were not allowed for 4 months prior to inclusion, or during the study. Patients were to be excluded if they had significant renal (serum creatinine > 150 μmol/L) or hepatic impairment (investigator’s opinion), other diseases requiring glucocorticoid treatment (e.g. asthma), presence of a contraindication to corticosteroids (e.g. established osteoporotic fractures, history of herpetic infections or overt GIT ulceration in the previous 2 months), or pregnancy/lactation.
Study treatments
The study treatment involved a total daily dose of 3-10 mg prednisone, which was individualized to the subject’s pre-study stable dose level. Lodotra tablets were supplied in the 1 and 5 mg dose strengths. The reference product was a common commercial formulation of IR prednisone used in Europe – Decortin (1 and 5 mg strengths). All tablets (both prednisone formulations and placebo tablets) were identical in size, shape and colour. No tablets were to be broken during the study so patients were receiving a pre-study dose of prednisone of either 2.5 or 7.5 mg, these were rounded to 3 and 7 mg, respectively. The selection of dose range examined in the study (prednisone 3-10 mg/day) is appropriate to clinical practice guidelines for the continuous low dose prednisone for RA management in selected patients. Doses below 2.5 mg/day would be unlikely to show a significant difference in treatment effect by prednisone formulation although the availability of the 1 mg dose strength makes this a possible design feature. Furthermore, the clinical pharmacology data supports the timing of administration for the dose formulations used in this study. 
Compliance with study medication was high in both treatment groups with only 9 patients (6.3% of 144) in Lodotra group and 5 (3.5% of 144) subjects in the IR prednisone group not complying with more than 80% of their study medication. 
Efficacy variables and outcomes
The primary efficacy outcome was the duration of morning stiffness after 3 months of treatment expressed as the relative mean change from baseline. The result was calculated based on entries made by the patient in their study diary. Each morning, patients were to asked to document their wake-up time, whether or not they had joint stiffness, and the time of its resolution (if present). Baseline measurements were defined as the average daily value during the last week of the screening period prior to randomization (i.e. days -7 to -1 before visit 2). The last observation was defined as the average daily duration of morning stiffness recorded in the last week prior to the conclusion of the double blind treatment period. 
Many secondary efficacy outcomes were assessed and they were derived from 2 sources. 
Daily patient diary entries 
The following variables were derived from the patient diary entries and were independent of the study visits. For these measurements, a week was defined as each subsequent 7-day period starting with day 1 at visit 2 and ending with the last day of week 12.
Variables related to stiffness. In addition to the relative change in duration of morning stiffness, the following stiffness-related variables were assessed:
Mean daily duration [minutes] of morning stiffness in each week of the study as observed and as relative changes from baseline
Number of patients with recurrence of stiffness during the day for each week of this study (number of patients with at least one event within the respective week)
Pain intensity: Patients were to record their maximum pain intensity during the day on a 100 mm VAS with the endpoints 0 = “not active at all” and 100 = “extremely active”. The following variables were used to evaluate pain:
Relative change in patient’s assessment of intensity of pain from baseline at individual study end in the double-blind treatment phase, and
Mean daily VAS pain score [mm] during each week of the study as observed and as relative changes from baseline
Quality of sleep: Patients were to record their quality of sleep on a 100 mm VAS with the endpoints 0 = very good and 100= very bad. The following variable was calculated:
Mean daily VAS values [mm] during each week of the study as observed and as relative changes from baseline
Use of analgesics: The daily yes/no entries in the patient diary were used to derive the number of days between baseline and endpoint measurements where analgesics were used.
Secondary efficacy variables obtained from assessments made at scheduled study visits 
Changes from baseline to relevant visits were analysed for the following variables:
DAS28 at visits 3, 4, and 5 (weeks 2, 6, and 12), and also at visits 6, 7 and 8 (every 3 months) in the open-label extension phase.
The DAS28 is derived from: 
Number of tender joints assessed using 28-joint counts.
Number of swollen joints assessed using 28-joint counts.
ESR [mm/hour], and
Patient’s global assessment of disease activity using a 100 mm VAS with the endpoints 0 = “not active at all” and 100 = “extremely active”
Physician’s global assessment of disease activity at visits 3, 4, and 5 (weeks 2, 6 and 12), and also at visits 6, 7, and 8 (every 3 months) in the open-label extension.
The physician’s global assessment was measured by a 5-point scale (1 = symptomatic, 2 = mild, 3 = moderate, 4 = severe, 5 = very severe).
Functional: HAQ-DI at visit 5 (week 12), and at visits 6, 7, and 8 (every 3 months),
Quality of life: SF-36 scores at visit 5 (week 12) and 8 (end of 12 month follow- up),
ACR20 response at visit 5 (week 12) and 8 (end of follow-up)
Patients were classified as responders according to the ACR20 response criterion if they showed at least:
20% reduction in the tender joint count (0-28),
20% reduction in the swollen joint count (0-28), and
20% reduction in at least 3 of 5 additional measures:
Patient assessment of pain (VAS in patient diary),
Patient global assessment of disease activity (VAS),
Physician global assessment of disease activity (scale of 1-5),
Disability index of the HAQ (HAQ-DI), and
ESR as the acute-phase reactant.
Randomisation and blinding methods
Treatments were randomized within centres using a computer program (PMX) operating at a central site in Germany by Merck. Each subject was allocated their study medication at visit 2 in a consecutive manner, i.e. in the order of their enrolment into the double-blind treatment phase they received the next available medication number. A double-blind, double-dummy technique was utilised to maintain the treatment blind. 
Analysis populations
There were 3 analysis populations – the safety dataset (all randomized subjects who received any study medication), Intention-to-Treat population (all randomized patients) and the Per-Protocol cohort (all randomized who received treatment in accordance with the protocol). The safety and ITT populations were identical in this study with each treatment group comprising 144 subjects. As detailed in section 7.1.1.1.10, the PP cohort was significantly smaller in evaluable subject number - 53.1% [153/288] for the 2 treatment groups combined [47.9% (69/144) for MR prednisone and 58.3% (84/144) for IR prednisone].
Sample size
The sample size calculation was based on the primary efficacy variable. Assuming a standard deviation of 64% in the relative change from baseline to week 12 in the duration of morning stiffness, 120 subjects were required in each of the groups if the treatment difference between MR and IR prednisone was 27%. This calculation was based on a probability of 90% at α=2.5% significance level (1-sided, 2 sample problem, normal distribution). Furthermore, it was estimated that 15% of recruited subjects may not evaluable in the primary analysis, so approximately 140 patients had to be randomized per treatment group.
However, because there was uncertainty about the variation for the primary efficacy outcome, the sample size was reviewed in the study’s mid-progress (i.e. when at least 120 subjects in total [~50% of the total cohort] had completed the double-blind treatment phase). The appropriateness of the sample size was confirmed without unblinding. In December 2005, when 123 patients had completed their double-blind treatment phase, the observed standard deviation was 75.61% (using the LOCF method of imputation), which resulted in the adjusted standard deviation being 70.96%. Since the difference between the a priori and calculated standard deviations was small, no adjustments to the sample size calculation were required mid-study. 
Statistical methods
The primary analysis of the relative change from baseline of morning stiffness was performed on the ITT population. To support the robustness of the ITT evaluation, analysis using the per-protocol population was additionally performed. The relative change from baselines of morning stiffness was analysed by ANOVA with the main factors in the model being treatment group and centre. According to the one-sided objective, statistical tests were performed 2-sided at a significance level of 5% and reported according to the 1-sided objective significance level of 2.5%.
The analysis of the secondary efficacy variables was also performed with the ITT population. Continuous variables were summarised by the number of observations (n), mean, standard deviation (SD), minimum, median, and maximum. Categorical variable were presented by the number of observations (n), absolute and relative (%) frequency, and missing data. For continuous data, the same model was used to compare treatment groups as planned for the primary analysis. To provide estimates for the differences between medication groups, the 95% CI were calculated.
The relative change from baselines of intensity of pain was analysed using the same ANOVA model as for the primary target variable. The control of analgesics is important when analysing the secondary outcome pain. Hence, the number of days between baselines and endpoint measurements where analgesics were used incorporated as covariate in the analysis for intensity of pain. The parameters of the HAQ, SF-36, and DAS28 were scored and summarised according to standard algorithms.
Participant flow
Table 5 summarizes the disposition of subjects in the CAPRA-1 Study. A total of 375 patients were enrolled but 87 failed the screening process. The most common reason for screen failure was failure to meet the inclusion/exclusion criterion (61 subjects). Other screen failure reasons included withdrawal of consent (7 patients), missing patient information (12 subjects) and various other reasons including 1 subject who experienced an AE.
Of the 288 subjects randomized, 251 (87.2%) completed the double-blind treatment phase - 121 (84.0% of 144) in the MR prednisone group and 130 (90.3% of 144) in the IR prednisone arm.
Table 5 – Disposition of Subjects in CAPRA-1 Study
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Major protocol violations/deviations
Subjects with major protocol deviations (defined as likely to affect the validity of the data for the duration of morning stiffness) were excluded from the PP analysis. A total of 135 subjects (46.9% of 288) showed major protocol deviations – 75 patients (52.1% of 144) in the prednisone MR group and 60 patients (41.7% of 144) in the prednisone IR arm. The 3 most common reasons for exclusion from the PP analysis on the basis of protocol deviation were duration of therapy “out of range” (32.6% [47/144] for MR and 27.8% [40/144] for IR prednisone), baseline morning stiffness of <45 minute duration (16.0% [23/144] for MR and 12.5% [18/144] for IR prednisone) and timing of evening medication “out of range” (14.6% [21/144] for MR and 10.4% [15/144] for IR prednisone). Evening medication was required to be given between 2100 and 2300 hours. The “out of range” treatment duration was defined as those who did not have their final assessment at 84 +/- 3 days, and includes 37 early study drop-out subjects (23 in the MR, and 14 in the IR prednisone groups).
Baseline data
Baseline demographic data between the 2 treatment groups was similar and outlined in Table 6. The age and gender distribution of the subjects were typical of RA populations with most being female (85.8%, 247/288) and middle-aged (45-65 years of age) with a mean age of 55.0 years (SD 11.2 years; range 20-79 years). All but 1 patient was Caucasian. The mean patient weight was 70.6 kg (range 43-115 kg). 
Table 5 – Disposition of Subjects in CAPRA-1 Study
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The baseline disease characteristics are summarized in Table 7. No major differences were observed between the treatment groups. The mean duration of RA was 115.3 months (9.6 years) and nearly 40% of subjects had RA for more than 10 years. Patients had evidence of high disease activity at baseline with mean DAS28 score being 5.9. The other RA measures of disease activity (such as the mean HAQ-DI score of 1.5) are consistent with severely active disease at baseline.
Table 7 – Disease Characteristics at baseline in CAPRA-1 Study
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Additional baseline data not included in Table 7 are: -
Mean tender joint count was 11.9 for Lodotra and 12.5 for IR prednisone,
Mean swollen joint was 7.3 for Lodotra and 7.2 for the IR prednisone group,
Mean CRP was 9.9 mg/L for Lodotra and 12.2 mg/L for IR prednisone and
Median ESR of 30 mm/hour for Lodotra and 34 mm/hour for the IR prednisone group.
Co-morbidities at baseline were similar between the 2 treatment groups and included hypertension (37.8%, 109/288), osteoporosis (18.4%, 53/288), obesity (10.1%, 29/288) and hypercholesteraemia (9.4%, 27/288). Furthermore, 10 patients (6 in the Lodotra group and 4 in the IR prednisone arm) had non-insulin dependant diabetes mellitus, 7 subjects (3 and 4 per group) had insulin requiring diabetes mellitus and another 8 subjects (2 in the Lodotra group and 6 in the control population) had a history of impaired glucose intolerance. 
All 288 recruited subjects had taken prior corticosteroids for at least 3 months for RA. Many patients continued to take concurrent NSAID (81.3%, 234/288) and DMARD therapy (94.4%, 272/288) during the study. The most common DMARD treatments were methotrexate (66.3% of patients, 191/288), leflunomide (13.9%, 40/288 subjects) and sulfasalazine (8.7%, 25/288). 
Results for the primary efficacy outcome
The relative mean change (in percentage terms) in the duration of morning stiffness after 12 weeks of treatment was -22.7% (baseline of 164 minutes to final value of 121 minutes) for Lodotra and -0.4% (baseline of 182.5 minutes to final value of 157.4 minutes) for IR prednisone – refer to Table 8.
Table 8 – Duration of Morning Stiffness after 12 weeks in CAPRA-1 Study (Intention-to-Treat) 
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LS=least square; SE-standard error
Using an analysis of variance accounting for treatment and centre effects, the treatment difference was shown to be superior for Lodotra compared to IR prednisone in the ITT population (treatment difference being 22.4% [standard error 11.1%]; lower limit of 95% CI was 0.49%. This difference was statistically significant with p = 0.0226 (1-sided test). Using the same model applied to the PP cohort, the treatment difference in the relative change in duration of morning stiffness was calculated to be 21.2% (standard error 15.2%). The treatment difference in this analysis was not statistically significant (p=0.0822) and may be biased by the lower number of evaluable subjects in the PP population (153 subjects versus 288 patients in the ITT dataset). No consistent treatment by centre or country effect was observed on further sensitivity analyses. 
Subgroup analyses evaluated by descriptive statistics were performed on the primary efficacy variable using the ITT population. The subgroups examined were gender (male/female), age group (<65 years/equal to > 65 years), concomitant NSAID (yes/no) and disease duration (<5 years/5-10 years/>10 years). There no significant baseline differences between the subgroups for the duration of morning stiffness although some subgroups (such as male subjects [n=19], those > 65 years of age [n=28] and no concurrent NSAID [n=21] in the group who received Lodotra) were too small in number to make meaningful conclusions. For the Lodotra treatment group, patients with RA of < 5 years duration showed a smaller improvement in morning stiffness from baseline (-12%, n=50) compared to those with established disease (-31% for RA of 5-10 years duration [n=30] and -29% for RA > 10 years duration [n=45]). This finding was not observed in subjects randomized to the IR prednisone arm and the true validity of the observation is unclear. 
Results for other efficacy outcomes
Other stiffness variables
The mean daily duration of morning stiffness was also assessed on a per week basis during the 12 weeks of the trial. Table 9 summarizes the week-by-week change in this variable whereas the primary efficacy outcome examined changes at discrete time points (2, 6 and 12 weeks with a +/- 3 day window for the subjects’ convenience). Improvements for the Lodotra group were seen as early as 2 weeks and continued to improve to week 9, but thereafter plateauing to week 12. For the IR prednisone group there was no clear trend for change over the 12-week study period.
Table 9 – Mean daily duration of morning stiffness per week in CAPRA-1 Study (ITT analysis) 
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The number of patients with recurrence of stiffness during the day decreased during the 12- week treatment period in both groups with no notable differences between the 2 treatment groups at any assigned visits (weeks 2, 6 and 12). The baseline number of subjects who experienced recurrence of stiffness was 58.3% (84/144) for Lodotra and 57.6% (83/144) for IR prednisone. At 12 weeks of follow-up, the rates of recurrence of stiffness during the day were 47.1% (56/119) for Lodotra and 43.3% (55/127) for IR prednisone.  
Other secondary efficacy variables
No statistically significant differences between the 2 treatment groups were observed for any other secondary efficacy variables: pain intensity (both mean daily, and change from baseline after 12 weeks of treatment), quality of sleep, analgesic use, mean change from baseline in DAS28 score, physician’s and patient’s global assessment of disease activity, mean change from baseline in HAQ-DI score, mean change in tender and swollen joint count, Quality of Life (SF-36) scores, or the ACR20 response rate.
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Study design, objectives, locations and dates
The CAPRA-2 Study was a randomized, double blind, parallel-group, placebo-controlled trial conducted in 62 centres in 6 countries in Europe (Poland, Germany, Hungary and UK) and North America (USA and Canada). Patients with a history of RA who were on DMARD treatment for at least 6 months (with a stable dose of DMARD therapy for at least 6 weeks prior to the screening visit), and who had a duration of morning stiffness of at least 45 minutes were eligible for inclusion. Treatment with glucocorticoids other than the study medication was prohibited during the study. 
The study design involved a 1 week, single-blind screening phase and a 12-week double-blind treatment phase. During the screening phase all patients received placebo in addition of their standard medication for RA. The screening phase included daily recording of the duration of stiffness in diaries prior to Visit 1 (randomization visit) to establish a baseline value for this variable. The double-blind treatment phase of the study started with Visit 1 (baseline; Week 0), whereby eligible patients were randomized to receive either Lodotra (5 mg) tablets or placebo tablets at a fixed dose for 12 weeks. The double-blind treatment phase included 4 visits (Visits 1-4 corresponding with weeks 0, 2, 6 and 12). The total duration of the study for each patient was a maximum of 13 weeks (including the screening period).
The primary objective of the CAPRA-2 Study was to evaluate if 12 weeks of treatment with 5 mg of modified release prednisone (Lodotra formulation) administered in the evening was superior to placebo in terms of the ACR20 responder rate. 
The trial commenced subject recruitment on 31 March 2008 and the last patient completed follow-up on 16 April 2010. Although the study was initiated in 62 centres, only 50 sites successfully recruited subjects - 30 centres in the USA, 12 in Poland, 10 in Hungary, 4 in Germany and 3 each in the UK and Canada. Highest patient recruitment occurred in Poland (41.4% [145/350] of all subjects) followed by Hungary (29.1%, 102/350) and the USA (21.4%, 75/350). 
Inclusion and exclusion criteria
The study included patients aged 18-80 years with a documented history of RA who had been receiving DMARD treatment for at least 6 months (at a stable dose for at least 6 weeks prior to screening visit). Patients were required to have duration of morning stiffness of at least 45 minutes, and both a swollen and tender joint count of at least 4 (of 28 joint counts). Patients with significant renal (serum creatinine > 150 μmol/L) or hepatic impairment (investigators opinion) or taking corticosteroids (oral, intra-articular or topical) within the last 4-6 weeks were excluded. Biological DMARD therapy at any time was an exclusion medication. 
Study treatments
This trial compared a fixed daily dose of 5 mg Lodotra tablets to matching placebo tablets. Patients continued their background RA therapy at the same dose for the duration of the study. New NSAID or DMARD treatment could not be initiated after screening. The overall compliance with study medication was high and comparable between the 2 treatment groups with only 4 patients (3 in Lodotra group and 1 who received placebo) out of 350 subjects not complying with more than 80% of their study medication. Approximately 88% (308/350) of subjects took their study medication correctly more than 95% of the time during the trial. 
Efficacy variables and outcomes
The primary efficacy outcome for Study NP01-007 was the ACR20 response rate between the 2 treatment groups at 12 weeks of treatment. 
The key secondary efficacy variable was the relative change from baseline (in percentage terms) in the duration of morning stiffness at week 12.  
Other secondary efficacy outcomes included:
ACR20, 50 and 70 response rates at week 2 (visit 2), week 6 (visit 3) and week 12 (visit 4), 
Time to response based on the achievement of an ACR20 response,
Change from baseline in the DAS28 score at each visit, 
Rate of obtaining EULAR response criteria,
Change from baseline in each of the 7 variables comprising the ACR response criteria (such as tender and swollen joint counts, Physician and Patient Global Assessment of disease activity, Patient’s assessment of pain, HAQ-DI score, and serum inflammatory markers [ESR or CRP]),
Change from baseline in the severity of morning stiffness, and the reoccurrence of stiffness during the day,
Use of additional analgesics, and
Change from baseline in QOL measures such as SF-36 and FACIT-Fatigue questionnaire. 
Randomisation and blinding methods
At randomisation, patients were distributed from a central call centre in a 2:1 ratio to receive either 5 mg Lodotra or placebo tablets. All study medications were packaged identically and the tablets themselves had an identical appearance. Investigators, sponsors and subjects were blinded to trial treatments and the randomization schedule.  
Analysis populations
There were 3 analysis populations – the safety dataset (all randomized subjects who received any study medication), Intention-to-Treat population (all randomized patients) and the Per-Protocol cohort (all randomized who received treatment in accordance with the protocol). The safety and ITT populations were identical in this study with 231 patients in the Lodotra group and 119 subjects in the control arm. As detailed in section 7.1.1.2.10, the PP cohort was smaller in evaluable subject numbers - 79.7% [279/350] for the 2 treatment groups combined [80.1% (185/231) for MR prednisone and 79.0% (94/119) for placebo].
Sample size
The sample size calculation was based on the comparison of 2 proportions using the χ2 test and a randomization ratio of 1:2 for placebo: Lodotra. Superiority for Lodotra compared with control therapy was defined as an ACR20 response rate at least 20% higher (e.g. 45% versus 25%). The published literature indicates a typical placebo ACR20 response rate of between 25-30%. For this study, if the assumed ACR20 response rate was 25% in the control group, a total of 294 subjects (98 placebo, 196 Lodotra) were required to provide 90% power to detect an ACR20 response rate of 45% in the Lodotra group at a significance level of α=0.05. It was estimated that a minimum of 350 patients would have to be enrolled in the study to obtain 294 evaluable subjects. 
With an assumed standard deviation of 89% for the key secondary efficacy variable of relative change in duration of morning stiffness, the calculated sample size of 294 patients (98 placebo, 196 Lodotra) would have 78% power to detect a difference of 30% between control and Lodotra, and 89% power to detect a difference of 35%.
Statistical methods
The main efficacy endpoint of the ACR20 response after 12 weeks of treatment was primarily analysed using the safety population with a logistic regression model incorporating treatment and geographic area, age category and gender as factors with a 2-sided significance level of 0.05. Missing values were imputed as non-responders (worse case imputation). In addition, the observed case, last observation carried forward (LOCF) and withdrawal imputations were analysed. The logistic regression analysis was repeated in 2 processes. Firstly, with treatment as a factor and sites pooled as a nested effect of geographic region (i.e. treatment-by-the nested effect interaction was included in the model). Secondly, with treatment and geographic region as factors and a treatment-by-region interaction term included in the model (where region was defined as US/Canada versus Europe). The primary efficacy analysis was repeated for the ITT and PP populations as sensitivity analyses.
The key secondary endpoint of relative change in duration of morning stiffness between baseline and week 12 was analysed using the Hodges Lehmann method for the safety population (primary analysis population). This secondary endpoint was also analysed for the ITT and PP populations (with observed case and LOCF imputations as sensitivity analyses). This analysis was also repeated for US/Canada and Europe.
The other secondary efficacy variables were analysed as follows: -
Percentage of patients fulfilling ACR20, ACR50, ACR70 and EULAR criteria was analysed using a logistic regression model with treatment as a factor.
Change from baseline at each visit in duration of morning stiffness was analysed using the Hodges Lehmann method. This analysis was repeated for the regions of US/Canada and Europe.
Change from the baseline by visit for DAS28 was analysed using a mixed model. The model was repeated for the mean absolute and relative changes from baseline.
Change from baseline in the SF-36 QOL, HAQ-DI and the FACIT-Fatigue questionnaire were analysed using an ANCOVA with treatment and geographic region as factors.
The time between baseline and patient’s first response to the ACR20 criteria was analysed using Kaplan-Meier methodology and treatments were compared using a Cox model stratified by geographic region. Hazard ratio using a Cox model stratified by region was also presented.
The number of days of analgesic use was analysed using the Wilcoxon rank sum test.
Participant flow
Figure 4 summarizes the disposition of subjects in the CAPRA-2 Study. A total of 389 patients were consented and 39 failed the screening process. The most common reason for screen failure was failure to meet the inclusion/exclusion criterion (24 subjects, 6.2%). Other screen failure reasons including withdrawal of consent (12 patients, 3.1%) and 3 subjects (0.8%) experienced an AE.
Of the 350 subjects randomized, 323 (92.3%) completed the double-blind treatment phase - 217 (93.9% of 231) in the MR prednisone group and 106 (89.1% of 119) in the placebo arm.


Figure 4 – Patient Disposition in CAPRA-2 Study
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Major protocol violations/deviations
Subjects with major protocol deviations (defined as likely to affect the validity of the data for the ACR20 and/or the duration of morning stiffness calculation) were excluded from the PP analysis. A total of 71 subjects (20.3% of 350) showed major protocol deviations – 46 patients (19.9% of 231) in the Lodotra group and 25 patients (21.0% of 119) in the placebo arm. The 4 most common reasons for exclusion from the PP analysis on the basis of protocol deviation were receipt of prohibited medications (10.4% [24/123] for Lodotra and 14.3% [17/119] for placebo), adherence failure to study medications (6.1% [14/231] for Lodotra and 3.4% [4/119] for placebo), mis-randomization (2.2% [5/231] for Lodotra and 4.2% [5/119] for placebo) and failure to meet inclusion, exclusion or randomization criteria (3.5% [8/231] for Lodotra and 0.8% [1/119] for placebo). The taking of prohibited medication was commonly explained by those taking NSAIDs which involved 38 patients overall (10.9% of 350) – 23 in the Lodotra group (10.0%) and 15 in the placebo arm (12.6%). Another 2 subjects (1 in each treatment group) were receiving additional corticosteroids, and 1 patient in the placebo group was receiving biologic DMARD. 
Baseline data
Baseline demographic data between the 2 treatment groups was similar and outlined in Table 10. The age and gender distribution of the subjects were typical of RA populations with most being female (84.0%, 294/350) and middle-aged (45-65 years of age) with a mean age of 57.2 years (SD 9.76 years). Almost all patients were white (98.3%, 344/350). 
Table 10 – Demographic Characteristics of Subjects in CAPRA-2 Study
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The baseline disease characteristics are summarized in Table 11. No major differences were observed between the treatment groups. The mean duration of RA was 8.0 years. Patients had evidence of high disease activity at baseline with mean DAS28 score being 5.2. The other RA measures of disease activity are also consistent with moderately-severely active disease at baseline.
Table 11 – RA Characteristics for Subjects in CAPRA-2 Study
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Additional baseline data not included in Table 11 are: -
Mean tender joint count was 12.6 for both groups,
Mean swollen joint was 8.4 for Lodotra and 8.6 for the placebo group,
Mean CRP was 5.0 mg/L for Lodotra and 5.4 mg/L for placebo arm and
Mean ESR of 33 mm/hour for both groups.
Co-morbidities at baseline were similar between the 2 treatment groups and included hypertension (43.1%, 151/350), osteoporosis (14.9%, 52/350), hypercholesteraemia (10.9%, 38/350) and gastroesophageal reflux disease (10.0%, 35/350). In general, this reflects a patient population with RA with restricted additional medical problems (e.g. no established heart disease or diabetes).
All 350 recruited subjects had taken conventional DMARDs for RA and most had been tried on NSAIDs (72.6%, 254/350). The most common DMARD treatments were methotrexate (74.6% of patients, 261/350), anti-malarial drugs (12.0%, 42/350) and leflunomide (11.4%, 40/350 subjects). Twenty-five patients (16 for Lodotra [6.9%] and 9 for placebo [7.6%]) had taken prior corticosteroid treatment for a variety of medical conditions (RA, asthma, skin conditions). The corticosteroids were discontinued as per study protocol in all but 2 patients (1 in each group) – both suffered from refractory rhinosinusitis. In addition, 7 subjects (4 in Lodotra group and 3 receiving placebo) were administered additional corticosteroids during the study, usually for intercurrent illness, AEs or infections. Two patients (1 in each treatment group) had received prior biological DMARD, which was an exclusion criterion. 
Results for the primary efficacy outcome
The primary efficacy endpoint was achieved as Lodotra 5 mg/daily (46.8%, 108/231) demonstrated a statistically significant higher ACR20 responder rate after 12 weeks of treatment compared to placebo (29.4% [35/119] using the ITT population) – refer to Table 12. The treatment difference was 17.3% (95% CI 6.37, 26.91) with an odds ratio of 2.16 (95% CI 1.34, 3.48). The observed difference was significant using different imputation methodologies for missing values and was confirmed by analyses of the safety and PP populations, demonstrating robustness of the data. In addition, consistency of the results across different study sites was confirmed. 
Table 12 – ACR20 Response rate at Visit 4 in CAPRA-2 Study (different imputation methods)
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Results for other efficacy outcomes
ACR20 response rates by visit and time to response
Using the observed patient assessments, the difference between the 2 treatment groups became statistically evident at the first post-treatment assessment (visit 2), which was 2 weeks after randomization (23.8% [53/223] for Lodotra versus 11.4% [13/114] for control; p = 0.0049). By visit 3 results at week 6 of therapy, the majority of the treatment difference was evident with the ACR20 response rates being 43.7% (94/215) for Lodotra and 27.1% (29/107) for placebo (p=0.0037). 
The median time to the first occasion of meeting an ACR20 response, which was analysed only in patients who were responders at any time (188 patients in total - 138 receiving Lodotra and 50 in the control arm), was approximately twice as long for the control group when compared to the Lodotra arm (84 days versus 45 days).
ACR50 and ACR70 response rates 
The ACR50 and ACR70 response rates at visit 2 (2 weeks of treatment) were expectedly low and similar between the 2 treatment groups – ACR50 rate of 3.6% (8/224) for Lodotra and 2.6% (3/114) for placebo [p=0.6465] and the corresponding ACR70 response rates were 0.9% (2/224) for Lodotra and 1.8% (2/114) for control [p=0.4967]. 
However, a numerically higher response rate was seen at visit 4 (12 weeks) for the Lodotra group compared to placebo when measured using the ACR50 (22.5% [52/231] versus 9.2% [11/119]) and ACR70 (6.9% [16/231] versus 2.5% [3/116]) criteria but this only achieved statistical significance for ACR50 response (p=0.0026 for the 12 week ACR50 evaluation and p=0.0964 for the ACR70 comparison). 
Similarly, the treatment difference at visit 3 (6 weeks) was statistically significant for the ACR50 assessment but not the rates of ACR70 response. 
Duration of morning stiffness
The relative percentage change from baseline to visit 4 (week 12) in the duration of morning stiffness was considered by the sponsor to be a key secondary variable, which I concur has relevance to the proposed indication wording for Lodotra in Australia. A summary of the results in the CAPRA-2 Study are provided in Table 13. The median baseline duration of morning stiffness was comparable between the 2 groups – 128.6 minutes for Lodotra and 138.6 minutes for placebo. At visit 4 (12 weeks), the median duration of morning stiffness was 45.2 minutes in the Lodotra group and 85.0 minutes in the placebo group which corresponds to a median percentage decrease from baseline of 56.5% for Lodotra and 33.3% for placebo (p=0.0008). Sensitivity analyses using different imputation methods and specified populations (ITT and PP cohorts) confirmed the same result. In addition, analysis by geographic regions (North America and Europe) demonstrated consistency in this parameter. 
Table 13 – Change in duration of morning stiffness between baseline and visit 4
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Change in DAS28 score
The mean baseline DAS28 was comparable between the 2 treatment groups being 5.2 for Lodotra and 5.1 for placebo. The mean absolute change from baseline for the DAS28 score showed a greater decrease in the Lodotra group than in the placebo group at each visit, and reached values of -1.2 and -0.7 respectively at visit 4 (week 12). A change of -1.2 (i.e. 2 times the measurement error of the calculation) in the DAS28 score is considered to indicate significant change. 
EULAR response
EULAR response criteria incorporate some amount of change from baseline for the individual, as well as a certain level of attained disease activity. The EULAR response criteria classify patients as either good, moderate or non-responders. To be classified as a “good responder” the patient must achieve at least a -1.2 change from baseline as well as an overall DAS28 score of no greater than 2.6. “Non-responders” have a change in score from baseline that is less than -0.6 and the overall score is greater than 3.7. All other changes are regarded as a “moderate” EULAR responder.
According to EULAR criteria, no patients in the CAPRA-2 Study achieved a good response at any visit. However, the number of patients with a moderate response was greater in the Lodotra group than the placebo arm at each treatment visit. In particular, the rate of moderate EULAR response at visit 4 (12 weeks) was 56.7% (131/231) for Lodotra compared with 40.3% (48/119) for the control group.
Individual ACR response variables
The mean tender (12.6 joints) joint count at baseline was the same for both treatment groups, and the mean swollen joint count was similar (8.4 for Lodotra and 8.6 for control group). Over the 12 weeks of the study, the mean tender and swollen joint counts decreased in both groups but were numerically higher in the Lodotra group compared to the placebo group (-4.8 tender joints for Lodotra versus -2.8 tender joints for placebo; and -3.6 swollen joints for Lodotra versus -2.7 swollen joints for placebo).
In the patient’s assessment of pain, the mean score decreased at each visit for the Lodotra group (-11.4 mm at visit 2), whereas for the placebo group, the mean score did not decrease until visit 3. At 12 weeks, the absolute mean of the change from baseline in the Lodotra group was -22.4 mm VAS (baseline 55.5 mm) which was double that observed in the placebo group (-10.8 mm VAS; baseline 50.1 mm) and this reached MCID for this variable (-11.9 mm change in the 100 mm VAS).
In the global assessment of disease activity, the patient’s and physician’s assessment were comparable and both in favour of Lodotra, with the mean changes from baseline to visit 4 being -21.4 mm for Lodotra (baseline 57.6 mm) and -7.2 mm for the placebo group (baseline 50.5 mm) in the patient’s assessment, and -23.6 mm for Lodotra (baseline 55.3 mm) and -12.9 mm for placebo (baseline 53.9 mm) in the physician’s assessment. 
The mean baseline HAQ-DI scores were 1.34 in the Lodotra group and 1.24 for the placebo arm. The HAQ-DI score has a range of 0-3 with a higher score indicating more functional impairment. The mean change in the HAQ-DI score between baseline and visit 4 was numerically higher in the Lodotra group (-0.22) compared to the placebo group (-0.05). The difference in HAQ-DI score between baseline and visit 4 just meets the MCID for the change in HAQ-DI (-0.22).
Changes in serum inflammatory markers (ESR and CRP) were considered as part of the PD analysis.
Change in severity and reoccurrence of morning stiffness
The mean baseline severity of morning stiffness was slightly higher in the Lodotra group (54.8 mm versus 50.3 mm for placebo on a 100 mm VAS). Over the 12 weeks of the study, the patient’s assessment of morning stiffness decreased (i.e. improved) in both treatment groups, but with a greater mean change from baseline to visit 4 for the Lodotra group (-28.7 mm) than for the placebo group (-19.1 mm). 
At baseline, the mean reoccurrence of morning stiffness was comparable in the Lodotra (69.1% of days) and control groups (70.6% of days). Over the course of the trial, the mean reoccurrence of morning stiffness of morning stiffness decreased in both treatment groups with a greater mean change from baseline for those in the Lodotra group (-22.3% of days) versus the control arm (-10.7% of days). 
Change in analgesic use
The mean number of days with additional analgesic use during the 12-week study period was comparable in both treatment groups (14.7 days [SD 26.44] for Lodotra and 14.3 days [SD 23.46] for placebo).
Quality of life measures
At visit 4 (12 weeks) the SF-36 measurement showed a greater improvement in the Physical component Summary (PCS) score for the Lodotra group (mean improvement of 3.5 from a baseline value of 31.6) compare to the control group (mean improvement of 1.1 from a baseline of 31.5). The difference is of modest clinical magnitude given that minimal clinically important change (MCID) in the PCS is variably considered to be between 2.5 and 5. No relevant improvement in the Mental Component Summary (MCS) score was observed over 12 weeks of follow-up with the mean improvement for Lodotra being 1.5 (baseline mean of 45.2) and for control treatment the mean improvement was 0.4 (baseline mean of 45.5).
The FACIT-F fatigue score ranges from 0-52 with a higher score indicating better QOL. The mean baseline FACIT-F score was comparable in the 2 treatment groups (28.8 for Lodotra and 28.7 for placebo). At visit 4 (week 12) a greater mean increase in the FACIT-F score (i.e. reduction of fatigue) was in the Lodotra group (mean improvement of 3.7) compared to the placebo group (mean improvement of 1.6). This difference is of modest clinical relevance for Lodotra with the MCID for this parameter considered 3-4.
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Design and objectives
This was 9 month OLE phase of the CAPRA-1 Study which had the primary objective of evaluating the longer-term safety of MR prednisone (Lodotra formulation). However, the study also assessed the maintenance of efficacy in those who received Lodotra in the forerunner double blind trial as well as the response by individuals who received IR prednisone in the preceding controlled study. All subjects who completed the double blind study phase of CAPRA-1 were eligible to either continue Lodotra (n=120) or to start receiving Lodotra (n=129) as a substitute corticosteroid treatment for IR prednisone. The OLE phase of the CAPRA-1 study commenced immediately at the end of the double blind study period (visit 5- week 12) reflecting a seamless design. During the OLE study phase, there were 3 discrete assessment time points - visit 6 [3 months], visit 7 [6 months] and visit 8 [9 months]. 
The first subject started in the OLE on 3 November 2004 and the last patient completed follow-up on 5 January 2007. The OLE study was conducted at 13 centres in Germany and 12 sites in Poland.
Study treatments 
Patients were given Lodotra in 2 dose strengths (1 and 5 mg) with tablets not to be broken, chewed or dissolved so as to maintain the integrity of delayed release shell. Lodotra was to be taken in the evening (2200 hours +/- 30 minutes) either with or after a light meal. During the OLE phase, patients were allowed to reduce their DMARD and prednisone dose at the discretion of the patient or investigator. Upon entering the OLE phase, the same doses of these medicines were maintained according to the doses at the final (visit 5) assessment in the double blind period. Biological DMARD therapy was excluded in the OLE. Compliance with study medication during the trial was high with only 6 subjects (2.4%) taking their treatment <80% correctly (i.e. incorrect dose and timing). 
Statistics and efficacy variables
The study analysis population consisted of all subjects for whom it was reasonable to assume intake of study medication on at least 1 occasion after visit 5. All efficacy parameters were evaluated by descriptive statistics. 
The primary efficacy variable for the OLE was the duration of morning stiffness (absolute and relative change) at the scheduled study visits, but particularly the change between visits 5 and 8.
The secondary parameters for efficacy included: -
Subject’s assessment of pain intensity at each visit (absolute and relative change from visit 5),
Number of subjects with recurrence of stiffness during the day,
Mean changes in the DAS28 score (absolute and relative),
Physician’s Global Assessment of disease activity at each visit (visits 5-8), 
Mean changes in the HAQ-DI and SF-36 scores from visit 5, 
ACR20 response rates at visit 8 compared to the start of the double blind period (visit 2) and start of the OLE (visit 5), and 
Dose changes for MR prednisone and DMARD over the OLE study period.
Study population
A total of 249 of a potentially eligible 251 patients (120 from the original Lodotra group and 129 from the IR prednisone arm) entered the OLE study phase and 219 patients (88.0%) completed the 9 months of follow-up. The reasons for OLE study withdrawal in the 30 patients were adverse events (12, 4.8%), withdrawal of consent (10, 4.0%), insufficient efficacy (5, 2.0%), protocol violations (2, 0.8%) and 1 subject (0.4%) for “other reasons”.  
The patient population included 216 (86.7%) female subjects with a mean age of 55 years (range 20-78 years) and a mean weight of 71 kg (range 44-114 kg). All but 1 subject was of Caucasian ethnicity. At visit 5, the mean DAS28 score was 5.15 (range 2.18-8.03), mean HAQ-DI score was 1.43 (range 0-2.63), mean pain intensity was 43.8 mm VAS and 60.6% (151/249) of subjects had a “moderate” score on the Physician Global Assessment of disease activity (8.4% [21/249] were rated severe and 30.5% [76/249] were rated mild). Overall, these baseline disease characteristics for the OLE phase indicate patients with persistent, moderately-severely active RA.  
Efficacy results
For patients who initially received treatment with MR prednisone, the mean reduction in the duration of morning stiffness was greater at 3 months, and then was maintained over the extended treatment period (to 12 months) with no weaning of effect observed – refer to Table 14. The relative mean change in the duration of morning stiffness with Lodotra was 55% after 12 months compared to baseline (absolute reduction from 156 minutes to 74 minutes). The former IR prednisone group showed a notable reduction in the duration of morning stiffness after 3 months of Lodotra (relative change of 46%; absolute change from 150 to 85 minutes), which is similar in magnitude to the change seen with the Lodotra group in the double-blind phase. The treatment effect in this switch treatment patient group remained stable thereafter to 9 months of follow-up. 
Table 14 – Duration of morning stiffness after commencing MR prednisone in CAPRA-1 Study
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The number of patients with recurrence of stiffness during the day remained stable over the OLE for those previously treated with Lodotra in the double blind period (51.7% [62/120] at visit 5 and 51.5% [53/103] at visit 8). For patients in the previous IR prednisone group, the rate of daytime stiffness recurrence initially decreased after the initial 3 months of Lodotra treatment (50.4% [65/129] at visit 5 and 40.2% [49/122] at visit 6) but then returned to their baseline incidence (50.0% [60/120] at visit 7 and 47.3% [52/110] at visit 8).
As reported in the double-blind period of CAPRA-1, no clear treatment effect in terms of the change in the patient’s assessment of pain intensity (according to VAS scores) was found when comparing the 2 different prednisone formulations. The same pattern of no clear and consistent effect upon reduction of pain intensity was seen in either group (original Lodotra or the treatment switch group) during the OLE phase.
During the open follow-up phase, the mean DAS28 decreased from 5.15 (visit 5) to 4.84 (visit 8), while at baseline (visit 2) the mean DAS28 score was 5.88. The change observed between visit 5 and 8 is not of a clinically significant magnitude. An analysis of the components comprising the DAS28 score (tender and swollen joint counts, as well as serum inflammatory markers) supported the non-significant composite outcome result and followed the same trend. 
The number of patients whose disease activity was assessed by the physician as “mild” increased over the OLE from 30.5% (76/249) at visit 5 to 40.2% (88/219) at visit 8. This change in trend was mainly explained by a shift of physician rated disease activity from “moderate” (60.6% [151/249] at visit 5 to 51.6% [113/219] at visit 8). 
The percentage of patients reaching an ACR20 response after 9-12 months of treatment was 37.4% (82/249). The incidence of achieving an ACR20 response at 9-12 months of treatment compared to visit 2 was similar in both pre-treatment groups (original Lodotra and IR prednisone). In the 3-month, double blind phase no noticeable treatment effect by prednisone formulation was seen (14.6% for Lodotra and 17.4% for IR prednisone). 
No notable differences were observed between visits 5 and 8 for the secondary efficacy parameters of mean change in HAQ-DI and Quality of Life (SF-36) scores.
During the OLE, 22 subjects (8.8% of 249) required an increase in their baseline prednisone dose and 23 patients (9.2%) were able to achieve a dose reduction. The calculated mean daily dose of prednisone remained unchanged over the OLE at 6.79 mg (median 6.37 mg). The rate of concomitant DMARD use remained unaltered over the OLE at 96.8% of subjects (241/249). 
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc346107542][bookmark: _Toc357497742][bookmark: _Toc361925842]Analyses performed across trials (pooled analyses and meta-analyses)
Not applicable
[bookmark: _Toc357497743][bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Toc346107543][bookmark: _Toc361925843]Evaluator’s conclusions on clinical efficacy for the indication sought
Evaluator’s conclusions on clinical efficacy “for the treatment of moderate to severe, active rheumatoid arthritis in adults, particularly when accompanied by morning stiffness:”
The sponsor has provided the efficacy data from 2 pivotal, randomized, multicentre, double blind trials to support the efficacy of Lodotra in treating adult patients with active RA, particularly when morning stiffness is a prominent symptom. Supportive evidence of efficacy is provided by the 9-month open label extension phase of 1 of the phase 3 studies (CAPRA-1). In general, the trials were of adequate design to evaluate the proposed indication, and they both had a clear and appropriate plan of analysis. The biological rationale for the use of modified release prednisone in RA is plausible and the low dose used in both of the pivotal studies (3-10 mg/day) is appropriate to the literature, including international treatment guidelines. In both phase 3 studies, patients continued on their background DMARD, as well as NSAID for most subjects. 
In the CAPRA-1 study, 2 treatment groups (each consisting of 144 subjects) were randomized to receive either Lodotra 3-10 mg/day or a common formulation of immediate release prednisone (Decortin) used in Europe. In the CAPRA-2 Study, patients were randomized to receive either a fixed 5 mg/day dose of Lodotra (n=231) or placebo tablets (n=119) while continuing their background treatment for RA at stable doses (DMARD, and often concurrent NSAID). The majority of patients (at least 84%) in all treatment groups completed the 12 weeks of follow-up in both pivotal studies. However, there was high number of protocol violations in the CAPRA-1 Study affecting both treatment groups (52% for MR and 42% for IR prednisone) which may have potentially affected the validity of the efficacy analysis. In the CAPRA-2 Study, protocol violations affected 20-21% of subjects in each of the 2 treatment groups. 
The populations examined in the phase 3 studies are partly similar in demographics to patients that would be treated in Australian clinical practice. The trials were conducted mainly in Germany and Poland, and mostly recruited middle-aged Caucasian women. The background treatments for RA are consistent with Australian treated patients but the incidence of co-morbid illness was less than expected. The baseline disease characteristics of the study cohorts are consistent with a group of patients with moderately to severely active RA, which is congruent with the proposed indication wording. However, the generalizability of the study results to a broader RA population in Australia has limitations. As stated in the Lodotra RMP for Australia, the background incidence of co-morbid disease in the RA population include cardiovascular disease (12-22%), depression (19%), diabetes (5-7%), peptic ulcer disease (3-9%) and renal disease (3%). In the study populations, most of these conditions were usually under-represented (e.g. a history of peptic ulcer was an exclusion in the CAPRA-1 Study). 
The primary efficacy outcome in the CAPRA-1 Study was the duration of morning stiffness and main efficacy endpoint in the CAPRA-2 Study was the ACR20 responder rate at 12 weeks. The CAPRA-2 trial also had the change in the duration of morning stiffness as a key secondary parameter. In addition, there were several other secondary efficacy endpoints in both studies, some of which were dependent on subjective assessments done by either the subject or physician (e.g. stiffness variables and pain intensity). Nonetheless, the efficacy endpoints were appropriate for evaluating the proposed indication for Lodotra.
In the controlled period of both phase 3 studies the primary efficacy measure was achieved in favour of Lodotra over comparator treatment. In the CAPRA-1 Study, the relative improvement from baseline to week 12 in the duration of morning stiffness for Lodotra compared to IR prednisone was 22.7%, which although statistically significant represents a modest clinically relevant difference. In the CAPRA-2 Study, the ACR20 responder rate after 12 weeks of treatment was higher in the Lodotra group (47.2%) compared to placebo (28.6%). This outcome in favour of Lodotra was supported by a higher proportion of Lodotra treated subjects (22.5%) achieving an ACR50 response at 12 weeks compared to placebo (9.2%; p=0.0026). Furthermore, the mean decrease in morning stiffness from baseline to 12 weeks was -56.5% for Lodotra and -33.3% for placebo. Overall, the primary efficacy results of the 2 pivotal studies indicate a treatment effect with Lodotra in active RA beyond placebo (and of moderate clinical relevance), and modestly better than standard IR prednisone.  
The results for the secondary efficacy endpoints were inconsistently achieved. In the CAPRA-1 Study, none of the secondary efficacy outcomes demonstrated a treatment difference between MR or IR prednisone except when the primary variable (duration of morning stiffness) was assessed on a per week basis instead of a change from baseline to 12 weeks (as for the primary analysis). In particular, the objective endpoints of clinical relevance such as DAS28 and HAQ-DI score showed no difference in treatment effect (MR or IR prednisone). In the CAPRA-2 Study when Lodotra 5 mg/day was compared to placebo + background DMARD, some but not all of the secondary efficacy endpoints were met. These results confirm that the addition of low dose prednisone to standard care for patients with active RA has a clinical benefit of moderate magnitude. 
The CAPRA-1 Study also had an open label extension phase for participants to either continue receiving Lodotra (as per the double blind period) or be switched to Lodotra from IR prednisone. The treatment switch patients achieved an improvement in the duration of morning stiffness similar to those initially treated with Lodotra, while the continuing Lodotra maintained their response to MR prednisone. However, for many of the secondary endpoints of clinical relevance such as those subjects able to alter their baseline dose of prednisone, no result in favour of Lodotra was observed. 
In summary, the data in this submission appears to support the efficacy of Lodotra in treating adult patients with active RA, particularly with respect to improving the duration of morning stiffness. The 2 pivotal studies are appropriately different in design to understand the relative effect of Lodotra in comparison to alternative management approaches such as IR prednisone or placebo + background DMARD. The open label experience provides limited information on the durability of response up to 12 months of treatment.
[bookmark: _Toc357497744][bookmark: _Toc361925844]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc346107545][bookmark: _Toc357497745][bookmark: _Toc361925845]Studies providing evaluable safety data
[bookmark: _Ref268776745]The following studies provided evaluable safety data:
Pivotal efficacy studies
In the pivotal efficacy studies (CAPRA-1 and -2), the following safety data was collected:
Adverse events (AEs) were assessed and recorded as per the MedDRA coding system (version 4.0).
No specific AEs of particular interest were pre-specified by sponsor but certain AEs such as risk of infection, hyperglycaemia and suppression of the hypothalamic-pituitary adrenal (HPA) axis could be assessed by the evaluator from the dataset.
Laboratory tests including haematology, biochemistry and urine analysis variables were performed at screening (visit 1), baseline (visit 2), 2 weeks (visit 3), 6 weeks (visit 4) and 12 weeks (visit 5).
Adrenocortical function tests were planned to be assessed in a subset of 32 subjects in the CAPRA-1 Study.
Vital signs (blood pressure, heart rate and body weight) were measures at visit 1 or 2 for baseline, and at visit 5.
Pivotal studies that assessed safety as a primary outcome
Not applicable to this submission.
Dose-response and non-pivotal efficacy studies
The dose-response and non-pivotal efficacy studies provided safety data as follows:
The 9-month OLE phase of the CAPRA-1 Study provided data on the longer term incidence of treatment emergent AEs, adrenocortical function (in a small subset), laboratory variables and vital signs; and
Study NP01-008 (which assessed dose proportionality) also provided safety data.
Other studies evaluable for safety data
Eight additional clinical pharmacology studies (EMR 62215-001, -002 and -005; NP01-006, -009, -010, -013 and -014) also contributed safety assessments.
[bookmark: _Ref269204367][bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290846285][bookmark: _Toc346107546][bookmark: _Toc357497746][bookmark: _Toc361925846]Pivotal studies that assessed safety as a primary outcome
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc346107547]Not applicable.
[bookmark: _Toc357497747][bookmark: _Toc361925847]Patient exposure
During the double blind phase of Study EMR 62215-003, all randomized patients were either exposed to either Lodotra (n=144) or IR prednisone (n=144) at a daily dose of 3-10 mg (according to individual patient requirements). The mean, median and range for the duration of exposure were similar between the 2 treatment groups as was the mean daily dosage of 6.4-6.8 mg/day (as per Table 15). When entering the OLE of Study EMR 62215-003, all patients from the IR prednisone group were switched to Lodotra. Table 15 also displays the duration of exposure and the mean daily dose (6.79 mg) for the combined dataset (double blind and open label, follow up phases). 
Table 15 – Extent of exposure to prednisone in CAPRA-1 Study
[image: ]
Table 16 summarizes the number of patients exposed to Lodotra for specific time periods (incremental 3 month periods to 12 months). 
Table 16 – Treatment duration with Lodotra in CAPRA-1 Study
[image: ]
Table 17 summarizes the overall exposure to Lodotra in the second pivotal phase 3 study (NP01-007). In this trial, all subjects receiving Lodotra were given it at a fixed 5 mg/day dose and the median duration of exposure was 84 days. However, 70.6% (163/231) of subjects took the therapy for at least 84 days.
Table 17 – Exposure to Lodotra in Study NP01-007
[image: ]
Table 18 provides a summary of the total exposure to prednisone (including test and reference formulations) for 8 of the earlier phase clinical studies. Study NP01-014 is not represented in Table 18. It involved 52 subjects receiving up to 2 single oral doses of 5 mg of prednisone. In total, 247 subjects were exposed to study treatment in the 9 early phase trials. All of these studies were single dose only in design. The dose of prednisone varied from 2-20 mg but the most commonly examined doses were 5 and 10 mg. 
Table 18 – Summary of prednisone exposure in Phase 1 Studies (NP01-014 not shown)
[image: ]
[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc346107548][bookmark: _Toc357497748][bookmark: _Toc361925848]Adverse events
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc346107549]All adverse events (irrespective of relationship to study treatment)
Because of heterogeneity in the study populations (healthy individuals versus patients with RA), design and the use of different test formulations and regimens, the sponsor analysed and presented the safety data for each study individually rather than by pooling data across the trials. A combined analysis of AEs that were reported during the double blind periods of the 2 phase 3 studies was the only integrated dataset assessment.
Pivotal studies
CAPRA-1 study
For each treatment group, AEs were reported in 59 subjects (41.0% of 144) and there were no differences between the 2 treatment groups with regard to types of AEs observed. Approximately two thirds of reported AEs in each group were considered to be unrelated to the study medication (Lodotra or IR prednisone). Severe AEs were reported in 5 subjects (3.5% of 144) treated with Lodotra and 4 patients (2.8%) receiving IR prednisone. The most frequently reported AEs (by MedDRA Preferred Term) were worsening of RA (24 patients, 8.3% of 288), upper abdominal pain (13 patients, 4.5% of 288) and nasopharyngitis (12 patients, 4.2% of 288). The incidences of these AEs were similar in both treatment groups. 
During the OLE period, 127 patients (51.0%) experienced at least 1 AE irrespective of its relationship to MR prednisone, but for 27 patients (10.8%) those AEs were considered by the investigator to be related to Lodotra. Treatment-emergent AEs causing discontinuation of Lodotra were experienced by 13 patients (5.2%). Thirteen subjects (5.2%) were reported to have experienced severe AEs and 98 patients (39.4%) who recorded to have experienced significant AEs. The individual types of AEs recorded in the OLE period was comparable to that seen in the double blind phase, and often at a lower incidence apart from exacerbation of RA (14.5%, 36/249). However, some individual types of AEs were only recorded in the OLE phase such as increased weight (7 subjects, 2.8% of 249), back pain (7 patients, 2.8%), gastritis (4 subjects, 1.6%), depression (4 patients, 1.6%) and sleep disorder (3 subjects, 1.2%).
CAPRA-2 study
Overall, 157 patients (44.9% of 350) experienced at least 1 AE with a slightly lower proportion of patients in the Lodotra group (42.9%, 99/231) compared to the placebo group (48.7%, 58/119). The AEs were considered to be treatment related in 28 patients overall (8.0% of 350) with a similar incidence of treatment related AEs in both groups (7.8% [18/231] for MR prednisone versus 8.4% [10/119] for placebo). One patient treated with Lodotra and 2 patients treated with placebo suffered SAEs, all of which were considered to be unrelated to study treatment. In total, 6 patients experienced AEs leading to withdrawal (5 in the Lodotra group and 1 in the placebo group). These AEs were considered to be related to study treatment in 5 patients (4 in the Lodotra group and 1 in the placebo group). The most commonly reported AEs by preferred term were arthralgia (13.7%, 48/350), aggravated RA (7.4%, 26/350), nasopharyngitis (4.3%, 15/350) and headache (4.0%, 14/350). The proportion of patients experiencing arthralgia in the placebo group was double that in the Lodotra group (20.2% [24/119] versus 10.4% [24/231]) and more patients in the placebo group reported aggravation of RA (9.2% [11/119] versus 6.5% [15/231] for Lodotra). 
Combined analysis of phase 3 studies
An integrated summary of safety for the CAPRA-1 and -2 studies was performed and showed that the safety profile was comparable across both phase 3 studies. The overall incidence of AEs across the 2 phase 3 studies was slightly higher in the placebo group (48.7%, 58/119) compared to Lodotra (41.9%, 157/375) or standard IR prednisone (39.6%, 57/144) – refer to Table 19. Drug-related AEs occurred more frequently for IR prednisone (30.6%, 44/144) than Lodotra (16.8%, 63/375) and placebo (8.4%, 10/119). Drug-related AEs leading to withdrawal were most frequently reported for IR prednisone (4.2%, 6/144), followed by Lodotra (2.9%, 11/375) and placebo (0.8%, 1/119). The incidence of SAEs and drug-related SAEs was low and comparable for all 3 treatments. There was correlation between prednisone dose (above or below 5 mg/day) and the incidence of AEs for either prednisone formulation (MR or IR). 
Table 19 – Overview of Adverse Events across the CAPRA-1 and -2 Studies (3 month, double blind periods only – safety population) 
[image: ]
aincludes events assessed as possibly related. SAE=serious adverse event. IR=immediate release; N=number of patients
The most commonly reported AEs (occurring in >2% of patients in any treatment group) did not reveal any statistically significant differences between Lodotra and placebo, or Lodotra and IR prednisone, except for RA flare being more frequently reported for placebo than for either formulation of prednisone (26.1% [31/119] for placebo versus 12.8% [48/375] for MR and 9.7% [14/144] for IR; p<0.05 for both pairwise comparisons); and a statistically significant difference in the incidence of diarrhoea, which was reported for a higher proportion of patients receiving IR prednisone than Lodotra (2.8% [4/144] versus 1.1% [4/375]; p = 0.0444), although there were very low numbers of patients with diarrhoea in both groups.
Other studies
In total, 20 and 26 AEs were reported in studies EMR 62215-001 and EMR 62215-002, respectively. The most frequent AE in both studies was headache (8 cases in study EMR 62215-001 and 7 cases in study EMR 62215-002) followed by various AE terms relating to gastrointestinal disorders (9 cases in study EMR 62215-001 and 12 cases in study EMR 62215-002). All AEs were mild to moderate in severity with the exception of 1 AE were considered by the investigator to be not related to the MR prednisone.
In Study EMR 62215-005, 23 AEs occurred after administration of study medication - 6 AEs in 4 subjects after taking Decortin in the fasted state, 4 AEs in 4 subjects after receiving Lodotra in the fed stare, and 13 AEs in 10 subjects after being given Lodotra in the semi-fasted state. All of the events were of mild intensity and the investigator considered all as unlikely or not related to the study drug. The most frequent types of AEs (affecting at least 2 cases) were abdominal pain (5 cases), headache (3 cases), pharyngitis (3 cases), and hematoma (2 cases). Other AEs reported as single cases were: arthralgia, skeletal pain, dizziness, taste perversion, diarrhoea, hypertension, phlebitis, sinusitis, hot flushes, and upper respiratory tract infection. With the exception of skeletal pain and diarrhoea, all of these AEs occurring as single cases were observed after intake of Lodotra. In the semi-fasted state, more AEs were observed with Lodotra than with the IR reference product. This difference is not considered to be clinically relevant because all of the events were mild and considered to be either unlikely or not related to the study drug. The number of subjects with AEs observed after Lodotra in the fed state was the same as after the IR reference product in the fasted state.
Overall, 7 AEs were recorded in 5 subjects participating in Study NP01-006 – 2 AEs in 2 subjects given 5 mg of Lodotra in the fasted state (n=24) and 5 AEs in 3 subjects given 5 mg of Lodotra in the fed state (n-24). Diarrhoea was the only AE reported on more than a single occasion and occurred in 2 subjects given Lodotra under fed conditions. The other AEs were palpitations, insomnia, gastroenteritis, headache and epicondylitis.  
During Study NP01-008, 4 AEs of mild intensity were observed in 3 of the 18 subjects (16.8%). No serious or severe AEs occurred, and none of the AEs required medical treatment. Three of the 4 AEs in were judged to be possibly related to Lodotra. 
In Studies NP01-009 and -010, each subject received the same dose (5 mg) of Lodotra, but from 4 different batches. Therefore, AEs are not compared between different treatments but assessed together. In Study NP01-009, a total of 14 AEs were observed in 8 of the 28 subjects (28.6%), all of mild or moderate intensity. No SAEs occurred and there were no withdrawals due to AEs. The frequency of AEs was similar across the batches. During Study NP01-009, 9 AEs occurred in 6 subjects that were considered as possibly related to Lodotra. In Study NP01-010, a total of 15 AEs (of mild or moderate severity) were observed in 8 subjects. No SAEs occurred. One subject who experienced gastroenteritis stopped after this AE. All AEs were assessed as being unrelated to Lodotra intake.
During Study NP01-013, 5 of the 28 subjects (17.9%) experienced 7 AEs that were all assessed by the investigator as not being related to the study medication. All AEs were mild (2 AEs: headache and oropharyngeal pain) or moderate (5 AEs: periodontitis, gastroenteritis, urinary tract infection, headache and dysmenorrhea) in severity. For subjects who received Lodotra, 4 AEs of moderate intensity were observed in 3 of 28 subjects (10.7%). For those who were given IR prednisone, 3 AEs of mild or moderate intensity were observed in 3 out of 27 subjects.
Overall, 24 AEs were recorded in 14 of 52 (26.9%) subjects participating in Study NP01-014 – 12 AEs in 9 subjects (17.3% of 52) given 5 mg of the Bayer preparation and 12 AEs in 8 subjects (15.7% of 51) who received the Skye Pharma formulation. The most commonly reported AE was headache affecting 4 subjects in the Bayer drug group (7.7% of 52) and 6 volunteers in the Skye tablet arm (11.8% of 51). Other types of AEs reported on more than a single occasion included nausea (n=4; 2 subjects in each group), diarrhoea (n=3; 2 in the Bayer group and 1 in the Skye tablet arm), epistaxis (n=3; 1 in the Bayer group and 2 with the Skye tablet) and vomiting (2 subjects given the Bayer formulation). All but 3 of the AEs were considered mild, and all AEs resolved by the study conclusion. The 3 moderate intensity AEs were singular reports of headache, nausea and vomiting (all with the Bayer tablet preparation). 
[bookmark: _Toc346107550][bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303]Treatment-related adverse events 
Pivotal studies
CAPRA-1 study
Overall, drug-related AEs were reported in 35 of 288 patients (12.2%) - 19 (13.2% of 144) subjects in the Lodotra group and 16 (11.1% of 144) patients in the IR prednisone arm. During OLE treatment, 27 patients (10.8% of 249) were recorded to have suffered a drug related AE. Table 20 displays the most frequent drug-related AEs that occurred in >1.0% of treated patients. The most frequently reported drug-related AEs were gastrointestinal complaints (MedDRA Preferred Term “abdominal pain upper” and “gastritis”), “nausea” and “headache” (overall, 6 patients [2.1% of 288] for each of the last 2 AE types in the double blind phase). The incidences of drug-related AEs were similar in both prednisone treatment groups, which are expected because of the study design. Furthermore, all patients had received prednisone before the study for at least 3 months and in light of the RA disease duration (mean 10 years) it can be assumed that the majority of patients had probably received prednisone for a long time. 
With longer treatment duration, weight increases were observed in 6 cases (2.4% of 249) in the OLE phase. Otherwise, no significant or clinically relevant changes in the AE profile were observed under open label treatment. Although the duration of the open label follow-up was considerably longer (up to 3-fold) than the duration of the double-blind phase, the incidence of most AEs was lower which may be contributed to by under-reporting because of the longer visit intervals.
Table 20 – Drug Related Adverse Events (>1.0% frequency) in CAPRA-1 Study
[image: ]
CAPRA-2 study
In total, 28 patients (8.0% of 350) reported AEs that were considered to be related to study treatment - 18 (7.8% of 231) in the Lodotra group and 10 (8.4% of 119) in the placebo group. Table 21 shows the most frequent drug-related AEs that occurred in > 0.5% of treated patients. The most commonly reported treatment-related AE by preferred term was headache (4 patients overall, 1.1% of 350). All treatment-related AEs were mild or moderate in severity with the exception of 1 AE (severe headache in a patient receiving placebo who withdrew because of the AE).
Table 21 – Drug Related Adverse Events (>0.5% frequency) in CAPRA-2 Study
[image: ]
Other studies
In Study EMR 62215-002, 1 subject had increased hepatic enzymes (ALT and SGPT) at discharge (which was 1 day after treatment with the MR formulation in the fed state). This AE was rated as mild in severity and assessed as possibly related to study medication. The subject’s SGPT level was still elevated 1 week after discharge but had returned to the normal range upon re-elevation 1 month after discharge.
In Study NP01-006, 5 of the 7 reported AEs were considered to be related to Lodotra. There were 2 cases of diarrhoea (occurring in subjects given the drug in the fed state), and 1 case each of insomnia (fasted administration), gastroenteritis (fed state) and headache (fed state ingestion).
Three of the 4 AEs in Study NP01-008 were judged to be possibly related to Lodotra: “headache” in 1 subject after the 1 mg dose of Lodotra; and “swollen lymph nodes” and “skin irritation” in 1 subject following 2 mg of Lodotra. The observed immunoreactions occurred in period 1 and the subject had no known allergy. Both reactions fully resolved before the next administration of Lodotra and did not recur with the higher dose of 5 mg.
During Study NP01-009, 9 AEs occurred in 6 subjects that were considered as possibly related to Lodotra. These comprised 2 reports of headache in 2 subjects (7.1%), 3 infection related AEs in 3 patients (10.7%; common cold, herpes labialis and rhinitis). Another subject reported dizziness and sweating (both of moderate intensity) accompanied by pale skin. Additionally, 1 subject complained of moderate nausea, which was assessed as being treatment related. Except for the case of herpes labialis, which was treated topically with acyclovir, all AEs had resolved by the end of study without requiring medication.
Eleven AEs occurring in 9 subjects (17.3% of 52) during Study NP01-014 were considered by the investigator to be related to prednisone. None of the AEs were unknown or unexpected with prednisone treatment. The AEs included headache in 6 subjects (11.5%), diarrhoea in 2 subjects (3.8%), and singular reports of nausea, vomiting and fatigue (1.9% each). Headache occurred in 3 subjects given each MR prednisone formulation. Diarrhoea was experienced only after receiving the Bayer tablet formulation, vomiting and fatigue following ingestion of the Bayer preparation, and nausea occurred with the Skye Pharma formulation. 
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc346107551]Deaths and other serious adverse events
Pivotal studies
No subject died while receiving study treatment in any of the trials. However, 1 patient (a 64 year old female with treated RA for 14 years) involved in the CAPRA-1 Study suddenly died 18 days after receiving her last dose of IR prednisone. The death was assumed to be due to myocardial infarction and the patient had a significant past history of coronary artery disease. The death was judged to be unrelated to prednisone.
In addition to the death, 11 SAEs were reported in 7 patients (2.4%) in the CAPRA-1 Study – 6 SAEs in 4 patients (2.8%) receiving Lodotra and 5 SAEs in 3 subjects (2.1%) given IR prednisone. All patients with SAEs recovered from their events but 2 patients had sequelae (OA-related thumb surgery for a patient receiving Lodotra and a shoulder tendon rupture for a subject administered IR prednisone). 
One patient (47 year old male) receiving IR prednisone experienced an SAE (depressed level of consciousness) judged to be possibly related to prednisone but this appears to be unlikely. Trial medication was discontinued due to the SAE and the patient recovered within days. The SAE was thought to be either possibly related to a recent influenza vaccination or the new onset of psychiatric illness. Other noteworthy types of SAEs were 2 cases of chest pain/coronary artery disease in each of the treatment groups (i.e. 4 in total), but none were considered related to study treatment, and 1 patient had an excision of squamous cell carcinoma from the cheek (deemed unrelated to Lodotra and occurring on study day 71). 
Most patients (249 of 251) who completed the double-blind phase of the CAPRA-1 study entered the OLE period and all subjects received Lodotra then. Of these, 34 patients experienced 52 SAEs. The development of an SAE led to treatment delay for 2 patients and treatment discontinuation for 14 other patients. One SAE (tendon rupture) was still present at the conclusion of the OLE follow-up but all other SAEs were reported to be either recovered, recovered with sequelae or recovering. Only 2 of the SAEs that occurred during the 12 months of treatment were assessed as possibly related to Lodotra: gastric ulcer perforation in 1 patient and gastrointestinal haemorrhage in another subject. In both of these patients, concomitant medications (NSAID –diclofenac and ketoprofen) may have contributed to the events. Other single SAE events of interest and possibly related to corticosteroid treatment included sepsis (study day 59), pyelonephritis (study day 337), moderate leucopenia (study day 362) and delirium (study day 31). All other SAEs could be explained by the patients’ underlying disease (RA or concurrent OA). 
During the CAPRA-2 Study, 4 SAEs were reported for 3 patients - 1 patient [0.4%] in the Lodotra group and 2 patients [1.7%] in the placebo group. The patient in the Lodotra group experienced 2 SAEs (palpitations and chest discomfort). In the placebo group, 1 patient experienced an SAE of ischemic heart disease and the other had abnormal cervical cytology reported. None of the SAEs were considered to be related to study medication. 
Other studies
No deaths or SAEs were reported in the early phase trials. 
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc346107552]Discontinuation due to adverse events
Pivotal studies
During the double-blind treatment phase of the CAPRA-1 Study, a total of 22 patients (7.6% of 288) experienced 34 AEs leading to the discontinuation of prednisone. Ten patients received IR prednisone (6.9% of 144) and 12 patients received Lodotra (8.3% of 144). During the 9 OLE months of CAPRA-1, an additional 14 patients (5.6% of 249) treated with Lodotra withdrew due to AEs.
The most common AEs leading to discontinuation of prednisone were worsening of RA (16 patients in total - 10 in the controlled period and 6 in the OLE) followed by upper abdominal pain, nausea, and insomnia (each AE type reported in 2 patients). During the controlled period of CAPRA-1, the incidences of most common AEs leading to discontinuation of prednisone were similar in both treatment groups (MR and IR prednisone). Two women became pregnant during the OLE phase of CAPRA-1 and withdrew from the study. Two patients experienced gastric ulcers (1 with perforation) that resulted in discontinuation of Lodotra (both taking 3-5 mg/day) in the OLE period. Another 3 patients also discontinued Lodotra (all taking 5-10 mg/day) in the OLE phase because of insomnia. Over 12 months of follow-up, 3 patients developed infections that led to discontinuation of Lodotra – 1 case each of sepsis (onset on study day 59), pneumonia (study day 220) and tuberculosis (exact date unknown). The latter 2 patients were taking a daily dose of Lodotra of 3-5 mg and the sepsis case was taking 7-10 mg. All of the infectious related withdrawals, and all but 1 of the insomnia cases were rated as either unlikely or not related to Lodotra, which appears to be an unconvincing causality appraisal to this evaluator.
In the CAPRA-2 Study, 6 patients developed AEs leading to withdrawal – 5 subjects (2.2% of 231) treated with Lodotra and 1 person (0.8% of 119) in the placebo group. Four of the Lodotra withdrawal patients had their AE attributed to study medication. The events included single patients experiencing hypertension (with associated headache and anxiety), glaucoma exacerbation, vomiting and headache. The patient in the IR prednisone who withdrew did so because of headache. 
Other studies
Not relevant to the single dose, early phase studies; or observed in those with a crossover design.
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc346107553][bookmark: _Toc357497749][bookmark: _Toc361925849]Laboratory tests
[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Toc346107554]Liver function
Pivotal studies
Most patients in the pivotal studies were taking concurrent DMARD treatment for their RA (especially methotrexate and leflunomide), as well as NSAID therapy. These concurrent treatments (alone or in combination) are associated with abnormalities of liver function tests, particularly raised serum transaminases. In both of the phase 3 studies, the incidence of developing new increases of serum transaminases (from normal baseline values) with Lodotra was 2.6-6.3%, which is comparable to those given IR prednisone in the CAPRA-1 Study (incidence 3.5-4.9%) and placebo in CAPRA-2 (frequency 5.0-7.6%). A couple of patients in each of the above treatment groups (MR and IR prednisone, and placebo) across both pivotal trials developed mild transient increases in serum bilirubin that resolved without specific intervention. 
Other studies
Three subjects in the early phase studies (1 in Study EMR 62215-002 and 2 in Study NP01-009) developed new onset, mild (up to x 2 ULN) transient increases in serum transaminases after receiving prednisone. Events lasted for a maximum of 4 weeks, and fully resolved without specific intervention or sequelae. Another subject in Study NP01-008 developed a transient 2-fold rise in serum bilirubin (asymptomatic).
[bookmark: _Toc272414670][bookmark: _Toc290846308][bookmark: _Toc346107555]Kidney function
Pivotal studies
The pivotal studies showed no consistent trend to increased blood urea or creatinine levels between any of the study treatments (MR versus IR prednisone in CAPRA-1, and MR prednisone versus placebo in the CAPRA-2 Study). 
Other studies
No abnormalities of kidney function were observed in the early phase trials.
[bookmark: _Toc272414671][bookmark: _Toc290846309][bookmark: _Toc346107556]Other clinical chemistry
Pivotal studies
Corticosteroid treatment has the potential for precipitating impaired glycaemic control. During the double blind phase of the CAPRA-1 Study, 2 cases of clinically relevant, abnormally increased blood glucose concentrations were reported in each of the prednisone treatment groups (1.4% of 144 for each group). During the OLE phase of CAPRA-1, 4 cases of significantly raised blood glucose levels were reported (1.6% of 249). During the CAPRA-2 Study, 1 patient treated with Lodotra recorded significantly increased blood glucose. This was a known, long-standing diabetic subject who had not yet administered her regular morning dose of insulin prior to the study blood tests being taken. 
Prednisone therapy has also been associated with serum lipid abnormalities. The incidence of raised total cholesterol levels (from a normal baseline value) with Lodotra was 12.5% (18/144) in the CAPRA-1 and 15.6% (36/231) in the CAPRA-2 Study compared with 10.4% (15/144) for IR prednisone in CAPRA-1 and 7.6% (9/119) for placebo in the CAPRA-2 trial. However, the incidence of newly elevated serum triglyceride levels was similar (4.8-6.7%) in the 2 pivotal studies regardless of study treatment (MR or IR prednisone, and placebo). 
There were no significant trends for changes in serum chemistry (such as sodium and potassium) across the treatment groups (MR or IR prednisone, and placebo). Five patients (4 received IR prednisone and 1 was given Lodotra) in the CAPRA-1 Study developed abnormalities on urine testing – microscopic haematuria in 3 patients; and glycosuria and proteinuria in 2 subjects. These abnormalities did not appear to be related to prednisone.
Other studies
Two patients (1 subject in Study NP01-009 and another involved in NP01-013) developed new high serum creatinine phosphokinase levels (up to 2263 U/L; normal < 192 U/L) after receiving Lodotra. In both cases, the transient, abnormally high result was attributed to excessive physical activity and not drug treatment. No clinically significant abnormalities on urine analysis were identified. 
[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Toc346107557]Haematology
Pivotal studies
Consistent with the known effects of prednisone, the CAPRA-2 Study demonstrated a significant difference in 2 haematological variables (baseline to visit 4) when Lodotra was compared to placebo. The incidence of subjects developing baseline normal to high neutrophil counts with Lodotra was 17.7% (41/231) versus 8.4% (10/119) for placebo. The incidence of patients developing baseline normal to low monocyte counts was 10.0% (23/231) for Lodotra compared with 6.7% (8/119) for placebo. Nonetheless, the CAPRA-1 Study showed no significant difference between MR and IR prednisone for the incidence of newly abnormal or the mean change in any haematology parameter.  
Other studies
No individuals developed significantly abnormal haematology results during the early phase studies. In Study N01-008, mean haematology values were evaluated and not significantly altered across any of the treatment sequence groups.  
[bookmark: _Toc346107558]Effect on adrenocortical function
The effect of long-term, low dose treatment with Lodotra compared with IR prednisone on the hypothalamic-pituitary axis was investigated in a sub-study of EMR 62215-003 using a corticotrophin-releasing hormone (CRH) test. The intention was to recruit 32 subjects (in the screening phase) that were already enrolled in the pivotal phase 3 trial. Initially patients were required to be receiving a stable 5 mg daily dose of prednisone. However, because of recruitment difficulties, the 5 mg dose restriction was waived allowing dosages up to 10 mg/day. The sub-study was conducted at 6 centres in Germany. In total, 28 patients were involved in the CRH sub-study - 22 during the controlled phase (8 receiving Lodotra and 14 given IR prednisone) and an additional 6 subjects were recruited in the OLE period. Patients were to have a CRH test at screening, end of double blind period (12 weeks) and end of OLE phase (9-12 months). Cortisol measurements were taken at -15, 0, 60 and 90 minutes after injection. The changes in cortisol concentrations were compared to the individual’s efficacy and safety data. CRH test results were interpreted as “normal” if the change in cortisol concentration was at least 5 μg/dL, “suppressed” if the change was 0-5 μg/dL, and “no response” if no there was no increase in cortisol concentration. 
Each of the 28 patients had at least 1 CRH test performed, including the 6 subjects who performed only the 1 test at the end of the OLE phase. In total, 64 tests were conducted (32 with each of the prednisone formulations – MR and IR). However, 2 of tests performed on subjects receiving Lodotra had to be discarded because of incorrect dosing intervals before the CRH test (i.e. 62 CRH tests were analyzed). The prednisone dose before the CRH tests was 5 mg/day in 54 of the 64 tests with mean daily dose being 5.3 mg for IR prednisone and 5.6 mg for Lodotra.
Pre-injection cortisol concentrations were similar between the 2 treatment groups and only 6 patients had low pre-injection cortisol concentrations (<10 μg/dL). This included 5 patients receiving IR prednisone and the result was recorded at baseline (screening) and 1 patient on Lodotra (test 2 –week 12; and with no test 1 value for comparison). Three of the 6 subjects with low pre-injection cortisol concentrations subsequently were observed to increment their baseline cortisol concentration by more than 10 μg/dL after receiving treatment with Lodotra. In test period 3 (at the end of OLE) only 1 patient had a low pre-test cortisol concentration, which was also present at screening. 
The changes between cortisol concentrations from pre- to post-injection of CRH were similar regardless of the formulation of prednisone being received – refer to Table 22. The mean increase in plasma cortisol concentration after CRH was 5.5 μg/dL for IR prednisone and 5.3 μg/dL for Lodotra. These results indicate that no new additional HPA axis suppression developed with Lodotra therapy. In terms of clinical outcomes, no discernible pattern of AEs or lack of efficacy was correlated with the CRH test results. However, 24 of the 28 subjects did report flushing with at least 1 of the administered tests.  
Table 22. Change in plasma cortisol concentration after stimulation with corticorelin (CRH-test substudy of Study EMR 62215-003) 
[image: ]
DB=double blind; IR=immediate release; N=number of tests; OP=open phase; SD=standard deviation
[bookmark: _Toc272414675][bookmark: _Toc290846313][bookmark: _Toc346107559]Electrocardiograph
ECG recordings were made at screening and at discharge in all of the human studies. Review of the results did not reveal any clinically significant ECG changes. In Studies EMR 62215-002 and -005, the post-baseline corrected QT interval was formally calculated (only trials in the program) and was <450 milliseconds for all subjects. 
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc346107560]Vital signs
Physical examination including vital signs assessment was conducted at screening and end of study in the 2 phase 3 trials, as well as the biopharmaceutical studies. The vital signs evaluated were blood pressure, height and weight. No significant change with treatment (Lodotra and IR prednisone) in any of the vital signs was observed in any of the studies. 
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc346107561][bookmark: _Toc357497750][bookmark: _Toc361925850]Postmarketing experience
Lodotra is marketed in 7 European countries (Austria, Denmark, Finland, Germany, Norway, Poland and the United Kingdom). The tablet is available in strengths of 1, 2 and 5 mg. A total of 17, 213, 400 mg of prednisone has been distributed as of the data lock date of 17 October 2010. Based on the sponsor’s assumption that an adult patient takes a daily dose 10 mg (which seems higher than the trial data information), the patient exposure is estimated to be approximately 4716 patient-years since the initial marketing authorization of Lodotra in the EU. This exposure includes the subjects enrolled in the Lodotra Non-Intervention Studies (NIS). The NIS program is being conducted by Merck Pharma GmbH, Germany to assess the change in activity status and quality of life for RA patients, as well as the safety and tolerability of Lodotra. Enrolment into the program was ceased in late 2009 upon obtaining the desired recruitment numbers of approximately 3000 RA patients. A study report for the NIS is not included with the current submission but the sponsor states it should be available in the second quarter of 2011. 
The submission contained 4 Periodic Safety Update Reports in module 5 (volume 52). No new safety concerns have been identified in the adverse drug reports (serious and non-serious) obtained from spontaneous reporting sources and the scientific literature for Lodotra as well as the active substance, prednisone. 
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc346107562][bookmark: _Toc357497751][bookmark: _Toc361925851]Safety issues with the potential for major regulatory impact
[bookmark: _Toc346107563]Withdrawal and rebound
Rapid dose reduction or cessation after long term corticosteroid treatment may lead to reactivation of inflammation (flare of RA) or insufficiency of endogenous cortisol secretion. Because of these considerations, the dose of Lodotra should be tapered slowly in patients discontinuing treatment. Patients who stopped study medication in EMR 62215-003 were advised to return to their pre-study treatment (including the same dose of IR prednisone) or were switched to 5 mg/day of IR prednisone and then tapered in Study NP01-007. The draft PI for Lodotra outlines a suggested regimen for drug withdrawal and warns of the potential risks associated with abrupt discontinuation. Furthermore, the effect of low dose Lodotra upon adrenocortical function was assessed in small number of patients as a sub-study of EMR 62215-003.
[bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc346107564]Potential long term toxicity issues
The current dataset for Lodotra has an exposure limited to 12 months of therapy. Some of the important side effects of prednisone therapy (even in low dose) are only associated with long term use (many years of treatment). In particular, assessments regarding the potential impact of Lodotra on the incidence of osteoporosis, cardiovascular safety and certain ophthalmic conditions (primarily cataracts and glaucoma) can not be made from the current drug exposure dataset. 
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290846324][bookmark: _Toc346107565][bookmark: _Toc357497752][bookmark: _Toc361925852]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290846325][bookmark: _Toc346107566]Safety in special populations
Pregnancy was an exclusion criterion in the clinical studies. However, 2 women became pregnant while taking Lodotra in the OLE of the CAPRA-1 Study. Both subjects withdrew from the trial for non-medical reasons and delivered healthy children without complications. 
Safety analyses on special population subgroups were performed on the data obtained in the double bind period of Study EMR 62215-003. The 6 subgroup analyses were based on gender (male/female), age (< 65 years/ equal to > 65 years), disease duration (<5 years/5-10 years/>10 years), concomitant diabetes (yes/no), concurrent impaired kidney function (yes/no) and concomitant liver disease (yes/no). Some of the subgroups were too small in subject numbers to make meaningful interpretations but numerically the number of common and treatment emergent AEs, and AEs leading to discontinuation were similar. In particular, few patients were recorded as having liver disease according to the investigator (n=7/144 [4.9%] for Lodotra and n=4/144 [2.8%] for IR prednisone), renal impairment of any degree but better than a baseline serum creatinine of 150 μmol/L (n=7/144 [4.9%] for Lodotra and n=4/144 [2.8%] for IR prednisone) and concurrent diabetes (n=11/144 [7.6%] for Lodotra and n=13/144 [9.0%] for IR prednisone). The majority of patients in both treatment groups were younger than 65 years (78.5% [113/144] versus 21.5% [31/144] in each of the treatment groups). The frequencies of AEs and AEs leading to discontinuation were similar in the older versus younger age group definition. No different pattern of AE types was also observed. Patients with RA of > 10 years duration had a higher incidence of AEs (45.5%, 25/55) compared to those with shorter disease duration (37.4-39.4%). The same pattern of increased AE incidence in subjects with long established RA was also observed in the IR prednisone group. 
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290846326][bookmark: _Toc346107567]Safety related to drug-drug interactions
No specific studies examining Lodotra drug interactions have been performed. However, the draft PI has proposed an extensive list of potential drug interactions based on the known potential drug interactions of prednisone with other therapies. 
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc346107568][bookmark: _Toc357497753][bookmark: _Toc361925853]Evaluator’s overall conclusions on clinical safety
The data presented in this submission concerning the safety profile of Lodotra in adult subjects is of sufficient volume for assessment of the short to medium term risks. In total, 375 patients with RA have received at least 1 dose of Lodotra (3-10 mg) in the pivotal phase 3 trials. Regarding the extent of exposure, 192 of these subjects received Lodotra for at least 9 months. Collectively, the safety data in the phase 1 studies involved 247 healthy men and women, who were mostly given single doses of Lodotra ranging from 2-20 mg.
Key safety conclusions identified by the clinical development program include: -
During the 12 week, double blind periods of the phase 3 studies, Lodotra was generally well tolerated with the overall incidence and most types of common AEs being similar in patients receiving comparator treatment (either IR prednisone or placebo with background DMARD for RA);
Overall SAEs occurred at a low and similar frequency in the prednisone treatment groups, as well as the comparison between Lodotra and placebo;  
Discontinuations due to AEs were similar in incidence and type between MR and IR prednisone (CAPRA-1 Study) but numerically higher for Lodotra compared with placebo (CAPRA-2 Study); 
The 9-month, open label extension phase of the CAPRA-1 Study demonstrated that although the overall incidence of AEs remained within expectations, AEs of special interest for longer-term follow-up became evident (such as gastrointestinal ulcers/gastritis, weight gain, mood and sleep disorders, hypertension and glaucoma);
Collectively, there were 7 cases of significantly impaired glycaemic control with Lodotra in the phase 3 trials, and the incidence of elevated total cholesterol levels was higher for those receiving Lodotra (12.5-15.6%) compared to both IR prednisone (10.4%) and placebo (7.6%);  
The effect of extended treatment with Lodotra compared with IR prednisone (both in low dose) on the hypothalamic-pituitary axis was investigated in a sub-study of EMR 62215-003 using a CRH test, and showed no significant difference in HPA axis suppression between the 2 prednisone formulations; and 
The AE profile observed in the phase I studies was characteristic of early phase trial reporting with most of the observed AEs judged as unrelated or consistent with the known side effect profile of prednisone (primarily headache and gastrointestinal disorders). 
In summary, the safety data indicates that the administration of Lodotra to subjects with RA (mainly middle-aged women) is generally safe and well tolerated, and has a comparable short to medium term safety profile as standard immediate release formulations of prednisone as well as placebo tablets in patients receiving background DMARD treatment for RA. However, some significant potential safety concerns will require on-going pharmacovigilance. These risks include osteoporosis, cardiovascular safety (hypertension and an increased risk of atherosclerosis), ophthalmic conditions (cataracts and glaucoma), gastrointestinal ulcers and metabolic consequences (weight gain and HPA suppression).
[bookmark: _Toc357497754][bookmark: _Toc361925854]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc346107570][bookmark: _Toc357497755][bookmark: _Toc361925855]First round assessment of benefits
The main benefits of Lodotra in the proposed usage pertaining to the requested indication are:
Improvements in the duration of morning stiffness for adult patients with moderately to severely active RA over 12 weeks compared to IR prednisone (relative mean change of 22.7%), or placebo + background standard of care (relative mean change of 23.2%). 
Improvements in the ACR20 (46.8% versus 29.4%) and ACR50 response rates (22.5% versus 9.2%) at 12 weeks compared to placebo + background DMARD treatment.
Maintenance of improvements in the duration of morning stiffness with treatment for up to 12 months.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc346107571][bookmark: _Toc357497756][bookmark: _Toc361925856]First round assessment of risks
The risks of Lodotra in the proposed usage are:
Discontinuations to AEs are numerically higher for Lodotra (2.2%) versus placebo (0.8%), but similar in incidence and type between MR and IR prednisone (8.3% versus 6.9%, respectively).
In total, 7 cases of significantly impaired glycaemic control were observed with Lodotra in the phase 3 trials.
The incidence of elevated total cholesterol levels was higher for those given Lodotra (12.5-15.6%) compared to both IR prednisone (10.4%) and placebo (7.6%). 
AEs of special interest became evident in the longer term follow-up study with cases of gastrointestinal ulcers, gastritis, weight gain, mood and sleep disorders, hypertension and glaucoma being reported.
[bookmark: _Toc357497757][bookmark: _Toc361925857]First round assessment of benefit-risk balance
The benefit-risk balance of Lodotra for the proposed indication and dosing regimen is favourable.
[bookmark: _Toc357497758][bookmark: _Toc361925858]First round recommendation regarding authorisation
The evaluator recommended acceptance of the sponsor’s proposed indication for Lodotra subject to amendments of the PI, provision of data for the Non-Intervention Study and regular periodic safety update reports.
[bookmark: _Toc357497759][bookmark: _Toc361925859]Clinical questions
The evaluator only submitted questions regarding the PI and Consumer Medicine Information which are beyond the scope of this AusPAR.
[bookmark: _Toc357497760][bookmark: _Toc361925860]Second round evaluation of clinical data submitted in response to questions
The sponsor has submitted a response dated 25 January, 2012 to the TGA consolidated Section 31 request for information. From the clinical evaluation perspective, the response included an update to module 1 in relation to prescribing information for Australia. This comprised a 1500 word (5 volumes) response to questions relating to module 1 of the submission. Module 3 responses were also included but were not specifically considered as part of the second round clinical evaluation. 
[bookmark: _Toc357497761][bookmark: _Toc361925861]Second round benefit-risk assessment
[bookmark: _Toc272414709][bookmark: _Toc290846349][bookmark: _Toc346107586][bookmark: _Toc357497762]Second round assessment of benefits
No new clinical information was submitted in response to efficacy. Accordingly, the benefits of Lodotra® in the proposed usage are unchanged from those identified in Section 7.1.
[bookmark: _Toc272414710][bookmark: _Toc290846350][bookmark: _Toc346107587][bookmark: _Toc357497763]Second round assessment of risks
As requested, the sponsor has provided a safety report (dated 6 July 2011) for the Non-Intervention Study (NIS) which was an uncontrolled, multicentre study undertaken in Germany involving adult patients with RA. After consideration of the new clinical information, the risks of Lodotra® in the proposed usage are unchanged from those identified in Section 7.2.
The NIS was conducted in 461 centres between April 2009 and October 2010. The safety population included 2676 patients who had at least 1 on-study assessment. The trial was prematurely terminated so that the results could be made available by the end of 2010 as a post-approval commitment to the European reference member state regulatory authority (BfArM, Germany). Patients were eligible for inclusion if they had active RA with accompanying morning stiffness, and were either already receiving or about to commence low dose oral corticosteroids. All patients were commenced on Lodotra at a starting dose of 5 mg/day. At 9 months of follow-up, the mean dose of Lodotra was 4.1 mg/day. The study population was consistent with expectations – predominately female (72.0%) and middle-aged (median of 60 years; range 18-97 years). The mean duration of RA was 7.9 years. In total, 158 patients (5.9%) experienced 218 AEs leading to withdrawal. The most common types of AEs by SOC resulting in cessation were gastrointestinal disorders (54 cases, 2.02%), psychiatric (29 subjects, 1.08%) and nervous system problems (17 patients, 0.64%). The most frequent individual types of AEs leading to withdrawal were nausea (n=22), upper abdominal pain (n=18), sleep disorders (n=16), headache (n=9), dizziness (n=6) and impaired glucose metabolism (n=6).  
A total of 22 patients (0.82%) experienced 35 SAEs. Half (11 subjects, 0.41%) of the SAE patients had events that were considered to be treatment related. These included 8 gastrointestinal SAEs (in particular, various types of GIT bleeding and symptoms relating to gastritis); and singular reports of sleep disturbance, tachyarrhythmia and ruptured Achilles tendon. Four deaths occurred during the observation period and none were considered to be treatment related. Two of the deaths were for unclear reasons (69 and 82 year old women), one patient died following a fall (75 year old female) and another subject (81 year old female) suffered a fatal myocardial infarct. 
In summary, the incidence and type of adverse events observed in the NIS are consistent with the expected safety profile of continued low dose corticosteroid treatment.
[bookmark: _Toc272414711][bookmark: _Toc290846351][bookmark: _Toc346107588][bookmark: _Toc357497764]Second round assessment of benefit-risk balance
The benefit-risk balance of Lodotra® for the proposed indication and dosing regimen is favourable.
[bookmark: _Toc357497765][bookmark: _Toc361925862]Second round recommendation regarding authorisation
The evaluator recommended acceptance of the sponsor’s proposed indication for Lodotra subject to regular periodic safety update reports.
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Source: see study report, Section 5.3.1
Left panel: predaisone: right panel: prednisolone.
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Parameter Mean (SD)
Prednisone Prednisolone
LODOTRA IR Prednisone LODOTRA IR Prednisone
N=27 N=27 N=27 N=27

Cmax [ng/mL] 17.8 (6.09) 16.1 (2.58) 117 (42.42) 132 (17.98)
AUC.. [ng-h/mL] 109 (39.43) 105 (20.57) 665 (312.4) 719 (231.2)
AUC: [ng-h/mL] 107 (39.17) 103 (20.45) 656 (305.8) 711 (229.5)
tmax [N] 7.0 (0.94) 3.5(1.19) 2(0.90) 8(0.99)
tiag [h] 4.6(0.66) 0.09 (0.24) 5(0.66) 0.06 (0.21)

Source: see study report. section 5.3.1
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Parameter Statistic* Treatment A Treatment B Treatment C
DECORTIN LODOTRA LODOTRA
fasted semi-fed fed
2am 8 pm 8 pm
Prednisone
Coar (ngiML) Mean (90%Cl) 207 (19.0-22.5) 202 (185-219)  21.8(20.0-23.7)
CV (%) 16.9 264 16.4
e (1) Median (range) 2.0 (1.0-4.0) 6.0 (4.5-10.0) 6.5 (4.5-9.0)
CV (%) 33.1 19.6 17.1
g (1) Median (range) 0.0 (0.0-0.5) 3.5(2.0-5.5) 4.0(3.5-5.0)
o CV (%) 509.9 19.2 10.1
AUCo.. (ng-himL) Mean (90%Cl) 109 (101-118) 110 (101-119) 123 (114-133)
CV (%) 15.8 266 19.2

Prednisolone

Mean (90% Cl) 135 (124-147) 113 (104-123)

c /mL
max (ng/mL) CV (%) 16.6 26.8
Median (range) 1.0 (0.5-3.0) 5.0 (4.0-9.0)
tmax (h) CV (%) 59.3 215
. Median (range) 0.0 (0.0-0.5) 3.5 (2.0-5.5)
" CV (%) 509.9 222
Mean (90% Cl) 626 (583-672) 574 (535-617)
) 175 29.2

132 (121-143)
18.2

55 (4.5-9.0)
19.9
35(3.0-5.0)
127

659 (614-708)
20.9

Source: see study report EMR62215-005, Table 6.3.2.1.1-1 and 6.3.2.1.2-1
* Means are least-square geometric means.
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Treatment A Treatment B
Parameter (unit) Statistics N (Fasted) N (Fed)
Prednisone
tag (h) Median (Min-Max) 24 5.50 (3.50-7.50) 24 4.50 (3.50-6.00)
Crmax (ng/mL) Mean (SD) 24 6.551 (3.6696) 24 19.086 (3.2022)
tmax () Median (Min-Max) 24 8.00 (6.00-18.00) 24 6.50 (5.50-10.00)
AUCouast (ng-h/mL) Mean (SD) 24 34.166 (21.8873) 24 100.771 (18.7397)
AUCq- (ng-h/mL) Mean (SD) 20 38.245 (21.8376) 24 102.960 (18.8975)
tie (h) Mean (SD) 20 2.631 (1.0959) 24 2.537 (0.4460)
Prednisolone
tag ) Median (Min-Max) 24 5.00 (1.00-7.00) 24 4.00(3:50-5:00)
Crmas (ng/mL) Mean (SD) 24 43.041 (27.2966) 24 149.333 (31.0725)
tmax () Median (Min-Max) 24 7.25 (5.50-9.00) 24 5.50 (4.50-8.50)
AUCouast (ng-h/mL) Mean (SD) 24 225.601 (167.7087) 24 653.358 (156.3472)
AUCq- (ng-h/mL) Mean (SD) 24 228.900 (169.3509) 24 658.959 (160.2506)
tie (h) Mean (SD) 24 2.495 (0.2438) 24 2.620 (0.2720)

Source: study report NP01-006, Table 11.1
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Slope 1-alpha

PK Parameter Alpha
Estimate Lower CL Upper CL
Prednisone
AUC- 0.1 1.022 0.803 1.240
AUC 0.1 1.048 0.805 1.291
Cmax 0.1 1.010 0.766 1.255
Prednisolone
AUC- 0.1 1.032 0.805 1.259
AUC 0.1 1.039 0.806 1.273
Crmax 0.1 0.987 0.713 1.261
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Source: (Cutolo et al. 2003)
TFNy = interferon gamma: IL6 = interleukin-6: IL10 = interleukin-10; sTNFR7S5 = soluble p75 tumor necrosis factor receptor:
TNFa = tumor necrosis factor-alpha
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Criterion

Number of subjects

Prednisone TRT | Prednisone Standard Total
n (%) n (%) n (%)
‘Screened and enrolled - - 375
‘Screening failures - - 87
Randomized 144_(1000) 144_(1000) 288 (1000)
Withdrawn 23 (160) 14 (97) 37 (128)
Who completed the study 121 (840) 130_(903) 251 (672

‘Source: Section 14.1, Tables 14.1.1.1 and 14.1.2.1
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Characteristic Prednisone TRT Prednisone Total
Standard
(N=-144) (N=-144) (N-288)
‘Age (years) mean 516 554 550
sD 12 14 12
Range 279 2078 2079
‘Age class®
<45 years n(%) 26(18.1) 23(160) 49(170)
>d5yearsand (%) 93(646) 92(639) 185(64.2)
<65 years
>65yearsand (%) 2(160) 26(18.1) 49(170)
<T5years
> 75 years n(%) 2(14) 3@1) 5(17)
Weight (kg) mean 697 716 706
sD 135 157 147
Range 45110 43115 43115
Height (cm) mean 1625 1639 1632
sD 72 84 78
Range 146-189 140-186 140-189
Malesffemales n (%) 19(132)/125(868) | 22(153)/122(847) | 41(14.2)/247 (858)
Ethnic origin
Caucasian/White  n (%) 143(993) 144 (100.0) 287 (997)
Black n(%) 0(00) 0(00) 0(00)
Asian n(%) 107) 0(00) 1(03)
Other n(%) 0(00) 0(00) 0(00)

“Source: Section 14.1, Tables 14.1.4.1, 14.1.4.2, 14.1.43.1 and 14.1432.





image12.png
Disease characteristics Prednisone Prednisone Total
at baseline TRT Standard
(N=144) (N=1449) (N=288)
Rheumatoid arthiits
No.of subjects (%) 144 (100.0) 144 (100.0) 288 (100.0)
Mean Duraon  months. 1151 1154 153
Duration <2 years, n (%) 19(132) 18 (125) 37(128)
2.5 years, n (%) 37(25.7) 37(257) 74(257)
510 years, n (%) 329 31(215) 64(222)
> 10 years, n (%) 55(382) 58 (303) 113(392)
Pretreatment  (yes) 144 (100.0) 144 (100.0) 288 (100.0)
Stable dose [mg]  mean 65 67 66
of prednisofiojne
DAS 28 ‘mean 58 59 59
s 08 09 08
Range 3381 3777 3381
Disease activty _ asymplomatic 0(00) 0(0.0) 0(0.0)
(physician's
sy mid 13(20) 14(97) 27(9.4)
In 6] moderate 103(715) 102 (708) 205(712)
severe 28(19.4) 28(19.4) 56 (19.4)
very severe 0(0.0) 0(00) 0(00)
Pain intensity ‘mean 579 597 538
(HAQ-VAS) {mm] sD 148 158 153
Range 1895 259 189
HAQDI score mean 5 5 5
s [ 05 05
Range 0029 0028 0029

‘Source: Section 14.1, Tables 14144110 141445, 141451, 14.1.45.2and 14.1.4.5.4, and Section 142, Tables

142271300 14.2.28.1.
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Prednisone Standard
Duration of morning (N=144)
stiffness mean (SD)
‘median (min., max) ‘median (min., max.)
Baseline [min] 164.1 (101.4) 1825 (125.0)
146.4 (136, 659.3) 152.9 (32.1, 7200)
(n=125) (n=129)
Final week [min] 1209 (1405) 157.4 (145.6)
793 (0.0, 7200) 1200 (00,7200
(n=127) (n=131)
Relative change %] 22,66 (89.1) 039 (89.0)
-33.92 (-100.0, 500.0) -13.48 (-100.0, 609.9)
(n=125) (n=129)
Treatment dference
LS mean (SE) %] 24(11.1)
Lower limit of 95% CI 0493
pvalue 0.0226 (one-sided)

‘Source: Section 142, Tables 1421.1a 1o 142 1.4a.(Note: The statistcal tests were performed two-sided ata significance.
level of 5%. One -sided p-values were transformed from the two-sided p-values.)

LS = least square, SE = standard emor
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Mean daily duration of
‘moming stiffness per week

Prednisone TRT
(N-144)
mean (SD)

Prednisone Standard
(N-144)
mean (SD)

Baseline [min] 1641 (1014) (n = 125) 1825 (1250) (n = 129)
“AtWeek 1 [min] 159.4 (127 3) (n = 126) 1864 (1356) (n = 131)
Relative change [%] 1.4 (624) (n = 124) 93 (602) (n= 129)
‘At Week 2 [min] 1449 (1364) (n = 123) 1877 (1644) (n= 131)
Relative change [%] -125(70.0) (n = 121) 81(716) (n=129)
‘AtWeek 3 [min] 1383(137.1) (0= 122) 1642 (1372) (n= 127)
Relative change [%] -138(73.9) (n = 120) 03(636) (n= 125)
At Week 4 [min] 1295 (1283) (n = 117) 1637 (1242) (n=123)
Relative change [%] 233 (847) (n=115) 35 (725) (n= 121)
“AtWeek 5 [min] 1260(1269) (n = 117) 1597 (1285) (n = 121)
Relative change [%] 259 (85.1) (n = 115) 60 (85.1) (n=119)
‘At Week 6 [min] 1179(1282) (n= 112) 1542 (1237) (n = 119)
Relative change [%] -283(59.8) (n = 110) 53(825)(n=117)
AtWeek 7 [min] 1090 (1139) (n 1565 (1449) (n = 119)
Relative change [%] -26(742) (n=117)
‘At Week 8 [min] 1521 (1253) (n = 116)
Relative change [%] 52(625) (n=114)
“AtWeek 9 [min] 1464(1231) (n= 116)
Relative change [%] 56 (688) (n=115)
‘At Week 10 [min] 1479 (1341) (n=117)
Relative change [%] -50(830) (n=116)
AtWeek 11 [min] 95.9(972) (n= 103) 1489 (136.4) (n = 116)
Relative change [%] -377(501) (n = 101) -12(958) (n=115)
‘At Week 12 [min] 981 (1005) (n= 102) 1495 (1348) (n=111)
Relative change [%] -33.1 (75.4) (n = 100) -34(921) (n=111)

“Source: Section 14.2, Tables 14.2.1.1a to 14.2.1.3a.
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380 patients screened.

39 (10.0%) excluded:

24 (6.2%) did not meet criteria
12 (3.1%) withdrawal of consent
3(08%) AE

350 patients randomly
assigned
¥
231 assigned to Lodotra™ 119 assigned to placebo
14 (6.1%) withdrew: 13 (10.9%) withdrew:
6(26%) patient request [ [ 8(6.7%) patient request
5(22%) AE 2(17%) AE®
1(04%) lostto follow-up 1(0.8%) lost to follow-up
2(09%) other reasons 2(1.7%) other reasons
: 3 v
: 217 completed 106 completed
: ‘ .
Loooos| 231 amiyzed 10analyzed  [&----+
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Characteristic Lodotra Placebo Total
(N=231) (N=119) (N=350)

Age [year]

Mean (SD) 56.9 (9.94) 57.8(9.43) 572(0.76)

Median (range) 57.0(27-80) 58.0 (32-76) 57.0 (27-80)
Age category [n (%)]

Young (€45 years) 25(108%) 11(9.2%) 36(103%)

‘Middle-aged (~45 to <65 years) 161 (69.7%) 84/(70.6%) 245 (70.0%)

‘Elderly (=65 to <75 years) 35 (15.2%) 20 (168%) 55 (15.7%)

Very elderly =75 10 (43%) 4(34%) 14 (4.0%)
‘Gender [1 (%)]

Female 102 (83.1%) 102 (85.7%) 204 (84.0%)

Male 39 (16.9%) 17 (143%) 56 (16.0%)
Ettnicity [a (%)]

‘Not Hispanic/Latino 49 (21.2%) 23(19.3%) 72 (20.6%)

Hispanic/Latino 6(26%) 5(42%) 11(3.1%)

Not assessed (EU, Canada) 175 (758%) 90 (75.6%) 265 (75.7%)

Missing 1(04%) 1(08%) 2(06%)
Race [a (%]

White 226 (97.8%) 118 (99.2%) 344 (98.3%)

Black or African American 4(1.7%) 1(0.8%) 5(1.4%)

Asian 1(04%) 0 1(03%)
BMI [kg/ar]

Mean (SD) 28.0(5.78) 28.1(5.56) 280 (5.70)

Median (range) 27.2(16-56) 274 (1844 273 (16-56)

“Source: Section 141, Table 12.1.3 and Section 16, Listing 16.2.4.
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Disease characteristic Statistic Lodotra Placebo Total
o-231) o-119) (N=350)
‘Duration of RA [years] Mean 79 82 80
<2 years n(%) 41017.7%) 20 (244%) 70 (20.0%)
22 yearsto <5 years n(%) 65 (28.1%) 23(19.3%) 88.(25.1%)
=5 yearsto <10 years n(%) 54(23.4%) 27@2.7%) 81(23.1%)
210 years n(%) 71(30.7%) 40 (33.6%) 111 G1.7%)
DAS28 ‘Mean (SD) 52(079) 51(087) 52(08)
Range 3176 3574 3176
Disease activity (physician’s ‘Mean (SD) 553(16.03) 539(1741) 548(16.50)
assessment) [mm VAS] Range 3-89 10-99 300
Arthritis pain intensity ‘Mean (SD) 5552164) 50.1(23.60) 5372244
[mm VAS] Range 396 095 096
'HAQ-DI score ‘Mean (SD) 1340585 124(0613) 131(059)
Range 0029 0028 0029
SF-36 physical components ‘Mean (SD) 316(698) 315(695) 316(6.96)
summary score Range 139557 182480 139557
SF-36 mental components ‘Mean (SD) 452(1078) 455042) 453(1033)
summary score Range 17.1-683 227638 171683

Soutce: Section 1.1, Table 1417, 14271, 142101, 142111, 142191, 143211 and Section 16, Listing 16251, 16271

and 16.2.7.5.




image18.png
Imputation Lodotra Placebo 9% Difference in Oddsratio  P-value®

scheme WN (%) WN (%) ‘proportions * (05% €19
(95% C1%)

‘Primary analysis

Worse case* 108231 35119 173 216 0.0016
(46:3%) (20.4%) (637.2691) (134.348)

Secondary analysis,

Observed case. 108224 35116 180 221 0.0013
(482%) (302%) (683.27.78) (136.3.58)

LOCE® 110220 35119 186 230 0.0007
(80) (0.4%) (7.66.28.22) 42.37)

Withdrawal * 108230 35119 175 218 0.0014
47.0%) (20.4%) (6:58.27.16) (135.3.51)

Source: Sacfion 143, Table 1421212

N=total umber of patients per reatment grovp, = suaber of esponders.

‘Note: Visit 4 inciudes early withdraval patients.

* The observed difference befuveen treatments was reported.

* The 95% CI was calculated from  generalized linear model with a bisomsal probability function and an identity ink with
{reatonent, geographic region. gender and median age class 3 factors.

< Asymptomatic 95% Cls based on asymptotic nomality of the estimated odds ratio.

“ The p-value was based on logistic regression with treamen. geographic region. gender and median age cass as actors

+ Worse case impotaton:ll assin valoes were aputed s ot espondes.

'LOCF imputation: last observation (post-baseline) vas camied forward.

* Withdrawal imputation: nuissing values for withdrawn patients were imputed as non-responders.
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Statistic

‘Duration of morning stiffness [min]

Lodotra Placeho
=231 o-119)
Value  Absolute  Relative  Value  Absolute Relative

change  change [%] change  change [%]
‘Baseline (Visit 1)
n 231 - - 119 - - 350
Mean 1527 - - 1554 - - 153.6
(sD) (0245) (8754) (90.69)
Median 1286 - - 1386 - - 1341
(ange)  (0473) (40-395) (0473)
Visit4
n 216 216 216 107 107 107 -
Mean 860 652 -39 1141 -395 206 -
(sD) 10196)  (8887) (6185)  (10039)  (©272) (69.59)
Median 452 559 -565 850 366 333 -
(ange)  (0420) (473-154)  (-100414)  (0381)  (33527M4)  (-100-305)

Source: Section 14,2, Table 14.2.3.1.1 and Section 16, Listings 16.2.7.2.1 fo 16.0.7.2.3.
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Prednisone TRT Prednisone Total
Mean daily duration of morning Standard
stiffness [min] mean (SD) mean (SD) mean (SD)
(N=120) (N =129) (N = 249)
Visit 2 (Start of Double-blind Period) [min] 156.27 (97.25) R
(n=107) 153.04 (121.71)
Visit 5 (Start of Follow-up Period) [min] - 150.31 (139.48) (n=233)
(n=126)
after 3 months of TRT treatment [min] 98.20 (100.22) 85.17 (112.45) 91.92 (106.25)
(n=114) (n=106) (n=220)
Relative change [%] -34.47 (68.99) -46.06 (46.86) -40.18 (59.27)
(n=101) (n=98) (n=199)
after 6 months of TRT treatment [min] 65.70 (100.95) 81.08 (104.79) 74.08 (103.10)
(n=96) (n=115) (n=211)
Relative change [%] -56.06 (54.20) -32.83 (116.64) -43.13 (94.71)
(n=86) (n=108) (n=194)
after 9 months of TRT treatment [min] 62.43 (87.49) 92.88 (124.59) 78.10 (108.99)
(n=101) (n=107) (n=208)
Relative change [%] -61.35 (45.67) -13.90 (146.98) -36.23 (113.67)
(n=88) (n=99) (n=187)
after 12 months of TRT treatment [min] 74.19 (92.50)
(n=96) - -
Relative change [%] -55.07 (44.79)

(n=87)
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Double- blind Phase

Total (double-blind
+ open Follow-up)

Lodotra IR prednisone Lodotra
(N =144) (N =144) (N = 249)
Duration of exposure (days)
Mean 75.4 795 297
Median 83.0 83.0 281
Range 50-112.0 11.0-99.0 56-406
Mean daily dose (mg/day) (n=248)
Mean 6.38 6.80 6.79
Median 5.1 6.02 6.37
Range 0.0"-11.1 3.0-104 1.89-21.88
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Number of patients

Total 288
At least 3 months of Lodotra exposure 245
At least 6 months of Lodotra exposure 232
At least 9 months of Lodotra exposure 192
At least 12 months of Lodotra exposure 48
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Exposure Statistic Value
Number of Lodotra patients N 231
Overall exposure
Mean (SD) days 80.4 (15.70)
Median (range) days 84.0 (5-96)
Categories
<14 days n (%) 5(2.2%)
214 days to <28 days n (%) 5(2.2%)
228 days to <42 days n (%) 1(0.4%)
242 days to <56 days n (%) 3(1.3%)
256 days to <70 days n (%) 0
270 days to <84 days n (%) 54 (23.4%)
(%)

284 days

163 (70.6%)
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Study Number of Prednisone (mg) Prednisone (mg)
subjects administered as administered as Decortin
test formulation

EMR 62215-005 26 10 5

1 0 5
EMR 62215-001 2° 10 5

2 10 0

8 15 10

2 20 5
EMR 62215-002 28 10 10
NP01-006 24 10 n.a.
NP01-008 17 8 n.a.

1 2 na.
NP01-009 27 20 n.a.

1 5 na.
NP01-010 27 20 n.a.

1 5 na.
NP01-013 27 5 5

1 5 0
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Adverse event

Number (%) of patients

Placebo Lodotra Standard IR prednisone
<5mg >5mg Total <5mg >5mg Total
(N-119)  (N=313)  (N=62) (N=375) (N=76)  (N=68)  (N-144)
Any AE 58 135 22 157 32 25 57
(487%)  (43.1%)  (355%)  (419%)  (42.1%)  (36.8%)  (39.6%)
Any related AE 10 46 17 63 25 19 44
(84%)  (147%)  (274%)  (168%)  (32.9%)  (27.9%)  (30.6%)
Any SAE 2 3 2 5 2 2 4
(17%)  (1.0%)  (32%)  (13%)  (2.6%)  (29%)  (2.8%)
Any related SAE * 0 0 0 0 0 1 1
(15%)  (0.7%)
Any AE leading to 1 7 6 13 4 3 7
withdrawal 0.8%)  (22%)  (97%)  (3.5%)  (5.3%)  (44%)  (49%)
Any related AE 1 5 6 11 3 3 6
leading to withdrawal ~ (0.8%)  (1.6%)  (9.7%)  (2.9%)  (3.9%)  (44%)  (4.2%)
Any AE leading to o o o 0 1 0 1
death (1.3%) (0.7%)

Source: Tables 1.6.1.1, 1.6.3.1, 1.9, 1.10.2 and 1.11.3 of Attachment 15, Module 1 responses.
AE = adverse event; IR = immediate release; N = total number of patients; SAE = serious adverse event

*Includes events assessed at least as possibly related
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Number of patients

Adverse Events (Iﬁo: :g:) " Fr:e: :|‘i‘s4(;ne (NT: 'zax;x;) ?:I:g:;)p

by MedDRA Preferred Term N (%) n (%) N (%) n (%)
Abdominal pain upper 3(2.1) 4(2.8) 7(24) 3(1.2)
Nausea 3(2.1) 3(2.1) 6(2.1)
Headache 4(28) 2(14) 6(2.1)
Rheumatoid arthritis 1(07) 4(2.8) 5(1.7)
(worsening)
Gastritis 4(1.6)
Weight increased 6(24)
All drug related AEs 9(132) 6(11.1) 35 (12.2) 7 (10.8)
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Preferred term

Number (%) of patients

Lodotra Placebo Total
(N=231) (N=119) (N=350)

n (%) n (%) n (%)
Patients with any related TEAE 18 (7.8%) 10 (8.4%) 28 (8.0%)
Heaaache 3(1.3%) 1(0.8%) 4(1.1%)
Gastroesophageal reflux disease 1(0.4%) 1(0.8%) 2(0.6%)
Nausea 2(0.9%) 0 2(0.6%)
Oedema peripheral 1(0.4%) 1(0.8%) 2(0.6%)
Hypercholesterolemia 1(0.4%) 1(0.8%) 2(0.6%)
Insomnia 2(0.9%) 0 2(0.6%)
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Statistic

Change in plasma cortisol concentration [ug/dL]

Test1 Test2 Test3
(screening) (end of DB phase) (end of OP)
Standard IR Decortin Lodotra Lodotra
prednisone

N 21 1 8 2

Mean (SD) 55(437) 45(391) 33(576) 53(407)

Median 500 301 250 500

(range) (-0.98-15.00) (-102-12.00) (-3.98-13.85) (-200-1301)

‘Source: Table 17.16b of study report, Secton 3513

DB = double-biind; IR = immediate release; N

umber of tests; OP = open phase; S

tandard deviation.
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