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ABSTRACT 

Generic alternatives to orally inhaled products (OIPs) to treat respiratory diseases are 

challenging to develop clinically, due to uncertainty of what methodology could be used 

to demonstrate bioequivalence (BE) and the relevance of traditional methods of 

demonstrating BE. 

OIPs assert their pharmacological effect directly in the lung and have minimal systemic 

absorption, thus it is necessary to test the effect of these drugs in the lung to 

demonstrate that a generic product is BE to the reference product; this is termed local 

therapeutic equivalence (LTE). 

This thesis describes the identification and testing of a clinical development pathway to 

demonstrate BE for a generic form (Wixela™ Inhub™) of Advair® Diskus® to provide 

a more affordable inhaled corticosteroid/ long-acting β2-receptor agonist (ICS/LABA) 

to patients with respiratory diseases in the USA. 

Two methodologies (FeNO and methacholine challenge) were assessed to determine 

whether they could be used to prove LTE; however, upon completion of these studies it 

was ascertained that neither were suitable. Therefore, there was no suitable 

pharmacodynamic method available to demonstrate LTE. 

The method utilised to provide LTE was a large study in asthma patients using lung 

function as the endpoint, i.e., if FEV1 was the same between the test and reference 

products, the LTE would be proven. The lung function measures were bioequivalent 

and therefore, LTE for Wixela™ Inhub™ when compared to Advair® Diskus® was 

demonstrated.  

Additionally, pharmacokinetic (PK) BE was demonstrated, measuring 

fluticasone propionate (FP) and salmeterol concentrations in plasma at each available 

dose strength following dosing of Wixela™ Inhub™ or Advair® Diskus®. 

The successful completion of the clinical development program means that the 

development of a generic ICS/LABA is viable clinically, because of the demonstration 

of BE in both plasma and the lung. Therefore, this should increase the availability of 

affordable, quality medicines for patients with respiratory diseases.
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1 CONTEXTUAL CHAPTER 

1.1 Project Aim 

The clinical development of generic alternatives to currently available orally inhaled 

medicines, is challenging due to the need to demonstrate treatment equivalent effects in 

the lung as well as demonstrating systemic pharmacokinetic (PK) bioequivalence (BE).  

This is particularly the case for inhaled corticosteroids/ long-acting β2-receptor agonist 

(ICS/LABA) combination products meaning that despite the loss of patent exclusivity 

of medicines such as Advair® Diskus®, limited generic alternatives are currently 

available, particularly in the USA. Therefore, the price paid by patients and payors is 

still high. Wixela™ Inhub™ was the first generic orally inhaled dry powder product to 

achieve approval in the USA; however, a suitable regulatory pathway needed to be 

defined and tested for this medicine, which is described here. 

1.2 Introduction 

Asthma and chronic obstructive pulmonary disease (COPD) are common respiratory 

diseases, with a significant morbidity and mortality and are prevalent throughout the 

World. The global prevalence of asthma is estimated at approximately 358 million 

people and COPD is estimated at approximately 174.5 million people with estimated 

deaths of 0.4 million and 3.2 million people related to asthma and COPD respectively 

[1]. 

Asthma and COPD are routinely treated with orally inhaled bronchodilators such as 

salbutamol (a short-acting β2-receptor agonist), salmeterol or formoterol (LABA) or 

ipratropium (a short-acting muscarinic-receptor antagonist – SAMA), tiotropium (a 

long-acting muscarinic-receptor antagonist – LAMA) and ICS such as 

fluticasone propionate (FP) or budesonide. Herein, these will also be referred to as 

orally inhaled products (OIPs). These drugs are used alone or in combination as per the 

Global Initiative for Asthma (GINA) [2] and Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) [3], which are also consistent with UK NICE Guidance for 

asthma and COPD [4, 5]. The use of bronchodilators leads to a relaxation of the 

bronchial smooth muscle, resulting in reduced symptoms such as dyspnoea in patients. 

Corticosteroids have a different effect, acting as an anti-inflammatory agent, reducing 

the abnormal inflammation associated with asthma and COPD, which in turn reduces 

the risk of acute exacerbations and progression of these diseases.  
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Bronchodilators and corticosteroids are mainly delivered to the lung using inhalers, 

which are most often used by patients as single inhalers. However, this can sometimes 

lead to problems with medicines adherence because patients are using multiple devices 

and may have poor inhaler technique [6]. The combination of bronchodilators and 

corticosteroids in a single inhaler is convenient to patients as this only requires them to 

use one inhaler to deliver drugs that work in a complimentary manner in the lungs and 

are therefore a major component of therapy in respiratory diseases. The use of a single 

combination inhaler is also associated with lower healthcare resource utilisation and 

improved cost-effectiveness compared with multiple inhalers [7]. 

Orally inhaled products are specifically used for the treatment of respiratory diseases 

because they target the site of the disease activity, i.e., the lung. They can directly 

deposit the drug in the lung using small doses leading to greater efficacy due to this 

direct effect. There is also minimal subsequent systemic exposure, reducing the 

potential for significant adverse effects such as those to the cardiovascular system and 

the adrenal cortex if they are administered systemically. 

Whilst it is clear that orally inhaled products offer an advantage to patients by targeting 

the lung and minimising systemic adverse events, the use of the correct drug and inhaler 

is important. OIPs are typically administered using a pressurised metered dose inhaler 

(pMDI), breath actuated inhaler, or a dry powder inhaler (DPI). A review of inhaler 

types demonstrated that there was no systematic difference in treatment effects of 

different inhaler devices [8]. However, the prescribing of a specific inhalation device is 

often determined by a combination of availability, cost, patient preference and 

importantly a patient’s likely ability to use the inhalation device. As an example, 

pMDIs, which primarily consist of an aerosol containing the drug and a mouthpiece to 

direct the drug towards the airway, whilst regularly prescribed to patients, require 

coordination of inhaling and actuation of the device, or the use of a spacer which is 

bulky. This potentially leads to poor inhaler technique and thus reducing the patient’s 

ability to take a prescribed medicine appropriately, leading to reduced efficacy of the 

drug. In contrast, most DPIs do not require such coordination as the device is activated 

e.g., by pressing a lever and simply inhaling, but without the need to perform these steps 

simultaneously, and thus may be preferred by patients [9]. If the patient can generate 

sufficient inspiratory effort to aerosolise the powder in the inhaler, they will likely 

receive a consistent dose of drugs. Modern dry powder inhalers such as the Diskus®, 
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Ellipta® or Turbohaler® can be used by most patients [10-12] and drugs delivered 

using DPIs have become widely prescribed to treat asthma and COPD. 

Combination products of ICS and LABA such as Advair® and Symbicort® are 

routinely used as maintenance therapy to treat both asthma (Step 3 per GINA [2], i.e., 

for patients that do not achieve control with a low dose ICS) and COPD (Group D per 

GOLD [3], i.e., for patients with a prior history of exacerbations and symptoms, 

particularly if they have high eosinophils). Formoterol containing ICS/LABA 

combinations are also used in asthma as a combined maintenance and rescue medication 

(Single Maintenance and Reliever Therapy - SMART) in some countries [4].  

Advair® Diskus®, the combination of FP and salmeterol administered using a DPI 

(known as Seretide® Accuhaler® in UK) [13] was launched in 1999 and is one of the 

most frequently prescribed medications for treating asthma and COPD. 

Advair® Diskus® had Global sales of £2.44 billion in 2018 [14] and £1.73 billion in 

2019 [15], which was after the introduction of generic competition in the USA in early 

2019.  

Advair® Diskus® is available in the USA in three strengths (100/50, 250/50 and 

500/50 µg), described according to the variable nominal FP dose and acknowledging the 

50 µg dose of salmeterol in each product.  

In countries such as the UK where the NHS negotiates the price of drugs with 

manufacturers, patients do not pay the full cost of medications or large co-pays (a 

payment made by a patient towards the cost of the medication, even if they have 

insurance coverage). As a result it is relatively easy for prescribers to follow treatment 

guidelines such as those set by GINA [2], GOLD [3] or NICE [4, 5] based on clinical 

need rather than having to consider a patient’s ability to pay for their medication. It is 

noteworthy that Advair® Diskus® has a reported list price of up to $550.40 in the USA 

for a month’s supply [16]. In contrast, the cost of Seretide® in the UK is £32.74 for a 

month’s supply, demonstrating the impact that price negotiations by a single payor can 

have on the cost of drugs. 

Asthma management per guidelines is poor in the USA. Nearly 90% of people with 

asthma have disease that is considered mild persistent asthma or worse [17]. If all 

patients with asthma were receiving guideline-directed treatment, 90% would be using 

daily controller medication, such as an ICS; however, only 22% of surveyed patients 
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with asthma were using daily long-term controller medication [18]. It is a similar case 

for prescribing in COPD with low levels of prescribing of maintenance therapy to 

patients [19]. Non-adherence to medication is an issue due to multiple factors, including 

a perception from the patient that they do not need the treatment or concerns about 

adverse events [20]. In some countries such as the USA where patients pay a large 

proportion of the cost of medication, an additional, significant factor in the 

non-adherence to respiratory treatments is the cost of treatment to a patient [21-24]. The 

high cost of respiratory treatments is problematic to individual patients who may 

experience a greater symptom burden as a result of treatment non-adherence. It is also 

an issue for the wider society with regards to increased healthcare utilisation and the 

costs associated with this. Specifically, non-adherence to medications to treat asthma 

and COPD are linked with increased adverse outcomes for patients and increased 

overall costs to health care systems [25].  

With the high prevalence of, and high morbidity/mortality of asthma and COPD and a 

significant cost to both individual patients and society associated with these diseases, 

effective and affordable medication are clearly required by patients and providers. One 

way to address this is the development of generic alternatives. The clinical development 

of generic alternatives to currently available orally inhaled medicines is challenging due 

to the need to demonstrate equivalent treatment effects in the lung as well as 

demonstrating systemic PK BE. This complexity of development is particularly the case 

for ICS/LABA combination products as BE has to be demonstrated for both drugs in the 

combination. This means that despite the loss of patent exclusivity of medicines such as 

Advair® Diskus®, limited generic alternatives are currently available, particularly in 

the USA, therefore, the price paid by patients and payors is still high. 

The pricing of the first US generic of Advair® Diskus® (Wixela™ Inhub™) is 

significantly cheaper than the originator, with a list price of $182.88 in the USA for a 

month’s supply [26], demonstrating the impact that a generic equivalent of an inhaled 

product can have on access to medicines in a market that is not managed by a single 

payor. However, as Wixela™ Inhub™ was the first generic orally inhaled dry powder 

product to achieve approval in the USA, a suitable regulatory pathway needed to be 

defined and tested and is described here. 

Originator products are developed over many years, requiring the demonstration of 

efficacy and safety in hundreds or thousands of patients. Generic products are 
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developed to have the same effects as the originator product and normally for drugs 

formulated as oral solid dosage forms this can usually be demonstrated clinically in a 

small number of healthy volunteers [27]. Unlike most oral solid dosage forms of drugs 

that have a clear clinical pathway to approval for a generic form, based on 

well-established regulatory guidelines from agencies such as the US FDA [27], for OIPs 

it is more difficult to prove equivalence. Typically, generic versions of oral solid dosage 

forms of drugs can be clinically tested and subsequently approved by regulatory 

authorities based on PK BE. These drugs are systemically absorbed, and the target 

organ is usually within the systemic compartment, hence systemic exposure (usually 

measured in plasma) of most oral drugs is a meaningful surrogate for both safety and 

efficacy. However, OIPs require a different clinical development strategy due to the low 

systemic exposure associated with their dosing and the target organ being the lungs. 

Therefore, systemic exposure is not considered a suitable surrogate for efficacy and 

safety alone by some regulatory authorities, such as the US FDA, Health Canada and 

the Japanese PMDA. These particular regulatory authorities require a measure of local 

therapeutic equivalence (LTE), i.e., the treatment effect in the lung. 

Prior to completion of the studies described in Section 1.4.1 and Section 1.4.2 below, 

and subsequent discussions with the FDA, no written regulatory guidance was available 

from the FDA to provide a pathway to develop a generic ICS/LABA product.  

Despite the clear need for affordable OIPs, the standards required to demonstrate that a 

generic alternative is bioequivalent to the originator product need to remain high in 

order to assure patients and prescribers that a generic product will provide the same 

level of efficacy and safety as the originator’s product. Therefore, a suitable and robust 

strategy to develop generic alternatives of orally inhaled ICS/LABA products was 

necessary and is described herein.  

The aim of the project, and the basis of this thesis was to identify and test a clinical 

development pathway to demonstrate bioequivalence for a generic form 

(Wixela™ Inhub™) of Advair® Diskus® to provide a more affordable form of 

ICS/LABA to patients with asthma and COPD in the USA. 

The following sections summarise the rationale and findings from the studies included 

in the thesis, specifically Section 1.3 and Section 1.4 for PK BE and LTE, respectively. 
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1.3 Pharmacokinetic Bioequivalence 

The aim of the PK BE studies was to demonstrate systemic equivalence between 

Wixela™ Inhub™ (the generic product) and Advair® Diskus® (the originator product) 

by measuring plasma concentrations of FP and salmeterol in healthy subjects. 

PK BE is the cornerstone of demonstrating clinically that a generic alternative to the 

originator’s product is appropriate and that a generic product will deliver the same 

efficacy and safety profile. However, it is acknowledged that for an OIP this is not a 

fully adequate demonstration of BE, as the systemic exposure for most OIPs is 

primarily via lung absorption and the systemic exposure does not drive the efficacy of 

the product.  

Nonetheless, PK BE does provide at least some assurance that a generic OIP will likely 

have the same risk profile as the originator’s product. As the adverse effects of many 

inhaled products are associated with the extent of systemic exposure, PK BE does act as 

a suitable surrogate for the safety of the generic product in addition to the direct safety 

data generated during clinical studies. By demonstrating equivalent exposure, it is an 

appropriate method of indirectly demonstrating that a generic ICS/LABA would have a 

similar safety profile to an originator’s product. This is particularly true of OIPs that 

have poor systemic bioavailability such as FP [13] as the measured systemic exposure 

would be almost entirely related to the lung dose of the drug.  

Given the challenges of studying the systemic exposure of drugs administered from 

OIPs, there are a number of key considerations to make when designing PK BE studies 

for these products, including the choice of population, the PK sampling times and assay 

sensitivity. 

For most oral products, e.g., tablets, healthy volunteers can be used unless there is a 

specific difference in absorption, distribution and metabolism in patients vs., healthy 

subjects. Patients with respiratory diseases have differences in their lungs vs., healthy 

subjects [28], therefore this needs to be properly considered. Patients with asthma are a 

heterogeneous population with, by definition, variable airway obstruction whose airway 

calibre, potentially influencing the degree of inhaled drug deposition and distribution in 

the airways, vary broadly among individuals and within an individual from week to 

week. This would be of concern because the clinical phase of these studies would run 

over 2-7 weeks to enable the study of both test and reference products and ensure a 
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washout between study periods. To maintain consistent lung function, patients with 

asthma would need to continue their medication (e.g., ICS/LABA and SABA) during 

the study which may directly impact the measurement of systemic drug concentrations, 

if the subject is taking the same medication as the test and reference products. Any 

asthmatic episode or use of a rescue medication could also significantly affect a 

subject’s PK data. 

Prior publication has shown that plasma concentrations of the inhaled corticosteroids 

budesonide and FP are significantly lower (up to a 60% decrease) when a patient has 

reduced lung function caused by methacholine-induced bronchospasm [29]. Therefore, 

any changes in lung function between study visits would confound the data and make 

any bioequivalence assessment invalid. Furthermore, an increase in symptoms could 

lead to discontinuation from the study and loss of the subject from the study before 

completion of all periods, therefore meaning their data cannot be fully utilised, 

increasing the variability of the overall data from the study. To have the best chance of 

maintaining constant lung function over 2-7 weeks and minimising the chance of the 

need for maintenance or rescue medication, volunteer selection would favour the 

mildest and most stable patients with asthma. However, patients with mild asthma that 

are clinically stable would have lung function ≥80% of predicted, which is comparable 

to using healthy subjects [30], and would not therefore be the population in whom the 

test or reference products would be used per guidelines. A similar argument can also be 

made for patients with COPD for whom a prolonged period of not taking regular 

medications to treat their COPD would likely have detrimental effects on their disease 

status unless they have particularly mild symptoms with near normal lung function. 

Based on the above considerations, healthy subjects are considered a more sensitive 

population to detect product differences and therefore, healthy subjects were selected 

for the PK BE studies [31]. In summary: 

• Healthy subjects are a more homogenous population and are naïve to drugs 

administered in these studies. 

• Healthy subjects are better able to inhale the medication than patients with 

asthma and the resulting systemic drug levels are higher [32]. As healthy 

subjects deposit / absorb the drugs more effectively in / from the lungs than 

do patients with asthma, plasma exposure is therefore higher with any given 
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dose, increasing study sensitivity and allowing PK to be compared at a dose 

that is not a large excess of the clinical dose. 

• Since bioequivalence is relative and depends on the same baseline subject 

characteristics from week to week, a better and more reliable comparison 

could be obtained with healthy subjects. 

• Comparing PK following inhalation from different FP DPIs, bioavailability 

has been shown to be independent of study population (i.e., patient or 

healthy subjects), as the relative bioavailability between the two devices in 

healthy subjects and patients was the same [33]. 

As it is important to fully describe the PK profile of both the generic and originator’s 

products in the BE studies to demonstrate that they are the same, it is necessary to 

ensure that sampling times are sufficient for the anticipated measurable systemic 

exposure and ensuring that this will cover the duration of action of the drug. For a twice 

daily administration such as FP/salmeterol combinations, sampling over a 48 hour 

period post dose is likely sufficient. However, other drugs such as once daily 

bronchodilators may require a longer sampling time, up to 72 or 96 hours and the design 

of the study should be adjusted accordingly. 

A robust, discriminatory and sensitive analytical method needs to be in place to measure 

the systemic concentrations in plasma of an OIP, this is particularly important for 

combination products such as FP and salmeterol. The lower limit of quantification 

(LLOQ) of the assay needs to be appropriate to detect the drug for the duration of 

sampling during the study. For a product such as FP and salmeterol this should be 

≤1 pg/mL for each analyte, reflecting the low systemic exposure of these drugs. As 

OIPs are designed such that they have limited systemic exposure it may be necessary to 

administer more than one dose of study drug at a time to ensure that systemic exposure 

is sufficient to be measured. In the PK BE studies described in this thesis, three 

inhalations of each of the study drugs were administered and this ensured that the 

concentrations were sufficiently high that they could be measured throughout the study 

periods. This enabled a full description of the PK profile (describing both maximal 

concentration – Cmax and overall exposure – area under the curve [AUC]) of both 

components of the drug and ensured that the variability of the data was sufficiently low 

(CV <30%), such that the studies were practical to conduct. In addition, for a generic 

alternative to an orally inhaled ICS/LABA combination product, systemic PK BE must 

be demonstrated at all the approved dose strengths, i.e., 100/50, 250/50 and 500/50 µg 
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for Advair® Diskus® to provide assurance to patients and prescribers that the systemic 

exposure to both FP and salmeterol are equivalent at each approved dose. 

1.3.1 Results and Discussion 

Each of the three PK studies demonstrated that the systemic exposure following dosing 

from the generic product Wixela™ Inhub™ was similar to Advair® Diskus® for both 

FP and salmeterol at each dose strength and for both the maximum concentration (Cmax) 

and overall concentration (AUC).  

This demonstrated that Wixela™ Inhub™ was bioequivalent to Advair® Diskus®, as 

summarized in Table 1.1. 

Table 1.1: PK Bioequivalence Studies - Summary of Bioequivalence and FP 

and Salmeterol Plasma PK Parameters 

Treatment AUC(0-t) 

(pg·h/mL) 
AUC(0-t) TP/RP ratio (90% 

CI) 
Cmax 

(pg/mL) 
Cmax TP/RP ratio (90% 

CI) 
100/50 Study FP/salmeterol (Total Dose 300/150 µg) (N=64) 
FP 
Wixela™ Inhub™ 600.3 1.04 (1.00, 1.08) 103.7 0.92 (0.87, 0.96) 

Advair® Diskus® 576.4 N/A 112.9 N/A 

Salmeterol 
Wixela™ Inhub™ 696.4 1.08 (1.04, 1.11) 347.7 1.00 (0.94, 1.04) 

Advair® Diskus® 644.9 N/A 348.3 N/A 

 

250/50 Study FP/salmeterol (Total Dose 750/150 µg) (N=61) 
FP 
Wixela™ Inhub™ 1251 1.07 (1.02, 1.13) 164.2 1.01 (0.95, 1.07) 

Advair® Diskus® 1164 N/A 162.7 N/A 

Salmeterol 
Wixela™ Inhub™ 641.2 1.03 (0.99, 1.07) 296.2 0.93 (0.87, 1.00) 

Advair® Diskus® 623.3 N/A 317.4 N/A 

 

500/50 Study FP/salmeterol (Total Dose 1500/150 µg) (N=65) 
FP 
Wixela™ Inhub™ 2689 0.97 (0.92, 1.00) 252.8 0.90 (0.86, 0.93) 

Advair® Diskus® 2783 N/A 281.8 N/A 

Salmeterol 
Wixela™ Inhub™ 672.3 1.00 (0.96, 1.04) 334.9 0.86 (0.81, 0.91) 

Advair® Diskus® 670.8 N/A 388.6 N/A 

Data presented as natural-log transformed geometric mean (based on least squares mean). 

Abbreviations: AUC(0-t) = area under the concentration-time curve from time zero to the last quantifiable 

concentration; CI = confidence interval; Cmax = maximum plasma concentration; N/A = not applicable; 

RP=reference product (Advair® Diskus®); TP = test product (Wixela™ Inhub™). 

The design of the PK BE studies reflected a traditional BE design, i.e., 2-way crossover 

of one batch of test vs., one batch of reference product; this was possible due to a clear 

understanding of the in vitro characteristics of both the test and reference FP/salmeterol 

formulations. Other groups have postulated that it is not possible to demonstrate PK 
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bioequivalence of one batch vs., one batch of test and reference products due to the 

inherent variability of Advair® Diskus® [34]. However, the PK BE studies 

demonstrated that it is possible if both the test and reference products are well 

characterised and appropriate batches of the two products are selected prior to conduct 

of the clinical study. The clear understanding of these characteristics was also key to 

achieving in vitro equivalence for the product [35]. 

The demonstration of PK BE for both FP and salmeterol at all of the approved dose 

strengths indicated that Wixela™ Inhub™ was bioequivalent to Advair® Diskus®. 

Patients will receive the same systemic exposure from the generic product as the 

originator and therefore the same safety profile can be assumed. 

1.4 Local Therapeutic Equivalence 

As the PK BE data are not considered by all regulatory authorities to fully demonstrate 

the equivalent efficacy of generic and originator OIPs, there is a need to demonstrate 

that the constituent parts of the generic product exert the same effect as the originator 

product (e.g., Advair® Diskus® in this case) in the lungs.  

One potential methodology would be to utilise imaging technologies to compare the 

generic product to the originator. It is possible to label an OIP with technetium to 

explore the lung deposition of a drug using scintigraphy [36]. With labelled drugs it is 

possible to ascertain where in the lung the drug is deposited [37] and a comparison of 

two drugs could theoretically be made based on their relative deposition. It is, however, 

very challenging/impossible to label in a manner that guarantees that the aerodynamic 

properties of the products are entirely unaffected, therefore a labelled drug may not be 

representative of deposition of a non-labelled drug. This would also mean that the 

absorption and or efficacy of a drug might be different to a non-labelled drug. 

Additionally, as the process to label the originator’s reference drug would require the 

commercial inhaler to be taken apart and the powder removed to be labelled before 

reassembly, this further increases the likelihood of altering the properties of the product. 

As the in vitro properties, and hence the manner in which a drug performs when 

aerosolised is critical to the deposition (and subsequent absorption) in the lung, 

scintigraphy studies are unlikely to be a sensitive, reliable and appropriate manner of 

demonstrating lung bioequivalence.  
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For most OIPs, the US FDA typically requires a test of LTE to demonstrate comparable 

efficacy in addition to systemic PK BE to act as a surrogate for safety. LTE is an 

assessment of the pharmacodynamic properties or efficacy of the drug in the lungs to 

demonstrate that the generic product has the same efficacy as the originator reference 

product. The LTE should ideally include an assessment of dose-response [38, 39], 

whilst remaining within the approved daily dose range of the product. The inclusion of 

more than one dose of reference product is preferred, because a dose-scale analysis of 

relative potency (RP) (the ability to demonstrate that the test product of unknown 

potency can produce the same effect as the reference product under the same 

conditions) can be more sensitive than a more simple response-scale analysis which 

only compares one dose of the generic product with one dose of the reference product. 

However, the ability to demonstrate LTE using a dose-scale analysis poses significant 

difficulties, such as the need to establish clinical methods that can show a dose-response 

for the reference product while staying within the clinically approved dose range. 

The assessment of treatment effects in the lung for a combination product such as 

Advair® is further complicated by the differing pharmacological actions of the 

constituent parts, i.e., an ICS and a LABA so methods that discriminate between the 

two drugs that form the combination product would be required to test the independent 

effects of the drugs.  

1.4.1 Local Therapeutic Equivalence – ICS 

1.4.1.1 Background 

The aim of the ICS study was to identify a methodology that could be utilized to 

demonstrate LTE for the ICS component of a generic version of Advair® vs., the 

originator. To meet the requirements of the FDA it would be necessary to identify a 

methodology that would discriminate between the effect of the ICS and the LABA and 

demonstrate a dose-response. The dose-response would need to be large and the 

variability of the study would need to be low for the methodology to be suitable for a 

future LTE study with a feasible sample size. 

The anti-inflammatory effect of the ICS component is chronic in nature, requiring 

regular dosing over a period of time, thus determination of LTE of this component 

requires multiple-dose studies. Crossover designs when requiring multiple doses can be 

lengthy for individual subjects. This is particularly challenging in a disease such as 
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asthma that is characterised by variation in disease status unless well-controlled by 

pharmacological treatment. In addition, demonstration of a dose-response for ICS is 

extremely challenging. The dose-response relationship of most ICS products at 

therapeutic doses is relatively flat, especially when measured outside of an individual 

subject, e.g., with different doses being compared between two or more populations of 

asthmatics within a parallel group setting [40, 41].  

The literature regarding the ICS dose-response assessment includes clinical efficacy 

studies as well as pharmacodynamic studies utilising challenge models, such as allergen 

or adenosine monophosphate [42-44], inflammatory markers, including sputum 

eosinophilia [43] and fractional exhaled nitric oxide (FeNO) [45]. These different 

methods all largely include the study of doses of ICS that are lower than recommended 

doses for treating asthma and even then, the dose-response between these low doses and 

high doses is not clear in most of the studies. 

Most methods described in the literature are unlikely to deliver an appropriate 

dose-response for an ICS, especially using clinically approved doses. One methodology 

of interest was FeNO, which is a measure of allergic/eosinophilic inflammation, 

measured by chemiluminescence in exhaled breath. FeNO is typically raised in asthmatic 

patients, reflecting the patient’s state of allergic inflammation. A previous publication 

demonstrated that FeNO could distinguish between 100 and 800 µg/day beclometasone 

dipropionate (BDP) [46]. This was therefore considered the most likely methodology to 

be successful. These data are consistent with a number of other publications [43, 45] 

which also demonstrate an ICS dose-response using FeNO as the study endpoint. The 

dose-response is further pronounced in patients with marked lung inflammation as 

determined by elevated FeNO (>100 ppb). As FeNO is unaffected by bronchodilators such 

as LABA [47, 48] this provided further promise for this methodology as it would be 

possible to assess the pharmacodynamic effect of the ICS component without 

interference from the LABA component. However, the doses of ICS utilised in the prior 

literature that demonstrated a dose-response include doses of ICS that are lower than 

those equivalent to FP 100 µg taken BID (e.g., 50-100 µg/day BDP [45, 46], or 

100 µg/day budesonide [43]) as per the asthma indication for Advair® Diskus®. Prior 

to the study conducted [49] no one had rigorously examined the dose-response 

relationship of the FP component of a FP/salmeterol combination product in asthmatic 

patients using FeNO; hence there was uncertainty as to whether this would be a suitable 

method of demonstrating LTE. 
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1.4.1.2 Results and Discussion 

The study demonstrated that all Advair® Diskus® treatments decreased FeNO compared 

with placebo (Table 1.2). The largest treatment effects were noted after 14 days of 

treatment, reflecting that the maximal effect required multiple doses of the ICS to 

reduce inflammation in the lung. However, as the treatment effects were similar for all 

the BID treatment arms, a dose-response was only clearly identified between QD 

Advair® and the BID treatment arms. The subsequent sample size estimates for an LTE 

study using FeNO were very large. 

Table 1.2: Local Therapeutic Equivalence ICS Study – Change in FeNO50 From 

Day 1 to Day 14 

 Advair® (Total Daily FP dose) 

 Placebo 

BID 

(0 µg)  

Advair® 

100/50 µg 

QD  

(100 µg)  

Advair® 

100/50 µg 

BID 

(200 µg)  

Advair® 

250/50 µg 

BID 

(500 µg)  

Advair® 

500/50 µg 

BID 

(1000 µg)   
Day 1      

Mean 61.8 73.8 72.0 80.4 64.2 

Geometric mean  54.4 69.0 64.9 71.5 59.8 

Day 14      

Mean  59.0 42.4 27.9 30.6 32.4 

Geometric mean 49.4 36.8 24.0 25.5 25.7 

Change from day 1 

to day 14 

     

Mean change -2.7 -31.5 -46.3 -49.8 -31.9 

GMR 

(% change) 

0.91 

(-9%) 

0.53 

(-47%) 

0.36 

(-64%) 

0.36 

(-64%) 

0.43 

(-57.0%) 

Data are shown as ppb unless otherwise specified. 

FeNO50, fractional exhaled nitric oxide measured at a flow rate of 50 mL/second. 

Linear regression analyses revealed a significant dose-response slope, with the steepest 

part of the slope between the 100 and 200 µg FP/day (i.e., Advair® Diskus® 100/50 µg 

QD vs., Advair® Diskus® 100/50 µg BID) dose levels (slope, -0.0039, p=0.020). 

A three-parameter Emax model analysis (Table 1.3) indicated that the FeNO50 response 

plateaued at approximately 200 µg FP/day (Advair® Diskus® 100/50 µg BID), with an 

estimated ED50 of 69.04 µg FP/day. 
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Table 1.3: Local Therapeutic Equivalence ICS Study - FeNO50 Dose-Response 

Analysis Using an Emax Model 

 

Estimate FeNO50 

(ppb)* 

Estimate Ln 

Change from 

Day 1 FeNO50 

(ppb) 

Approximate 

Standard Error 95% CI 

Change from Day 1 at Day 14     

  E0 -7.01 -0.12 0.12 -0.36, 0.13 

  Emax -33.46 -0.89 0.13 -1.16, -0.62 

  ED50 (Total Daily Dose µg)  69.04 39.53 -11.48, 149.56 

 

 Mean    

  Placebo -7.01 0.89 1.13 0.70, 1.13 

  Advair® 100/50 µg QD -30.25 0.53 1.12 0.42, 0.66 

  Advair® 100/50 µg BID -34.49 0.46 1.10 0.38, 0.56 

  Advair® 250/50 µg BID -37.10 0.41 1.10 0.34, 0.49 

  Advair® 500/50 µg BID -39.10 0.39 1.11 0.32, 0.48 

  Maximum (E0+Emax) -40.47    

*Assuming a Day 1 (Baseline) mean of 63.8 ppb 

E0 - Basal (placebo) Effect, Emax - Maximal Effect above E0, ED50 - Dose that produces half Emax. 

As many factors as were feasible to increase the treatment effect and reduce variability 

were incorporated into the design of the FeNO study [49]. These included restricting the 

study to subjects with raised FeNO (≥45 ppb) at baseline, ensuring that the FeNO 

variability was minimised (CV of within ±23% of the screening value at each treatment 

period) and ensuring that subjects were clinically stable in the absence of 

asthma-controller medications such as ICS or leukotriene receptor antagonists.  

Only a shallow dose response was observed between BID doses of Advair® Diskus® in 

the study. If a lower dose of Advair® Diskus®, incorporating a 50 µg BID dose was 

available (c.f., the approved dose of FP as monotherapy, e.g., Flovent®/Flixotide®) 

then FeNO might be a feasible methodology, as the ED50 (the dose that produces 50% of 

the maximum effect) estimated is 69 µg of FP (total daily dose). This is consistent with 

a study that demonstrated a difference between 50 µg BID and 250 µg BID Flixotide®, 

using FeNO [50]. This is in contrast to the findings from a study sponsored by the FDA 

[51] which did not demonstrate a clear dose-response; however, the FDA study was 

complicated by the small number of subjects studied and difference in baseline FeNO 

observed at different study periods. The lack of a dose-response for FP at doses 

approved in the clinical label is also consistent with that observed for other methods of 

assessing FP efficacy [40]. 

When a QD dose of Advair® Diskus® was included in the statistical model, a large 

dose-response for FP/salmeterol was demonstrated. However, this is a total daily dose 

that is lower than the approved dosing regimen. This finding is consistent with 
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published data for both FP and other ICS products, [43, 45, 46, 50] where a clear 

dose-response can only be identified when low daily doses of ICS are included in the 

models described. The data are also consistent with a small pilot study that reported 

differences in the effect of FP on FeNO when different doses of Advair® were dosed 

once daily for a week [52]. Advair® Diskus® is approved as a BID drug for the 

treatment of asthma and COPD with a relatively short plasma half-life of 7.8 hours [13] 

and a study of Advair® Diskus® BID vs., QD regime in asthma subjects [53] confirmed 

that BID Advair® Diskus® was more efficacious than a QD regime. Therefore, both the 

PK properties and the clinical data in asthma are strongly indicative that FP is most 

efficacious within the approved BID dosing regimen. It is therefore unacceptable to the 

FDA that a QD dose of FP/salmeterol could be used in an LTE study to demonstrate a 

dose-response.  

Despite the inability to develop a method which could demonstrate a dose-response 

within an approved dose regimen, the study clearly demonstrated that FP/salmeterol led 

to reductions from baseline FeNO compared with placebo. This indicated that FP was 

working as anticipated and the study was robust and interpretable. The FeNO data were 

used to estimate the likely sample size required for an LTE study to compare a generic 

FP/salmeterol to Advair® Diskus® and it was estimated that 540 patients would be 

required to demonstrate BE for the FeNO methodology using a BID dosing regimen if a 

dose-response element was required. This is clearly unfeasible for a FeNO study as it 

would require a very large number of skilled Investigator centres to identify as many 

patients as this to run a successful study.  

1.4.2 Local Therapeutic Equivalence - LABA 

The aim of the LABA study was to identify a methodology that could be utilized to 

demonstrate LTE for the LABA component of a generic version of Advair® vs., the 

originator. To meet the requirements of the FDA it would be necessary to identify a 

methodology that would discriminate between the effect of the LABA and the ICS and 

demonstrate a dose-response. The dose-response would need to be large and the 

variability of the study would need to be low for the methodology to be suitable for a 

future LTE study with a feasible sample size. 

By focusing on the acute effect of a LABA (i.e., effects following a single dose) it is 

possible to distinguish between the treatment effect of the ICS and the LABA in the 

combination product as the ICS has limited acute effects on the lung compared with a 
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bronchodilator [54]. However, the bronchodilator effect of salmeterol is at or very near 

maximal following a single 50 µg orally inhaled dose [55], suggesting that use of acute 

bronchodilation is unlikely to yield a useful dose-response relationship.  

An alternative method of assessing the efficacy of bronchodilators is to investigate their 

effect on induced bronchospasm. Spasmogens such as methacholine and histamine can 

be used to induce an acute reduction in lung function in asthmatic subjects; 

bronchodilators can prevent the occurrence of this bronchospasm. Additionally, the 

bronchoprotective effect against directly active spasmogens such as methacholine or 

histamine, is not acutely affected by the ICS component [56, 57], and is therefore more 

likely to be related to the bronchodilator, i.e., LABA component. The data for induced 

bronchospasm caused by inhalation of either allergens or histamine would suggest a 

lack of a dose-response between 50 and 100 µg of salmeterol [58], therefore these 

would not be suitable to study. The literature relating to the dose-response for the 

protective effect of single inhaled doses of salmeterol on bronchospasm induced by 

methacholine is however unclear. Specifically, the literature data are unclear whether 

50 µg salmeterol (the approved dose of salmeterol in Advair®) produces maximal 

effects: with one study suggesting a dose-response does not exist for salmeterol at doses 

>50 µg [59] and another study suggests that a dose-response may exist [60]. Other 

literature existed, suggesting that methacholine challenge could be used to demonstrate 

a dose-response for another LABA, formoterol [61] and for the short acting β2-receptor 

agonist salbutamol/albuterol [62-64]. As the literature for some of the β2-receptor 

agonist products were able to demonstrate a dose-response and the literature for 

salmeterol was unclear, the methacholine challenge methodology was selected for 

further study. 

1.4.2.1 Results and Discussion 

The study demonstrated that all treatment groups led to bronchoprotection vs., placebo, 

as would be anticipated for a β2-receptor agonist. The dose-response for Advair® was 

not statistically significant and subsequent sample size estimates for an LTE study using 

methacholine challenge were very large. 

The Advair® Diskus® doses demonstrated bronchoprotection as compared to placebo 

at the first assessment, 1 hour post-dose and maintained the bronchoprotective effect at 

the 10 hour post-dose evaluation. 
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To explore whether there was a statistically significant dose-response between low and 

high doses of Advair®, analyses were performed just including the active treatments 

(Table 1.4). 
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Table 1.4: Local Therapeutic Equivalence LABA Study - Dose Response Analysis Using a Linear Mixed Model Method 

Time Point (post 

dose) 

Advair® 100/50 µg one 

inhalation* 

(50 µg salmeterol) 

Advair® 100/50 µg two 

inhalations* 

(100 µg salmeterol) 

Treatment 

Difference 

(95% CI) 

Dose-Ratio ** 

(95% CI) 

Slope*** (95% 

CI) 

Model Mean Squared 

Error 

1 hour 1.101 1.316 0.215 

(-0.094, 0.523) 

1.239 

(0.911, 1.687) 

0.310 

(-0.135, 0.754 

0.4976 

6 hours 1.276 1.382 0.106 

(-0.205, 0.417) 

1.112 

(0.815, 1.518) 

0.153 

(-0.296, 0.602) 

0.5054 

10 hours 1.289 1.242 -0.047 

(-0.520, 0.427) 

0.954 

(0.594, 1.532) 

-0.068 

(-0.750, 0.615) 

1.1018 

* REML estimates of Mean Loge (PC20); ** Ratio of geometric mean PC20s = Antilog of difference in PC20; *** ΔLoge(PC20) / ΔLoge(Dose). 
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The steepest dose-response between the high and low dose was seen at 1 hour post-dose 

for Advair® (Table 1.4). The dose-response was not statistically significant, with the 

lower ends of the 95% confidence intervals overlapping zero and the upper end of the 

confidence interval exceeding twice the slope estimate. 

Consistent with the linear mixed model, an Emax model suggested that the lowest 

administered dose of the salmeterol component of Advair® administered in the study 

considerably exceeded the respective ED50. (28.26 µg).   

Based on the relatively shallow dose-response slopes observed, along with the observed 

variability, a sample size of approximately 240 patients (90% power, 2x2 crossover) 

would be required to achieve statistical significance in the slope at 1 hour post-dose 

between Advair® Diskus® 100/50 µg one inhalation and Advair® Diskus® 100/50 µg  

two inhalations, i.e., 50 vs., 100 µg of salmeterol. 

As the variability of a study can influence the sample size required for an LTE study it 

is important to try to control factors that may influence the variability of the study. As 

many factors as possible were incorporated into the design of the study [65], including 

those recommended in other literature [61]. When compared with the range of literature 

studies reporting β2-receptor agonists and methacholine challenge studies, the study did 

not exceed the variability of the majority of other studies (Table 1.5). The dose-response 

slope also has a significant impact on the feasibility of methacholine challenge and is 

likely primarily influenced by the pharmacology and approved doses of the particular 

drug studied, salmeterol in this study. Results from the study suggest that the 

dose-response is substantially lower than has been observed for studies of approved 

doses of salbutamol/albuterol and formoterol. It is possible that the lack of 

dose-response observed in the study is due to 50 µg salmeterol being at or near the top 

of the plateau for the dose-response curve.  

A comparison of both variability (WS-SD (s) – Within Subject Standard Deviation) and 

dose-response (dose-response slope (b)) from the study with a variety of other clinical 

studies reporting β2-receptor agonists and methacholine challenge studies was made. 

This allows for an assessment of both these key factors in the interpretation of the data 

(Table 1.5) and a direct comparison between studies to assess whether it was 

representative of other literature. The variability of the data (as measured by WS-SD) 

from the study was consistent with or lower than most reported studies. A low s/b ratio 

would lead to a lower sample size than one with a high s/b ratio. The s/b ratio (2.29) for 
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the study is much greater than observed in a formoterol study [61] and some 

salbutamol/albuterol studies [62-64, 66]; however it is consistent with or even lower 

than the other literature for salmeterol [59, 66].   
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Table 1.5: Local Therapeutic Equivalence LABA Study – Methacholine Challenge Variability and Dose-Response Slope Comparisons of 

Studies in the Literature 

Study Treatment Dose (µg) n SLOPE (b) 
Ln 

s/b 
Estimated Sample Size 

WSV WS-SD (s) 0.8-1.25 0.67-1.50 

Allan 2019 [65] Salmeterol 50-100 46 0.310 0.50 0.71 2.29 1240 460 

Higham 1997 [66] Salmeterol 25-100 16 0.350 0.53 0.73 2.07 1041 382 

Palmqvist 1999 [59] Salmeterol 50-250 15 0.276 0.92 0.96 3.48 2900 1069 

Langley 2005 [67] Salmeterol 50 33 NA 0.93 0.96 NA NA NA 

Derom 1992 [60] Salmeterol 50-100 12 0.749 NA NA NA NA NA 

Prabhakaran 2011 [61] Formoterol 12-24 10 1.121 0.09 0.30 0.27 18 7 

Palmqvist 1999 [59] Formoterol 12-60 15 0.623 1.86 1.37 2.19 1162 425 

Allan 2019 [65] Albuterol 90-180 46 0.374 0.50 0.71 1.90 858 316 

Ahrens 1999 [62] Albuterol 90-270 24 0.722 0.54 0.74 1.02 249 92 

Creticos 2002 [63] Albuterol 90-180 13 0.976 0.27 0.51 0.53 68 26 

Parameswaran 1999 [64] Salbutamol 100-200 18 0.871 0.06 0.24 0.27 20 8 

Higham 1997 [66] Salbutamol 100-400 16 0.800 0.76 0.87 1.09 285 103 

Giannini 2000 [68] Salbutamol 100 18 NA 0.96 0.98 NA NA NA 

Inman 1998 [69] Salbutamol 200 20 NA 0.28 0.53 NA NA NA 

WSV – Within Subject Variance, WS-SD – Within Subject Standard Deviation. 
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An assessment of what the sample size would be for an LTE study for a generic 

FP/salmeterol compared to Advair® Diskus® indicated that 1240 patients would be 

required if the geometric mean ratio and 90% CI was within 0.80-1.25 and 460 patients 

and 90% CI to be within 0.67-1.50 (both assuming 90% power). This is clearly 

unfeasible to use a methacholine challenge study as an LTE study for the comparison of 

a generic OIP with the originator product as it would require a very large number of 

skilled Investigator centres to identify as many patients as this to run a successful study. 

1.4.3 Local Therapeutic Equivalence - Asthma 

The aim of the asthma LTE study was to demonstrate local (lung) BE between 

Wixela™ Inhub™ (the generic product) and Advair® Diskus® (the originator product) 

using clinical endpoints in asthmatic patients. 

Neither the FeNO, nor the methacholine methodologies were suitable to be used as an 

LTE design due to the size of studies that would be required to demonstrate a 

dose-response with either methodology. Following completion of those studies and 

discussions with the agency, the FDA published a draft guidance (2013) for the 

development of generic FP/salmeterol products [70]. This guidance recognised the 

inability to identify a suitable LTE that incorporated dose-response using the approved 

dose regime for FP/salmeterol despite best efforts. This suggested that LTE, based upon 

a large asthma patient study (without the need for dose-response) should be conducted. 

This study design assesses pulmonary function (FEV1): 

1. After the first dose of drug, reflecting the effect of salmeterol 

and, 

2. After four weeks of treatment, primarily reflecting the effect of FP. 

The study design incorporated a comparison of the test (generic product), with the 

reference product (original brand product) and with placebo. The inclusion of placebo 

ensures assay sensitivity, as both the test and reference products need to demonstrate 

statistically significant differences from placebo as well as demonstrating 

bioequivalence. 
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The LTE study [71] was conducted using asthma patients, studying the treatment effect 

after 4 weeks of dosing on trough FEV1 and post-dose FEV1 (0-12 hours) after the first 

dose of study drugs. 

The study treatments were Wixela™ Inhub™ 100/50 µg BID (test product), 

Advair® Diskus® 100/50 µg BID (reference product) and placebo BID. Subjects were 

randomised to treatments in a 5:1 ratio of active to placebo, with 512 subjects 

randomised to receive Wixela™, 512 subjects randomised to receive Advair® and 

103 subjects randomised to receive placebo. 

1.4.3.1 Results and Discussion 

The study demonstrated that both Wixela™ Inhub™ and Advair® Diskus® were 

efficacious, with substantial improvements in FEV1 on both Day 1 and Day 29 vs., 

placebo. The treatment effects of both Wixela™ and Advair® were similar at both 

Day 1 and Day 29 and therefore bioequivalence between the generic product and the 

original branded product was demonstrated. 

The improvement vs., placebo for day 1 FEV1 (mean 237-270 mL) was evident by the 

earliest time point measured (30 minutes post-dose; Figure 1.1). Wixela™ Inhub™ and 

Advair® Diskus® demonstrated similar FEV1 responses, with overlapping, 

superimposed 95% CIs over the 12 hours of assessments and a clear separation from 

placebo for both treatments.  
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Figure 1.1: Local Therapeutic Equivalence Study - Change from Baseline FEV1 

On Day 1 of Asthma Study 
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Figure 1.2: Local Therapeutic Equivalence Study – Change From Baseline in 

Trough FEV1 Day 29 of Asthma Study 

Both treatments also significantly increased trough FEV1 over placebo following 

twice-daily dosing for 28 days (235 mL [Wixela™ Inhub™], 215 mL 

[Advair® Diskus®], each p <0.0001) (Figure 1.2). 

A comparison of the treatment effects of Wixela™ Inhub™ (Test) and 

Advair® Diskus® (Reference), using the LS mean Test/Reference ratios (90% CIs) for 

Day 1 FEV1 AUC(0-12) and Day 29 trough FEV1 were 1.120 (1.016, 1.237) and 1.069 

(0.938, 1.220), respectively. As the 90% CIs for both endpoints were between 0.80 and 

1.25 (Figure 1.3), this indicates that Wixela™ Inhub™ and Advair® Diskus® were 

bioequivalent. 
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Figure 1.3: Local Therapeutic Equivalence Study - Day 1 and Day 29 

Bioequivalence Test of Asthma Study 

The LTE study demonstrated a clear treatment effect of Wixela™ Inhub™ and 

Advair® Diskus® vs., placebo and that Wixela™ Inhub™ was equivalent to 

Advair® Diskus® for both endpoints.  

The absolute treatment effects observed for both Advair® and Wixela™ in the LTE 

study, were numerically smaller than those observed for prior clinical studies conducted 

using Advair® Diskus® vs., placebo [72, 73]. However, the use of ICS/LABA has 

become more routine in recent years (as recommended in guidance such as GINA [2]) 

and indeed approximately 54% of patients participating in the study were taking ICS or 

ICS/LABA containing products prior to the study. The population of asthma patients 

naïve to ICS/LABA or those willing/able to refrain from ICS/LABA during 

placebo-controlled studies has therefore likely changed to represent a milder phenotype 

of asthma patient with a higher baseline lung function. With a milder asthmatic patient 

population participating in the study, the absolute improvements that an ICS/LABA will 

make are therefore potentially smaller than those participating in prior studies 

associated with the original approval of Advair® Diskus®.  

Nonetheless, as the effect of both test and reference products in the study was 

consistent, it can be assumed that the treatment effect across the population of asthmatic 
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patients that use FP/salmeterol would be the same and that Wixela™ Inhub™ will have 

the same efficacy as Advair® Diskus®.  

1.5 Regulatory Considerations 

The development of Wixela™ Inhub™ commenced prior to the issue of guidance from 

the FDA in 2013 [70] and discussions and data provided during the development period 

allowed the guidance documents to be developed using actual clinical data. The 

guidance detail the requirements to demonstrate LTE using a large asthma study 

(reflecting that pharmacodynamic methods are unfeasible) and PK BE. It also states that 

in vitro equivalence must be demonstrated, assessing single actuation content and 

aerodynamic particle size distribution; this was demonstrated for Wixela™ Inhub™ 

[35]. Additionally, as Inhub™ is a new inhaler, it is also necessary to demonstrate that 

patients can use the inhaler and that the inhaler is robust, such that it maintains 

pharmaceutical performance after patient use [74]. As the studies ultimately conducted 

were successful and the product was subsequently approved, this endorsed the guidance 

as being feasible and a pathway that can be followed for the development of other 

generic OIPs. 

The totality of evidence approach is mandated by regulatory authorities such as the US 

FDA, Health Canada and Japan’s PMDA to approve a generic alternative to an OIP, 

therefore, BE must be demonstrated across the range of methodologies (LTE and 

PK BE) and for each of the selected endpoints in those studies. This assures patients and 

prescribers that a generic OIP is bioequivalent to the originator’s product and therefore, 

this high standard of evidence provides assurance of equivalent efficacy and safety 

when used by patients. 

It is worthy of note that international regulatory authorities may have differing 

requirements for study designs and doses to be studied for the demonstration of LTE 

and PK BE [75]. For example, the European Medicines Agency (EMA) advocates a 

stepwise approach to approval. The stepwise approach means that an LTE study may 

not be required if PK BE has been demonstrated for a product. The EMA also 

recommends the use of patients in PK BE studies, unless an appropriate justification for 

using healthy subjects can be made; the discussion in Section 1.3 should however 

suffice as to why healthy subjects were chosen for the work presented in this thesis. The 

EMA also requires a differentiation between systemic exposure of drug due to lung 

absorption and GI absorption, e.g., using charcoal blockade or assessing AUC0-30min to 
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demonstrate exposure due solely to lung absorption. The use of charcoal has previously 

demonstrated the blockade of GI absorption of drugs such as salmeterol [76] and 

subsequently decrease the systemic pharmacological effects such as changes in heart 

rate [77].   

With adaptations to individual clinical studies the principles of this development 

program could satisfy most, if not all regulatory authorities. 

1.6 Conclusion 

The original clinical development strategy was to combine PK BE with an LTE method 

that could differentiate between the effect of FP and salmeterol and demonstrate a 

dose-response for both of these drugs, consistent with guidance for other OIPs. The 

completion of the FeNO and the methacholine challenge methodology development 

studies demonstrated that this LTE strategy would not be possible to undertake in 

studies of a feasible size. Therefore, the alternative LTE study in asthmatic subjects was 

necessary in addition to PK BE. 

As BE was achieved in all the pivotal studies (LTE at 100/50 µg strength in asthmatic 

patients and PK BE at all dose strengths in healthy subjects) it can be determined that 

from a clinical perspective, Wixela™ Inhub™ is a suitable generic alternative to 

Advair® Diskus®. The additional requirement to demonstrate in vitro equivalence was 

also demonstrated for Wixela™ Inhub™ [35]. Wixela™ Inhub™ can therefore be 

prescribed to patients with confidence that they will attain the same level of safety and 

efficacy as the originator product but at a considerably lower cost than for 

Advair® Diskus®.  

Following this pathway led to the approval of Wixela™ Inhub™ in the USA and 

subsequently also in Australia, New Zealand and Canada. Additionally, this clinical 

development program for the generic product, Wixela™ Inhub™, provides specific 

details regarding clinical study design, anticipated variability of endpoints in the studies 

and the magnitude of treatment effects. This can therefore be used as a blueprint for the 

development of further generic alternatives to orally inhaled ICS/LABA combinations. 

The principles of the development program can also be applied to the development of 

alternatives to products with other pharmacological activity such as orally inhaled 

long-acting muscarinic receptor antagonists. 
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The information gathered, during these studies, therefore increases the likelihood of 

success for future high quality, accessible OIPs to treat respiratory diseases.
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