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This review addresses drug development intended to support United States clearance for asthma
and COPD by explaining basic regulatory terms and broadly discussing the regulatory pathways to
clearance. Some of the key clinical regulatory challenges that are faced by drugs for asthma and
COPD are explained and clarified, both overall and by class of drug, citing relevant examples that
emphasize key lessons. Generic drug development of inhaled drugs is also addressed. The purpose
of this review is to provide the reader with a greater understanding and appreciation of asthma and
COPD drug development from the regulatory perspective. Key words: COPD; asthma; drug devel-
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Introduction

The development of drugs for asthma and COPD in the
United States involves regulatory oversight and clearance,
the specifics of which are not familiar to many prescribers.
While clinical guidelines and individual prescribers rec-

ommend the use of products for asthma or COPD on the
basis of evolving clinical data and experience, the U.S.
Food and Drug Administration (FDA) clearance of drugs
is based on regulatory and legal standards, including the
need for sponsors to provide substantial evidence for ef-
fectiveness. The FDA follows the rules and regulations set
forth in the Code of Federal Regulations (CFR), which
implements the Food, Drug, and Cosmetics Act. Substan-
tial evidence for efficacy is determined in 21 CFR 314.126
based on reports of adequate and well-controlled investi-
gations. Generally, this is interpreted as at least 2 pivotal
trials that show clear evidence of efficacy based on clinically
relevant end points of efficacy. Even with this standard met,
the FDA must weigh all of the clinical, non-clinical, and
quality data (ie, chemistry and manufacturing information)
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for a product to determine its overall benefit/risk. The clear-
ance of a drug and the resulting labeling reflects the key
evidence provided to and reviewed by the FDA.

The purpose of this review is to describe the develop-
ment of drugs for asthma and COPD intended for market-
ing in the United States, and to help clarify the types of
well-controlled clinical investigations that are necessary
for regulatory clearance. This review will also address
briefly the development of generic inhaled drugs. This
review will give practitioners a fuller understanding of
drug development for COPD and asthma.

General Regulatory Overview

Development for any therapeutic drug intended for mar-
keting in the United States begins with an Investigational
New Drug application that is filed with the FDA to allow
studies in humans to proceed. Drug development proceeds
in several phases, although these do not need to be distinct
or serial. Phase 1 studies are intended to explore the phar-
macokinetics (PK) and tolerability profile of the drug in a
relatively small number of healthy volunteer subjects (or,
less commonly, patients). Later PK studies may involve
special populations (eg, renal impairment) or explore drug–
drug interactions. Phase 2 studies enroll well-defined sub-
jects with the intent to explore efficacy, establish the dose
range/or regimen, and further delineate safety and tolera-
bility. Phase 3 studies are large, randomized, controlled
clinical trials that establish the safety and efficacy of the
drug for the desired indication and are often referred to as
pivotal studies. Phase 4 studies are post-clearance studies
that are done to further clarify the safety profile and/or the
efficacy of the drug, often in new subject groups or for
related indications. Once the range of phase 1–3 studies
are complete, applicants submit a New Drug Application
(NDA) for a small molecule drug or a Biologic License
Application for a product produced in a biologic system,
such as a monoclonal antibody. These applications include
not only the clinical data from the phase 1, 2, and 3 stud-
ies, but also include data on product quality, manufactur-
ing, and animal toxicology/pharmacology. While timing
may vary, it generally takes 10–13 y for a new medicine
to go from initial discovery to the marketplace, with clin-
ical trials alone taking 6–7 y.1

The CFR outlines the many rules by which the FDA
guides drug development, but the interpretation of those
rules is what is most important to guiding drug develop-
ment. Many helpful guidances related to drug develop-
ment are available on the FDA Website.2 The federal Food,
Drug, and Cosmetic Act Drug Efficacy Amendment of
1962 requires that the effectiveness of products be dem-
onstrated through adequate and well-controlled clinical tri-
als. In general, at least 2 adequate and well-controlled
phase 3 trials are required for clearance. A 1998 FDA

Guidance entitled Providing Evidence of Effectiveness for
Human Drug and Biological Products3 further clarifies what
types of studies should be done to support an FDA clear-
ance and addresses special situations in which a single
pivotal trial may provide sufficient evidence for efficacy.

The FDA’s regulations on adequate and well-controlled
studies (21 CFR 314.126) describe the types of controlled
trials that best provide evidence of effectiveness. Placebo-
controlled trials are done most often because superiority
trials are in many ways the most robust in design. Impor-
tantly, these trials are often performed upon a background
standard of care, and subjects randomized to placebo re-
ceive placebo plus effective standard of care therapy, while
subjects randomized to active therapy have this added to
the standard of care, as long as it is not contraindicated
with the study drug. Criticism of the ethics of placebo-
controlled trials has been raised, but sometimes it is not
understood or appreciated that with a thoughtful design,
placebo does not equate to no therapy. A new long-acting
muscarinic antagonist (LAMA), for instance, can be eval-
uated versus placebo in subjects with COPD who are tak-
ing long-acting � agonists (LABA), inhaled corticoste-
roids (ICS), and rescue albuterol, as needed.

Another way to study a drug and show efficacy is to
perform dose-response trials in which a higher dose of the
drug is demonstrated to be superior to a lower dose. A
superiority trial that shows improved efficacy of the new
test drug over an existing therapy is also a rational and
accepted additional study design that can be considered,
and is sometimes considered when placebo-controlled tri-
als are unethical. In certain situations, the FDA will con-
sider a trial in which subjects are exposed to the new drug
and results are compared to historical data. These trials are
considered in conditions, for instance, in which there is a
high mortality rate and the drug therapy proposes to dra-
matically change that known mortality rate, or for condi-
tions in which the desired effect (anesthesia for instance)
is well known and understood. Non-inferiority trials com-
paring a new drug to a cleared reference drug can be
considered, yet these are generally done only when supe-
riority designs are not feasible or ethical. Many question
why the FDA cannot rely more on non-inferiority trials to
substantiate efficacy, as such studies would be easier to
enroll, and would not pose as many ethical concerns.

A 2016 FDA guidance entitled Non-Inferiority Clinical
Trials to Establish Effectiveness4 describes non-inferiority
studies and why they are generally less desirable than
superiority trial designs. While evidence of superiority in
a clinical trial is “entirely interpretable without further
assumptions (other than lack of bias) . . . the non-inferior-
ity study is dependent on knowing something that is not
measured in the study, namely, that the active control had
its expected effect.” Non-inferiority trials rely heavily on
trusting that the active comparator worked and that it would
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have beaten placebo by a predictable margin, had a pla-
cebo arm been in the study. For many cleared asthma and
COPD drugs, it is appreciated that their effect sizes versus
placebo can vary from trial to trial, and may, at times, even
fail to distinguish from placebo. As per 21 CFR
314.126(a)(2)(iv), non-inferiority trials are challenging to
interpret because similarity of test drug and active control
can mean either that both drugs were effective or that
neither was effective. Due to these challenges, whenever it
is possible, the FDA prefers superiority trial designs to
clearly demonstrate efficacy.

The legal pathways for a new prescription drug clear-
ance include 3 regulatory pathways: the 505(b)(1) NDA,
the 505(b)(2) NDA, and the 505(j) abbreviated NDA path-
way. The 505(b)(1) NDA is the pathway used for new
chemical entities in which the entire development pro-
gram, including all preclinical studies, carcinogenicity stud-
ies, and a full clinical program are done by the sponsor (or
the sponsor buys the rights to the data). The 505(b)(2)
NDA drug application is a very common pathway that
applies to drugs that have already be cleared but are now
being formulated or delivered in a new way, or being
submitted for a new indication. For instance, a LAMA
already cleared for COPD is now seeking clearance for
asthma, or a LABA that is delivered via a pressurized
metered-dose inhaler (pMDI) is now to be delivered via a
dry powder inhaler (DPI). In such cases, the 505(b)2 clin-
ical development program would apply. The requirements
for clearance under a 505(b)2 pathway generally remain
substantial for inhaled drugs, particularly because topi-
cally active drugs need to re-establish their dose and reg-
imen via the new device delivery system. The majority of
new versions of previously cleared inhaled drugs for asthma
and COPD have been 505(b)(2) applications; however,
recently published guidances from the Office of Generic
Drugs at the FDA have prompted more sponsors to con-
sider the 505(j) abbreviated NDA route. The 505(j) abbre-
viated NDA route is for generic drugs, which are pharma-
ceutically and therapeutically equivalent to a referenced,
previously cleared drug that is no longer protected by pat-
ents or exclusivity. These generic products are considered
substitutable to the already cleared reference drug. The
FDA provides for expedited review options for 505(b)1 or
505(b)2 drugs that meet critical public health needs, and
guidances are available that outline these various options.5,6

Asthma Drug Development Overview

As of July 2017, the FDA has no guidance documents
available that specifically address the development of drugs
or biologics to treat asthma. In part, this likely reflects the
relatively robust development of asthma therapies in re-
cent decades and a general knowledge by drug developers
of the FDA’s regulatory expectations, memorialized in the

FDA’s published action summaries and its public advisory
committees. As the underlying pathology of asthma be-
came better elucidated in the latter part of the last century
and drove therapeutic guidelines (eg, the National Asthma
Education and Prevention Program), the FDA viewed the
development of asthma drugs broadly by general modes of
action: bronchodilators (short-acting “quick relievers” and
long-acting maintenance therapies) and anti-inflammato-
ries (eg, corticosteroids, leukotriene antagonists). Inhaled
therapy is considered to be preferred route of delivery for
drugs specifically targeting the airways, particularly for
bronchodilators. Much of asthma drug development in the
recent past had focused on new devices/formulations, new
molecules in well-established classes, and new combina-
tion treatments, particularly of long-acting bronchodilators
and corticosteroids. However, with the increasing knowl-
edge of the underlying pathophysiology of the asthma phe-
notypes, new modes of addressing the inflammatory com-
ponents of asthma are being developed based on specific
phenotypes or endotypes.7 Examples of asthma pheno-
types include early-onset versus late-onset, atopic versus
non-atopic, or even more specific categories of asthma
such as severe non-atopic asthma with frequent exacerba-
tions. Examples of asthma endotypes include pathophysi-
ologic criteria such as eosinophilic asthma, aspirin-exac-
erbated respiratory disease, or allergic bronchopulmonary
aspergillosis. The subcategorization of asthma into pheno-
types or endotypes is leading to a new era of precision
medicine in asthma that will shape regulatory expectations
and undoubtedly disrupt the traditional paradigms of treat-
ment. Cleared drugs for asthma are shown in Table 1, and
a brief description of their indications is in Table 2.

Asthma Drug Development by Class

The development of asthma medications varies substan-
tially by class and mechanism of action, reflecting the
underlying pharmacology and therapeutic intent. For these
reasons, the following asthma drug development discus-
sion is broken out by class.

Short-Term Relievers/Short-Acting � Agonists (SABAs).
These agents are intended for as-needed use in addressing
acute bronchospasm and wheezing, and their indication is
not specific to a given disease, applying to either asthma or
COPD. It is worth noting that most of the recent develop-
ment in this class has focused on reformulations needed to
complete the phase-out of chlorofluorocarbons as a part of
international efforts to protect the ozone layer, rather than
on new molecules.8 The most recent clearance of a novel
SABA was for levalbuterol, the S-enantiomer of the tra-
ditional racemic albuterol. Despite the chlorofluorocarbon
phase-out leading to a narrowing of options in SABA mol-
ecules (eg, pirbuterol is no longer available), no fully novel
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molecule has been developed in this class in decades. None-
theless, the paradigm for development is clear from the
program for the chlorofluorocarbon reformulations and the
levalbuterol program.9

For a new inhaled SABA molecule, the FDA’s expec-
tations would be similar to those for general drug devel-
opment, which are laid out in the COPD Drug Develop-
ment Overview, with the addition of juvenile animal studies

Table 1. FDA Cleared Drugs for Asthma*

CLASS Generic Name Dosage Form

�2-adrenergic agonists SABA Albuterol sulfate pMDI, DPI, inhalation solutions; oral tablets
Levalbuterol tartrate pMDI, inhalation solution
Metaproterenol Inhalation solution; oral syrup, tablets

LABA Salmeterol pMDI, DPI
Formoterol DPI, inhalation solution

Corticosteroids Inhaled Beclomethasone propionate pMDI
Budesonide DPI, inhalation suspension
Ciclesonide pMDI
Fluticasone furoate DPI
Fluticasone propionate pMDI, DPI
Mometasone DPI, pMDI

Antimuscarinic agents LAMA Tiotropium Soft mist inhaler
Combinations Corticosteroid/LABA Fluticasone propionate/salmeterol pMDI, DPI

Budesonide/formoterol pMDI
Fluticasone furoate/vilanterol DPI
Mometasone/formoterol DPI

Anti-leukotrienes Leukotriene synthesis inhibitor Zileuton Modified-release tablet
Leukotriene receptor antagonist Montelukast Tablets, granules

Zafirlukast Tablets
Biologic immune modulator Anti-IL5 antibody Reslizumab Intravenous infusion

Mepoluzimab Subcutaneous injection
Anti-IgE antibody Omaluzimab Subcutaneous injection

* Derived from the American Academy of Allergy, Asthma, and Immunology web site.
FDA � Food and Drug Administration
SABA � short-acting �2-adrenergic agonists
LABA � long-acting �2-adrenergic agonists
pMDI � pressurized metered-dose inhaler
DPI � dry powder inhaler
LAMA � long-acting antimuscarinic agents

Table 2. Asthma Drugs and Indication Statements by Class*

SABA For the treatment or prevention of bronchospasm with reversible obstructive airways disease
LABA (formoterol, salmeterol) For long-term, twice-daily administration as maintenance treatment of asthma and for prevention of

bronchospasm
ICS For maintenance treatment of asthma as prophylactic therapy
LAMA (tiotropium) For long-term, once-daily maintenance treatment of asthma
Combination ICS/LABA For the treatment of asthma
Antileukotrienes For prophylaxis and chronic treatment of asthma
Biologic immune modulator

(omalizumab)
For the treatment of moderate-to-severe persistent asthma in patients with a positive skin test or in vitro reactivity

to a perennial aeroallergen and symptoms that are inadequately controlled with inhaled corticosteroids
Biologic immune modulators

(mepolizumab, reslizumab,
benralizumab)

For add-on maintenance treatment of patients with severe asthma with an eosinophilic phenotype

* Indications are broadly worded by class.
SABA � short-acting �2-adrenergic agonists
LABA � long-acting �2-adrenergic agonists
ICS � inhaled corticosteroids
LAMA � long-acting antimuscarinic agents
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(systemic and inhalational models) in the preclinical phase
to account for likely use in the pediatric age group. Such
pediatric considerations are generally waived for drug de-
velopment targeted to treat COPD. Generating dose-rang-
ing information in this class can be done relatively con-
cisely, established through assessments of serial FEV1

measurements in stable subjects with asthma who have
previously documented air-flow impairment with respon-
siveness to bronchodilators. Subjects with asthma are dis-
tinguished from those with COPD for these purposes (be-
yond a prior diagnosis) by a limited smoking history
(� 10 pack-year history), younger age (for clinical phar-
macology studies, often 45 y or younger), and demon-
strated response to SABA administration at screening of
� 12–15% improvement in FEV1 after 2 puffs of a cleared
albuterol pMDI. Alternatively, for clinical pharmacologic
dose-ranging, stable asthma subjects with relatively pre-
served air flow can be assessed with methacholine chal-
lenge testing prior to and then following the test drug for
bronchoprotective properties.

Once an appropriate dose range is identified for a novel
drug, FDA expectations would be for 2 or more phase 3
studies in a broader asthma population (typically targeting
subject 12 y or older initially, including elderly asthmat-
ics) to establish acute dosing effects on serial FEV1 (to
determine maximum FEV1 response and duration of re-
sponse or the FEV1 area under the curve above baseline)
and subject responses to the drug at various time points
within the trial, which are expected to be 12–16 weeks in
duration. While SABAs are now used and labeled for as-
needed use, these studies traditionally dosed subjects on a
fixed schedule (eg, 4 times a day) to examine the efficacy
and safety at what would result from a maximum dose.
Such studies are usually placebo-controlled with rescue
allowed with a cleared albuterol inhaler. Note that the
FDA focuses on bronchodilation as the primary assess-
ment in this setting. This is reflected in the labeled indi-
cations that refer to the treatment and prevention of bron-
chospasm. Prevention for SABAs specifically is supported
either through studies to assess the mitigation of exercise-
induced bronchospasm (structured exercise testing in sub-
jects with a documented history of exercise-induced air-
flow obstruction) or methacholine challenge testing.

In addition to the periodic serial FEV1 assessments, study
subjects will generally assess daily morning and evening
peak flows at home (using peak expiratory flow devices)
and keep a symptom diary assessing traditional symptoms
of interest, such as cough, shortness of breath (at rest or
with exercise), nocturnal awakenings or wheezing. While
the European Medicines Agency generally requires co-
primary assessments of objective and subjective measures
in asthma studies, the FDA has traditionally viewed FEV1

as the primary outcome for bronchodilators (SABAs,
LABAs, and LAMAs) with symptom scores as informa-

tive secondary assessments. Treatment failures and wors-
ening asthma rates (eg, asthma exacerbations) would be
important secondary end points as well, but in a 12–16-
week trial, these are unlikely to show a statistically im-
portant difference for SABAs. In addition to the repli-
cate, shorter-term studies, the FDA requires a long-term
safety study (usually with some measure of durable re-
sponse included) for 12 months with at least 300 sub-
jects examined for 6 months and at least 100 subjects
examined for 1 y. These latter are minimums coming
from an International Council for Harmonization docu-
ment (http://www.ich.org/fileadmin/Public_Web_Site/ICH_
Products/Guidelines/Efficacy/E1/Step4/E1_Guideline.pdf, Ac-
cessed April 5, 2018.) for chronically dosed medications, and
the actual numbers for a novel product frequently exceed
these minimums. The long-term study can utilize as-needed
dosing of the SABA, and such longer-term studies are often
done through an open-label extension of one or both of the
phase 3 studies. Particular attention is paid to exacerbation
rates in comparison to any comparator control and the issues
of paradoxical bronchospasm, wherein some character-
istic of the formulation leads to further bronchoconstric-
tion post-inhalation rather than relief. Such occurrences
are particularly noteworthy after changes in formulation
or inhaler components in a new program or after post-
clearance changes.

Long-Acting Bronchodilators. Unlike SABAs, the lon-
ger-acting bronchodilators are cleared not for relief of acute
episodes on an as-needed basis, but as regularly dosed
medications to prevent bronchospasm and ameliorate symp-
toms of air-flow obstruction. This changes the develop-
ment pathway in comparison to SABAs.

LABAs. LABAs were first developed as stand-alone
products, though asthma treatment guidelines and the de-
velopment of combination products combining LABAs
with corticosteroids have largely supplanted the use of
single-ingredient LABA products in treating asthma. In
addition, evidence of increases in serious asthma exacer-
bations has led to FDA warnings about the use of LABAs
without concomitant ICS. Nonetheless, the development
paradigm for LABAs as stand-alone products also informs
some aspects of the combination products and therefore is
worth reviewing.

Aside from the other expectations of standard drug de-
velopment (in this case, also including toxicology in adults
and juvenile animals), clinical pharmacology/dose-ranging
with LABAs is similar to that of SABAs and is primarily
based on effects of dose levels versus degree of broncho-
dilation as assessed by FEV1 responses, including metrics
such as time to maximum effect, maximum FEV1 compared
to pre-dose baseline, time until FEV1 returns toward baseline
(eg, time until FEV1 returns to within 105–110% of pre-dose
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baseline), and the FEV1 area under the curve. At some point
in the program, the sponsor must address the serial FEV1/area
under the curve both acutely (early after initiation of dosing)
and chronically (weeks into a course of regularly adminis-
tered medication) to assess for any tachyphylaxis with chronic
administration. This can be a logistical challenge for a drug
with a 12- or 24-h period of effect, as subjects may need to
domiciled for extended periods. The characterization of acute
bronchodilatory action can be easily accomplished in shorter-
term phase 2 trials, while the documentation of any changes
seen with chronic administration need to be considered as a
part of the phase 3 program.

In contrast to the SABA paradigm, a LABA program
utilizes regularly scheduled dosing throughout, including
during long-term safety studies, because this is how these
drugs are labeled. The end points for the phase 3 trials, as
with SABAs, focus on spirometry and assessing changes
in FEV1 over time both at the first dose and end of study.
As with SABAs, the assessment of symptoms, peak expi-
ratory flow, and other metrics of asthma control are fol-
lowed as secondary end points. Unlike SABAs, an addi-
tional assessment with LABAs is the comparative need for
rescue SABA use during the trial. For safety, attention is
paid to exacerbation rates, particularly serious exacerba-
tions (eg, requiring emergency department or hospital treat-
ment) and death. Shortly after the initial marketing of
salmeterol, the FDA began to receive reports of serious
asthma deteriorations and deaths in patients treated with
the new medication. This eventually led to the Salmeterol
Multi-center Asthma Research Trial,10 which indeed iden-
tified an excess risk of such events. However, this effect
was primarily seen in subjects not on concomitant ICS,
and the absolute risk was small (although the relative risk
was significant). This, along with some data from higher-
dose formoterol studies that were of concern to the FDA,11

led the FDA to require boxed warnings along with an
expectation of post-clearance safety studies for new LABA-
containing products to examine rates of serious asthma
events.12 GlaxoSmithKline, Merck, and AstraZeneca have
all now reported reassuring findings that a LABA, when
added to an ICS in a combination inhaler, does not lead to
any signal for more serious adverse asthma events.13-16

LAMAs. To date, only one LAMA has been cleared for
asthma as a maintenance, once-daily therapy: tiotropium
administered by the proprietary inhaler (Respimat, Boehr-
inger Ingelheim, Ingelheim, Germany). As this molecule
was previously developed for COPD, the asthma program
was not a full de novo program. Dose selection was ob-
tained in short-term, crossover trials involving 5 doses of
tiotropium. However, these studies did not yield definitive
results that identified a single dose level.17 Therefore,
2 doses were included in the phase 3 trials (2.5 mg vs 5 mg
daily) and then compared to placebo and twice-daily sal-

meterol. The primary end point for these trials was the
mean change in FEV1 from pre-dose to peak (0–3 h), and
the longer-term trials included a co-primary of change
from baseline to trough (pre-dose) FEV1 at the end of the
study to document durability of response. Additional end
points included assessments of peak expiratory flows
(morning and evening), asthma exacerbations, asthma con-
trol, and health-related quality of life outcomes assessed
by the Asthma Quality of Life Questionnaire instrument.
The drug was cleared primarily on the basis of the bron-
chodilator effects documented in multiple phase 3 stud-
ies.18 Interestingly, these studies showed a decrease in
asthma exacerbations sufficient for mention in the label-
ing, but not a specific indication statement. It is notable
that, unlike the LABAs, there was no FDA requirement for
a post-clearance safety study.19 In summary, the develop-
ment of a LAMA in asthma appears to be quite similar to
what might be required for a new LABA, however, data to
date would not suggest a risk of rare, serious asthma ex-
acerbations occurring with LAMAs as single agents. There-
fore, no boxed warning is currently required by the FDA,
and no requirement for a large outcomes trial appears to be
likely for any subsequent LAMA developed for asthma.

Anti-Inflammatory Medications. These medications are
aimed at affecting the underlying airway inflammation, rather
than having a direct action on airway smooth muscle and
acute bronchospasm. As such, the development pathway fo-
cuses on assessments of clinical end points reflective of lon-
ger-term asthma control over acute bronchodilator effects.

ICS. While systemic steroids have long been used in the
setting of asthma exacerbations or severe, hard to control
disease, the use of ICS has become a mainstay of therapy for
asthma due to their broad effectiveness and relative safety.

In developing a new corticosteroid for inhalation, one
key consideration is the oral or gastrointestinal (GI) tract
bioavailability. With most inhalation devices, a substantial
portion of a dose emitted from a device impacts in the
mouth and pharynx and then is swallowed. High oral bio-
availability can therefore negate some of the safety advan-
tages of the inhaled route. While the lung is also a source
of systemic exposure for corticosteroids, for those moi-
eties with a limited GI bioavailability, the total bioavail-
ability may be well below 5%, but for a moiety like be-
clomethasone, which has a relatively high fractional GI
absorption (of the parent and active metabolite), the bio-
availability of an inhaled dose may be well in excess of
50%. This has implications for issues such as growth in-
hibitory effects in children and long-term corticosteroid
toxicity on bone, eyes, and other target organs. Most newer
ICS exhibit very low to negligible oral bioavailability.

While much work has been conducted to define acute
and sensitive biomarkers that could provide definitive,

DRUG DEVELOPMENT FOR ASTHMA AND COPD

802 RESPIRATORY CARE • JUNE 2018 VOL 63 NO 6



short-term assessments of dose versus response for ICS, to
date few such assessments have been shown to be reliable
and valid. Assessments such as the fraction of exhaled
nitric oxide (FENO) hold promise.20 FENO may be useful for
a sponsor to assess exposure-response in early trials to
define doses to be taken into phase 2 and phase 3 studies;
however, the FDA has been less receptive of FENO as
definitive data in identifying the appropriate clinical dose(s)
to the degree of obviating phase 2 trials. Without an acute,
sensitive clinical or biomarker measure to define dose-
effect, dose ranges to be examined would need to be ini-
tially extrapolated from in vitro binding studies and animal
models, but the FDA requires phase 2 studies of consid-
erable size and length (eg, 8–12 weeks) to provide data to
inform the appropriate, limited range of doses to take into
phase 3. The end points used in the phase 2 trials are often
the same as those in phase 3 trials, with a focus on im-
provement of trough FEV1 (FEV1 assessed prior to the
first daily dose of the study drug and before any broncho-
dilator) over time compared to baseline, as well as symp-
tom scores (eg, breathlessness, cough, wheeze, and noc-
turnal awakenings) and bronchial hyperreactivity as
assessed by methacholine or similar challenges studies.

For phase 3 studies, the FDA expects a range of asthma
severity to be addressed in the development program (mild,
moderate, severe with or without dependence on oral ste-
roids). Additionally, the patient population has usually in-
cluded adults and adolescents (eg, subjects 12 y and older).
While pediatric studies would eventually be required for
an asthma drug, these studies may be deferred until safety
and effectiveness is established in adolescents and adults.
Nonetheless, examining a range of asthma severity results
in the need to conduct multiple studies with differing de-
signs. However, it is common regulatory practice for this
suite of multiple phase 3 studies to be considered as repli-
cation of effectiveness if all of the studies are positive, rather
than replication of each specific dose/population. In general,
these studies individually examine more than 1 dose level,
but the dose levels themselves may vary between studies. For
instance, if the phase 2 trials have shown a range for the
experimental moiety that might be considered as low, me-
dium, and high dose, the low and moderate doses might be
examined in trials targeting a relatively milder asthma pop-
ulation (eg, those previously not on ICS), while moderate and
high doses might be evaluated for those patients not ade-
quately controlled on lower-dose ICS at study entry or in
patients with more severe asthma.

The FDA’s preferred primary end point in phase 3 ICS
studies is typically an objective measure of air flow (trough
FEV1) with secondary assessments of asthma symptoms
(with or without formal asthma control, peak expiratory
flow, and exacerbation rates). The FDA has accepted less
validated but historically used measures of asthma symp-
toms and control, but has also more recently allowed the

use of specifically developed instruments like the Asthma
Control Test and the Asthma Quality of Life Question-
naire. For subjects with milder cases, placebo-controls are
acceptable and generally encouraged, while placebo-con-
trols may also be possible for subjects with moderate asthma
if well-defined destabilization criteria are in place so that
any subject whose asthma deteriorates to a predefined de-
gree is rescued and removed from the study.21 In this
instance, the rate of subjects meeting these criteria can
itself be considered an end point, with effective doses
showing a reduced treatment-failure rate. Safety assess-
ments in these studies would be fairly routine, but they
should include a focus on issues and rates of common or
possible adverse effects of ICS, including oral candidiasis,
hoarseness, upper and lower respiratory tract infections,
and proximate bronchospasm.

The safety program for a novel ICS should examine
issues of systemic exposure at higher or maximum chronic
doses, such as hypothalamic pituitary axis effects, ocular
safety (eg, cataract formation), and bone density. These
can usually be addressed within phase 3 efficacy studies
and the long-term safety assessments as sub-studies without
necessarily requiring specific designs. After the observation
that intranasal beclomethasone could lead to growth effects in
younger children, the FDA instituted a requirement to ad-
dress growth effects for new ICS products and has issued
guidance on the specific conduct of these studies.22

Anti-leukotrienes. Novel drug development in this class
appears quiescent. However, as oral drugs with actions
beyond the airway, the preclinical and early clinical work
would be largely traditional. Dose finding would start with
in vitro data to define likely exposure ranges, and animal
data/models would be used to validate both the actions
(proof of principle of the pharmacology) and further re-
finement of clinical exposure targets/dosing. Interestingly,
despite the role of leukotrienes in the manifestations of
allergic reactions, defining asthma phenotypes that might
be particularly responsive to this class of medication has
not been fruitful.23 The clinical trials for these agents are
typical for a chronically administered asthma-controller
paradigm, focusing on pre-dose FEV1 improvements over
time (compared to placebo in addition to standard care),
with secondary assessments of peak expiratory flow and
asthma symptoms, including nocturnal awakenings and
change in use of � agonist relievers. As with other asthma
medication development programs, these trials should first
be done in adults/adolescents before being extended into
younger asthma patients (down to age 2 y). It is worth
noting that, for the youngest children, based on similarity
of disease and expected response, the FDA has allowed the
use of PK data, supplemented with demonstrated safety
and non-inferential efficacy evaluations, to inform clear-
ance (see montelukast labeling24).
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Combination ICS/LABA Therapy. A number of com-
binations of LABA with ICS have been developed for
asthma. In part, this solves a concern over the safety of
LABAs in asthma without concomitant corticosteroids and
provides for enhanced convenience as well as a potential
positive perceptible benefit (relief of bronchospasm) of the
combination that a patient would not perceive with a sin-
gle ingredient ICS.25

In many ways, the development of these combinations
are informed by the FDA’s expectations for the develop-
ment of the components, but with the complexity of hav-
ing to address the efficacy of the combination within a
given study with end points reflective of the differing phar-
macology/pharmacodynamics. Dose finding for the com-
bination of 2 previously cleared moieties will heavily de-
pend on the known dosing information for each component.
Consideration would have to be given to any potential
pharmacologic interactions between the 2 drugs, however,
and the pharmaceutics of the delivery device (the inhaler
and its delivery characteristics, including particle sizing of
each ingredient) will also factor into targeted dosing. These
considerations of the potential effects of changes in the
delivery device and pharmaceutics are important to dis-
cuss with the FDA during development, but because they
are circumstantial in nature, no general advice is war-
ranted. For combination products in which one or more of
the ingredients are novel, separate dose-ranging data for
each moiety, delivered via an inhaler as close to the pro-
posed combination device as possible, is advisable. These
studies are discussed in the sections about ICS and LABAs.

A combination product invokes an FDA regulatory re-
quirement (21 CFR 300.50) that generally requires the
developer to demonstrate that a population exists who would
be served by the combination, and that each component of
the combination contributes to the clinical effect of the
combination product. For combinations where each com-
ponent is expected to contribute to efficacy, this generally
will mean a factorial study design (that is, component A vs
B vs AB with and without placebo-control). In practice, a
full factorial design would mean a study of 12–16 weeks
in duration that targets an asthma population of relevant
severity to examine the ICS at an appropriate, previously
identified dose versus the LABA at a defined dose com-
pared to the combination of the 2 components combined at
the same nominal doses. To avoid the pharmaceutics issue,
these 3 doses should all be delivered by the same delivery
devices and formulations (with the exception of the ac-
tives) supported by in vitro characterization to show that
the expected lung delivery is not affected by the changes
in the active moieties. Because the use of LABAs without
concomitant corticosteroids has raised safety concerns re-
garding asthma deaths, it is possible that one arm can be
left out of the factorial considerations, so that the treatment
arms are placebo versus ICS versus LABA/ICS, where the

comparison of the LABA/ICS to the ICS alone and to
the placebo will allow one to assess the added effect of the
LABA.

Primary end points for such factorial studies in asthma
are complex, as the appropriate clinical measures of ICS
effects are distinct from those of LABAs. Co-primary end
points that reflect both attributes are necessary, such as
pre-dose FEV1 over time and at the end of the study is
usual for the ICS component, and timed FEV1 (peak, area
under the curve, duration) after dosing is usual for the
LABA at first dose, periodically during the study, and at
the end of study. Other supportive asthma end points also
should be assessed (eg, symptom scores, asthma control,
exacerbation rates, and morning and evening peak expira-
tory flows) and are relevant to both agents. As with any
ICS program, a number of studies may be needed to assess
patients requiring differing doses of the ICS due to their
underlying asthma severity (ie, higher doses for greater
severity).

Safety assessments and end points are informed by the
safety concerns of the population (asthma) and the under-
lying pharmacologic class issues described above. Nota-
bly, issues of adverse LABA effects on serious asthma
events or death and adverse ICS effects on growth, bone,
hypothalamic pituitary axis, or ophthalmologic effects may
be invoked by the FDA, especially if one or more of the
moieties is novel.

Longer-term safety and effectiveness studies would not
necessarily have to be factorial in design if use of a given
combination has already been substantiated and the regu-
lation therefore has been addressed. For instance, an ex-
amination of the effect of a LABA/ICS combination in-
haler in mitigating serious asthma exacerbations versus
placebo (both added to standard care) may be acceptable
given the feasibility of doing a factorial study in such a
situation if the combination rule has otherwise been ad-
dressed.

Anti-IgE and Anti-IL-5 Therapies. The development
of biologic therapies for asthma has been in process for
many years, but success in clinical development has been
challenging, in part reflecting the incomplete knowledge
of the roles of various specific, isolated targets in asthma
overall or even within specific clinical phenotypes. None-
theless, such agents have been cleared, and they are offer-
ing new therapeutic options for appropriate patients as
well as new insights into the pathophysiology of asthma.

The first of the biologics cleared by the FDA for asthma
was the humanized, anti-immunoglobulin E (IgE), known
as omaluzimab. This drug, which targets a major contrib-
utor in the complex chain leading to allergic responses (ie,
the IgE molecule), was developed for allergic asthma as
the targeted phenotypic population. However, defining
uniquely responsive patients was challenging, and ulti-
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mately the drug was studied in subjects with asthma and a
positive, clinically relevant allergen sensitivity (eg, by skin
testing or radioallergosorbent testing). While much of the
use of this agent has focused on severe allergic asthma, the
clinical studies were done with subjects who had what
could be considered moderate asthma, as they were only
required to have chronic asthma (for at least 1 y) and to be
receiving treatment with ICS, in addition to the demon-
stration of a positive skin test to at least one perennial
aeroallergen and an elevated total serum IgE.26 In the 4 piv-
otal trials, the design focused on being able to wean the
use of ICS (which was shown in all 4 trials) and to im-
prove exacerbation rates and other measures of asthma
control, including spirometry. There was, in 3 of the 4 tri-
als, a demonstrated reduction in exacerbation rate com-
pared to placebo, in addition to reductions in ICS use.
However, in the original trial examining the most severe
patient population, no significant effect on exacerbation
rate was seen. Furthermore, there were inconsistent results
on end points such as FEV1. Clinically, this leads to a
challenge in defining individual treatment response given
that asthma is a variable disease and traditional methods of
assessing objective response (eg, lung function test) were
not necessarily predictive. Testing for baseline IgE level in
patients was deemed important primarily to identify dos-
ing intensity rather than overall likelihood of response.
The evolution of the clinical use of omalizumab in allergic
asthma has been driven as much by post-clearance clinical
experience as by regulatory refinement of the labeling.

More recently, other monoclonal antibodies have been
in development for asthma, mainly targeting pathways lead-
ing to enhanced Type 2 T-helper (Th2) immune response.
These targets have included interleukins (eg, IL-4, IL-5,
IL-13), along with other elements of the Th2 response,
such as anti-thymic stromal lymphopoietin (anti-TSPL).27

The most advanced of these therapies are the anti-IL-5
antibodies (ie, mepolizumab, reslizumab, and benrali-
zumab), but these moieties have an interesting and instruc-
tive path to regulatory clearance. While IL-5 as a driver of
the allergic/Th2 response was well established, demon-
strating a clinical benefit of these agents was a develop-
ment challenge.28 Early phase 2 studies focusing on a broad
phenotype of persistent asthma were disappointing, pro-
viding very little evidence of tangible clinical benefit. How-
ever, a small study (N � 20) that examined the use of
mepolizumab in subjects on prednisone with identified
elevations in sputum eosinophils showed encouraging re-
sults in exacerbation rates, despite the small sample size.29

Unfortunately, sputum eosinophilia is not readily assessed
in most clinical settings. Eventually, the phase 3 trials for
both mepolizumab and reslizumab were conducted in sub-
jects with evidence of important elevations of blood eo-
sinophils (as a correlate to airway eosinophilia) and his-
tories of frequent exacerbations requiring systemic

corticosteroids despite moderate- to high-dose ICS.30,31

However, the specific entry criterion for the level of serum
eosinophils differed in the 2 programs. Both drugs were
shown to reduce subsequent exacerbation rates by approx-
imately 50% in subjects with moderately severe asthma
identified by elevated serum eosinophils, with more mod-
est and variable results on traditional end points such as
FEV1 change over time or asthma symptom scores. Ben-
ralizumab is the most recently cleared anti-IL-5 antibody
and it also showed similar reductions of approximately 50%
in exacerbations rates. The FDA ultimately cleared all
3 anti-IL-5 agents as add-on maintenance therapy for pa-
tients with severe asthma and an eosinophilic phenotype,
without further specifying in the indication statement what
the clinical criterion should be for that phenotype.

The lessons for other targeted biologics from the devel-
opment of the IL-5 antibodies are clear: Rather than tar-
geting a broad population of asthmatics, the program should
focus on identifying feasible and appropriate biomarkers that
enhance the likelihood of response to the therapy and that the
likely outcome of interest will be asthma control/exacerba-
tion rates, rather than the traditional controller medication
assessment of improvement in trough FEV1 over time.
Because trials to demonstrate improvements in exacerba-
tion rates are lengthy and large (given historic precedent
and likely effect sizes), this means substantial work must
be done in early development to identify the best biomark-
ers to use as a means for enriching or even restricting entry
into the phase 3 studies. This is a daunting challenge,
however, as a recent set of studies reported for a number
of other agents targeting the Th2 response (eg, anti-IL13)
have not shown a clear predictive biomarker associated
with a substantial clinical effect.32

COPD Drug Development Overview

The FDA has published 2 draft guidances with respect
to the clinical development of drugs for COPD: one in
November 2007, and one in May 2016. The 2016 guidance
is similar to the 2007 guidance, with the addition of an
appendix discussing the use of the St George Respiratory
Questionnaire (SGRQ) in COPD studies. The 2016 Guid-
ance for Industry, entitled Chronic Obstructive Pulmonary
Disease: Developing Drugs for Treatment,33 is available at
the FDA Website, and the authors recommend this guid-
ance to interested readers for further understanding of the
FDA’s framework for COPD drug development.

The guidance opines that there is a pressing need to
develop new drugs for COPD, particularly ones that may
affect disease progression, because currently available ther-
apies are mostly for symptomatic treatment. Potential drugs
for COPD are categorized broadly by the FDA as improv-
ing air flow obstruction; providing symptom relief (eg,
cough or dyspnea); modifying or preventing exacerbations;
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altering disease progression; and modifying lung structure.
Cleared drugs for COPD and their labeled indications,
including those that have SGRQ findings described in the
label, are shown in Tables 3 and 4.

As with asthma, a critical challenge for inhaled drugs
for COPD is to determine the effective dose(s) and regi-
men. Phase 2 dose-finding studies often use FEV1 as a
sensitive primary efficacy end point; however, surrogate
biomarker end points or even trends on clinical end points
can be evaluated to help further elucidate the dose-re-
sponse. For some COPD indications, such as preventing
exacerbations, the current state of biomarkers and physi-
ological understanding are such that it may be difficult to
perform highly informative phase 2 dose-finding trials if
the investigational drug demonstrates no bronchodilatory
effects. In such cases, phase 3 trials may need to include at
least 2 doses of drug versus placebo as a means of pro-

viding sufficient dose-response information. Typically,
most COPD drugs are cleared at a single dose/regimen. To
support multiple dose options of a drug for COPD, a sound
rationale based on clinical data must be provided. Absent
this, the FDA has cautioned in labeling that higher doses
of a given drug showed no additional benefit. Advair Dis-
kus, for example, is cleared only at the 250/50 strength for
COPD, with labeling noting that an efficacy advantage of
the higher-strength Advair 500/50 had not been demon-
strated.34

Generally, 2 confirmatory phase 3 trials are needed to
support clearance but the 2 trials do not need to be iden-
tical. For example, a first pivotal COPD trial might be
designed to enroll subjects with moderate COPD, while a
second might enroll subjects with more severe COPD. A
single long-duration trial may be sufficient for a drug claim-
ing to alter COPD disease progression, modify lung struc-

Table 3. Drugs Cleared by the FDA for COPD

Class Generic Name Brand Name

�2-Adrenergic agonists SABA Albuterol sulfate Accuneb, ProAir HFA, Proventil HFA
Levalbuterol tartrate Xopenex HFA
Pirbuterol acetate Maxair Autoinhaler

LABA Salmeterol Serevent Diskus
Formoterol Foradil Aerolizer
Formoterol solution Perforomist
Arformoterol Brovana
Indacaterol maleate Arcapta Neohaler
Olodaterol hydrochloride Striverdi Respimat

Anticholinergics SAMA Ipratropium bromide Atrovent HFA
LAMA Tiotropium bromide Spiriva Handihaler

Spiriva Respimat
Aclidinium bromide Tudorza Pressair
Umeclidinium bromide Incruse Ellipta
Glycopyrrolate Seebri Neohaler

Combinations SABA/SAMA Albuterol/ipratropium Duoneb
Combivent
Combivent Respimat

Corticosteroid/LABA Fluticasone propionate/salmeterol Advair Diskus
Budesonide/formoterol Symbicort
Fluticasone furoate/vilanterol Breo Ellipta

LABA/LAMA Vilanterol/umeclidinium Anoro Ellipta
Olodaterol/tiotropium Stiolto Respimat
Indacaterol/glycopyrrolate Utibron Neohaler
Formoterol/glycopyrrolate Bevespi Aerosphere

ICS/LAMA/LABA Fluticasone furoate/umeclidinium/vilanterol Trelegy Ellipta
Phosphodiesterase inhibitor PDE–4 Inhibitor Roflumilast Daliresp
Xanthines Theophylline Multiple names

FDA � Food and Drug Administration
SABA � short-acting �2-adrenergic agonists
LABA � long-acting �2-adrenergic agonists
SAMA � short-acting antimuscarinic agents
LAMA � long-acting antimuscarinic agents
ICS � inhaled corticosteroids
PDE � phosphodiesterase
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Table 4. COPD Drugs, Their Indications, and SGRQ Findings in Labeling*

Drug Class/Product Indication
SGRQ

in Label

SABA Therapy
Albuterol For the treatment or prevention of bronchospasm with reversible obstructive airway disease No
Levalbuterol For the treatment or prevention of bronchospasm with reversible obstructive airway disease No
Pirbuterol For the treatment or prevention of bronchospasm with reversible obstructive airway disease No

SAMA Therapy
Ipratropium bromide For the maintenance treatment of bronchospasm associated with COPD, including chronic

bronchitis and emphysema
No

SABA/SAMA Therapy
Albuterol sulfate/ipratropium bromide For patients with COPD on a regular aerosol bronchodilator who continue to have

bronchospasm and require a second bronchodilator
No

LABA Therapy
Salmeterol For long-term maintenance treatment of bronchospasm associated with COPD (including

emphysema and chronic bronchitis)
No

Formoterol For long-term maintenance treatment of bronchospasm associated with COPD (including
emphysema and chronic bronchitis)

No

Arformoterol For long-term maintenance treatment of bronchospasm associated with COPD (including
emphysema and chronic bronchitis)

No

Indacaterol For long-term maintenance treatment of bronchospasm associated with COPD (including
emphysema and chronic bronchitis)

Yes

Olodaterol For long-term maintenance treatment of bronchospasm associated with COPD (including
emphysema and chronic bronchitis)

No

LAMA Therapy
Tiotropium (Spiriva Handihaler and

Respimat)
For long-term maintenance treatment of bronchospasm associated with COPD (including

emphysema and chronic bronchitis) and for reducing COPD exacerbations
No

Aclidinium For long-term maintenance treatment of bronchospasm associated with COPD (including
emphysema and chronic bronchitis)

No

Umeclidinium For long-term maintenance treatment of bronchospasm associated with COPD (including
emphysema and chronic bronchitis)

Yes

Glycopyrrolate For long-term maintenance treatment of bronchospasm associated with COPD (including
emphysema and chronic bronchitis)

Yes

ICS/LABA Therapy
Fluticasone propionate/salmeterol For maintenance treatment of airflow obstruction and reducing exacerbations No
Budesonide/formoterol For maintenance treatment of airflow obstruction and reducing exacerbations Yes
Fluticasone furoate/vilanterol For maintenance treatment of airflow obstruction and reducing exacerbations Yes

LABA/LAMA Therapy
Vilanterol/umeclidinium Long term maintenance treatment of airflow obstruction No
Olodaterol/tiotropium Long term maintenance treatment of airflow obstruction Yes
Indacaterol/glycopyrrolate Long term maintenance treatment of airflow obstruction Yes
Formoterol/glycopyrrolate Long term maintenance treatment of airflow obstruction Yes

ICS/LAMA/LABA Therapy
Fluticasone furoate/umeclidinium/vilanterol For patients on Breo Ellipta who may benefit from extra bronchodilation or for patients

already on Breo Ellipta and Incruse Ellipta
Yes

Phosphodiesterase inhibitor therapy
Roflumilast Reduces the risk of COPD exacerbations in patients with severe COPD associated with

chronic bronchitis and a history of exacerbations
No

Xanthines
Theophylline Treatment of symptoms and reversible airflow obstruction associated with asthma and

other chronic lung diseases (emphysema and chronic bronchitis)
No

* Indications are not precisely worded, but are generally consistent with labeling. Generally consistent with labeling as per the FDA website viewed on March 25, 2018.
SGRQ � St George Respiratory Questionnaire
SABA � short-acting �2-adrenergic agonists
SAMA � short-acting antimuscarinic agents
LABA � long-acting �2-adrenergic agonists
LAMA � long-acting antimuscarinic agents
ICS � inhaled corticosteroids
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ture, or modify/decrease exacerbation events, as these are
very challenging claims. Any single trial would need to be
very well designed and carefully conducted, and it would
need to show robust and convincing results.

The duration of pivotal COPD studies are at least
3 months for a bronchodilator drug that uses improved
FEV1 as its primary end point, and 6 months for a non-
bronchodilator drug that uses FEV1 as its primary end
point. For symptom relief, the duration of pivotal studies is
at least 6 months; for an exacerbation claim, the durations
are at least 1 y. These durations are partly driven by the
need to allow sufficient time to observe enough events.
For a drug that seeks a claim to alter disease progression,
a trial of at least 3 y is needed to demonstrate a change in
the slope of FEV1 fall. For drugs that seek to modify lung
structure, a trial would generally need to be several years
in duration due to the slow pace of lung destruction in
COPD. While asthma therapies generally need to be de-
veloped for pediatrics as well as adults, COPD therapies
are generally developed only for use in adults and are
therefore exempt from pediatric development requirements.

As with asthma, biomarkers are of interest in determin-
ing COPD phenotypes and for use in refining clinical trial
enrollment criteria. These may also be useful in phase 2
trials if they are sensitive to dose-response. The COPD
Biomarker Qualification Consortium was initiated in 2010
by the COPD Foundation with encouragement from the
FDA and the National Heart, Lung, and Blood Institute to
develop a biomarker qualification process for COPD.35

The first such biomarker, cleared by the COPD Biomarker
Qualification Consortium in 2015, was plasma fibrinogen,
which was found to be predictive of mortality and hospi-
talized exacerbations in patients with COPD.36 Clinical
validation for this biomarker as a marker of higher
exacerbation risk was largely based on the Evaluation of
COPD Longitudinally to Identify Predictive Surrogate End
Points (ECLIPSE) study,37 but this was bolstered by other
studies. Findings showed that high fibrinogen levels
(� 350 mg/dL) were present at baseline in 44.7% of in-
dividuals with COPD, and these subjects had an increased
risk of COPD exacerbations within 12 months (hazard
ratio 1.64, 95% CI 1.39–1.93).36 An FDA guidance for
industry provides the context of use in interventional clin-
ical trials of subjects with COPD, noting that fibrinogen
levels could be used as an enrichment factor in COPD
exacerbation trials but not currently as an end point.38 The
use of any enrichment approach in identifying subjects for
pivotal exacerbation trials, however, may also affect la-
beling and lead to a more restricted indication.

Primary end points for cleared COPD drugs have gen-
erally focused on pulmonary function or COPD exacerba-
tions. For drugs that aim to treat air-flow obstruction (ie,
bronchodilators), FEV1 is the primary efficacy end point
and is considered a direct measure of the drug’s benefit.

For non-bronchodilator drugs, FEV1 can also be a primary
efficacy outcome, but in this case FEV1 is more of a sur-
rogate assessment, and efficacy should also be supported
by co-primary or secondary clinical efficacy outcomes,
such as symptoms or patient-reported outcomes. For bron-
chodilators, the FDA’s expectation is that the full FEV1

characterization, including peak, trough, and every time
point in between, will show robust separation from pla-
cebo. The FDA does not endorse a level of trough-FEV1

benefit that is known to be clinically meaningful. A 100 mL
change from baseline for drug versus placebo has been
recognized in the literature as being perceived by patients,
correlating with fewer relapses following exacerbations
and falling in the range for the minimal mean trough effect
met by all cleared bronchodilators for COPD.39

A reduction in moderate to severe COPD exacerbations
(requiring systemic corticosteroid intervention or hospital-
ization) has also been a primary efficacy outcome in COPD
trials, with drugs that currently carry this indication show-
ing an approximately 20–30% relative reduction in risk.
While COPD exacerbations are often defined by treatment
intervention (eg, the need for oral steroids or antibiotics),
it is important to also collect clinical information on the
case report to confirm that the intervention was generally
needed and not simply implemented without due cause.
Because inhaled steroids in COPD have been associated
with pneumonia risk, exacerbation studies within this class
must clearly define exacerbations versus pneumonia.

Additional end points aside from FEV1 or COPD exac-
erbations that may be considered include other pulmonary
function test findings (FVC or residual volume (RV)/total
lung capacity (TLC) can be considered as a reflection of
hyperinflation). While there is no precedence for use of
this ratio as a primary end point in COPD, elevations
of RV/TLC reflect air trapping and may be a relevant end
point in COPD. Improvements in FVC in COPD as a
primary end point also have no regulatory precedence, but
FVC has been used as primary outcome in trials for idio-
pathic pulmonary fibrosis. If considered for a COPD trial,
RV/TLC and FVC should be discussed in advance with
regulatory authorities, with consideration given as to why
FEV1, the more traditionally accepted end point, is not
being proposed. Exercise capacity, as assessed by the stan-
dardized 6-min walk test or other standardized assessments,
such as treadmill or cycle ergometry, can be considered,
but this end point has high inter- and intrapatient variabil-
ity, which has implications on assay sensitivity and power.
Therefore, unless a dramatic effect on exercise capacity is
anticipated, this outcome would generally be considered as
a supportive outcome measurement.

Symptoms of COPD (eg, cough, dyspnea) are key man-
ifestations of COPD for patients and yet are generally
considered as secondary outcomes due to their subjective
nature and the lack of precision and standardization in
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measurement. Specifically, the FDA’s COPD Guidance
notes that the Medical Research Council dyspnea score, the
Borg Scale, and the Mahler Baseline Dyspnea Index/Tradi-
tional Dyspnea Index are not acceptable as primary out-
come variables, nor can they be used to support specific
labeling claims. Health-related quality of life instruments,
including the SGRQ, the SGRQ-COPD (a COPD-specific
version of the SGRQ), and the Chronic Respiratory Ques-
tionnaire are not considered appropriate as solitary pri-
mary end points by the FDA.40-42 However, both the SGRQ
and the SGRQ-C are acceptable for use in COPD trials,
and positive results may be included in labeling as per the
FDA’s 2016 COPD Guidance.33 The SGRQ can be a co-
primary or key secondary end point that establishes clin-
ical benefit of a drug for COPD, but it is not recommended
by the FDA as a sole primary end point.

Additional guidance on patient-reported outcomes for
COPD may derive from the FDA’s Compendium of Clin-
ical Outcomes Assessments, which lists various tests that
have been previously used in clinical trials.43 The FDA
created the list of clinical outcome assessments based on a
review of labeling for new molecular entities cleared from
2003 to 2014. The Compendium is intended to promote
patient-focused drug development. If an outcome measure
is on this list, it is not a definitive indication that the
measure is appropriate as a primary outcome, and it does
not necessarily equate to FDA endorsement. Nonetheless,
if an outcome measure is listed, it may be a viable end
point to discuss with the FDA to support labeling claims.
For COPD, end points listed in this compendium include
lung function (FEV1), the SGRQ, patient diaries, and the
EXACT-PRO instruments. The EXACT-PRO instruments
include the EXACT (EXAcerbations of Chronic Pulmo-
nary Disease Tool), which is a 14-item patient-reported
outcome daily diary used to quantify and measure exac-
erbations of COPD, and the E-RS (Evaluating Respiratory
Symptoms), which is an instrument designed to follow
respiratory symptoms in stable COPD patients.44 The E-RS
utilizes 11 of the respiratory symptoms within EXACT.
Both EXACT and the E-RS are useful tools to consider
including in phase 2 or phase 3 COPD trials to better
understand patient outcomes and to possibly inform dose
selection.

COPD Drug Development by Class

Short-Term Relievers/Short-Acting � Agonists
(SABAs) or Short-Acting Muscarinic Antagonists
(SAMAs). Cleared SABAs include albuterol sulfate,
levalbuterol titrate, and pirbuterol acetate (no longer
marketed). SAMAs include ipratropium bromide, which
is available either alone or in combination with albu-
terol sulfate (SABA/SAMA).

Indication statements vary, depending on the agent, and
imply either a short-term rescue use for relief of broncho-
spasm or a maintenance use specific to COPD:

• SABAs are cleared for relief of bronchospasm, with
most products not specifying asthma or COPD in the
indication.

• SAMAs are indicated for the maintenance treatment of
bronchospasm associated with COPD, including chronic
bronchitis and emphysema.

• The combination of albuterol sulfate/ipratropium bro-
mide is indicated for patients with COPD on a regular
aerosol bronchodilator who continue to have evidence
of bronchospasm and who require a second bronchodi-
lator.

There is no formal definition for a short-acting
bronchodilator, but their duration of action is known to be
generally 4–6 h. The development of SABAs has been
covered in the Asthma Drug Development by Class sec-
tion. The development of SAMAs is generally similar,
although these drugs have generally been developed for
patients with COPD, not asthma.

Combination drugs (such as a SAMA/SABA) are chal-
lenging and submissions must show the added benefit of
each component to bronchodilation as per the FDA com-
bination rule. A full understanding of each single agent’s
benefit as a bronchodilator is required, even if the single
agents are not being considered for market. Full charac-
terization of the mono-components is expected, with ro-
bust dose-ranging studies that use the same devices as that
for the combination. PK data also need to substantiate the
lack of pharmaceutical interaction for the combination ver-
sus the single ingredients. When a full understanding of
the single ingredients is achieved and the lack of pharma-
ceutical interactions is established, traditional phase 3 fac-
torial design trials can be done to establish efficacy for the
combination versus the mono-components. Such trials are
generally placebo-controlled to fully understand the safety
profile of the combination.

Safety concerns for SABAs include hypokalemia, hy-
perglycemia, and tachycardia. Safety concerns for SAMAs
include dry mouth, urinary retention, and cardiac arrhyth-
mias. These must be adequately characterized in clinical
trials for single SABA or SAMA agents and for combi-
nations, and patients with COPD must provide a meaningful
part of safety data as this population is, in general, more
susceptible to systemic safety concerns than are younger asth-
matics.

Long-Acting Bronchodilators. As for asthma, these
drugs are administered in patients with COPD, as regularly
dosed medications to prevent bronchospasm and amelio-
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rate symptoms of airflow obstruction, not for relief of
acute episodes on an as-needed basis.

LABAs. LABAs are a cornerstone of COPD therapy
cleared as maintenance therapies for the relief of air-flow
obstruction. This claim is supported by FEV1, typically
measured at trough, which is considered a direct efficacy
end point that is relevant and meaningful. Additional sup-
portive end points, such as rescue bronchodilator use, COPD
exacerbations, or the SGRQ may be included in trials, but
the finding of bronchodilatory benefit alone can support
this indication. More recently developed LABAs have had
to allow for background standard therapy in their placebo-
controlled pivotal trials (including LAMA therapy), thus
making a trough effect more challenging to demonstrate.
More recently cleared LABAs were developed only for
COPD, but 2 of the early LABAs (salmeterol as Serevent
Diskus and formoterol as Foradil Aerolizer) were devel-
oped for both asthma and COPD. The safety concerns that
arose for LABAs in asthma have not been shown to apply
to COPD, and this may have provided the impetus of
subsequent development in this class to focus on COPD
alone. Labeling for LABAs, even for those cleared only
for COPD, include the boxed warning statement related to
asthma.

Phase 2 trials to support dose and regimen are critical to
support a LABA clearance for COPD. Many early phase 2
dose-finding trials for LABAs are performed in subjects
with asthma, even if the ultimately desired indication is
COPD because of the sensitivity of asthmatics to LABA
and their ability to discern dose response. Phase 3 trials for
the more recently cleared LABAs for COPD have gener-
ally continued to evaluate 2 doses of LABA versus pla-
cebo and are done in the COPD population.

The NDA for Arcapta Neohaler (indacaterol) provides
an important lesson in the use of adaptive trial designs for
phase 3 COPD bronchodilator trials, which are sometimes
desired in an effort to speed drug development.45 The orig-
inal indacaterol NDA was filed based on a phase 3 adap-
tive design that determined successful doses at week 2 in
an interim analysis. Based on findings at week 2, doses of
150 �g/d and 300 �g/d were carried forward, while lower
doses were deemed unsuccessful and were dropped. Upon
review, however, the 75-�g/d dose, while dropped in the
adaptive design, was still considered a viable dose, as it
had just missed the pre-determined cutoff and the drug
appeared to show increased efficacy over time. With fur-
ther study, the 75-�g/d dose was indeed found to be ef-
fective and ultimately was the dose cleared for COPD. If
adaptive designs are considered, stopping rules for dis-
carding potentially ineffective doses should be conserva-
tive, such that only truly unsuccessful doses are dropped.
The timing of the data informing the decision for dropping
doses should also take into account the time needed to see

the full effect of the drug. Because COPD trials for bron-
chodilators are generally short in duration (12 weeks) and
easy to enroll, the risks versus the benefits of an adaptive
design approach for dose-finding should be carefully con-
sidered.

Indacaterol also provides perspective on how challeng-
ing it can be to achieve clearance for 2 dose options of a
LABA. The applicant provided justification for the 75-�g
once-daily dose as well as a 150-�g once-daily dose, aim-
ing to demonstrate that the higher dose provided better
bronchodilation and symptom control in the more severe
subset of COPD subjects. Ultimately, however, only the
75-�g dose was cleared as the advantage of the higher
dose was not convincingly demonstrated. Achieving clear-
ance of 2 doses of a bronchodilator for COPD is challeng-
ing and is currently unprecedented in the United States.
However, indacaterol was also cleared at doses of 150 �g
and 300 �g in Europe. The FDA explained their rationale
for clearing only the lower dose in an editorial,46 noting
that the 75-�g dose provided for bronchodilation similar
to that achieved with the 150-�g dose, and that there was
no confirmatory trial directly comparing the 75-�g and
150-�g doses. The FDA will consider 2 doses of a bron-
chodilator for clearance but a strong case must be made
that both doses are necessary, such as the need for a higher
dose by a more severe subset of the COPD population.

The safety database for LABAs needs to address the
known class risks of hyperglycemia, hypokalemia, and
changes in heart rate and heart rhythm. A formal QT safety
study is generally needed, and a subset of patients in the
phase 3 trials are required to undergo Holter monitoring.
The LABAs as a class do prolong the QT interval, but the
doses that are cleared have had minimal to no effect on
QT. NDA filings for the more recently cleared new-entity
LABAs have had extensive safety databases at the time of
filing of around 3,000–4,000 COPD subjects exposed to
the drug.

LAMAs. LAMAs, like LABAs, are also a cornerstone
of COPD therapy, and their development is very similar to
that of the LABAs. Careful attention of dose and regimen,
with the lowest optimal dose selected for clearance is the
rule, and generally applicants exert a great deal of effort in
phase 2 trials to determine this, while still studying 2 doses
potentially in phase 3 trials. Phase 3 trials for LAMAs, like
for LABAs, are generally 12–16 weeks in duration and
demonstrate efficacy based on trough FEV1, assessing
changes from baseline in each active treatment arm versus
placebo. The safety database for LAMAs needs to address
the known risks of anticholinergics, specifically dry mouth,
urinary retention, changes in heart rate or heart rhythm,
and narrow-angle glaucoma risk. The FDA anticipates a
robust safety database at the time of FDA filing, similar in
scope to that provided for the LABA class. Like LABAs,
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Holter monitor data and a formal QT safety study are
required for LAMAs. The LAMA tiotropium provides for
some important safety lessons learned.

Spiriva Handihaler (titropium bromide) was the first
LAMA cleared for COPD in the United States in January
2004 for the long-term maintenance treatment of broncho-
spasm associated with COPD, and this drug gained a sec-
ond indication for reducing COPD exacerbations in 2009.
The sponsor, Boehringer Inghelheim, voluntarily notified
the FDA in 2007 of a possible new safety concern of
stroke.47 The pooled data from 29 controlled clinical trials
(25 trials with Spiriva HandiHaler, and 4 trials with Spiriva
Respimat), reflecting 13,544 subjects with 4,572 person-
years exposure, had shown an increased risk ratio for stroke
of 1.37 (95% CI 0.73–2.56) associated with the use of
tiotropium. Some of the signal appeared to be driven by
the Spiriva Respimat experience. In September 2008, a
meta-analysis published in JAMA48 analyzed 17 random-
ized, controlled clinical trials involving ipratropium or
tiotropium, assessing the primary combined outcome of
cardiovascular death, myocardial infarction, or death, show-
ing a relative risk of 1.58 (95% CI 1.21–2.06) for inhaled
anticholinergics versus placebo. The article concluded that
inhaled anticholinergic use for � 30 d significantly in-
creases the risk of cardiovascular death, myocardial in-
farction, or stroke in subjects with COPD by approxi-
mately 58%. A second publication in 2008 reinforced this
concern.49

Ultimately, a 4-y, double-blind, 6,000-subject, placebo-
controlled trial for Spiriva HandiHaler (UPLIFT) yielded
reassuring results for overall mortality, myocardial infarc-
tion, and stroke.50 Vital status data were available on 98%
of participants. Mortality occurred in 14.9% of patients in
the tiotropium arm versus 16.5% in placebo arm, yielding
a hazard ratio of 0.89 (95% CI 0.79–1.02). While not
sufficiently robust to support a mortality claim favoring
the drug, these data were reassuring in light of the former
meta-analyses. In UPLIFT, the myocardial infarction rates
also favored a tiotropium benefit, being observed in 67 sub-
jects in the tiotropium arm versus 85 subjects in the pla-
cebo arm for a relative risk of 0.73 (95% CI 0.53–1.00),
with stroke observed in a balanced fashion in 82 subjects
in the tiotropium group versus 80 subjects in the placebo
group for a relative risk of 0.95 (95% CI 0.70–1.29). A
2009 meta-analysis of 19 controlled tiotropium trials in-
cluded in UPLIFT concluded that tiotropium did not sig-
nificantly increase the risk of adverse major cardiovascu-
lar events among COPD patients.51 Additional randomized,
controlled data specifically with the tiotropium Respimat
device that followed was also reassuring.52 The FDA ad-
dressed the reassuring safety profile of tiotropium in a
publication.53 The tiotropium lesson learned is that safety
signals from even well-performed meta-analyses may not
be valid, and until or unless randomized, controlled data

are available, such signals should be interpreted with cau-
tion.

Tudorza Pressair (aclidinium bromide) provides for some
perspective on the importance of dose/regimen in bron-
chodilator programs and on the adequacy of a safety da-
tabase for the COPD indication, with the summary review
available on the FDA web site.54 The applicant pursued
pivotal phase 3 trials with aclidinium 200 �g QD, finding
an overall statistically significant difference of approxi-
mately 60 mL in trough FEV1. Upon reviewing the data,
the FDA did not clear the drug, instead recommending
study of higher doses and more frequent dosing regimens
given the relatively limited effects seen on FEV1. A re-
submission to support aclidinium at 400 �g twice daily
was successful. This experience underscores the impor-
tance of adequate dose finding prior to advancing to phase 3
studies. The adequacy of a safety database was also an
issue for this application. While many studies had been
performed at various dose levels, the subject exposure at
the cleared dose of 400 �g twice daily dose only margin-
ally exceeded the International Council for Harmonization
guideline minimums for a chronic use drug, with 1,471 sub-
jects exposed, of whom 733 subjects were exposed for
6 months or longer and 329 subjects for 1 y or longer. The
FDA observed the database provided for infrequent
serious outcomes, sometimes with imbalances (albeit small
numbers overall) and concluded that the database,
while acceptable for clearance nonetheless required a
phase 4 study to further understand the safety outcomes
of aclidinium, particularly its cardiovascular safety. The
ASCENT study, evaluating the effect of aclidinium bro-
mide on long-term cardiovascular safety and exacerba-
tions in patients with moderate to very severe COPD, is
currently fully enrolled and ongoing.55 Thus, while Inter-
national Council for Harmonization guidelines are a frame-
work for an adequate safety database, most applicants ex-
ceed these guidelines in developing drugs for asthma and
COPD.

Combination LAMA/LABA Therapy. The same gen-
eral tenets for SAMA/SABA combination drugs apply to a
combination LAMA/LABA program. A full understand-
ing of each single agent’s benefit as a bronchodilator is
expected even if the single agents are not being considered
for market. It is not required that each mono-component be
cleared for COPD, but if they are not, they should be fully
characterized as to dose and regimen. All studies should be
performed with the same drug delivery device, and there
must be no evidence of pharmaceutical interaction (in vitro
or in vivo) for the combination versus the single ingredi-
ents within the device. PK data are needed to substantiate
the lack of a pharmaceutical interaction for the combina-
tion versus the single ingredients. Pharmacodynamic data
can also be provided to assure that, in general, the bron-
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chodilatory benefit provided by the combined product rep-
resents approximately the sum of the individual LAMA
and LABA mono-components. This has generally been the
case with LAMA/LABA combinations, as each drug af-
fects different receptors in the airway, providing broncho-
dilation in a different way. When a full understanding of
the single drug components is achieved and the lack of
pharmaceutical interactions is established, the traditional
phase 3 factorial design trials can be completed to estab-
lish efficacy for the combination versus placebo and ver-
sus each single component. Placebo is generally included
in such studies to adequately inform the safety profile of
the LAMA/LABA.

The primary efficacy end point for demonstrating the
benefit of the LAMA is often the full FEV1 area under
the curve throughout the entire dosing interval, while the
LABA’s benefit is often measured as the trough FEV1

change from baseline. For Utibron Neohaler (indacaterol
[IND]/glycopyrollate [GP]), however, the same primary
efficacy end point of 12-hour FEV1 area under the curve
was used to support the benefit of the combination ver-
sus the mono-components, as per the summary FDA
review.56 Utibron Neohaler (cleared as glycopyrollate
15.6 �g twice daily and indacaterol 27.5 �g twice daily)
provides some helpful perspective on the development path
for a LABA/LAMA. Prior to Utibron’s clearance both
single ingredients had been cleared by the FDA; the Seebri
Neohaer (glycopyrollate 15.6 �g twice daily) was cleared
by the FDA during their review of the Utibron Neohaler
application, and the Arcapta Neohaler (indacaterol new
drug 75 �g once daily) had been cleared since 2011. Each
drug was well understood for COPD, but one was cleared
for twice-daily use while the other had been cleared for
once-daily use. A unique challenge thus posed by com-
bining these 2 products was to discern which regimen
(once daily or twice daily) best fit the combination. Al-
though the applicant began with a dose-finding study of
once-daily glycopyrollate in an attempt to match the once-
daily indacaterol, it was eventually determined that it was
more appropriate to select a twice-daily dose of indacaterol
to match the twice-daily glycopyrollate.

The Utibron Neohaler application supported mention of
SGRQ results in labeling. In both pivotal studies, the pro-
portions of subjects with a change from baseline of 4 (the
minimal clinical important difference) were greater for the
Utibron Neohaler than for placebo. The Utibron Neohaler
application also provided some perspective on QT safety.
A formal QT safety study was marginally positive for
Utibron Neohaler, although the dose evaluated was 16-
fold higher for investigational new drug and 32-fold higher
for GP; even at this dose, the mean maximal change in QT
at 30 min post-dose (presumably peak) was 8.70 ms (90% CI
7.3–10.1). Per the Utibron label, “although a marginal QT
effect of Utibron Neohaler was observed at the suprath-

erapeutic dose, it is unlikely there will be a clinically
relevant effect at the therapeutic exposure.”57

Combination ICS/LABA Therapy. Three ICS/LABA
therapies are cleared for COPD: Advair Diskus 250/50,
containing fluticasone propionate and salmeterol xinofoate;
Symbicort, containing budesonide and formoterol fumar-
ate; and Breo Ellipta, containing fluticasone furoate (FF)
and vilanterol trifenatate (VI). All are cleared at a single
fixed dose of ICS and LABA. ICS mono-therapy is not
FDA-cleared for COPD. ICS/LABA programs need to sub-
stantiate the benefit of the LABA component for COPD,
which is provided by assessing FEV1 benefit. In all cases
so far, the LABA dose for the ICS/LABA has been iden-
tical to that for the cleared standalone LABA therapy. The
more challenging aspect of an ICS/LABA program for
COPD is the need to substantiate the benefit of the inhaled
steroid component, and to clarify that with adequate dose
exploration. ICS have generally shown modest benefits on
FEV1 in the COPD population, with little evidence for
dose response. FEV1 is an acceptable primary efficacy end
point for the benefit offered by the ICS. However, interest
in the more clinically relevant effect of ICS on reducing
COPD exacerbations has led to this being a primary effi-
cacy end point and an important additional claim for the
combination ICS/LABA products. A pneumonia risk is
noted with respect to all inhaled steroids in all ICS/LABA
labels when used for COPD as part of class labeling. This
same risk has not been observed for asthma.

Breo Ellipta (FF 100 �g/VI 25 �g), is the most recently
cleared ICS/LABA therapy for COPD and provides some
helpful lessons on obtaining a COPD-exacerbation claim.
There were 2 replicate pivotal trials performed, both last-
ing 52 weeks. Each study included 3 FF/VI dosage arms
(50/25, 100/25, and 200/25), as well as a VI25 dosage arm.
The goal of each pivotal trial was to assess the proper
strength of FF that would provide a reduction in COPD
exacerbations. The primary efficacy end point was the
annualized rate of moderate and severe exacerbations. A
hierarchical analysis of the 3 FF/VI arms (200/25, 100/25,
and 50/25) was planned, and step-down to the lower dose
could only occur if the higher dose was successful. In one
pivotal trial, the highest strength did not meet significance,
such that the medium strength of 100/25 could only be
considered nominally significant. With that said, the 100/25
strength provided for a 34% reduction in moderate to se-
vere exacerbations over vilanterol. The second trial made
significance at the highest strength as well as at the me-
dium strength, which showed a 21% reduction in moderate
to severe COPD exacerbations that was statistically sig-
nificant over vilanterol. The FDA considered the totality
of data and cleared a COPD-exacerbation claim for the
FF/VI 100/25 strength, despite one trial failing due to a
prespecified hierarchical analysis. As per the medical of-
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ficer review: “While the two 52-week exacerbation tri-
als do not provide replicate evidence of statistically
significant improvement based on the testing hierarchy
for FF/VI 100/25 over VI25, the totality of the efficacy
data comparing FF/VI 100/25 to VI25 demonstrates the
benefit added by the steroid component to the combi-
nation product.”58

Combination ICS/LAMA/LABA Therapy. Trelegy El-
lipta is a combination of fluticasone furoate (an ICS), ume-
clidinium (a LAMA), and vilanterol (a LABA) that was
cleared in 2017 for the long-term, once-daily, maintenance
treatment of COPD patients. Trelegy is cleared at a fixed
dose of fluticasone furoate/umeclidinium/vilanterol of
100/62.5/25 �g once daily. The indication is uniquely
worded to apply to COPD patients who are already on
fluticasone furoate/vilanterol (Breo Ellipta, GlaxoSmith-
Kline, Middlesex, United Kingdom) for reducing COPD
exacerbations and treating air-flow obstruction, in whom
additional bronchodilatory benefit is desired (offered by
the LAMA, umeclidinium). The restricted indication is
due to the fact that the primary efficacy data provided for
Trelegy focused on the added bronchodilatory benefit of-
fered by the LAMA over the ICS/LABA. Trelegy is also
indicated for COPD patients already receiving the triple
therapy via 2 different inhalers (Breo Ellipta and Incruse
Ellipta). The indication is therefore specific to patients
already taking drugs that are already part of Trelegy. La-
beling does not currently address COPD exacerbations,
but in September 2017 partners GlaxoSmithKline and In-
noviva released the results of the phase 3 IMPACT study
(InforMing the Pathway of COPD Treatment), in which
Trelegy Ellipta reduced COPD exacerbation rates signifi-
cantly when compared to Breo Ellipta (a 15% reduction
was observed) and Anoro Ellipta (a 25% reduction was
observed).59 It is possible that the results of IMPACT may
support a broader indication for Trelegy Ellipta. The de-
velopment of Trelegy for COPD followed the full devel-
opment and clearances of the single LABA and LAMA
agents, the dual LAMA/LABA agent, and the dual
ICS/LABA agent, all delivered in the same device. Trel-
egy Ellipta’s demonstration of a benefit on COPD exac-
erbations versus Breo Ellipta and Anoro Ellipta may allow
for a broader indication. Each agent for COPD (alone or in
dual combinations) was well understood prior to combin-
ing all 3 agents in a triple-therapy approach, with all drugs
delivered via the same device. Multiple large studies were
required to support the first triple-combination inhaled drug
therapy for a limited COPD population.

Two pivotal 12-week trials demonstrated the added bron-
chodilatory benefit of the LAMA (umeclidinium) when
added to the combination of the ICS/LABA (fluticasone
furoate/vilanterol). Each pivotal trial demonstrated an ap-
proximate gain in trough FEV1 of 120 mL attributable to

the LAMA. More subjects treated with the triple therapy in
each study also responded to the SGRQ with at least a
4-point change from baseline. The pivotal trials did not
support the benefit of the ICS (fluticasone furoate) versus
the LAMA/LABA (umeclidinium/vilanterol), but instead
referred to the earlier Breo Ellipta studies in which a ben-
efit of fluticasone furoate was established over vilanterol
alone for COPD exacerbations. Importantly, the Trelegy
Ellipta label (like all products containing LABA) contains
the usual boxed warning for asthma-related deaths, even
though the indicated use is for COPD; the additional text
conveys that Trelegy has not been studied in asthma and is
not indicated for asthma.

Phosphodiesterase Inhibitors and Xanthines. The
phosphodiesterase 4 (PDE-4) inhibitor cilomilast did not
gain FDA clearance yet it was the first promising PDE-4
inhibitor to be evaluated for COPD, with results summa-
rized in a 2008 publication.60 In the 5 phase 3 trials per-
formed, the mean change from baseline in FEV1 in the
cilomilast group versus placebo ranged from a modest
24 mL to 44 mL. Additionally, the effect of cilomilast
versus placebo on SGRQ was generally similar between
arms, with only 1 study showing a significant benefit that
met the minimal clinically important difference. In the
lone study specifically designed to evaluate COPD exac-
erbations, no benefit was seen. In all studies, GI adverse
events were also reported more frequently, a recognized
class effect. Due to these disappointing results, the devel-
opment of cilomilast for COPD was terminated.

Daliresp (roflumilast) is a PDE-4 inhibitor that initially
sought clearance by exploring bronchodilatory benefits in
COPD, which were modest on the order of 50 mL versus
placebo. As trials progressed, an effect of Daliresp on
COPD exacerbations was appreciated as more severe COPD
subjects were studied. The clearance of Daliresp was based
on its ability to reduce COPD exacerbations in the severe
subset of COPD subjects who had a history of exacerba-
tions. An additional clarification learned during the devel-
opment of Daliresp was that the patients who contributed
the most to the COPD exacerbation signal were those with
chronic bronchitis. The Daliresp development program in-
volved many studies in subjects with COPD prior to de-
fining the most responsive phenotype. The primary safety
concerns with the PDE inhibitors is GI tolerability, but
preclinical concerns with vasculitis and spermatogenesis
may arise for this class as well.

Theophylline preparations are still used for the manage-
ment of COPD, but their clearances are dated, with many
drug formulations being discontinued. Due to toxicity con-
cerns as well, theophylline preparations have not generally
been pursued for COPD.
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Generic Inhaled Drug Development for COPD
and Asthma

The FDA Website lists a total of seventeen product-
specific draft guidances (2013–2016 release dates) re-
lated to developing an acceptable generic inhaled drug
product.61 The drugs listed include older agents, such as
albuterol sulfate, levalbuterol tartrate, budesonide, be-
clomethasone dipropionate, and ipratropium bromide,
as well as combination ICS/LABA agents such as flu-
ticasone propionate/salmeterol xinofoate and budes-
onide/formoterol fumarate. However, more recently
cleared agents also have FDA draft guidances regarding
their generic development: ciclesonide, fluticasone fu-
roate, fluticasone furoate/vilanterol trefenatate, formot-
erol fumarate/mometasone furuoate, mometasone fu-
roate, and umeclidinium bromide. Thus, ICS, LABA,
and LAMA drugs, as well as combination ICS/LABA
drugs, have FDA draft guidances addressing generic
development.

Despite the many guidances, generic clearances for in-
haled drug DPIs or pMDIs are, with the exception of al-
buterol or levalbuterol, still pending as of July 2017. The
guidances rely heavily on chemistry/manufacturing and
in vitro performance data to support clearance because
clinical studies are often limited in detecting differences in
drug delivery to the site of action. Many quantitative in vitro
tests must be performed to demonstrate that the proposed
generic inhaled drug is being delivered in an equivalent
manner compared to the reference product. The single-
actuation emitted dose as well as the particle-size distri-
bution of the product must be tested at various stages of
the life cycle of the product and at varying flows, and the
dose must consistently reach a bioequivalence standard for
sameness. The drug delivery system should be very similar
if not identical to the reference device, involving the same
number and type of steps for successful use. If the refer-
ence product, for instance, includes a passive breath-actu-
ated device, with 60 pre-metered doses available and 4 steps
for inhalation, then the new generic device should meet
these same criteria, be of similar size and shape, and pro-
vide for comparable device resistance for successful actu-
ation. Sponsors are encouraged to submit a working model
and engineering drawings of the product to the Office of
Generic Drugs prior to submitting their application to as-
sure acceptability. A bioequivalent PK crossover study is
necessary to show equivalence based on area under the
curve and peak serum concentration, with geometric mean
test/reference ratios falling within 80–125% for 90% CI.
These studies, while reasonably likely to be successful,
can be demanding if the reference product itself provides
for variable PK profiles. The bioequivalence PK studies
support equivalent systemic exposure of the products (and
therefore systemic safety), but they cannot be used to ex-

trapolate efficacy as bioequivalence for inhaled drugs is
determined by delivery to the site of action, which is the
airways, not the circulation. Therefore, a clinical end point
study that compares the test versus reference products and
establishes equivalence based on the test/reference ratio
for the primary efficacy end point(s) is also required, and
the results must fall within 80–125% for 90% CI (except
for albuterol). For a SABA, LABA, LAMA, and ICS, this
primary end point has been FEV1, although it is assessed
in different ways for each product. These clinical studies
can be quite challenging to conduct due to the requirement
to demonstrate that the confidence intervals indeed lie
within 80–125% on a variable end point. Hence, the de-
velopment of generic inhaled drugs has proven challeng-
ing, but many programs are underway.

Summary

The regulatory clearance process is often criticized for
being too slow or, if safety concerns arise, too permissive.
Confusion exists when the FDA has not yet cleared a
therapy, but “everyone is recommending it and using it.”
The development of drugs under the FDA’s purview is
informed by years of regulatory experience and prece-
dence, as well as very detailed reviews of data. The evi-
dence needed to inform clinical practice guidelines is not
the same as the type of evidence needed for FDA clear-
ance. Through the examples provided, it is hoped that
there is a better understanding of the regulatory clearance
process for drugs to treat asthma and COPD.
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Discussion

Pleasants: When you talk about 80-
125% bioequivalence with generics,
is it blood levels or drug delivery?
How do you define that 80-125% bio-
equivalence?

Mann: When we talk about 80-
125% bioequivalence for generic
drugs there are 3 different categorical
endpoints in which you have to be in
that 80-125% range. The first is the
chemistry manufacturing and controls
(CMC), which are sort of the perfor-
mance data of the drug. How it works,
emitted dose, and particle size distri-
bution, MMAD, yes. The guidances
really want these CMC characteristics
to be very dead-on to the reference
product. There’s a reason why they’re
doing that. There is generally, even
precedence at the FDA, that if you
change your manufacturing site, you

have to support that you are making
the same drug, and the CMC chal-
lenges there are significant. With that
in mind, the FDA wants a generic in-
haled drug to also be very much the
same from a CMC standpoint. The 80-
125% is the standard that must be met
for emitted dose, and for the emitted
dose broken down by particle size dis-
tributions. To be clear, also, it is not
that the drug needs to be within 80-
125% for the point estimates, these
are confidence intervals. The point es-
timates generally need to be very close
to 1:1 ratios for the innovator versus
the reference. It’s very difficult. Your
generic inhaled drug really does need
to look pretty much exactly like the
reference product for all of these char-
acteristics. CMC is very challenging.
The next big category is pharmacoki-
netics, and here we are looking at area
under the curve and the maximal con-
centration (Cmax). Your ratios again

for each of these comparisons have to
be almost 1:1 so that you fall within
80-125% confidence. The third cate-
gory the FDA adds is some kind of
pharmacodynamic endpoint. Because
these inhaled drugs work topically, the
FDA needs a pharmacodynamic end-
point as well. For LABAs or albuterol
it’s usually trough FEV1. And again,
you need to demonstrate very similar
FEV1 changes for your new generic
drug versus the reference drug–the ra-
tio has to be within 80-125% for the
confidence intervals. It should be for
instance a 1:1 ratio with confidence
intervals that are no less than 0.8 and
no more than 1.25. For inhaled ste-
roids it’s also trough FEV1. So the
FDA has these 3 different categories
where you need to establish bioequiva-
lence and you have to nail it, nail it,
nail it. If you want to ask me why
don’t we have a generic yet? I think
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when you do so many tests and al-
ways have to be within 80-125%, it’s
challenging.

MacIntyre: This may be obvious to
everybody but me. Why do you call
them non-inferiority studies and not
comparable studies?

Mann: The word comparable
doesn’t have a strong regulatory def-
inition around it. It just means gen-
erally similar and it doesn’t have a
statistical or regulatory connotation.
But non-inferiority has the statisti-
cal connotation of an accepted
boundary of similarity that is shown
with a fairly tight degree of confi-
dence. I think the term non-inferior-
ity has the statistical connotation,

which gives it much more meaning
and relevance, while comparabil-
ity. . . well, it’s just comparable. The
results look similar, but without the
mathematical significance.

Peters: I’m curious, if a drug has
been on the market in Europe for many
years and has shown benefit and safety
in a large number of patients, does the
FDA ever change the regulations or
the order of requirements to do toxi-
cology again in animals?

Mann: Yes. If a sponsor came in
with something that has a wealth of
human experience where safety is un-
derstood, either from clinical trials
done in Europe or from the marketing
experience, I do think the FDA will
work with you and possibly reduce

the need for certain animal studies.
They will work with you on a very
reasonable pre-clinical plan to address
the most important concerns. A key
concern for a lot of products is carci-
nogenicity. Those are the most expen-
sive studies for sponsors to do – and
for a chronically administered drug, it
is generally desired to determine if
there is any carcinogenic potential. Un-
fortunately, as you can imagine, even
if a drug has been used by millions of
people and we haven’t seen cancer it’s
not very reassuring. The agency might
still mandate certain studies, but they’ll
work with you to try to reduce your
regulatory burden as much as possi-
ble.

MacIntyre: Thank you, this was fas-
cinating.
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