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Recent Trends and Innovations in Outcomes
and Design of Clinical Trials in Respiratory Drug
Development - Part 1: Outcomes
Respiratory drug development, mainly for asthma and chronic
obstructive pulmonary disease (COPD), has, for years, been
relying on the administration of new, mostly inhaled drugs,
and on assessment by physiologic tests and questionnaires.
The physiologic outcomes were mostly lung function tests,
measuring the forced expiratory volume in one second (FEV1)
and forced vital capacity (FVC). Gradually, more clinical and
patient-reported outcomes have been applied.
These function tests lack sensitivity for patient-relevant
outcomes, and new insights in phenotypes, endotypes, basic
mechanisms, and new targets for therapy have led to the need for
more personalised, patient-centred approaches.
Therefore, there is an unmet need for both better outcomes and
study designs in the development of respiratory treatments.
Asthma
For asthma, the minimal recommended outcomes are pre- and
post-bronchodilator respirometry; scores such as Asthma Control
Questionnaire (ACQ) and Asthma Control Test (ACT), emergency
department visits, steroid and rescue medication and biomarkers.
Increasingly, alternative outcomes are being used, such
as Fractional Exhaled Nitric Oxide (FeNO), an inflammatory
biomarker; Health-Related Quality of Life (HRQOL); blood and
sputum eosinophils and neutrophils; total and allergen specific
immunoglobin E (IgE); and periostin. These help to define asthma
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phenotypes, predict asthma exacerbations, and act as targets for
anti-inflammatory biotherapies. Induced sputum cells allow specific
cytokines to be measured and targeted by new therapies.
Exhaled breath condensate (EBC) analysis may also assess
airway inflammation. Different challenge agents are increasingly
used, including allergen bronchoprovocation and the human viral
challenge model, based on developing insights of triggers for asthma
exacerbations, increasing performance in drug development.
COPD
According to the FDA, primary efficacy endpoints should
show improved airflow obstruction by the change in postdose (bronchodilator) and pre-dose (nonbronchodilator) FEV1
measurements. Other endpoints include symptom relief, alteration
in exacerbations, disease progression and lung structure.
Commonly used secondary endpoints include various lung
function measures, exercise capacity, symptom scores, activity
scales, HRQOL instruments and biomarkers.
There is increasing interest in outcomes such as FeNO, EBC,
eosinophils and new biomarkers. The challenge with biomarkers,
scales and (electronic) patient-reported outcomes (ePRO) is
obtaining proper validation.
The performance of drug development can be improved by
focusing on proof-of-concept studies. Inhaled drugs can be
studied by lung deposition in humans, using local bronchial
pharmacokinetics, functional respiratory imaging, and modelling
and simulation techniques, to develop disease models that more
accurately predict success and failure.
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Rare Pulmonary Diseases
For conditions including idiopathic pulmonary fibrosis (IPF), cystic
fibrosis (CF) and pulmonary arterial hypertension (PAH), improved
insights into mechanisms and genetics can lead to the development
of new targeted therapies. Outcomes in such conditions are lung
function (FEV1, FVC), exacerbations, HRQOL, biomarkers, PROs
and imaging techniques.
In general for IPF, composite endpoints of all-cause mortality,
progression-free survival (PFS), and FVC are used. In earlyphase studies, it is difficult to detect meaningful disease change,
but exploratory omics-based research will hopefully improve
this. Secondary outcomes are: six-minute walk test (6MWT), St
George’s Respiratory Questionnaire for IPF (SGRQ), high-resolution
computed tomography (HRCT) and positron emission tomography
(PET). In CF, lung clearance index (LCI) based on multiple-breath
inert gas washout (MBW) is a valuable tool. Combining CT and
PET using fluorodeoxyglucose (FD) helps to detect inflammatory
changes.
Leverage of Lung Function Tests
Using body plethysmography allows assessment of additional lung
volumes and airway resistance (Raw). By adding dilutional gas
methods, diffusion capacity can be measured.
Forced oscillation technique (FOT) is a non-invasive test,
providing unique information about lung mechanics not available
from plethysmography and independent from performance of
respiratory manoeuvres.
Leveraging is also possible by modelling and simulation. If a
classic analysis fails to detect a clear dose-response relationship,
the development of a kinetic-pharmacodynamic (K-PD) model can
appropriately predict the data, allowing the selection of doses for a
subsequent dose-finding study.
Role of Biomarkers
Eosinophil granulocytes and IgE are used as indicators for
T-helper cell (Th) type 2 activation. Nitric oxide is produced by
inflammatory cells and measured by FeNO. Periostin is induced by
IL-13 in the bronchial epithelium. Copeptin is a marker for increased
cardiovascular risk in COPD. These, however, are not yet used as
primary end-points for disease progression. The advances in omics
technologies are expected to open the door to more personalised
medicine.
Imaging biomarkers such as quantitative CT, CT morphometry
for airway remodelling, MRI for heterogeneity and PET/CT for
pulmonary neutrophilic activity, have been validated. One of
the most promising techniques is functional respiratory imaging
(FRI), which combines HRCT with advanced computational fluid
dynamics to produce highly clinically relevant, patient-specific
biomarkers.
For all biomarkers, validation and acceptance by regulatory
authorities remains hard to achieve.
Conclusion
There exists a low performance of classical primary respiratory
endpoints, showing a lack of sensitivity for patient-relevant clinical
outcomes. Recently, a great number of techniques have been put
forward, but further validation is needed before being accepted as
primary outcomes. The most value has been demonstrated in early
development, and extension to confirmatory trials and to real-world
evidence is needed. A more patient-centric approach through all
stages of clinical development is becoming mandatory.
www.jforcs.com

Dr Robert Lins
Project Director, Respiratory Diseases at
SGS Clinical Research. He is an MD and
certified specialist in internal medicine,
nephrology and hypertension, and holds
a PhD in medical sciences from the
University of Antwerp, and is also a Fellow of the Belgian
College of Pharmaceutical Physicians.
He began his career over 35 years ago, working in animal
clinical pharmacology at the Heymans Institute in Gent,
Belgium, and has since been continuously active in the
field of human clinical pharmacology. He first studied renal
patients and later founded the SGS Clinical Pharmacology
Unit in Antwerp, Belgium, where many innovative human
pharmacology models were developed for the study of
cardiovascular, metabolic, CNS, infectious and most recently
respiratory drugs. These include bronchial challenge methods,
a local bronchial PK model and sputum induction. Dr Lins has
published many articles about clinical pharmacology in these
different areas of research.

Journal for Clinical Studies 9

