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The 2017 Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines offer impor-
tant changes to the assessment and management of stable COPD of importance to practitioners,
respiratory therapists, pharmacists, and nurses who care for patients with COPD. Therapies are
now chosen based on the burden of symptoms and the history of COPD exacerbations, and inhaler
regimens are modifiable based on continual clinical reassessment. Although identifying the degree
of airway obstruction remains important for informing the clinical status of the patient with COPD,
FEV1 is no longer used to direct the therapeutic approach. Therapies and modes of inhaled med-
ication delivery for each GOLD grouping have been modified and reflect the need for reevaluation
of patient symptoms and COPD exacerbation history as an indicator to add or withdraw therapies.
As the knowledge of this important disease continues to expand, exacerbation and symptom pre-
vention in patients with stable COPD will remain as an important target of COPD therapies and
research. Novel drug combinations and delivery devices are sure to positively affect the practitio-
ner’s approach to patients with stable COPD. The new 2017 GOLD guidelines represent a step
toward personalized care of the patient with COPD. Key words: COPD; inhalers; COPD exacerba-
tion; dyspnea. [Respir Care 2018;63(6):749–758. © 2018 Daedalus Enterprises]

Introduction

The 2017 Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines1 have a number of important
changes that will influence the care of patients with COPD.
The ABCD classification tool has been modified to in-
clude only symptoms (by either the modified Medical Re-
search Council [mMRC] dyspnea scale2 or the COPD As-
sessment Test3) and exacerbation history.1,4 Although
imperative for diagnosis and grading of severity, FEV1 is
no longer integral to the ABCD scheme that directs ther-
apy.1 The guidelines for prescribing inhaled medications

have changed, along with the classification system. Utiliza-
tion of the therapeutic mainstays of COPD, short-acting bron-
chodilators (either �-2 agonists or muscarinic antagonists),
long-acting muscarinic antagonists (LAMA), long-acting �-2
agonists (LABA), combination LABA/LAMA, and the ad-
dition of inhaled corticosteroids (ICS), either combined with
a LABA, as an additional therapy to LABA/LAMA, or as a
monotherapy have been revisited.1 Further, the GOLD writ-
ing committee highlights new recommendations in the as-
sessment of proper inhaler technique, hospital discharge cri-
teria, and comorbidity assessment and management.1 New
inhaled agents and novel combinations (in multiple forms,
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including pressurized metered-dose inhalers with and without
spacer devices, and dry powder inhalers) are becoming avail-
able and will broaden treatment options in the future. Also,
the availability of triple fixed-drug combinations that include
LABA/LAMA/ICS in a single inhaler is imminent.5,6 Herein,
the pertinent highlights of the 2017 update of the GOLD
guidelines1 are reviewed.

GOLD ABCD Assessment Tool

The GOLD writing committee suggests that assessment
of COPD severity by spirometric findings alone is not
sufficient because FEV1 is not strongly correlated to symp-
toms or patient health status7 and is most useful as a pre-
dictor of clinical outcomes at the population, not the in-
dividual, level.1 Previous iterations of the GOLD
classification system used a combination of air-flow lim-
itation, symptoms, and exacerbation history to determine
the ABCD grade.8 Based on the performance of this clas-
sification system versus earlier iterations and the possibil-
ity for confusion between the multiple possible modifiers
of COPD grouping, the writing committee sought to make
the spirometric grading of COPD separate from a symp-
tom- and exacerbation rate-focused assessment.1,9,10 Be-
cause of this, the GOLD guidelines1 suggest that COPD be
classified with a number to represent the air-flow limita-
tion by FEV1 and a letter to describe the symptom burden
and risk of exacerbation for a given patient. Therapeutic
approach is based on a combination of the presence of
symptoms and exacerbation history, whereas the numeri-
cal reporting of GOLD classification is separately used to
inform about the clinical status of the patient.

The GOLD writing committee suggests the use of one
of two possible tools to assess symptom burden in patients
with stable COPD. The mMRC focuses on symptoms of
breathlessness or dyspnea, and correlates well to patients’
general health status and is superior to spirometric airway
obstruction in the prediction of 5-y mortality.2,11 The

mMRC is also the most expedient way to assess symptoms
in the examination room because it focuses on a single
question of asking the patient to identify with a functional
status description that best describes him or her. A draw-
back of the mMRC is that it only evaluates dyspnea among
the multiple symptomatic manifestations of COPD, and,
although the cut point for symptomatic disease of mMRC
of �2 generally correlates to scoring poorly on more com-
prehensive measures of COPD symptoms, this is not al-
ways the case because patients with lower mMRC scores
may manifest symptoms apart from dyspnea.12

The COPD Assessment Test score is an 8-domain as-
sessment with which a patient grades his or her symptoms
on a 0–5–point scale based on how frequently he or she
experiences a particular symptom of COPD. The COPD
Assessment Test score results consistent with symptom-
atic COPD (�10) correlate very closely to the results of
more-extensive symptomatic testing.13 The use of this ques-
tionnaire is limited by the time that may be required for its
completion compared with the mMRC, but this can be
rectified by requesting patients complete the test while in
the waiting room or in the examination room while wait-
ing for the provider. The mMRC and COPD Assessment
Test scores can be used independently at the cut points
mentioned above in evaluation of COPD symptoms. Pa-
tients with mMRC and COPD Assessment Test scores that
reflect symptomatic disease are classified into GOLD
groups B or D (differentiated by exacerbation history).1

The GOLD ABCD classification also takes into account
exacerbations of COPD.1 Although the exacerbation rate
is somewhat affected by the fixed air-flow limitation, the
rate of COPD exacerbation is thought to be dependent on
factors other than spirometric results.4,14,15 The best pre-
dictor of future COPD exacerbation is a history of COPD
exacerbation.4 Exacerbations can be prevented effectively
with appropriate inhaled therapy in most patients,5,16-18

and, thus, a recent history of exacerbation is an important
factor in determining the therapeutic approach. A patient is
considered to be a frequent exacerbator (group C or group
D, which are differentiated by symptoms) if a patient has
�2 COPD exacerbations that required an escalation in
inhaler therapy, steroids, or antibiotics as an out-patient, or
the patient has �1 COPD exacerbation episode that re-
quired an emergency department visit or hospital admis-
sion within the year before assessment (Fig. 1).

Severe air-flow limitation (FEV1 � 50% predicted) is
associated with an increase in risk of COPD exacerbation,
mortality, and overall poor prognosis.19 As such, the se-
verity of airway obstruction is necessary in the assessment
of the patient with COPD, but, as of the 2017 GOLD
COPD guidelines,1 is not used in the therapeutic strategy.
The therapeutic approaches to the GOLD1 groups B–D are
discussed below. Group A, which includes a patient with-
out symptoms and without a recent history of exacerba-
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tions, and still treated with short-acting bronchodilator
monotherapy. In all the groups, patients should receive
pneumococcal and influenza vaccinations, smoking cessa-
tion counseling and treatment, and be offered referral to
pulmonary rehabilitation if symptomatic despite treatment.1

Therapeutic Approach Based on GOLD
Classification

GOLD Group B

In the era of personalized medicine, the patient and his
or her interest is a top priority. With the emerging number
of inhaled therapies and delivery methods, a patient-cen-
tered approach to therapy is paramount. The B grouping in
the GOLD guidelines1 is defined by patients who do not
frequently have exacerbations but who are symptomatic
from COPD. Patients with GOLD B are started on mono-
therapy of either an LAMA or LABA. For this group of
patients, with symptoms present on a daily basis but rare
exacerbations, there are no data that have shown superiority
of a LAMA or LABA over the other. New GOLD1 recom-
mendations call for fixed-dose combined LABA/LAMA if
monotherapy does not control dyspnea.

Multiple clinical trials have shown that fixed-dose com-
binations of LABA/LAMA do not have worse adverse
effects and do improve bronchodilation, symptoms, and
exacerbation rates when compared with LABA or LAMA
monotherapy.20-24 A meta-analysis also supports the addi-
tion of an LABA to a LAMA via the use of a fixed-dose
combination was associated with an improvement in health-

related quality of life and an increase in pre-bronchodilator
FEV1.25 Treatment with fixed-combined LABA/LAMA
therapy is also cost-effective.26,27 Non-response to bron-
chodilation can be seen with monotherapy.28 The lack of
response to monotherapy may be ameliorated by cross-talk
between the muscarinic and adrenergic systems in the air-
ways that commonly allows for a synergistic effect be-
tween LABAs and LAMAs when combined.29

As such, the GOLD guidelines1 promote the importance
of continual COPD symptom assessment in individual pa-
tients and provide direction for practitioners who care for
patients who remain symptomatic despite the addition of
long-acting bronchodilator monotherapy (Fig. 2). For those
patients in GOLD group B who do not improve from the
addition of a second, long-acting bronchodilator, the GOLD
guidelines1 recommend that therapy be rolled back to mono-
therapy and that other possibilities for breathlessness be
identified.

GOLD Group C

GOLD Group C patients are defined by a history of
exacerbations but without breathlessness or other symp-
toms of COPD on a day-to-day basis. Initial treatment per
guidelines is to start a single-agent, long-acting broncho-
dilator, with a preference for a LAMA based on available
studies of exacerbation prevention.30,31 If symptoms worsen
or exacerbations persist, then the next step in therapy is the
addition of a second long-acting bronchodilator, usually
through a fixed-dose combination LAMA/LABA, as the
addition of an ICS has been associated with an increase in

Spirometrically
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diagnosis

Post-bronchodilator
FEV1/FVC < 0.7

GOLD 1 ≥ 80

50-79

30-49
< 30
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Assessment of
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Exacerbation
history
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CAT < 10
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Fig. 1. The Global Initiative for Chronic Obstructive Lung Disease (GOLD) ABCD scheme for classifying patients with COPD with separate
appraisal of air-flow limitation and symptoms and/or exacerbation risk. mMRC � modified Medical Research Council score; CAT � COPD
Assessment Test. From Reference 1, with permission.

UPDATE ON GOLD: CLASSIFICATION AND MANAGEMENT

RESPIRATORY CARE • JUNE 2018 VOL 63 NO 6 751



pneumonia, especially in those with a low body mass in-
dex, currently smoking, a history of pneumonia, or severe
air-flow limitation, and should not be considered the first
medication to be added to monotherapy (Fig. 2).1,32

GOLD Group D

The first-line therapy for GOLD class D is LAMA/LABA,
preferably administered in the newer fixed-dose combination
inhalers. Combination long-acting bronchodilators are more
effective at preventing exacerbation than either of the singu-
lar components and decrease exacerbations more than LABA/
ICS combinations.1,18,21 Historically, LABA/ICS combina-
tions or “open triple therapy” (a combination of a single
LABA/ICS and a single LAMA inhaler) have been used to
treat these patients and those with GOLD class C with recur-
rent exacerbations.8 Assessment of the clinical status of the
patient is important because a patient with a new diagnosis of
COPD and with a history of seeking health care for acute
worsening of respiratory issues and current everyday breath-
lessness may initially benefit from initial initiation of open
triple therapy.

Trials of open triple therapy versus monotherapy or dual
ICS/LABA show a statistically significant and meaningful
improvement in lung function and possible improvement
in quality-of-life scores in those on open triple therapy.33

Similarly, open triple therapy is superior in reducing ex-
acerbation over monotherapy or dual bronchodilators.5,34

As such, the 2017 GOLD guidelines1 allow for group D
patients to start with a LABA/LAMA and have an ICS
added if there are persistent symptoms or further exacer-
bations, or be started on open triple therapy (as fixed-dose
triple therapies remain in development at the time of this
writing but have been shown to be non-inferior5 to open
triple therapies) based on clinical appraisal of the practi-
tioner (Fig. 2).

If the symptoms of a patient in this group are controlled
on open triple therapy, then ICS withdrawal can be con-
sidered.1 In the WISDOM study,35 ICS was safely with-
drawn via a down-titration over the course of 19 weeks
from an open triple inhaler regimen with no increase in
time to first exacerbation or rate of exacerbation at the
expense of a small (38 mL) and questionably clinically

Group C

LAMA + LABA

LAMA + LABA

LAMA + LABA

Long-acting bronchodilator
(LABA or LAMA)

LAMA

Continue, stop, or
try alternative class
of bronchodilator

Bronchodilator

LAMA

Further
exacerbation(s)

Further
exacerbation(s)

Further
exacerbation(s)

Persistent
symptoms/further
exacerbation(s)

Persistent
symptomsEvaluate

effect

Consider macrolide
(in former smokers)LAMA + ICS

LAMA + ICS

LAMA
+ LABA
+ ICS

Group D

Consider roflumilast
if FEV1 < 50% predicted

and patient has
chronic bronchitis

Group A Group B

Fig. 2. Choosing inhaler therapy for patients with stable COPD based on the Global Initiative for Chronic Obstructive Lung Disease grouping.
Treatments highlighted in green are preferred. LAMA � long-acting muscarinic antagonist; LABA � long-acting � agonist; ICS � inhaled
corticosteroid. From Reference 1, with permission.
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important fall in FEV1. However, and importantly, be-
cause peripheral eosinophilia is emerging as a therapeutic
target for those with COPD,36 patients with 4% peripheral
eosinophils or a total of 400 cells/�L after withdrawal of
ICS had more break-through exacerbations than those with
less-marked eosinophilia.37 ICS-containing regimens have
increased pneumonia risk18 compared with LABA/LAMA,
and withdrawal of ICS from the regimen of a group D
patient should be considered if symptoms are controlled.
Further, if the addition of an ICS to LAMA/LABA does
not control symptoms, then ICS should be stopped to lessen
pneumonia risk.1

Patients who remain symptomatic despite therapy should
have their inhaler technique assessed and other causes of
breathlessness investigated, and should be strongly en-
couraged to cease any continued smoking.1 Oral prophy-
lactic medication can be used for those who have contin-
ued exacerbations despite appropriate inhaler therapy. In
patients with severe airway obstruction, 2 exacerbations in
the year preceding enrollment, and symptoms of chronic
bronchitis, the selective, long-acting phosphodiesterase-4
inhibitor, roflumilast, modestly decreased the rate of ex-
acerbations in patients on LAMA, and, numerically, but
not in a statistically significant fashion, in patients on
LABA/ICS, with a notable trial dropout rate due to pre-
dominantly gastrointestinal symptoms.38,39

Macrolide antibiotics decrease the rate and frequency of
exacerbations in patients with frequent exacerbations. Mac-
rolides show a more dramatic decrease in patients with
�3 exacerbations per year and improve quality-of-life
scores but are associated with gastrointestinal symptoms
and hearing loss when compared with placebo.40-42 The
American College of Chest Physician guidelines43 pro-
mote the use of roflumilast or azithromycin for the pre-
vention of COPD exacerbations in appropriately selected
patients but caution to mind the possibility of the above-
mentioned adverse events. Pulsed moxifloxacin (400 mg/d
every 8 weeks) reduced the odds of exacerbations in those
with mucopurulent sputum but was associated with no
decrease in rates of hospitalization, mortality, or lung func-
tion decline. Pulsed moxifloxacin did not decrease the
odds of exacerbation in a general COPD cohort and was
associated with an increase in treatment-related adverse
events.44 Pulsed moxifloxacin utilization is not recom-
mended by the GOLD authors.1

Inhaled mucolytics are noted to possibly provide a mod-
est reduction in the exacerbation rate and improvement in
quality of life, and are neither promoted nor recommended
against by the GOLD guidelines1 authors because of un-
certainty surrounding ideal patients for this therapy.45 Meth-
ylxanthines (eg, theophylline) have a narrow therapeutic
window and unpredictable drug clearance.1 Although meth-
ylxanthines may provide a small increase in FEV1, the
effect on the exacerbation rate is questionable.1,46-48 Meth-

ylxanthines’ adverse effect profile and narrow therapeutic
window in light of the uncertain benefit make these un-
appealing choices in the treatment of the modern patient
with COPD. Over the course of treatment, the inhaler tech-
nique should be appraised frequently, tobacco cessation
counseling should be provided, and pulmonary rehabilita-
tion should be offered to patients on optimal medication
regimens for their group with persistent symptoms.1

Safety of Inhaled Therapies

Inhaled medications for COPD are generally considered
to be safe. Initial concerns for increased cardiovascular
toxicity with LAMAs were not borne out in pooled data of
multiple studies.49 Likewise, inhaled LABA/ICS do not
have adverse cardiovascular effects.50 The components of
combined LAMA/LABA were not found to be unsafe when
compared with monocomponents.51 Treatment regimens
with an ICS incorporated are associated with an increased
risk of pneumonia compared with regimens with broncho-
dilator therapies alone, and it seems to be inconsequential
if an ICS is taken as a monocomponent of an open triple
therapy or as part of a single inhaled therapy.18,52,53 Fixed
triple therapies have not been shown in early studies to
have adverse effects other than those known to the indi-
vidual components.54 There may be an increased risk of
fracture in patients who take an ICS alone or as part of
combined therapy, and fracture and bone mineral density
loss risk may differ between the specific ICS and the ste-
roid dose.55-58 Inhaled COPD therapies can be considered
safe both as monocomponents and in combination, with
the largest concern for adverse events being a possible
increase in fractures and the well-defined increase risk of
pneumonia in those on regimens that contain an ICS.

Summary

The 2017 GOLD guidelines1 offer important changes to
the assessment and management of stable COPD. Thera-
pies are now chosen based on patients’ history of symp-
toms and exacerbations, and are modifiable based on clin-
ical reassessment. Although identifying the degree of
airway obstruction remains important for informing the
clinical status of the patient with COPD, FEV1 is no longer
used to direct the therapeutic approach. Although this cre-
ates a new diagnostic algorithm for practitioners, the symp-
toms and exacerbation history occupying their own axis in
the classification scheme, (Figure 1) simplify disease clas-
sification and therapeutic choices. Therapies for each
GOLD grouping have been modified and reflect the need
for reassessment of patient symptoms and COPD exacer-
bation history as impetus to add or withdraw therapies. An
efficient and accurate longitudinal symptom assessment
encourages a multidisciplinary approach to the patient with
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COPD among practitioners, nurses, pharmacists, and re-
spiratory therapists. As our knowledge of this important
disease continues to expand, exacerbation and symptoms
prevention in patients with stable COPD will remain an
important target of COPD therapies and research. Novel
drug combinations and delivery devices are sure to posi-
tively affect the practitioners’ approach to patients with
stable COPD. However, with the multitude of new devices
and medications emerging and being incorporated into treat-
ment guidelines, the role of respiratory therapists, phar-
macists, and nurses as patient educators will continue to
grow as a pivotal part of patient care. The new 2017 GOLD
guidelines1 represent a step toward personalized care of
the patient with COPD.
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Discussion

Wechsler: It seems to me that you
like to start off triple and then you say
you step back, so what is your pre-
ferred stepping back to?

Donohue: Most of the time I am
starting with LAMA/LABA in COPD
so it would be stepping back down
from a triple. There are differences
I’ve found in my studies and in our
meta-analyses between LABAs and
LAMAs. The LAMAs are better on ex-
acerbations than the LABAs, everything
else is a wash if you use an effective
LABA. The role of the fixed-dose triple
though is the big question, and we have
a really good track record of ICS/LABAs
in the United States for COPD, and
we know that LABA/LAMAs are
very effective on lung function and
patient-reported outcomes. The
study by Magnussen et al1 was of
stepping down from a triple to an
LABA/LAMA.

Wechsler: LABA/LAMA versus
what?

Donohue: Triple. ICS/LABA/LAMA.

Wechsler: OK. But, are there data
for stepping down to LAMA/LABA
versus LABA/ICS?

Donohue: No. There is just guidance
on that if you take from the Watz et al2

subset analysis of the Wisdom study
if you have 4% eosinophils or a total
of 300 cells, that’s really dangerous to
withdraw ICS, you’re going to get ex-
acerbation breakthrough. So if you
have asthma, COPD overlap, or ele-
vated eosinophils, or, in my view, if
you have severe disease or frequent
exacerbations, don’t take that steroid
away. The data do not support, as I
just showed in the FLAME study,3 tak-
ing an ICS away when a patient’s dis-
ease is real severe.

Wise: I can’t wait to read your pa-
per, that was a great talk and I think

you are correct. I agree with your view
on the FLAME study.3 Many people
are interpreting that as a class effect
of LABA/LAMA versus ICS/LABA.
The study compared a once-a-day drug
with a dose that’s higher than is avail-
able in the United States against a twice-
a-day drug that does not have the same
bronchodilation of indacaterol.4 So, it is
certainly a fair comparison of one spe-
cific drug against another but not a com-
parison of the class of LABA/LAMA
versus ICS/LABA.

Donohue: I think you’re right, but
there is little evidence to support that.
Only Novartis studies really consistently
find this, Novartis had another one and
I think the jury is out on that. What
bothers me is that when GlaxoSmith-
Kline does the study you get one result,
and Novartis does a study and gets an-
other result. How does that happen?

Wise: I think the answer is going
to be in these triple studies, Glaxo-
SmithKline’s IMPACT,5 and the
Pearl6 and Chiesi7 studies in which
you’ll be able to compare the triple
with each of the 2 doubles. These
will provide a clearer comparison of
LABA/LAMA versus ICS/LABA.

Donohue: Yes, and the FDA will put
the appropriate comparison in which I
think is excellent.

Wise: Yes. So there I think we’ll
have some very probative evidence
soon coming out. I don’t think the
FLAME study3 really settled that is-
sue in my view.

*Hess: I think you very quickly
showed a picture of an eFlow device
(Pari, Starnberg, Germany) and said
there was a glycopyrrolate formulation
being developed for that. For our RT
readers, I want to make the point that
many of these new formulations are de-
signed for a specific nebulizer. This is
an example of that, and there are other
examples we could cite.

Donohue: Right. To back that up, the
company (Sunovion Pharmaceuticals,
Marlborough, MA) will provide the
eFlow to each patient who is starting
nebulized glycopyrrolate. Sunovion is
going to be comparing themselves to a
traditional jet nebulizer with Thera-
vance’s (Therovance Biopharma, San
Francisco, CA) 24-h LAMA refenacin,
and Sunovion are apparently going to
give the eFlow away.

*Hess: You are getting right to the
point that I wanted to make. What hap-
pens in many hospitals, I have seen it
with TOBI (inhalable tobramycin); for
example, is that, even though the drug
is cleared for a specific nebulizer, what
RTs will do is choose the cheapest
nebulizer on the market and dump that
drug into that device. But that is not
how the drug was studied, FDA-
cleared, or marketed.

Donohue: This is going to be increas-
ingly important because as we men-
tioned earlier, the nebulizer is the only
way to deliver these other types of drugs.
I’ve been involved with the liposomal
amikacin for Mycobacterium and aero-
sol antibiotics in bronchiectasis.8,9

There’s a variety of new inhalers, to be
used with new delivery devices. We’ll
be challenged with all these new inhaled
drugs and antibiotics.

Mann: Just a comment. If I could
tell you the most common questions
that I get as a regulatory consultant
13 years out of the FDA are “how
does the FDA pick the right dose of a
bronchodilator? What are they look-
ing for?” I get those questions all the
time and I heard you in your talk say
that the FDA thinks that glycopyrro-
lates are a twice-a-day drug.

Donohue: With good reason.

Mann: With good reason, yes. But I
want to be very clear that the FDA
looks at every drug as unique, its de-
vice is unique, the formulation is
unique. It may be that one person could
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potentially develop a glycopyrrolate
salt that’s longer acting or a glycopy-
rrolate delivery system device that pro-
longs the duration of action to once a
day. So I don’t think the FDA char-
acterize a given moiety as twice a day
forever and ever, they allow compa-
nies to prove it with data and try to
substantiate with data whether it’s a
once-a-day drug, a twice-a-day drug,
or even a 3-times-a-day drug. The reg-
ulatory approach is to look at the full
FEV1 curves over the dosing interval
to try to assure the optimal dose as
well as the regimen. There are no
magic trough numbers. A trough of
�80 mL is about the lowest I’ve seen
for a long-acting bronchodilator, so,
given that precedence, shooting for
close to 100 is reasonable. Sometimes,
to gain a once-daily administration, a
larger dose can be administered, but if
that larger dose offers more adverse
effects as well, then a lower dose twice
a day or even 3-times-a-day approach
may be suggested. There’s no magical
formula for it, but if you think your
drug works once a day, the agency
may ask you to compare once-a-day
to twice-a-day dosing regimens at the
same nominal dose.

Donohue: One thing the FDA made
me do with indacaterol was really
prove that you’re not able to reduce
the total drug exposure by giving it
twice a day or every other day. I
thought that was kind of cool. The
other thing is you see all of these long-
acting drugs and on the dose-response
they’re relatively flat. Marianne
[Mann] makes a good point, if you
look at a peak level (and this is what
happened with Foradil 24 (Novartis
International, Basel, Switzerland) in
asthma, the higher value led to asthma
hospitalizations in those big asthma
trials).10,11,12 You want to look at your
peak:trough, and if it’s really large,
then be careful because the FDA may
be concerned.

Mann: A very good example of a
high peak:trough is arformoterol

(Sunovion), at least for the once-a-day
dosing. Arformoterol needed a dose
increase to get a sustained once-a-day
trough effect and it didn’t work out
for Sunovion. So, when looking at that
application, you can see that the FEV1

curves had a high peak-to-trough ratio
to gain a reasonable trough FEV1 ef-
fect, and, in the clinical database, you
saw that people exposed to the once-
a-day regimen had more tremor as
well. Lower doses of arformoterol ad-
ministered twice a day worked much
better with less toxicity. It really did
substantiate that you need to do the
job right in having the dose and dos-
ing frequency be very fully substanti-
ated. The goal is always to get the
lowest systemic exposure but with the
most optimal FEV1 benefit, and, of
course, those 2 objectives sort of com-
pete with one another. But, if you can
keep the exposure low and get fairly
good bronchodilatory benefit, the FDA
is happy and that’s the goal, getting
the drug labeled and cleared.

Wechsler: Two questions, one re-
lates to as-needed use of quick onset
short-acting ICS/LABA as is used with
the combination of formoterol and
budesonide in asthma. Have there been
studies that used ICS/LABA as an as-
needed long acting? My second ques-
tion related to the use of biomarkers
and endotyping in COPD in which it
seems that COPD is eons behind
asthma. Not that asthma is that far ad-
vanced, frankly. Where do we stand
other than we are just starting to use
blood and/or sputum eosinophils, but
what about other biomarkers? And
why is there so little there?

MacIntyre: I would hold off on the
first one until Njira [Lugogo] gives
her presentation on asthma, if we
could. Bring it up again then, Mike.
Let’s focus on COPD if we could.

Wechsler: I will. The second ques-
tion then, about biomarkers.

Donohue: The biomarkers consor-
tium that the late John Walsh con-
vened with the FDA and National In-
stitutes of Health and industry.13 That
was published. I remember it because
the editor of the journal COPD said
that, because you are the only guy in
the country who was not invited to
participate, will you be the reviewer
and write the editorial?13 I said, “Gee,
I’m honored.” So those are just a part
of it, and maybe Neil [MacIntyre]
could chime in because a lot of that is
part of SPIROMICS and phenotypes.
Those are fibrinogen, things like the
6MWT, that biomarker is being looked
at and the St George’s Respiratory
Questionnaire14 I guess. Jerry Turino’s
urinary desmosine for emphysema. So,
those are beginnings, but it’s in its
infancy.

Mann: I think the fibrinogen is the
only one that gained FDA clearance.10

All the others are listed under the con-
sortium as being looked at, but the
fibrinogen in 2015 was the first time
that the FDA cleared a biomarker for
early studies in COPD.15 So we are
making progress.

Wise: I think the term biomarkers in
that sense is different than how Mike
[Wechsler] is using it. The FDA qual-
ification process is clearing them as
intermediate outcome measures rather
than ways of evaluating endotypes or
heterogeneity of treatment effects.

Wechsler: Part of the reason we’re
using biomarkers is that we’re recog-
nizing the heterogeneity of the dis-
ease but also because we now have
drugs that target those specific path-
ways and that may not be the case in
COPD. Although, maybe mepoli-
zumab or one of the other anti-inter-
leukin-5s, such as benralizumab, may
be effective.
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