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Abstract. This article describes regulatory approaches for approval of Bgeneric^ orally inhaled drug
products (OIDPs) in the United States, European Union, Brazil, China and India. While registration of a
generic OIDP in any given market may require some documentation of the formulation and device
similarity to the Boriginal^ product as well as comparative testing of in vitro characteristics and in vivo
performance, the specific documentation approaches, tests and acceptance criteria vary by the country.
This divergence is due to several factors, including unique cultural, historical, legal and economic
circumstances of each region; the diverse healthcare and regulatory systems; the different definitions of
key terms such as Bgeneric^ and Breference^ drug; the acknowledged absence of in vitro in vivo
correlations for OIDPs; and the scientific and statistical issues related to OIDP testing (such as how best
to account for the batch-to-batch variability of the Reference product, whether to use average
bioequivalence or population bioequivalence in the statistical analysis of results, whether to use healthy
volunteers or patients for pharmacokinetic studies, and which pharmacodynamic or clinical end-points
should be used). As a result of this discrepancy, there are ample opportunities for the regulatory and
scientific communities around the world to collaborate in developing more consistent, better aligned,
science-based approaches. Moving in that direction will require both further research and further open
discussion of the pros and cons of various approaches.
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INTRODUCTION

Asthma, chronic obstructive pulmonary disease (COPD)
and other respiratory illnesses exert a terrible toll on the
health of the nations. Globally, 300 million people suffer from
asthma [1] and 65 million from moderate to severe COPD [2].
In the US, over 8% of all adults and over 9% of all children
have asthma [3], and COPD is the third leading cause of
mortality after cancer and heart disease [4]. In some of the
EU countries, up to 7% of the population reported being
diagnosed with asthma and over 6% reported COPD [5].

In Brazil, about 10% of the population is estimated to
have asthma, with over 40% of asthma-related hospitaliza-
tions being in children under 6 years, and 2500 death annually
because of this disease [6]. In 2012, the Federal Government
of Brazil created the program Farmácia Popular (Popular
Pharmacy) to expand access to medicines for the most
common diseases among citizens. Asthma was one of the
diseases included in this program, which provides free
distribution of drugs to the population [7]. As a consequence,
production and sales of Orally Inhaled Products (OIDPs) in
Brazil are growing and more companies are trying to enter
the market, especially in the generic space. Molecules
currently available as respiratory drugs in Brazil include
beclomethasone dipropionate (BDP), budesonide, fenoterol,
fluticasone propionate, formoterol, ipratropium, mometasone
furoate, salbutamol, salmeterol, terbutaline, and tiotropium.

In China, industrial air pollution, urbanization, smoking,
and increased population longevity have been cited as
contributing to the prevalence of asthma and COPD [8].
The use of inhaled corticosteroids is gaining broader public
acceptance, and pressurized metered dose inhalers (pMDIs)
with salbutamol, ipratropium bromide, and BDP are included
on the National Essential Drugs list, along with aminophyl-
line and theophylline tablets also used for asthma [9].

Respiratory diseases are a growing concern in India as
well, due to a combination of factors including tobacco
smoking, exposure to biomass-fuel smoke, and widely spread
Bmosquito coil^ insect repellent burning [10]. Several types of
capsule-based and multi-dose dry powder inhalers (DPIs) and
pMDIs are available in India, with increasing popularity of
fixed-dose combination inhalers (inhaled corticosteroids +
long-acting β2-agonists), such as budesonide+formoterol;
fluticasone + salmeterol; and beclomethasone + salbutamol.
Nevertheless, oral formulations such theophylline or
salbutamol tablets are still the preferred choice despite their
low efficacy and known side effects, but thanks to simplicity
and low cost.

Patients in all countries would benefit from appropriate
and affordable medications delivered by inhalation. Despite

growing economic and therapeutic interest in those products,
however, the regulatory procedures and demonstration
requirements that ensure access to effective, safe and high-
quality products are diverse among world regions, are still
evolving both procedurally and scientifically, and far from
harmonized. This article summarizes scientific recommenda-
tions and requirements in the US, European Union, Brazil,
China, and India for obtaining a government’s authorization
to market a Bgeneric^ version of an Boriginal^ orally inhaled
or drug product. In some regions, Bgeneric^ is referred to as
Bsecond entry^ or Bsubsequent^ product; in this article it is
termed BTest^ product. The Boriginal^ may be referred to as
Bbrand-name product^, Bethical product^, Binnovator’s
product^, or Breference listed drug (RLD)^; in this article it
is termed BReference^ product. The high-level understanding
that a Bgeneric^ is in some sense a Bcopy^ of the Boriginal^
applies across all geographic regions, but precise definitions
of what can be legally considered Boriginal^ and Bgeneric^
products depend on the country. Furthermore, the precise
function of a Bgeneric^ (e.g., as a substitute, or a switch, or a
replacement of the Boriginal^ product) also varies by the
region, and this imposes further differences in the type and
strictness of scientific recommendations and requirements
aiming to prove that the Bgeneric^ is the same as the original,
since Bsameness^ depends on the context. To provide such
context, the article also provides an overview of the relevant
elements for the regulatory systems in the five regions under
consideration.

The overall systems for bringing generic orally inhaled
drugs to the market bear some similarities across countries,
but they also have important differences due to the unique
cultural, historical and economic circumstances of each
region. Even in the United States (US) and Europe, where
the degree of resemblance is the highest and the regulatory
recommendations and requirements are developed in rela-
tively great detail, scientific challenges and differences in
approaches exist within and between regulatory agencies.

This article is based on presentations given at the IPAC-
RS and the University of Florida 2014 conference. The article
is the result of a collective work of authors each specializing
in a particular area. Specific regional perspectives were
provided as follows: Sau L. Lee and Bhawana Saluja for the
US; Alfredo Garcia Arieta for the EU; Gustavo Mendes
Lima Santos for Brazil; Ying Li with Sarah Lu and Shuguang
Hou for China; Juliet Rebello with colleagues Abhijit Vaidya,
Jaideep Gogtay, Shrinivas Purandare for India; while
Svetlana Lyapustina provided the overall integration of
different inputs. Although this article focuses on OIDPs, the
EU section also highlights some aspects of EU bioequiva-
lence requirement for nasal drug products due to their
similarity to those for OIDPs.

US FDAPERSPECTIVE (BY SAUL. LEEANDBHAWANA
SALUJA)

Regulatory Approach in the US

In the US, a generic drug product must be shown to be
therapeutically equivalent to a designated RLD. Therapeutically
equivalent drug products have the same clinical efficacy and safety
profiles when administered to patients under conditions specified in

acting beta agonist; NDA, New drug applicaiton; NIFDC, National Institute
for Food and Drug Control (in China); OGD, Office of Generic Drugs (in
US FDA/CDER); OIDP, Orally inhaled drug product; PBE, Population
bioequivalence; PD, Pharmacodynamic; PDR, Provisions for drug registra-
tions (in China); PK, Pharmacokinetic; pMDI, Pressurised metered dose
inhaler; PQRI, Product Quality Research Institute (US based); RLD,
Reference listed drug (in the US); SABA, Short acting beta agonist; SAC,
Single actuation content; SEC, Subject expert committee (in India); SX,
Salmeterol xinafoate; TRC, Technical review committee (in India); UF,
University of Florida; US, United States
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the labeling, and thus can be substituted for each other without any
adjustment in dose or other additional monitoring. To obtain
approval of a generic drug product, an Abbreviated New
Drug Application (ANDA) submitted to the US Food and
Drug Administration (FDA) Office of Generic Drugs
(OGD) should contain data demonstrating pharmaceutical
equivalence [per 21 CFR 320.1 (c)] and bioequivalence
(BE) [per 21 CFR 320.1 (e)] of the proposed generic
product to the designated RLD.

For the majority of orally administered drugs that reach
their site(s) of action through the systemic circulation, BE is
demonstrated based on drug concentration in a relevant
biologic fluid (e.g., plasma or blood). However, this approach
is currently considered inadequate in the US to establish BE
of inhalation products intended for local action, such as
pMDIs and DPIs that are used for treatment of lung diseases
(e.g., asthma and COPD), since their drug delivery and
intended action in the lung does not rely on the systemic
circulation. Therefore, demonstration of BE for these locally
acting drug products is challenging.

To meet this challenge, FDA developed an aggregate
weight-of-evidence approach, which utilizes 1) in vitro studies,
2) pharmacokinetic studies, and 3) pharmacodynamic or
clinical endpoint studies, to establish BE of inhalation
products. As a result of this development, FDA published
its first product-specific recommendations for a pMDI and a
DPI in April and September 2013, respectively [11, 12]. This
section further discusses a scientific framework for the
aggregate weight-of-evidence approach, as well as formulation
and device considerations for developing generic inhalation
products for the US market. As a specific example, DPIs
containing long-acting β-agonists and corticosteroids are used
to illustrate the key concepts [13].

Bioequivalence Studies for Inhalation Products in the US

In Vitro Studies

For inhalation products, the relevance of in vitro studies to
in vivo performance is not fully understood yet. Nevertheless,
in vitro studies are considered useful in the BE evaluation,
because they are generally less variable and more sensitive
compared in vivo studies in detecting product performance
differences. The key in vitro studies for BE assessment of DPIs
include single actuation content (SAC) and aerodynamic
particle size distribution (APSD). These comparative in vitro
studies are described below.

& Most DPIs are multi-dose products, where the
formulation is contained either in a reservoir com-
partment inside the device, or in pre-metered single-
dose blisters. The device material and formulation
properties may differ between the Test and
Reference products, and can affect differently the
DPI in vitro performance during repeated use (e.g.,
due to a potential difference in accumulation of
electrostatic charge over time) [14]. Therefore, it is
important to demonstrate equivalence of SAC and
APSD at multiple stages of product life, including the
beginning, middle (for ED only), and end lifestages.
For instance, based on the labeled number of

inhalations, beginning lifestage may represent the
first inhalation(s), middle lifestage may represent the
inhalation(s) corresponding to 50% of the labeled
number of inhalation(s), and end lifestage may
represent the inhalation(s) corresponding to the
labeled number of inhalations.

& Passive DPIs utilize breath-actuated devices, which
operate over a range of patient’s inspiratory flow
rates. In addition, in vitro performance for passive
DPIs can vary with flow rates [15]. Thus, it is
important to demonstrate equivalence of SAC and
APSD at different flow rates (i.e., minimum of three
flow rates). The flow rates selected for in vitro testing
of SAC and APSD are expected to reasonably reflect
those generated by the relevant patient population.
For example, the flow rates for in vitro testing of a
Test DPI referencing Advair® Diskus should include
30, 60 (reference labeled flow rate) and 90 L/min.

& To ensure that the targeted patients can operate the
Test DPI device effectively and receive proper
medication without any significant change in their
inspiratory effort compared to use of the Reference
DPI, it is preferable that the device resistance of a
Test DPI be comparable to that of the Reference
DPI. It has also been suggested that the use of a Test
DPI with a comparable air flow resistance to the
Reference DPI is expected to increase the likelihood
of establishing SAC and APSD equivalence at
different flow rates [16].

US Approach to Pharmacokinetic Studies

OIDPs are intended for drug delivery to the sites(s) of
action in the lung, but drug deposited in the target region of the
lung or in the oropharyngeal region (i.e., drug absorption of the
swallowed fraction through the gastrointestinal tract) may also
enter the systemic circulation. A comprehensive understanding
of the relevance for this downstream process (i.e., drug entering
the systemic circulation from an inhalation route) to local drug
delivery in the lung is currently lacking. Nevertheless, measuring
drug concentration in the systemic circulation (i.e., plasma or
blood) is relevant to BE of DPIs because of possible systemic
side effects of orally inhaled drugs.

The study design for a pharmacokinetic (PK) BE study
for inhalation products is similar to that used for solid oral
dosage forms. Such a study is generally based on administra-
tion of a single dose in healthy subjects. PK data from healthy
subjects are generally less variable than those from patients,
which may be associated with various sources of variability
related to the patients’ disease condition. Therefore, the
outcome from the PK BE study conducted in healthy subjects
are expected to provide a more reliable and sensitive measure
for detecting differences in drug product characteristics,
which may affect BE of Test and Reference inhalation
products. In addition, the dose for the PK study is typically
selected based on minimizing the number of actuations/
inhalations (preferably no more than the single maximum
labeled adult dose), but assuring suitable assay sensitivity.

Equivalence in systemic exposure of Test and Reference
inhalation products is based on the natural log-transformed
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area under the curve (AUC) and peak concentration (Cmax)
data using the average BE approach [17]. Generally, two
inhalation products are considered PK-equivalent if the 90%
confidence intervals of the geometric mean ratios for AUC
and Cmax fall within 80.00–125.00%

At the present time, the relationship among PK dose
proportionality across multiple strengths of OIDPs, in vitro
performance parameters (e.g., SAC and APSD for DPIs) and
product characteristics (e.g., formulation) are not well under-
stood; therefore, a PK BE study is generally necessary for all
strengths for OIDPs containing multiple strengths (such as
Advair® Diskus).

US Approach to Pharmacodynamic or Clinical Endpoint
Studies

The in vitro and PK studies provide substantial weight-
of-evidence to support equivalent product performance.
However, due to incomplete understanding of the relevance
of results from these BE studies to drug concentrations at the
local site(s) of action in the lung, there may still be residual
uncertainties regarding the sufficiency of in vitro and PK data
for establishing BE of inhalation products. Therefore, an
additional pharmacodynamic (PD) or clinical endpoint (CE)
study is currently considered necessary to support BE of
these locally acting drug products.

Historically, a PD study is generally preferred over a CE
study. Such a PD study provides greater sensitivity to detect
potential differences in local drug delivery in the lung as
compared to a CE study, provided that an adequate dose–
response relationship is demonstrated within the study. For
short-acting β-agonists (SABAs), bronchodilatation and
bronchoprovocation models based on lung function testing,
when properly designed, show an adequate dose–response
relationship [18, 19]. Based on these two PD models, FDA
approved four generic chlorofluorocarbon (CFC)-based albu-
terol pMDIs in the mid-1990’s.

However, unlike SABAs, there are currently no
established models that can demonstrate an adequate dose–
response relationship for inhaled corticosteroids (ICS) (e.g.,
fluticasone propionate, FP) and long-acting β-agonists (e.g.,
salmeterol xinafoate, SX). An FDA-sponsored study conducted
by the National Jewish Health (NJH) medical center indicated
that using a PD model based on exhaled nitric oxide (eNO)
(initially considered as a promising biomarker for establishing
dose–response for ICS), generated a shallow dose–response
relationship for FP (Fig. 1), with the lowest daily dose (88 mcg
from Flovent® HFA) on the flatter portion of the dose–response
curve. In addition, not all patients enrolled in the NJH study
exhibited a clear dose-dependent decrease in the eNO levels
(data not shown). Similar results were observed for approved
doses of SX (50 mcg salmeterol for DPIs and 42 mcg salmeterol
for pMDIs) , us ing e i ther bronchodi la ta t ion or
bronchoprovocation PD model [20, 21]. As a result, for the
inhalation product containing an ICS and/or a LABA, a CE
study should be used to support bioequivalence as part of the
weight-of-evidence approach. The key features of such a CE
study are described in the FDA draft BE guidance for FP/SX
DPI referencing Advair® Diskus [11]. In that guidance, the CE
study is conducted in asthmatic patients. It is based on a multi-
center, randomized, parallel group design consisting of a 2-week

run-in period followed by a 4-week treatment period of the
placebo, Test and Reference product. The use of placebo-
control ensures sensitivity of the study by demonstrating a
significant difference (p < 0.05) between the placebo-control
group and each of the two treatment groups containing Test and
Reference products. In an attempt to further optimize the
sensitivity of the study to detect potential differences between
the Test and Reference products, the CE study is conducted at
the lowest labeled recommended dose of 100 mcg FP and 50
mcg salmeterol powder for inhalation twice daily for the Test
and Reference products.

The FDA draft FP/SX DPI BE guidance [11] suggests two
clinical endpoints to support BE of the FP and SX components.
Demonstration of equivalence for the SX component is based
on the area under the serial FEV1-time curve calculated from
time zero to 12 hours (AUC0-12h) on the first day of the
treatment. Since the FP component does not affect the FEV1 on
the first day of treatment, the (AUC0-12h) relative to a pre-
treatment baseline on the first day of treatment is considered to
be contributed by the SX component alone. An additional
clinical BE endpoint is based on FEV1 measured in the morning
prior to the dosing of inhaled medications on the last day of a 4-
week treatment period. The treatment duration of four weeks
was chosen because the mean change from baseline in pre-dose
FEV1 reached steady state approximately at Week 4 following
treatment with Advair® Diskus [22]. The change from baseline
in pre-dose FEV1 atWeek 4 can be considered to be contributed
by both FP and SX components of the drug product. Provided
that both the Test and Reference treatment groups demonstrate
superiority to the placebo-control group, theTest andReference
products are equivalent in the CE study if the 90% confidence
intervals of the Test/Reference ratios for the two endpoints
described above fall within 80.00-125.00%.

Fig. 1. Mean eNO response as a function of daily dose of FP. Data
collected through an FDA sponsored study with National Jewish
Health Center in which nine subjects completed the study. The eNO
data were fitted by the Emax model described by ER = E0R + (EmaxR *
DR)/(ED50R+DR), where ER = response, DR = administered dose,
E0R = placebo response in the absence of the drug, EmaxR = fitted
maximum drug effect, and ED50R = dose required to produce 50% of
the fitted maximum effect
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Device and Formulation Recommendations in the US

DPI devices currently marketed in the US may differ
considerably with respect to their interior design, appearance,
and external operating principles. Thus, to help ensure
switchability of Test and Reference DPIs from a patient’s
perspective, the design of Test DPI device warrants consid-
eration of the effect of design factors, such as energy source
(e.g., active or passive (breath-actuated) device), metering
principle (e.g., pre-metered multi-dose, device-metered multi-
dose or pre-metered single dose units), number of doses,
external operating principle, shape and size, on the patient
handling relative to the Reference DPI device.

Formulations of the currently approved DPIs are made
of either the active pharmaceutical ingredient (API) alone or
the API associated with a carrier such as lactose. Additional
inactive ingredient(s) (e.g., magnesium stearate) may also be
used. The nature of inactive ingredient(s) used in the DPI
formulation can significantly affect the product performance
and local safety (e.g., irritability in the respiratory tract). The
choice of inactive ingredient(s) in a Test DPI is critical to
establish BE to the Reference DPI and safety. For the above
reasons, it is important that the formulation of the Test DPI,
at a minimum, be qualitatively (Q1) the same (i.e., the same
inactive ingredient(s)) as the Reference DPI.

The Test DPI may use a formulation that is quantita-
tively (Q2) different from the Reference DPI. For example,
the internal design of the Test DPI device (e.g., the dimension
and shape of channels) may differ from that of the Reference
DPI because the Reference DPI device may be proprietary to
its sponsor or protected by a patent. Since the DPI
performance is influenced by both formulation and device
characteristics, a drug-to-excipient ratio in the Test formula-
tion may be one of the important design variables needed to
be adjusted in order to achieve equivalence to the Reference
product. These possible Q2 and device differences need to be
justified by in vitro and in vivo BE studies to show that they
do not affect the safety and efficacy of the Test DPIs.

Further Research in the US

The FDA has developed a weight-of-evidence approach
that emphasizes in vitro studies, PK studies and PD or CE
studies to establish BE of locally acting OIDPs. This
approach is considered sufficient to demonstrate BE for these
locally-acting drug products. Nevertheless, in an effort to
explore alternative methodologies to establish BE for inhala-
tion products and to facilitate the development of high-
quality generic versions of these complex drug products, the
FDA, as part of Critical Path initiatives and Generic Drug
User Fee Amendments (GDUFA) Regulatory Science
Research Program, sponsored a research study to investigate
if PK studies are capable of providing information on the fate
of inhaled drugs in the lung, specifically the relationship
between the regional lung deposition of the inhaled drug and
its time-dependent drug concentration in plasma. This
research was based on the emerging hypothesis that PK
may be related to the lung deposition of poorly soluble orally
inhaled drugs that have very low bioavailability (e.g., FP).
Specifically, it has been proposed that for such poorly soluble
orally inhaled drugs, PK parameters, such as AUC and Cmax,

may be related to the central-to-peripheral drug deposition
ratio in the lung. If successful, for the class of poorly soluble
orally inhaled drugs, the CE study may not be needed in the
weight-of-evidence approach, without compromising the effi-
cacy and safety of test inhalation products.

A EUROPEAN PERSPECTIVE ON ORALLY INHA
LED AND NASAL BGENERIC / HYBRID^ PRODUCTS
(BY ALFREDO GARCIA ARIETA)

Regulatory Pathways in Europe

The legislation of the European Union (EU) on phar-
maceutical product assessment and authorisation establishes
that a product can only be rejected if it is a potential serious
risk for public health [23, 24]. For products such as a generic
or hybrid product, which claim to be equivalent to the
Reference product, a potential serious risk for public health
is considered to exist if demonstration of equivalence fails
[24]. However, a product’s Bswitchability^ (or interchange-
ability, or substitutability) is out of the scope of the EU
legislation, since it is a matter of national competence, i.e., to
be decided by national authorities of individual European
countries [25]. Approval can be granted if the product is
Bprescribable^ with a positive benefit-risk relationship. Once
these Bprescribable^ products are on the market, the national
regulatory authorities may have a difficult task of deciding if
these are Bswitchable^ with the Reference product and
between similar Bprescribable^ products. Nevertheless, a
failure to show Binterchangeability^ cannot be a reason to
reject the marketing authorisation of a pharmaceutical
product. In summary, then, there is a two-step process in
Europe. The first step, at the EU level, is to decide whether a
product is prescribable due to its positive benefit-risk balance.
The second step, at the national level, is to decide whether
the product is switchable (or interchangeable) with other
products in that national market. In the case where a
Bgeneric^ is approved but not deemed switchable, it can be
marketed but not substituted or interchanged with other
products, so it would have to be specifically prescribed by a
physician.

In the EU, Bgeneric products^ are not required to be
equivalent to the Reference product in every respect, but
they must demonstrate bioequivalence to the Reference
product by means of pharmacokinetic (PK) bioavailability
studies, or else be waived from this PK demonstration [23].
Those products that demonstrate equivalence by means of
pharmacodynamic (PD) or clinical endpoints, or that are
waived from such demonstration, are classified as Bhybrids^
[23]. This classification does not directly address the
Binterchangeability^ of the product, but rather focuses on
the methodology that is employed to show therapeutic
equivalence. Neither the prescriber nor the patient is
informed whether a product was approved as a Bgeneric^
(via PK equivalence) or as a Bhybrid^ (which may mean it
failed PK equivalence).

Locally acting products, such as orally inhaled drug
products (OIDPs) are typically submitted for approval as
Bhybrid^ applications because traditionally it had been
believed that equivalence can only be shown by means of
clinical or PD endpoints. More recently, however,
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pharmacokinetics has proven to be sufficiently discriminating
for some locally acting products and therefore in vitro data or
PK data are being used instead of PD data. As a conse-
quence, Bgeneric OIDPs^ do not exist in the EU in a strict
legal sense; they are all Bhybrid OIDPs^ under current
regulations [23]. Even if approved based on in vitro data or
PK data (with clinical studies waived), these are hybrid drugs
rather than generics, per the EU definitions.

Bioequivalence Requirements in the EU

For locally acting products, a step-wise approach similar
to that employed in systemically acting products is applied in
the European Union (Fig. 2). In some cases, an in vitro
approach may be enough to demonstrate therapeutic equiv-
alence (e.g., solutions for nebulization with the same qualita-
tive and quantitative composition). If this approach is not
possible, the most sensitive endpoint is the use of PK studies
to assess systemic safety and lung deposition. Finally, if
bioequivalence cannot be shown in this second step based
on PK studies, the third step consisting of PD or clinical
studies can be conducted to obtain a marketing authorization
(see Figs. 2 and 3).

Traditionally, systemic exposure has not been considered
as indicative of the bioequivalence of locally acting products
because the plasma levels, if any, are downstream from the
site of action. This is in contrast to systemically acting drugs,
where the drug arrives to the site of action from the blood
and, therefore, if plasma concentrations are similar, concen-
trations at the site of action will be similar. Therefore, for
locally acting products, therapeutic equivalence had to be
shown by means of PD or clinical endpoints. However, the
fact that the plasma concentrations are downstream from the
site of action is not invalidating the drug plasma levels as
indicative of the drug levels at the site of action per se. If the
drug absorption from the site of action is not saturated, and if
the swallowed fraction is negligible or is blocked, the plasma

concentrations downstream would be a reflection of what is
happening at the site of action. In fact, the PD or therapeutic
effect is used as an indicator of the levels at the site of action,
although it is downstream of the signal transduction process
[26]. Therefore, the CHMP guideline [27] considers that
plasma concentrations might be indicative of the concentra-
tions at the site of action. In addition, plasma levels are more
sensitive than the PD or clinical endpoints and, thus,
acceptable as surrogates of therapeutic equivalence.

Step 1: In Vitro Approach in the EU

Generics are approved based on in vitro data where they
are considered as a minor variation of the Reference product,
since variations of the Reference product are sometimes
approved without the need of in vivo studies. Ideally, in vitro
testing should mimic in vivo conditions (e.g., with realistic
inlet ports and flow profiles), but this is not essential, since
from the regulatory perspective, what is of most interest is the
discriminatory power for a comparison in relative terms even
if the methodology lacks predictive power in absolute terms
(e.g., prediction of regional deposition, because it is assumed
to be similar for Test and Reference products whatever it is in
absolute terms).

It has been claimed that an in vitro acceptance range of
±15% is extremely strict for the analysis of the aerodynamic
particle size distribution based on individual stages or groups
of stages, because it is not possible to demonstrate equiva-
lence between two different batches of the Reference product
[28]. However, it must be understood that this occurs because
there is a large inter-batch variability and this can be
compensated by increasing the sample size without any
ethical limitation, in contrast to in vivo studies. In addition,
the in vitro comparison applies to the mean of the Test
batches with the mean of the Reference batches. For these
reasons, some EU regulators recommend that a sufficient
number of batches be tested (probably more than three) in
order to compensate for the inter-batch variability and obtain
representative mean values.

Solutions for nebulization: If the composition is qualita-
tively and quantitatively identical, approval can be granted

Fig. 2. Stepwise approach employed in the European Union for
systemically acting products and locally applied and locally acting
orally inhaled products in comparison to the weight of evidence
approach employed in the US-FDA for orally inhaled drug products.
The background indicates the legal basis of the application: dotted
background for generic applications and striped background for
hybrid applications. BRelative potency^ refers to the dose-scale
analysis of the dose–response curve

Fig. 3. Decision tree for the development and regulatory assessment
of orally inhaled products in the European Union. BRelative potency^
refers to the dose-scale analysis of the dose–response curve
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based on physicochemical similarity (e.g., viscosity, pH). If the
composition is qualitatively or quantitatively different, more
extensive in vitro testing is necessary and should be conduct-
ed using the nebulizer described in the labeling of the
Reference product, if any. This in vitro comparison should
include droplet size distribution, which should be conducted
taking into account the potential difference in hygroscopicity,
and nebulizer efficiency, which may differ simply due to the
presence of surfactants / preservatives [29].

Suspensions for nebulizations: In addition to the require-
ments described above for solutions for nebulization, it is
necessary to demonstrate sameness in crystallography and
similar particle size distribution of the particles in suspension
(which is accepted as a surrogate for in vivo dissolution of
OIDPs in the EU) and similar aerodynamic particle size
distribution (APSD) of the nebulized droplets.

Pressurized metered dose inhalers (pMDIs) in solution
or suspension: In vitro requirements are mentioned in the
OIDP guideline [27], but detailed tests are not described.
Therefore, it is convenient to complement the comparison
with some of the in vitro tests for nasal products described in
the FDA draft guidance for industry [30]. A solution-based
pMDI has been approved in Spain based on in vitro data only
[31], but suspension pMDI or DPI applications based only on
in vitro data have not yet been submitted in Spain.

For nasal products, the in vitro tests described in the
FDA draft guidance [30] are acceptable In the European
Union. Unlike FDA guidance recommendation [30], howev-
er, all in vitro comparisons in the EU should be based on
average bioequivalence instead of population bioequivalence
statistical approach. An acceptance range of ±15% is
considered acceptable by default.

Step 2: PK Approach in the EU

In the EU, PK bioequivalence studies are considered an
acceptable methodology to assess the extent of lung deposi-
tion of the inhaled drugs and the pattern of deposition within
the lungs, when the contribution of the swallowed fraction is
negligible or made negligible by e.g., active charcoal block-
age. The efficacy profile can be assumed to be equivalent if
the lung deposition is shown to be equivalent.

The total dose absorbed into the blood from the lungs
(area under the curve, or AUC) reflects the dose that has
reached the lungs, since absorption from the lung is not
saturated. Importantly, the fraction removed by mucociliary
clearance that is not available for binding the receptors is also
not available for absorption. In addition to the total dose, the
pattern of deposition within the lungs is also relevant for
efficacy, and therefore equivalence in AUC is not sufficient to
ensure equivalent local efficacy and local safety. As the
particles deposited in the lungs’ periphery are absorbed with
relatively short Tmax values (e.g., 2–3 minutes for some
drugs), and the particles deposited in the central lung require
more time depending on whether the drugs is administered as
a solid (e.g., DPI powder particles) or as a solution (e.g.,
solution-based pMDI), and depending on the drug lipophi-
licity and dissolution rate, the Cmax and Tmax can provide
information on the pattern of distribution. This information is
more discriminating than any other PD or clinical endpoint
available for inhaled corticosteroids. For example, to

demonstrate an approximate 2-fold difference in efficacy
between QVAR (HFA beclomethasone) and Becotide (CFC
beclomethasone), over 300 subjects were required in a PD
study [32], but only 18 subjects in a PK study [33].

In some cases, a single PK study can be used for both
efficacy and safety because the drug is not absorbed in the
intestine (e.g., ipratropium, tiotropium, cromoglycate,
nedocromil), or despite being absorbed, first-pass effect is
almost complete (e.g., beclomethasone, fluticasone,
ciclesonide) or the absorption is so quick (e.g., Tmax= 5 min)
that the lung absorption occurs before the gastrointestinal
absorption has started after gastric emptying (e.g.,
salbutamol/albuterol, salmeterol). In the case of salmeterol,
some European regulators have accepted AUC0–30 min as a
surrogate for efficacy and AUC0-t for safety. In drugs with
significant oral bioavailability (e.g., budesonide), a PK study
with active charcoal is necessary to assess efficacy, and
another study without charcoal is used to assess safety.
Charcoal blockade has to be validated to demonstrate that
oral contribution to total bioavailability is negligible.

Most respiratory products are now being approved in the
EU based on PK studies (e.g., nasal sprays of mometasone in
suspension; pMDI in suspension of salbutamol, salmeterol,
fluticasone and salmeterol/fluticasone; and DPI of salmeterol/
fluticasone).

Step 3. PD Approach in the EU

The bronchodilation and the bronchoprovocation models
seem to be applicable for bronchodilators [18, 34], although
the bronchoprovocation protocol available for short acting
agents may require some minor modifications for formoterol
[35]. In contrast, for salmeterol, the absence of assay
sensitivity in the therapeutic dose range makes PD studies
insensitive to detect any difference between inhalation
products. Consequently, in the EU, the approval of second-
entry salmeterol products should be based on step 1 or step 2
described above.

Similarly, assay sensitivity seems absent in corticoste-
roids. Any PD or clinical endpoint showing a sufficiently
steep dose–response curve would therefore be welcome.
Ideally, the PD endpoint/marker should reflect inflammation.
The following methods described in the literature would be
acceptable in the EU: methacholine PD20 [36, 37], exhaled
NO [38], sputum eosinophilia [39, 40] and even the unspecific
FEV1 [41, 42]. Some limited experience suggests that the
model based on methacholine PD20 could be used if patients
are selected who are able to respond differently to the two
dose levels of the drug [43]. A cross-over design should be
employed to reduce variability, although the European
guideline states that in principle a parallel design is preferable
[27].

In contrast to the weight-of-evidence approach advocat-
ed by the US FDA, according to which both in vitro data and
PK safety have must demonstrate equivalence [11], the EU
step-wise approach allows approval based only on the PD or
clinical endpoint equivalence if the in vitro and/or PK studies
fail to show equivalence. Consequently, the demonstration of
assay sensitivity is of critical importance, at least to some
European regulators. The EMA guideline [27] requires both
the dose-scale analysis (i.e., relative potency) and the
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response-scale analysis. Some EU reviewers, however, may
place less emphasis on the dose-scale analysis (in part because
it is less precise) or prefer to use a response-scale analysis
since it is the method used for new chemical entities.

In the case of fixed combination of two bronchodilators,
the use of PD endpoints cannot ensure equivalence in both
components, and therefore only step 1 (in vitro) or step 2
(PK) can be used for equivalence demonstration. In the case
of fixed combinations of a bronchodilator and a corticoste-
roid, endpoints should be specific for each of the components,
or a single-dose study should be conducted for the broncho-
dilator (since the corticosteroid has no bronchodilator effect
at single dose), and a multiple-dose study for the corticoste-
roid where all treatment groups receive the same dose of
bronchodilator. The efficacy of the inhaled corticosteroid
should be measured when the contribution of the long-acting
bronchodilator is negligible (i.e., later than at least 12 hours
after the last administration, e.g., at 24 hours).

Requiring a clinical study at one- or two-dose levels
where it is known that there is no dose–response curve and,
therefore, the study lacks the necessary assay sensitivity, in
order to simply obtain supportive evidence, does not seem
ethically acceptable at least to some EU regulators. Finally,
for multi-strength products, if equivalence is shown in step 3,
equivalence for the other strengths must be conducted by
means of in vitro data (step 1) or PK data (step 2).

Remaining Challenges in the EU

There are several remaining scientific challenges and
unresolved differences in approaches among European
regulators, for example:

& For comparing APSDs, the European guideline [27]
accepts stage pooling if justified, but since IVIVC is
not well established, some countries may prefer not
to pool stages and compare all stages individually.

& When comparing the flow rate dependency of DPIs
in order to justify the use of healthy volunteers in PK
studies, a visual inspection of a flow rate dependency
plot for both Test and Reference products (e.g., Fine
Particle Dose vs flow rate, for at least three flow
rates) is currently the only method employed, and
some countries may even ignore this requirement. In
principle, the flow rate dependency can be different
as long as the trend is the same in both Test and
Reference products, so it is possible to assume that
the difference will be the same at all inspiratory flow
rates. The same criteria need to be applied to
conclude that different strengths of the Test product
exhibit the same flow rate dependency.

& In order to conclude that the different strengths of
the Test and the Reference product exhibit propor-
tional APSD, it may be necessary to compare all
individual stages, at least their mean values, although
some countries only compare the fine particle mass.

& In vitro variability between batches of some
Reference products or within a single batch of some
Reference products through their storage period may
be so large that demonstration of PK bioequivalence
based on the OIDP guideline required approach,

even among batches of the same Reference product,
may not be possible. Therefore, some regulators
suggest that before the in vitro comparison, several
batches of both Test and Reference products could be
tested to identify representative batches (within
±15% of their corresponding median). In case of
fixed combinations, this may require, if pre-specified
in the protocol, the use of different batches for each
active ingredient.

& The development of an IVIVC may be useful to
correct the results of the PK study to the mean values
of the in vitro specifications and to define product
specifications capable of ensuring APSD equivalence
in the entire range observed for the Reference
product. How to develop this level of IVIVC and to
correct the data is under debate. Another novel
approach that might be acceptable to obtain market-
ing approval in Europe could be to show that the so-
called Bside^ batches at the extremes of the Test
product’s specifications range are not superior and
not inferior to the Bside^ batches at the extremes of
the Reference product’s distributions for relevant
quality attributes (e.g., as inferred from measure-
ments on units from multiple batches of the
Reference product obtained from the market).

& An active charcoal blockade should be able to make
gastrointestinal (GI) absorption negligible (e.g.,
<5%). Therefore, the higher GI contribution to
systemic absorption, the more efficacious the block-
ade needs to be. In addition, while it is often assumed
that a low oral bioavailability is sufficient demonstra-
tion of negligible GI contribution, in case of inhaled
drugs, the GI contribution also depends on the
inhaled fraction. If the inhaled fraction is low (e.g.,
10% of the total emitted dose), then even assuming
100% lung bioavailability, a 1% GI bioavailability of
the rest of the administered dose (90%), which is
swallowed, represents 8.26% of the total systemic
exposure (namely 10% lungs + 0.9% GI). This
consideration, unfortunately, seems to be largely
ignored even by the innovator companies when
developing new active substances.

& The main PD challenge in the EU is to make
assessors aware that the classical comparison of the
response in the response-scale is not adequate for
Bgenerics^ [44], once they have acknowledged that at
least two dose levels need to be tested [27]. It is also
necessary to understand that for fixed-dose combina-
tions of a LABA and an ICS, a third-arm control
group with ICS alone is not adequate to show assay
sensitivity because it only demonstrates that the
LABA is better than placebo, and that does not give
any information about the combination LABA+ICS
that is under comparison (Test vs. Reference).
Therefore, showing equivalence in the response-
scale analysis does not ensure equivalence because
the design is probably unable to detect a 2-fold or 4-
fold difference in the ICS component as already
known, although the exacerbation rate after 1 year
might double [45]. Similarly, it is essential to under-
stand that superiority to placebo is not a
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demonstration of assay sensitivity despite what is
stated in ICH E10 [46], which is written for new
active substances. For demonstration of equivalence
in Bgenerics^, assay sensitivity is the ability to detect
differences between adjacent doses [35].

& For pediatric drug product development (for generic
versions of drugs that include children as target
populations), further consensus-building is necessary.
Some countries would like to duplicate the entire
product development for children, while other coun-
tries do not require any additional study, or are
satisfied with a small PK safety study in pediatric
patients as a bridging study to confirm the equiva-
lence demonstrated for adults.

ANVISA PERSPECTIVE (BY GUSTAVO MENDES
LIMA SANTOS)

Overview of Regulatory Requirements in Brazil

Anvisa, the Brazilian government agency responsible for
regulation, evaluation and surveillance of medicinal products,
has published resolutions that define two scenarios for the
registration of inhaled generic medications [47, 48]:

& For solution pMDIs and solution-based nebulizers,
pharmaceutical companies must present in vitro stud-
ies as evidence of therapeutic equivalence;

& For pMDI suspensions, suspension-based nebulizers
and DPIs, results of both in vivo and in vitro studies
must be presented.

However, Anvisa has not provided acceptance criteria or
other details for these studies. In 2005, Anvisa established a
Cooperation Term with Panamaerican Health Organization
(PAHO) in order to broaden the debate and encourage the
publication of a guidance for in vitro and in vivo comparabil-
ity tests of nasal and inhaled drug products [49]. In the 2000s,
PAHO funded research activities, initiated workshops and
technical visits that allowed researchers from Brazilian and
international universities, regulatory authorities from differ-
ent agencies, and representatives of the pharmaceutical
industry to interact. From these interactions, it was decided
to first develop a guidance for intranasal products and
subsequently develop a guidance for orally inhaled drug
products (OIDPs). In 2009, Anvisa published a guidance
specifying requirements for demonstrating equivalence be-
tween nasal products [50]. This guidance includes in vitro tests
and PK studies to demonstrate in vivo bioequivalence, while
clinical studies can serve as a substitute. However, develop-
ment of the OIDPs guidance was stopped at that time
because of significant knowledge gaps. These included lack
of studies that showed in vitro and in vivo correlations leading
to uncertainty about the ability of in vitro tests to predict
efficacy and safety. At the same time, there were some
conceptual differences between major international regulato-
ry agencies that resulted in different strategies for approving
generic OIDPs. In 2011, a new working group was formed by
Anvisa to restart the BOIDPs comparability^ project. In
addition, research studies have been initiated with the
purpose of filling knowledge gaps that will ensure that the

guidance is based on solid scientific principles. Due to the
need for affordable inhaled medications for the therapy of
pulmonary diseases in Brazil, Anvisa is currently advising
pharmaceutical companies on a one-by-one consultation
basis, to ensure that submission documents include relevant
in vitro and in vivo studies.

Accoding to Anvisa, generic OIDPs must:

& Contain the same API at the same dose as the
reference drug;

& Use similar excipients and polymorphic profile;
& Use the same dosage form (suspension or powder)
with similar device handling characteristics;

& Demonstrate in vitro equivalence; and
& Demonstrate in vivo equivalence (for suspension or
powder products).

Until a guidance with the final recommendations is
published by the agency, companies should submit a protocol
including in vitro and in vivo studies proposals, which are
assessed by the Coordination of Therapeutic Equivalence
committee. Some of the information verified by Anvisa’s
specialists during evaluation of protocols has already been
published as a Technical Note and is available on Anvisa’s
website [51]. Current Anvisa recommendations for in vitro
and in vivo tests are outlined in the next two sections. These
recommendations, however, are not yet established as a
Resolution, which is a final legal instrument used by Anvisa
to regulate medicines in Brazil.

In Vitro Studies Required in Brazil

As a pre-requisite to being considered in vitro equiva-
lent, two products should meet identical compendial or other
applicable standard of identity, strength, quality, and purity.
For OIDPs, those standards can be found in the United States
Pharmacopeia (USP) and European Pharmacopeia (EP), as
the Brazilian Pharmacopeia (BP), only describes general
tests. Additionally, comparative in vitro tests are required
(Table I) and the Population Bioequivalence (PBE) approach
is suggested for comparison of results.

Table I. Comparative Performance Tests that Must be Part of an
Oral pMDI or DPI Pharmaceutical Equivalence (PE) Submission in

Brazil

Performance tests
Oral
pMDIs Oral DPIs

Drug appearance X x
Priming and repriming X -
Content of an operation over

the total content of the device
X x

Aerodynamic particle size
distribution by cascade impaction

X x

Particle / droplet size
distribution by laser diffraction

- -

Emitted dose mass X x
Number of doses per device X X (for

reservoir DPIs)
Spray pattern X -
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In addition, some recommendations about device activa-
tion, handling and design comparability are included in the
Technical Note [51]. With regard to activation of devices,
complete description of the steps for activation must be
submitted to Anvisa prior to the conduction of any tests.
After that, device activation instructions must be part of
documentation for evaluation. The use of an automatic
actuator system is obligatory for conducting certain tests,
such as priming/repriming, dose content uniformity and spray
pattern. The following information related to the actuator
system must be provided to Anvisa:

i) Complete description of the automatic operation
system (AOS) and, if present, its accessories;

ii) Description and specifications/acceptance criteria of
the performance parameters that must be controlled
in the automatic operation system and, if present, in
its accessories, for each of the tests, in accordance
with what is established by its manufacturerer; and

iii) Records of AOS controls performed prior and during
conduction of each test.

Interaction between device and patient is critical for
therapeutic performance of inhaler products, since different
efforts and handling procedures may influence drug delivery.
This patient-device interaction may depend on such charac-
teristics as age, gender, disease and breathing cycle; and
differences in patients’ efforts or handling of the devices
could compromise interchangeability of products. Anvisa
requests, therefore, that applications include information
addressing the following questions:

• Does the operation mechanism of the device exacer-
bate differences in patients’ efforts and handling?

• Does the shape and dimension of the device exacerbate
differences in patients’ efforts and handling?

Evidence of similarities could be demonstrated in patient
handling studies.

In Vivo Studies Required in Brazil

In addition to in vitro tests, Anvisa requires submission
of in vivo studies to demonstrate that pulmonary deposition
exhibits similarity. Confirmation of similarity in pulmonary
deposition can be demonstrated through crossover PK
studies, with the inhibition of absorption from the gastroin-
testinal tract through administration of activated charcoal (if
necessary), such that the PK parameters obtained from the
drug’s blood concentration versus time curves are related to
pulmonary deposition and absorption. For confirmation of
safety, crossover PK studies without inhibition of absorption
of the drug from the gastrointestinal tract would reflect the
total quantity of the drug available systemically.

A product is considered in vivo bioequivalent if the
extreme values at 90% confidence interval of the ratio of
geometric means, the ratio of the Test and Reference products’
area under the curve from time zero to time t (AUC0-t) and the
ratio of maximum concentration (Cmax) between the Test drug
and the Reference drug aremaintained within the interval of 0.8
- 1.25, for both safety and efficacy studies.

In some cases, due to the substance’s characteristics (e.g.,
lack of sufficient assay sensitivity), PK studies are not possible.
In this case, therapeutic equivalence of pulmonary and systemic
effects can be demonstrated through PD or clinical studies.
Biomarkers have to be directly related to product efficacy. In
addition, it is necessary that a dose response is observed for the
marker, as only under such conditions the study will allow
sensitive differentiation between products. PD studies must be
carried out with two doses of the Reference product, such that
one of the doses must be superior to the other in PD response. It
is suggested that the protocol for conducting this type of study
should be submitted to Anvisa for prior evaluation. Two
products will be considered as therapeutic equivalents if the
criteria in Table II are met.

In cases where Test product does not exhibit the
similarity requirements described above, the drug cannot be
registered as generic or similar drug and shall follow the
requirements established for innovator products, which will
require full clinical trials for demonstration of efficacy and
safety [52].

Anvisa’s Current Challenges in Defining a Guidance

The Technical Note [51], although helpful in laying out
the current agency’s thinking, is still incomplete. For example,
it does not include considerations about all the possible
devices for OIDPs (e.g., nebulizers) and does not consider
divergences in statistical approaches and in acceptance
criteria for both in vitro and in vivo tests. The lack of internal
and international harmonization about comparability of
OIDPs is the reason for the absence of a final resolution in
Anvisa. OIDPs regulation was included in the Regulatory
Agenda of the agency, which means Anvisa intends to release
a final guidance within the period of 2015–2016. This section
discusses some of the most challenging topics, with a
considerable diversity of opinion from both scientific and
regulatory perspectives, which are essential for the Anvisa
decision.

Aerodynamic Particle Size Distribution (APSD) Measurement
and Statistical Assessement

APSD tests must be carried out with as clinically relevant
settings as possible, and the same conditions should be
applied for Test and Reference products for demonstration
of similarity. The procedure for this analysis must be robust
for active ingredient assays, repeatable for different analysts
and laboratories, and be as free of bias as possible.

Table II. Acceptance Criteria for PD Studies in Brazil

Efficacy The 90% confidence interval of the PD response ratio of
the Test drug relative to the Reference drug must be
between 0.8 and 1.25. Other confidence interval limits
previously established in protocol can be accepted
through scientific justifications.

Safety There must be no evidence that the Test product is worse
than the Reference product with regard to changes in vital
signs, biochemical parameters and frequency of adverse
events.
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A Cascade Impactor (CI) is widely used for assessing
APSD of OIDPs but there is some concern about lack of
correlation between the behavior of the drug in a CI
apparatus and in vivo. The inlet throat suggested by
pharmacopeias may not represent properly the oropharingeal
deposition due to respiratory tract anatomy and humidity in
physiological conditions [53]. Also, unlike in a clinical
situation, the flow rate applied during a CI test for inducing
particle movement is constant and, for some products, may
affect the device performance [54].

Furthermore, there is no harmonization about the statistical
criteria to demonstrate similarity between products. The Product
Quality Research Institute (PQRI) started the first attempt to
provide to regulatory agencies an analysis of methodology for
data evaluation, and this resulted in the development of a
combined procedure based on calculations of the chi-square ratio
statistic plus impactor-sized mass-population bioequivalence
(ISM-PBE) assessment, but no recommendation was defined
because of limitations in discriminating ability of this method
[55]. Average bioequivalence approach could be accepted,
depending on the data provided by the test. A more recent
proposal, which utilizes a modified chi-square ratio statistic,
intends to be more robust and presented some results that could
provide information about APSD equivalence but it still needs
more research on its applicability [56].

Although Anvisa suggests the application of PBE for
assessment of similarity, there are concerns about its suitabil-
ity for APSD evaluation. Anvisa resolution about statistical
approach must also take into consideration the diversity of
data types for different OIDPs.

Dissolution

For OIDPs formulated as suspensions or powders,
dissolution rate is an important physicochemical characteristic
of particles affecting the availability of the active ingredient at
the site of action. As mucocilliary clearance may cause
removal of particles from the respiratory tract, it may be
assumed that when Reference and Test products differ in
dissolution rate, the degree of drug removed from the lung
will differ.

Measuring dissolution rate for inhaled particles is not
simple. For micron-sized particles, a dissolution apparatus
presents significant technical problems. For hydrophobic
drugs, wetting of particles may be a problem. Additionaly,
due to the density of particles, floating or sedimentation may
present a mixing problem [57]. There is no pharmacopeial
apparatus available that eliminates all the bias of dissolution
tests for OIDPs. USP, which was the first organization to
discuss this subject, concluded that there was no urgency in
developing or including a compendial method [58] for such a
test.

For resolving these problems, some dissolution media
were proposed which are more physiologically relevant, such
as simulated lung fluid, composed of aqueous solutions of
dipalmitoylphosphatidylcholine [59]. Also, dissolution tech-
niques utilizing Transwell® membranes as apparatus resolve
particle floating problems and mimic small volume surfaces at
the site of lung deposition [60].

Dissolution testing for BE evaluation must have suffi-
cient sensitivity to differentiate among orally inhaled

formulations and must comply with acceptance criteria for
each active ingredient in order to be able to be used as a tool
for providing information relevant for in vivo behavior. No
decision has been taken by Anvisa related to the need of such
tests for OIDPs’ registration.

Pharmacokinetics

In the past decade, the use of PK alone without the use
of clinical /biomarker studies for the in vivo BE assessment
for OIDPs has been discussed. The reluctance to accept PK
alone is based on the argument that plasma concentrations of
inhaled drug may not reflect the availability at the site of
action and, consequently, efficacy of the product, because
blood is sampled downstream from the lung.

PQRI organized in 2009 an international workshop
about bioequivalence of inhaled drugs [55], in which three
key questions were noted with respect to PK:

1. Are PK studies correlated to the amount of drug
available in the lung?

2. Are PK studies correlated to the region of deposition
of the drug in lung (central/peripheral)?

3. Are PK studies correlated to the amount of time that
the drug stays in the lung?

Simulations that assessed the pulmonary fate of lipophil-
ic steroids and their variability in the model allowed
evaluation of whether the factors that determine drug efficacy
in lung (including dissolution rate, central versus peripheral
deposition, mucociliary clearance and others) also affects PK
plasma parameters. Results suggested that the PK parameter
AUC is adequate to detect differences in pulmonary deposi-
tion for drugs with negligible oral bioavailability (BA) [61].

Trial simulations and evidence from the literature
suggest that PK approaches could be suitable for providing
important information on the pulmonary fate of inhaled
drugs. PK studies using sensitive analytical techniques are
able to generate Bhigh resolution^ information on the
pulmonary available dose (AUC), and residence time in the
lung (Cmax) for OIDPs.

In a second PQRI workshop in 2010, further discussions
about PK’s role in establishing BE for OIDPs reinforced
previous conclusions about PK as being more discriminative
than PD or clinical studies, especially for inhaled corticoste-
roids, which lack a reproducible and sensible biological
marker to demonstrate BE [62].

Inhaled drug concentrations in plasma are the result of
both pulmonary and gastrointestinal (GI) absorption, because
of the deposition pattern and mucociliary activity; but for
drugs that show negligible oral bioavailability (BA), such as
fluticasone or mometasone, plasma concentrations could be
viewed as originating only from pulmonary absorption. For
drugs with substantial oral BA, PK studies describe total
absorption (pulmonary + GI) and, under these conditions, PK
reflects potential differences in the systemic safety of a drug
product. To learn about the pulmonary fate of products with
non-negligible oral BA, GI absorption must be suppressed so
that only pulmonary absorption would contribute to plasma
concentrations of the drug. Blockage by charcoal appears to
be the most feasible way to achieve this goal.
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Other methodologies for assessing the pulmonary deposi-
tion have been proposed, such as imaging studies based on
gamma scintigraphy, single photon emission computed tomog-
raphy and positron emission tomography (PET). However,
these techniques require radiolabeling of the drug, which may
alter the representativeness of commercial product and may not
demonstrate adequately its deposition profile [53].

For BE demonstration, two products must present the
same in vivo behavior and, from a PK perspective, it must be
statistically proven that the amount of drug, the local
deposition pattern and the amount of time the drug remains
in the lung are not different between the Test and Reference
products. Under these circumstances, PK parameters can
provide as much or more valuable information for regulatory
decision than PD studies.

Pharmacodynamic (PD) and Clinical Studies

In vivo BE demonstration may be achieved by studies that
compare biological endpoints related to efficacy of the active
ingredient. PD studies measure biomarkers that may be related to
clinical efficacy. These studiesmay be conducted in healthy subjects
or patients and involve quantification and comparison of physio-
logical changes arising from the drug administration.

Both PD and clinical studies have limitations regarding
sensitivity to differentiate products. This might be due to: (a) the
fact that the dose may be in the upper part of the dose–response
curve; and/or (b) high variability of the biomarker itself. For BE
purposes, Anvisa recommends that the dose administered to
subjects must be in the steep part of the dose–response curve,
otherwise no difference can be observed between products. For
OIDPs, this is the most critical aspect, and different clinical
endpoints were proposed for inhaled drugs.

Bronchoprotection and bronchodilation evaluations are
proposed models for comparison of inhaled drugs.
Bronchoprotection studies should be performed in asthmatic
patients and should prove same capacity for maintenance of
airflow after bronchocontrictor induction with substances
(e.g., metacholine) or exercise. Bronchodilatation consists of
measuring the capacity of drugs to cause dilatation after
induced bronchoconstriction stimulation.

Spirometry appears to show some good results for the
establishment of dose–response relationship for short acting
beta agonists (SABA) and long acting beta agonists (LABA)
[63]. Some of the limitations of this model are the reproduc-
ibility of bronchoconstriction induction and the high variabil-
ity of results obtained [64]. Also, there are some concerns
about differences in establishing dose–response curves when
comparing cumulative and noncumulative administration of
drugs, since the former may cause a steeper dose–response
curve without a clear plateau response [65].

For inhaled corticosteroids (ICS), identifying adequate
biomarkers for PD evaluation is controversial. Some possi-
bilities presented to date include sputum eosinophilia, exhaled
nitric oxide (eNO) and bronchoconstriction challenges [66].
All of these are clinically relevant, but each has drawbacks.
For sputum eosinophilia, variability seems to be the main
limitation [67], despite demonstration of dose–response
relationship on clinically relevant doses [68]. Also, enough
sputum must be produced in order be analyzed, and this may
not be feasible for all patients. For exhaled NO, it seems that

responses at the top plateau level are already obtained
following relatively low inhaled corticosteroid doses, which
do not represent available marketed products [69]. An
asthma stability model was also proposed for inhaled
corticosteroids. Home spirometry has been demonstrated to
have great power of efficacy assessment, and dose–response
correlation could be shown in therapeutic dose ranges [70].
Studies are under way for additional molecules, with results
still pending, which may establish PD outcomes with good
statistical power for comparability.

CHINA’S PERSPECTIVE (BY YING LI, SARAH LU,
AND SHUGUANG HOU)

Regulatory Framework for Generic Drug Registration
in China

China Food and Drug Administration (CFDA) is the
central authority for regulation and approval of drugs marketed
in China. CFDA, previously named as SFDA (State Food and
Drug Administration), is a ministerial-level agency directly
under the State Council. It consists of 19 departments and
bureaus, and 18 affiliates, some of which are directly related to
drug regulation and approval processes, including Center for
Drug Evaluation (CDE), National Institute for Food and Drug
Control (NIFDC), Center for Certification of Drugs (CCD),
Chinese Pharmacopoeia Commission (CPC) and Center for
Medical Device Evaluation (CMDE) [71].

The BProvisions for Drug Registration^ (PDR), issued by
CFDA in 2007, defines the regulatory framework for drug
registration in China [72]. A revised draft PDR [73], which
was published in March 2014 for public comment, reflects
CFDA recent restructuring and proposes significant amend-
ments. Respiratory product applications follow the same
registration process, regulatory requirements, and review
and approval timeline as any other chemical products, as
illustrated in detail on the CFDA website [74]. In some
cases, the inhalation devices are required to be registered
separately, following the medical device application pro-
cess [75].

Generic drug applications must adhere to the ‘Principles
and Technical Guidelines for the Research of Chemicals with
Existing National Standards’ issued by CFDA in 2006 [76].
CFDA/CDE also released or published several guidelines and
articles specifically for orally inhaled products, such as the
Technical Guideline for Research on Quality Control of
Inhalation Products in 2007 [77], the Technical Requirements
for Inhaled Drug Research in 2009 [78], Clinical Trial
Considerations for Inhaled Drugs for Asthma and COPD in
2009 [79], and the Technical Requirements for the Study of
Changing Propellant forMarketed Inhaled Aerosols in 2011 [80].
However, the guidance for developing generic orally inhaled
drugs has not yet been clearly defined by CFDA. Thus,
companies must work closely with CFDA/CDE to define the
strategy and requirements for their specific applications.

Drug Application Processes and Timelines in China

The CFDA classifies chemical drugs entering Chinese market
from other countries into six categories as illustrated in Table III
[79]. Some generic drugs already marketed outside China are
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treated as new drugs (Category III), while others are considered
Category VI drugs if there is a national standard in China already.
Monographs in the Chinese pharmacopoeia, standards issued by
CFDA, and approved specifications (albeit not published) are
considered national standards.

There are two major approaches for a multi-national
company to register a new or generic drug in China [80], as
illustrated in Fig. 4. For a drug already marketed outside of
China, a clinical trial authorization (CTA) could be obtained
from CFDA, and clinical Bregistration^ trial should then be
conducted (e.g., a PK study with Chinese patients). Waiver of
clinical trials may be granted in some cases, e.g., if there is an
urgent clinical need. An alternative approach is for a
company to include Chinese patients in their global develop-
ment process for an NDA or ANDA, and conduct a separate
statistical analysis on the Chinese subjects.

For a local Chinese company, a generic drug application
process is illustrated in Fig. 5. Based on the 2007 Provisions for
Drug Registration [72], China’s regulations require that appli-
cants own a commercial GMP facility capable of manufacturing
the generic drug product. Furthermore, three batches of drug
product need to be manufactured under the supervision of the
local (provincial) FDA, each passing official lab testing proce-
dures, before CDE initiates review of the drug dossier. In the
revised draft PDR [73], these requirements are postponed to the
time after CDE completes the review and issues the clinical trial
approval. Such a revision significantly reduces the initial
investment and risk for the applicants.

There is a significant backlog of reviews by CDE in
China, leading to surprisingly long review waiting periods. As
shown in Figs. 4 and 5, generic drug approval timelines in
China may exceed six years. A Bfast track^ mechanism has
been proposed by CFDA [81] to expedite the generic drugs of

significant clinical value. However, the benefits of this process
have yet to be seen for inhaled drug products in China.

Bioequivalence Requirements in China

In 2008, CFDA organized a meeting with experts and
scholars (both domestic and foreign) spanning disciplines such
as medicine, pharmaceutics, pharmacology and toxicology. The
resulting in-depth discussion and information exchange
prompted CDE to publish two articles in 2009, providing for
the first time the detailed technical requirements for inhaled
formulations (the main focus was on CFC to HFA propellant
switch) [78] and clinical aspects of technical requirements [79]
for development of generic orally inhaled drugs for the
treatment of asthma and/or chronic obstructive pulmonary
disease (COPD). The requirements were based on the then
draft guidance from the EMEA and the experience the agency
had with inhaled drug development and clinical studies. The
requirements apply to both imported and domestically devel-
oped generic drugs. The CDE articles outline general principles
but provide limited details of the specific requirements.

The CFDA/CDE bioequivalence requirements include
measurements of both pulmonary deposition and systemic drug
exposure through a variety of pharmacokinetics (PK), pharma-
codynamics (PD) and/or clinical trials (CT). Specifically, two
scenarios were discussed in the article [79], as summarized below:

(A) Generic drugs with a reference product approved in
China (Category VI drugs)

If the original import product is available, companies
should choose the original import drug product as the
reference product.

Table III. Registration Category for Chemical Drugs Imported into China [79]

Category Category definition

I Drug not yet marketed either
in Country of Origina or
in China

i. Drug substance and its preparations made by synthesis or semi-synthesis.
ii. New chemical monomer and its preparation extracted from natural material

or by fermentation.
iii. Optical isomers in known drugs and their preparations obtained by chiral separation

or synthesis.
iv. A fewer-component drug prepared from a multi-component drug already marketed

in China.
v. New compound preparation.
vi. A preparation already marketed in China but with a newly added indication not

yet approved in any country.
II Drug preparation with changed administration route that is not marketed in either Country of Origin or in China
III Drug marketed in Country of Origin

but not in China
i. Drug substance and its preparations marketed outside of China, and/or with

changed formulation but no change of administration route.
ii. Compound preparations and/or with changed formulation, but no change

of administration route.
iii. Preparations with changed administration route compared to those

marketed outside China.
iv. A preparation already marketed in China but with a newly added

indication approved outside China.
IV Drug substance and its preparation with changed acid or alkaline radicals (or metallic elements), but without any pharmacological

change, where the original drug entity is already approved in China.
V Drug preparation with changed formulation but no change of administration route, where the original preparation is already

approved in China.
VI Drug substance or preparation following China’s national standard.
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Step 1 In Vitro Study

In principle, an in vitro approach may be sufficient
to demonstrate therapeutic equivalence in some cases,
and the applicant may then apply for a biowaiver. There
is no specific explanation of the criteria for in vitro
equivalence other than mentioning that aerodynamic
particle size distribution (APSD) and dose uniformity
are important parameters [78]. To date, there are no
cases in which the agency has granted biowaivers based on
in vitro study data.

Step 2 In Vivo Studies

If in vitro comparative data cannot be considered sufficient
to prove the equivalence between the study and reference
products in terms of safety and efficacy, in vivo studies following
one of the following two paths must be conducted. According to
informal advice received by some of the authors, in case of two
product strengths, testing only at the highest strength would be
sufficient and equivalence could be claimed for the lower
strength based on in vitro dose proportionality. There is no
formal guidance, however, on this issue.

Fig. 4. Registration process for drugs imported into China, and associated timelines based on the 2013
Technical Review Report by CDE [98]

Fig. 5. Local generic drug registration process and timeline. The process illustrated in this figure is based on
current PDR and the timeline is based on the technical review report of 2013 of CDE [81]
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Method One: PK only

The efficacy profile can be assumed to be equivalent if the
lung deposition is concluded to be equivalent. Single-dose
imaging studies or single-dose PK studies (such as active
charcoal blockage) can be performed to prove similar pulmo-
nary deposition between two formulations. PK studies to show
similar systemic exposure are also required to show safety
equivalence. No recommendations are currently available
regarding the use of patients vs healthy subjects in PK studies,
or the minimum sample size to be included in the PK studies.

Method Two: PD + PK or Clinical End-Point Equivalence
Between Formulations

PD studies are required if PK endpoints cannot be used
as surrogates for the demonstration of efficacy and safety of a
particular pharmaceutical product.

& For bronchodilators (including short-acting β2-adrener-
gic receptor agonist SABAs, long-acting β2-adrenergic
receptor agonists LABAs, and anticholinergics), single
dose bronchodilation and the bronchoprovocation test
(PD studies) may be used to evaluate efficacy equiva-
lence; while single dose PK studies need to be performed
to show similar systemic exposure between the
formulations.

& For inhaled corticosteroids (ICS), it is recommended that
a randomized, double-blind, positive controlled clinical
trial be performed to demonstrate non-inferiority com-
pared to the reference drug. No recommendations are
available for efficacy endpoints. The amount of hormones
(such as 24-hour urinary cortisol) is also monitored during
the clinical trial to demonstrate that the impact of test drug
on the HPA (hypothalamic–pituitary–adrenal) axis is not
greater than that of the reference drug. In the case of fixed
combinations of known active ingredients, the therapeutic
equivalence of each of the active ingredients needs to be
demonstrated.

If the generic drug product is seeking both asthma and
COPD indications, as long as the asthma indication is proved
to be equivalent, the COPD indication can be granted
simultaneously as well. There are no specific recommenda-
tions for the pediatric approval.

(B) Generic drugs with reference product approved in
other countries but not in China (Category III drugs)

If a formulation represents the first instance of a drug
substance entry into China, the drug would be classified as a New
Drug (Category III) and would have to follow the new drug
application process. For a Class III product, it is impossible to run
comparison tests with the innovator product because it is not
marketed in China. Clinical trials that comply with the relevant
international technical requirements should be carried out to
prove the drug’s safety and efficacy. The clinical trial results
should only support the selected populations, and cannot be
extended to other populations. In most cases, regulations require
clinical trials to be conducted in China with at least 100 patients
per arm. Due to shortage of facilities and experience with PK and
PD studies in China, especially for inhalation and nasal drugs, this
route is rarely used by companies, and regulators therefore have
limited experience and limited guidance.

INDIAN PERSPECTIVE (BY JULIET REBELLO,
ABHIJIT VAIDYA, JAIDEEP GOGTAY, SHRINIVAS
PURANDARE)

Regulatory System in India

The main legislation governing drug registrations, im-
port, manufacture, distribution and sale in India is contained
in the Drugs and Cosmetic Act of 1940 [82] and Drugs and
Cosmetic Rules of 1945 [83], whose origin dates back to days
of the British Rule in India and a so-called BGigantic Quinine
Fraud^ [84, 85]. This body of legislation also established the
Central Drugs Standard Control Organization (CDSCO), and
the office of its controller, the Drug Controller General of
India (DCGI). The CDSCO has six zonal, four sub-zonal and
eleven port/airport offices, and six laboratories to carry out its
activities [86].

There are no specific guidelines issued by DCGI to assess the
efficacy and safety of orally inhaled products. Generic drug
applications must adhere to the BGuidelines for bioavailability
and bioequivalence studies^ issued by theCDSCO [87].All trials in
India are regulated by guidelines/rules such as Rule 122 A to E of
Drugs and Cosmetic Act [83], Schedules Yof Drugs and Cosmetic
Act and Rules thereunder (Amended in 2005) [88], Good Clinical
Practice (GCP) guidelines issued by CDSCO [89], and Ethical
guidelines for Biomedical Research on Human Subjects[90]. The
following categories are relevant when determining the regulatory
path for registering a second-entry orally inhaled product in India.

(A) The reference drug is not approved in India

If the reference product has not been approved in India, the
second entry orally inhaled product would be considered as the
first market entry of the drug substance and would therefore be
classified as a new drug. Other situations that are classified by
the Drugs and Cosmetics Act as a new drug are as follows:

& Drugs that have not been used in the country before/
drugs marketed in India for less than 4 years after
receiving the marketing authorization,

& Drugs that have been approved by theDCGI but are now
intended to be marketed for different indications, and

& Fixed dose combinations of two or more drugs that
have been individually approved previously and are
now proposed to be combined in a fixed ratio that has
not been approved.

All new drugs must undergo clinical trials to determine the
drug’s safety and efficacy in patients in India [89, 91]. If India is
part of a global clinical trial, not more than 20% of the total
recruitment can be from sites in India. These trials are necessary
for both domestically manufactured and imported drugs.

For a second-entry drug or if the new drug has more than
one strength [87], then the following conditions are required
for approval of all strengths:

a. The qualitative composition between the strengths is
essentially the same.

b. The ratio of the active ingredients and excipients
among/between the strengths is essentially the same.

c. The method of manufacture is essentially the same and
all strengths are manufactured by the same
manufacturer.
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d. Where applicable, an appropriate study has been
performed on at least one of the strengths of the
formulation.

e. In case of systemic availability – pharmacokinetics has been
shown to be linear over the therapeutic dose range.

(B) The reference drug is approved in India

As per the guidelines for bioavailability and bioequiva-
lence studies [87], for orally inhaled products [non solution
pharmaceutical products] which are intended to act locally in
the lungs, bioequivalence based on pharmacokinetics alone is
not suitable and comparative clinical trials or PD studies are
required to demonstrate equivalence.

PK bioequivalence for orally inhaled drugs is not a well-
established concept in India since the knowledge of how
systemic levels correlate with lung deposition is currently an
evolving science. There has been no precedence of approval
of a second entry orally inhaled drug based on PK bioequiv-
alence alone. However, with more research being done
demonstrating a good correlation between Cmax and AUC0-t

and lung deposition, PK bioequivalence studies are increas-
ingly accepted worldwide as being sufficient to establish
equivalence of orally inhaled products [92, 93]. The pulmo-
nary available dose is reflected through measurement of
AUC0-t and the regional deposition through the measurement
of Cmax. Hence, with adequate justification, an assessment of
Binterchangeability^ using Bpharmacokinetic equivalence Bor
BPK bioequivalence^ between the second entry drug and the
reference product may be an alternative to clinical trials.

Bioequivalence between a second-entry drug and the
reference product may be considered self-evident with no
further requirement of in vivo studies when the second entry
drug is an inhalation aqueous solution and contains the same
active substance(s) in the same concentration and essentially the
same excipients in comparable concentrations as the reference
product. The device may or may not be similar to the reference
product. Additional in vitro testing is required to demonstrate
comparable device performance between the reference inhala-
tion product and the second-entry drug product [87].

PD and Clinical Trials in India: Process Considerations
and Design Recommendations

Process Considerations

For all pharmacodynamic or clinical studies, the study
design must be approved by a highly skilled professional subject
expert committee (SEC) and the technical review committee
(TRC) [94, 95]. The review process is completed in two stages
over 180 days. In the first stage, the clinical trial documents at
the time of submission are screened and the sponsor or designee
is informed regarding any discrepancy in the dossier. The dossier
once accepted is sent for review to the SEC, which comprises 10
experts in pulmonary disease from recognized medical colleges
and government hospitals in India. This SEC meets every
quarter on a predefined day based on a calendar defined by the
regulator. The sponsor/designee is required to present the
protocol of the intended study to the SEC. The recommendation
provided by SEC is uploaded throughminutes ofmeeting on the
CDSCO website within 2 weeks. The clinical trials that are
recommended by SEC to be conducted are sent for the second

stage review process to the TRC. The TRC is responsible to
check the qualification of the investigator based on submitted
curriculum vitae, medical registration certificate, registration
status of ethics committee that is reviewing documents of the
investigative site, number of trials in which the investigator is
actively involved, insurance policy covering compensation for
injury or death during clinical trial participation and financial
agreements to ensure parity across all sites and no inducement
to investigator to recruit patients in the trial [92]. Trial designs
that are recommended by TRC are sent to the DCGI for issuing
an approval letter for conduct of the study in Indian patients. This
approval letter is valid for a period of one year and contains the
names of the investigators who are authorized to participate in the
study. An annual report is required to be submitted to the DCGI.

For all PD/clinical trials, the investigator can be actively
involved in only 3 studies at a time, which includes both
pharmaceutical sponsored and academic clinical trials [96].
Further, the investigator conducting the trial should be
associated with a hospital with at least 50 beds [92]. All PD/
clinical trials must be registered on the website of the Clinical
Trial Registration-India [96]. Further, as per schedule Y, only
a duly registered contract research organization (CRO) can
carry out clinical research activities in India, and that
registration must be renewed every 5 years [97].

Design Recommendations

For the PD trial design [87], some of the recommendations
are similar to those expected in other world regions (e.g., the
response metric should be a pharmacological or therapeutic
effect relevant to the efficacy and/or safety of the drug; the
response should be measured quantitatively under double-blind
conditions and be recorded using objective assessments; natural
history of the condition should be considered in the design and
baseline should be reproducible; a crossover or parallel study
design could be used, as appropriate), but other recommenda-
tions are specific to India, such as:

& Neither the test nor the reference product should
produce maximal response in the course of the study,
since it may be impossible to distinguish differences
between formulations given in doses that produce
maximal responses. Investigation of dose–response
relationship may become necessary.

& Non responders should be excluded from the study
by prior screening. The criteria by which responders
versus non responders are identified must be stated in
the protocol.

& The conventional acceptance range as applicable to
pharmacokinetic studies and bioequivalence is not
appropriate for PD. Instead, the acceptance range
should be defined in the protocol on a case to case basis.

If there are no meaningful PD measures, then clinical
trials should be conducted.

Current Challenges and Future Directions in India

The Phase I/bioequivalence centers in India need to increase
their skills and expertise for instructing patients in the correct
inhalation technique and minimizing variability. There is also a
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need for more centers with necessary expertise for developing
complex and sensitive analyticalmethods to assay the low amount
of orally inhaled products typically observed in PK studies.

The PD/clinical trial approval timelines may be
prolonged as there is no fixed duration for review of the
study protocols by the SEC. From the industry perspective, it
would be helpful if specific recommendations on the study
design were available for different classes of OIDPs.

During the past few years, much progress has been made in
policies and procedures introduced by theDCGI.However, while
the requirements for demonstrating bioequivalence of affordable
OIP have evolved globally over the past several years, revisions
are required in the Indian regulatory requirements for approval
of a second entry OIDP. The revisions should include assessment
of equivalence based on in vitro data alone. Only if in vitro
equivalence cannot be demonstrated, the next step would be to
assess equivalence using pharmacokinetic measurements. It is
well recognised that clinical efficacy endpoints are insensitive for
detecting differences between two inhaled products due to the
shallow dose response curves for OIDPs. Overall, in view of the
above mentioned challenges, it is essential to build best practices
in the near future through increasing industry-regulator
communication.

CONCLUSIONS

Regulatory systems and scientific recommendations and
requirements for approval of generic inhalers products have
some similarities but also important differences in the five world
regions discussed in this article (United States, EuropeanUnion,
Brazil, China and India).Much progress has beenmade towards
establishing scientific and regulatory recommendations and
requirements for demonstrating bioequivalence of orally in-
haled and nasal drug products. Nevertheless, for global consis-
tency in requirements and approval practices, further research is
needed to fill scientific gaps highlighted in this article. In
addition, broader exchange of information and public discus-
sions similar to those held at the 2014 Orlando Inhalation
Conference (on which this article is based), would be of value.
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